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PREFACE

The Cereal & Bread Congresses which are run under the auspices of the
International Association for Cereal Science & Technology (ICC) have a long and
distinguished history. They take place every four years in different locations around the
world.

The UK was chosen to host the 12 Cereal & Bread Congress and brought together
cereal scientists, technologists, millers, bakers, plant breeders, nutritionists, engineers,
equipment and ingredients suppliers from around the world to exchange their
knowledge through verbal and poster presentations (the contents of this publication),
exhibitions and informal networking.

The ICC congresses provide a unique opportunity to learn from others working in
the many different fields of cereal science and technology and their associated
disciplines. T have attended quite a few in my career and have never failed to come
away impressed with the scale and quality of the work in cereal science. I have always
found that my own thinking has been challenged, adjusted and strengthened by the
experience. I have always enjoyed the occasion and the 12th such event was no
exception.

The Congress theme - Using cereal science and technology for the benefit of
consumers - was chosen with the aim of getting presenters to think about the process
from beginning to end, 'plough to plate' or 'farm to fork' are much used phrases in this
context. However, while such grand visions fit well with the modern jargon of 'joined-
up thinking' or 'joincd-up business' they tend to over-simplify the process and the link
to the consumer.

Even the concept of 'the consumer' has been hijacked to be the 'person in the
street'. Surely if you have a product then the 'consumer' is the next person/company in
the chain. So millers consume wheat supplied by the farmer, at least in the sense of
taking wheat and modifying into another form, bakers become the consumers of the
miller's product and the people in the street consumers of the baker's product.

Who then is the 'consumer' of the product of cereal scientists and technologists?
Their product is knowledge and so we are all consumers of that product, wherever we fit
in the 'grain chain'. Ultimately if we are to benefit we need access to that knowledge
and it must be provided in a readily assimilated form. Conferences provide one form but
then we cannot attend all of these and so access to their proceedings provide another
form.

We hope that you, as a consumer of knowledge, will gain benefit from accessing the
proceedings of the 12th ICC Cereal & Bread Congress and be encouraged to attend the
next event in 2008.

Please note that abstracts only are included for the following papers in this
collection: Integrated development of Amaranthus as a high-value commercial grain (p.
68); The role of cereals in the diet (p. 89); The effects of dough mixing on GMP re-
aggregation and dough elasticity during dough rest (p. 187); Measure of damaged starch
by an improved amperometric method (p. 259); Quality control with BRABENDER
instruments (p. 260); Adding an acoustic note to texture analysis (p. 283); Predicting
grain, flour, and bread quality using NIR spectroscopy (p. 303); Fibre by the slice:
bringing consumer value and market leadership (p. 370).

Stanley P. Cauvain
Chairman of UCST2004 and ICC President Elect 2002-2004
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CONGRESS WELCOME ADDRESS

Lord Plumb of Coleshill
President of the CCFRA

It is perhaps appropriate to invite a humble son of the soil and grain grower to open
your 12 International Cereals and Bread Congress before you hear the views on
experts in science and technology. In the political world it is important to have a warm-
up speaker before the real actors take the stage.

My concern through most of my life as a farmer has been to grow two ears of corn
where one grew before, make a profit, and follow the motto of my ancestors: - "leaving
the land in better shape than I found it". The Common Agricultural Policy in the EU
was so successful because it became possible to achieve the sentiments of such a motto.
Now we are encouraged to grow less, set land aside and become more environmentally
friendly.

Your theme 'Using cereal science and technology for the benefit of consumers'
which brings together wheat breeders, farmers, technologists, millers, bakers,
nutritionists, engineers, equipment and ingredient suppliers, and consumers from over
30 countries is very commendable, and as a farmer I would like to pay tribute to the
scientists and technologists who through years of research have contributed to the
advancement of cereal science through your collaborative effort. So much is taken for
granted as the consumer scans the supermarket shelves, and I am sure that this
Conference will fully identify the current issues at a domestic and international level
about biodiversity and the environment, food safety and quality and GMOs. All are
central to the debate surrounding food production, processing and distribution.

These issues often hit the news headlines in a scaremongering way, yet evidence in
the shops belies this concern: price, appearance, convenience and all-year-round
availability still appear to be the major factors in purchasing decisions. This
contradictory evidence has often resulted in a dialogue of the deaf generating more
sound than light. We can produce the tenderest, tastiest, highest welfare food from
cereal or grass-fed animals but if the consumer wants fish - so be it!

The changes that have been taken place in what consumers can purchase, and what
and where they eat are nothing short of phenomenal. During the past 50 years, as
incomes rose so demand switched from a cereal-based diet to one based on higher
protein foods. This increased the pressure on land availability due principally to the
poorer conversion rate of cereal into meat.

China is a striking example of this cause and effect. The higher standard of living
there has led to a greatly increased demand for cereals and to a doubling of shipping
rates over the last six months as they import more grain. There has been a huge
increase in food miles and lower food processing costs in Thailand and Brazil enabling
them to supply cheaper products like poultry and pig meat to European and U.S.
markets. Migration is accelerated affecting not just the poor and deprived but
exacerbating the problems in their home countries.

We are all aware that food security such as that in sub-Saharan Africa is literally a
matter of life and death - an economic issue of great importance. While the discoveries
of agronomists like Norman Borlang sparked the Green Revolution and saved literally
millions of lives, rising global populations, increased expectations among consumers
and climate change on which Dr King, the UK's government's Chief Scientist said
recently - "global wanning poses a greater threat to the stability of the world than does
international terrorism", all have their impact of food production.
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There is an obvious need to make policy changes that counters these risks and much
more co-ordinated work which I am sure will be highlighted in this Congress. It is often
said that there is enough food in the world to feed everyone but droughts and disease
can dramatically affect yield. I note, however, that current total stocks of wheat and
coarse grain shows that the world had only sufficient grain in store to last 63 days at the
end of 2003 compared with 104 days at the end of 1999 - a reduction of 37%. The so-
called European butter mountains are now reduced to 6 days' supply.

But food security is also about quality and in a fiercely competitive market, most of
the money consumers spend rewards activities that take place after the product has left
the farm gate. Catering services are an increasing part of food expenditure - in the U.K.
they represent £ 62 billion of a total £ 133 billion. While in many developed countries,
food consumption is a declining part of consumer expenditure and farm output a
declining part of the total consumer cost of food, bread is still the staff of life. As Marie
Antoinette said "if they have no bread give them cake!"

So the giants in terms of added value are the manufacturers, retailers and caterers,
adding eight times the added value and employing five times more people than the
producers. In these days, caterers do the washing-up as well!

None of this development would succeed without cereals-related research and we
have a fine example of the development of new wheat varieties and improved
agricultural practices in the U.K. through the work of our HGCA and our cereals
authority is a government-industry partnership which fosters closer links between
producers and users encouraging quality assurance.

I am aware that support for this event, held for the first time in the U.K, comes from
the HGCA together with CCFRA, whose staff form the backbone of the organising
committee for this Conference. CCFRA has a history of cereal based research going
back to 1926 and it has a significant international reputation for excellence for the
development and application of cereal science and technology. Their pioneering work
on breadmaking led to many innovations encouraging the greater use of home grown
wheat, and their innovative traditions established originally at Chorleywood have been
maintained at Chipping Campden. They remain at the forefront of cereal science and
technology with close links to cereal based industries worldwide and I am deeply proud
to be associated with such a fine organisation.

I am sure that your individual contributions at this Congress will add value to the
knowledge of all those who are prepared to listen or read the outcome of your
deliberations making good sense with science.

I wish you well.



OPENING TECHNICAL ADDRESS

SUPPORTING THE PATH FROM WHEAT GENOMICS TO A
SLICE OF BREAD

P. V. Biscoe
Chief Executive

HGCA, London Nl, England

INTRODUCTION

The organisers of this Congress have set the challenge that 'advancing our knowledge
of cereal science and technology has limited value unless we can use it to benefit
consumers'. This then raises the predictable question of 'how can that knowledge
improve the availability and quality of cereal based products for consumers?'

How should this challenge be addressed? The approach adopted in this paper is to
demonstrate how HGCA, from a UK perspective, is supporting the production and
delivery of cereal-based products through to the consumer.

THE PATH

The achievement of consumer benefit from Triticum genotypes is a complex path,
involving all of the scientific disciplines and technologies represented at this Congress.
To be successful, the path requires the transfer of knowledge in both directions between
adjacent steps while product moves efficiently from breeder via grower and processor to
consumer.

HGCA is actively involved in knowledge transfer and interaction in both directions
along the whole path and only by ensuring that this knowledge is understood and
implemented is it possible to ensure that there is every opportunity for having the right
product in the right place at the right time. HGCA's aim is to improve the effectiveness
and efficiency of transfer of both knowledge and product to achieve maximum
consumer benefits.

ABOUT HGCA

HGCA was established in 1965. Its major purpose is to improve the production and
marketing of cereals. This improvement is achieved by providing high quality services,
which are cost effective and meet the needs of its customers (levy-payers), and take
account of both consumer and environmental requirements.

HGCA has an annual income of about £10 million derived from levies collected
from the growers, dealers and processors of cereals throughout the UK. The collection
of levies from steps along the path affords HGCA the opportunity for direct interaction
with organisations involved with each step and hence, a unique opportunity to support
the industry by improving the transfer of knowledge and product between those
different steps. This approach is reflected in HGCA's activities, which cover variety
evaluation, research and development, marketing services, product development, grain
and product export and nutrition.
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TRAVELLING THE PATH

There is little doubt that modern society is consumer-led rather than producer-driven
and this is a major reversal in the situation that prevailed until about ten years ago.
Then, the market accepted whatever was produced. In the current environment
marketing, defined as identifying and meeting agreed customer needs, is the driver that
delivers consumer benefit. HGCA's support in delivering consumer benefit is most
easily understood by following the path grain moves along, from genotype to consumer.

CEREAL VARIETIES

A major determinant of the quality and quantity of grain is its genetic composition,
which is modified by plant breeding. HGCA supports a number of projects with plant
breeders aimed at providing novel germplasm with resistance to pests or disease. One
example is resistance to orange wheat blossom midge {Sitodiplosis mosellana), a pest
which damages the grain, and causes sprouting in the ear and reduced Hagberg Falling
Number. Another project is mapping molecular markers to end use quality parameters
to achieve appropriate raw materials through targeted wheat breeding. HGCA is
committed to the improvement of oat varieties through molecular and 'conventional'
breeding in conjunction a commercial oat breeding programme. Internationally, oats
are a minor crop but do possess many beneficial characteristics for inclusion in the
human diet. To exploit these potential benefits, the programme has very clearly defined
targets concentrating on the identification of germplasm and hence varieties with
favourable characteristics and capable of providing new food products. A pre-requisite
of these projects and many others, is industry involvement to ensure that new material is
evaluated at an early stage for its suitability as a basic food ingredient.

HGCA's major involvement with wheat varieties is to fund and manage the
Recommended List (RL) system of variety evaluation. Previously, the criteria used for
evaluation were dominated by yield with reference to pest, disease and lodging
resistances. After HGCA took full responsibility for funding and managing the RL
system, the focus changed to concentrate on the suitability of varieties for defined
markets eg bread, animal feed, with less emphasis being given to agronomic criteria.
This shift has been possible by involving representatives from all steps in the path to
develop approaches and procedures that enable all varieties to be tested fully to identify
their market suitability. To facilitate the efficient flow of knowledge along the path,
particularly towards the producers, an RL booklet is updated and published each year
and distributed free to over 30,000 growers and advisors, as well as being published on
the HGCA website. Growers can use the criteria for market suitability, yield and
agronomic performance to select varieties that best suit their specific circumstances.
More information is presented in a paper to this Congress.

PRODUCING THE GRAIN

Variety selection is the first step along the path. The next is knowledge about the
management of that variety eg drilling date, fertiliser requirements, which is essential if
the full potential of a variety is to be realised in terms of market suitability and
production capability. HGCA supports the industry in this area by identifying, funding
and managing an extensive programme of agronomic research. The research strategy
and programme is based on widespread consultation with all sectors of the industry and
the latest Strategy published earlier this year, involved more than 40 focus groups and
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over 550 responses from individuals, both growers and processors. This Strategy
identified two major areas for research. First, sustainable markets covering crop and
food safety, prediction and measurement of quality criteria, determination of end use
characteristics. Second, sustainable production covering variety evaluation, cost
efficient production, habit management and safe drying and storage. In the latter area,
HGCA clearly recognises the need, driven by consumers, to produce crops in ways that
are consistent with sustainable environmental management. Indeed, a major project
jointly funded by the Royal Society for the Protection of Birds (RSPB) is showing how
skylark numbers can be increased with minimal effect on production.

Close collaboration and involvement with other organisations across the industry
means that projects are funded which address key issues and problems. In addition, an
important component of this collaboration is the ability of HGCA to secure co-funding
for the projects, which increases the value to the levy-payer. During last year, HGCA
managed over 80 projects and for every £1 of levy spent on the projects, HGCA
obtained another £1.28 from non-levy sources. This effectively doubles the size of the
research programme that could have been funded from the levy alone. All results from
the projects are made widely and freely available to the industry through a series of
technical notes and guides and the website as well as through presentations at
conferences, workshops or small seminars by the scientists involved. Last year 42
events were held to communicate research results attended by over 11,000 levy-payers.

SAFETY OF THE GRAIN

Food safety is an increasingly important issue and applies equally to raw grain and the
final consumer product. The major safety issue for cereals is the potential for
contamination with mycotoxins. HGCA's research on mycotoxins has focused on
development of rapid detection methods, monitoring levels in UK grain and on
prevention of mycotoxin formation in the field and store. As with all HGCA research,
this is backed up by vigorous knowledge transfer to the industry including, in the past
year, more than 40 workshops covering safe storage

There is growing consumer awareness about the possibility of agrochemical residues
occurring in food, leading to a preference for reduced residue levels. HGCA's research
addresses this challenge from two directions. First, the identification of agronomic
practices aimed at reducing the reliance on agrochemicals. This research includes the
use of reduced dose rates based on an understanding of the mode of action of the
agrochemical, the prevailing levels of disease infection and risk. Second, the use of
beneficial insects to act as natural predators within an overall integrated farming
approach. Both approaches have considerable potential for significant financial and
environmental benefits as well as minimising residue levels in harvested grain.

To ensure lessons from these approaches are understood and can be implemented,
HGCA together with Defra have published the Arable Cropping and the Environment
Guide and over 20,000 have been distributed throughout the industry.

DELIVERING THE GRAIN

Producing grain that meets required quality standards at harvest is a key objective for
growers, but processors require a steady availability of grain of consistent quality
throughout the year. The challenges this presents have been addressed by a group
facilitated by HGCA, with representatives from across industry, aiming to improve safe
storage practices for the industry. To achieve this, HGCA secured £l. lm of non-levy
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funding from UK government to manage and deliver a grain storage and analysis
project targeted at the whole industry. It allowed technical information to be developed
and distributed on all aspects of store preparation, sampling grain, safe storage practices
and appropriate analytical techniques. The results from this and other HGCA projects
have been co-ordinated and presented in an extensive Grain Storage Guide, which is
recognised as the industry standard and is an essential document for all UK assurance
schemes.

DEVELOPING PRODUCTS

Having produced, stored and delivered grain to agreed requirements, the next step in the
path where HGCA provides support is in the development of innovative products using
grain. HGCA's Enterprise Awards offer competitive grants up to £50,000 to companies
who are developing innovative processes or novel grain-based products for consumers.
To ensure commitment from companies, funds provided by HGCA must be equally
matched by funds from the company. These Awards have been operating for eight
years, have involved over 100 companies and stimulated over half a million tonnes of
additional cereal use in products for the benefit of consumers. Examples of successful
Enterprise Awards include the production of ready-made dough, a method of
maintaining bread fresher for longer and packaging different types of bread into a
single-boxed loaf.

NUTRITION

While such innovative products may provide a consumer benefit in terms of an eating
experience, it is important that they should also convey a nutritional benefit. As
consumer's spend on food continues to decrease as a proportion of disposable income
and an ever-widening range of food is available, diets or more precisely 'fad diets' have
become a fashionable part of food choice. Recognising this behavioural trend, HGCA
has commissioned the British Nutrition Foundation to conduct a thorough study to
understand the role of cereals in a healthy balanced diet. This is particularly relevant
because several misconceptions exist among the public with regard to cereals and cereal
products. First, many more people believe they have a food intolerance or allergy to
these foods than evidence suggests and second, cereals are seen by some as 'fattening'.

The results of this major study are reported by Professor Pickard in his paper to this
Congress. It is appropriate, because of HGCA's support for the path of grain to the
consumer, to summarise some of the findings. These include confirmation that cereals
are an important source of major and micro-nutrients, energy and fibre and suggestions
that they also contain a range of bioactive substances with potential health benefits. It
concludes that because of the beneficial component in cereals and cereal products, the
consumer should not be encouraged to cut them out completely without support and
advice from a registered dietician or health professional.

EDUCATION ON THE PATH

The dangers of uninformed decisions about diet have been highlighted above and one
approach to address this is via an educational programme. HGCA operates in this area
in conjunction with the Flour Advisory Bureau to provide an integrated educational
package for children at all key stages in the curriculum. These aim to provide teachers
and school children with informative and accurate information on the grain chain,
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cereals and cereal-based foods. Teaching resources are produced that introduce ideas
about healthy eating and where cereals fit into a healthy balanced diet. A dedicated
website www.flourandgrain.com has been established which has received over 530,000
hits to date and over 4,000 educational packs are distributed to schools each year.

SUMMARY

The path from genotype to bread is a long and potentially tortuous one. This paper has
summarised how HGCA, through its wide ranging involvement and support is seeking
to improve the effectiveness and efficiency of the path for the advantage of the whole
industry and to deliver consumer benefit.
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EVALUATION OF WHEAT QUALITY FOR THE UK IN THE
HGCA RECOMMENDED LIST SYSTEM

J.A. McVittie, G. J. Jellis and A. Flux

HGCA, Caledonia House, 223 Pentonville Road, London Nl 9HY, UK.

ABSTRACT

In the UK, varietal improvement accounts for about 50% of the yield increase observed
in the last 50 years. Milling quality has also benefited from breeding, about 85% of UK
bread-making grists are now composed of home-grown wheat compared with only 20%
50 years ago. The UK has gone from being a net importer of wheat to a one in which
nearly a quarter of wheat production is normally exporter.

Evaluation of milling quality is part of the Recommended List(RL) system managed
by HGCA to give growers and processors information on new varieties and the
confidence to take them up. HGCA devotes 13% of its income to the RL but it also
draws heavily on trials funded by the plant breeding industry and on milling and baking
tests conducted by National Association of British and Irish Millers (nabim) members.

The paper will describe the RL milling evaluation system and explain how data is
integrated to arrive at decisions on new varieties. It will also explain how HGCA's
British Cereal Exports works with millers in other countries to assess the baking
performance of grists including flour from UK varieties under their own conditions.

INTRODUCTION

The UK Recommended Lists have been running for over 70 years and started out
primarily as growers lists to advise on the varieties most suited to the UK in terms of
yield, agronomy and disease resistance. Later they were developed to include basic
information on end-use quality. More recently the lists have been developed further
with the help of end-users to ensure that the varieties selected are also the most suitable
for the whole industry. HGCA has funded the Recommended Lists for the last ten years
and over the past four years has been actively managing them. This has been done by
forming a separate company, Crop Evaluation Ltd, and the board of management of that
company brings together the expertise of plant breeders and trial specialists, millers,
maltsters, seed producers, grain traders, and growers.

The HGCA Recommended Lists (RL) are well supported by growers and over 90%
of the UK crop consists of listed varieties.

Since taking over the management of the RL, HGCA has concentrated more on
market attributes, and wheat varieties are now listed in their National Association of
British and Irish Millers (nabim) Groups (nabim, 2004).

This paper outlines the testing of wheat in the UK with particular reference to the
quality testing carried out to assess milling and bread-making suitability.

THE MARKET FOR WHEAT IN THE UK

In recent years the UK has been a net exporter of wheat, with about 25% of the crop
exported each year. Home milling consumption is also around 25% of the crop while
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about 8% is used for starch production or for distilling. The remainder of the crop is
used for animal feed.

Milling wheat in the UK is usually bought by variety as UK millers collaborate
extensively in the variety testing programme and regard buying named varieties as the
most consistent way of ensuring milling performance.

Export markets usually buy on specification but are also becoming more interested
in the performance of specific UK varieties.

THE UK FRAMEWORK FOR VARIETY TESTING

A schematic for the combined National List (NL) and RL testing system is shown in
Figure 1. The remainder of this paper elaborates on the work undertaken at each stage.

NL & RL tests

Bread-
making plots

nabim tests

r

CCFRA tests

r

nabim
grouping

Export milling
tests
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Number Yield

•>

Specific weiqht
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i
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Figure 1. A schematic for wheat testing in the UK

UK National List

In order to be marketed in the UK a wheat variety has to be either on the UK National
List or on the European Union Common Catalogue of Varieties which consists of the
aggregated National Lists of all the EU member states. Plant breeders in the UK
generally use the UK system as this acts as a feeder for the RL. The NL generates
preliminary data that are used to select which of the fairly large number of varieties in
trials each year are suitable for promotion into RL trials, and also provides data which
are incorporated into the RL database.
NL performance trials are undertaken over two growing seasons at 6 sites across the UK
and are supplemented by plant breeders' trials co-ordinated by the British Society of
Plant Breeders (BSPB) at a further 8 sites.



Evaluation of wheat quality for the UK 15

The UK National Lists are managed by the Department for Environment Food and
Rural Affairs (Defra, 2004). The requirements for National Listing are that a variety
should be "Distinct, Uniform and Stable" and that it should have "Value for Cultivation
and Use". The first requirement is to ensure identity of the variety and its suitability for
reliable seed production. The second is concerned with the performance of the variety
and varieties are usually added to the National List if they are equal to the top third of
varieties already listed.

This standard is rather lower than that required for Recommendation in the RL
system, where a variety is required to show an "Economic benefit" over all other
varieties.

Milling quality is considered part of value for use and this is assessed in milling and
baking tests undertaken by the Campden & Chorleywood Food Research Association
(CCFRA) and in general quality tests (e.g, Hagberg Falling Number, protein content,
specific weight) by N1AB to assess these merits.

HGCA Recommended List trials

These are run at 35 sites each year and include most Recommended varieties and the
most promising varieties from NL trials. Varieties are considered for promotion into RL
trials immediately after harvest of the second National List cropping year. After one
year in RL trials they are considered for addition to the HGCA RL and, if successful,
are added in the PI category. They then proceed to P2 and full recommendation in
subsequent years.

Bread-making plots

The NL and RL trials often fail to produce grain at the desired 13% protein content for
bread-making tests. Also, as there is nearly a 1.5% range in average protein contents
among Recommended bread-making varieties it is difficult to grow all of them to
optimum standards for bread-making. Special plots of bread-making varieties were
grown for the first time in 2003 and are now a integral part of the testing process in the
RL and in preliminary trials run by BSPB. There are three plots of each variety with
different nitrogen fertiliser levels designed to give 13% protein in Hereward, Malacca
and Einstein respectively. Samples for UK milling tests are then taken from the plot
which is closest to 13% protein for each variety under test. Lower protein samples are
also available for export testing.

CCFRA milling tests

CCFRA are contracted by HGCA and Defra to undertake milling and baking tests on
three sites each year. These provide a core set of milling and baking data that can be
exchanged across the industry and tests on NL samples are used to judge milling
potential for National Listing. A member of CCFRA attends the HGCA Wheat Crop
Committee meeting to advise on test procedures and the milling potential of varieties.

nabim milling tests

nabim works closely with HGCA and plant breeders to assess the milling and baking
performance of varieties as they progress through the testing system. Tests are carried
out by member companies and, although the detailed data is confidential to each
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company, they meet twice each year to agree an overall assessment of the baking
potential of each variety. The classification of Recommended varieties is published in
the "nabim Wheat Guide" (nabim, 2004). Two members of the milling industry sit on
the HGCA Wheat Crop Committee to advise on the potential of varieties.

Export milling tests

HGCA British Cereal Exports (BCE) works to promote UK cereals abroad. It
undertakes a range of work including running bread-making workshops to allow millers
and bakers to come to the UK and make bread using UK produced wheat. Through the
close links they have developed with millers they are able to arrange milling and baking
tests similar to those conducted in the UK by nabim. Samples for testing are collected
at each stage and sent abroad for testing so that three years data is available when a
variety is considered for addition to the RL. Further details of the work of BCE can be
found on the export section of the HGCA website at www.hgca.com.

Marketing standards

The testing done by CCFRA, nabim and BCE shows that suitable samples of each
variety listed as suitable for milling, can indeed be milled and baked successfully.
However, before committing to a variety, a grower needs firstly to know the chances of
meeting the marketing specification - usually 250 Hagberg Falling Number, 13%
protein and 76 kg/hi specific weight for UK millers. Growers also needs information on
the average values for each variety in order to change their agronomy practices
accordingly. This is particularly important for protein content where newer, higher
yielding, varieties will require higher rates of more targeted nitrogen fertiliser
applications in order to reach the 13% requirement.

Measurements of these quality criteria are made on a sub-set of trials each year in
the NL and RL series and averages are calculated and published in the RL tables.

HGCA also carries out a cereal quality survey each year which gives the industry an
early indication of the quality of the crop and also provides averages for each variety
tested. Further details are available on the HGCA website.

Is a particular variety worth growing?

Growers need to know if they can make a profit growing a new variety. The HGCA
Recommended List provides them with a core set of information to help them make a
decision. By using the data in the tables and reading the associated variety notes a
grower can assess the likely return from a variety relative to others grown in the past.
Factors to be considered include the potential yield and the possibility of a premium for
the grain. Against these the grower has to assess the relative cost of growing that
variety. The RL therefore also provides data on agronomic characters such as lodging
resistance and resistance ratings for the most important diseases.

CONCLUSION

Variety testing in the UK is well integrated, with all stakeholders working together to
assess all aspects of new varieties and decide which ones can provide an economic
benefit to the industry. The HGCA Recommended Lists now give a greater weight to
the marketability and to the end-use characteristics of each variety. However a
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successful variety must combine good marketability with satisfactory yield and
performance on farm.
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ABSTRACT

Selection of varieties for bread making is a key part of the Nickerson wheat breeding
strategy across Europe. Though each country has well defined and different bread
making criteria there are similarities in the strategies that have evolved over time for
selection. Examples will be given of where similarities and differences between the
various territories exist.

This paper will review the changes that have taken place over the last fifty years, in
terms of scale as well as the sophistication of the tests involved. The identification of
known protein profiles within certain genetic pools and the development of programmes
to recombine existing quality traits will be discussed.

The understanding of the functionality of flours is an important objective for
breeders and an insight into work being carried out collaboratively within the UK
breeding community will be given. The implications of new techniques such as Marker
Assisted Selection (MAS) will be discussed.

INTRODUCTION

The first structured attempts to breed for breadmaking quality were made by Biffen, who
was active in the UK in the early part of the 20 century. Biffen introduced some
breadmaking quality into UK wheats by using Canadian material. Success came with the
release of Yeoman (1916), a cross between Browick and Red Fife. The pedigrees of
important modern European breadmaking cultivars can be traced back to this early work,
although at the time there was little understanding of the inheritance of quality traits.
The more sophisticated breeding and selection mechanisms used today employ the same
principles developed by Biffen 100 years ago. Modern breeding is competitive and large
populations are required to give a reasonable chance of success. Techniques being
developed should, however, enable a more targeted approach to selection at the genetic
level. These more efficient and effective tests will allow a move away from the more
unpredictable, largely empirical methods used currently.

Nickerson is a wholly owned subsidiary of Groupe Limagrain and operates winter
wheat breeding programmes in the UK, France and Germany. It is these that will be
discussed.

GENETICS OF BREADMAKING QUALITY

Significant advances have been made in our understanding of the endosperm
components of the grain. The embryo and bran layers are more complex and relatively
little is known about the genetic control of these components although it is of
considerable interest in Western Europe, particularly for sprouting resistance.

For a detailed account of the genetics of breadmaking quality see Worland and Snape
(2001).
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Grain storage proteins

The relationship between dough strength and high and low molecular weight glutenins
and gliadins is well establised. These proteins are controlled by 5 loci on the
homoeologous group 1 and 6 chromosomes. It has been estimated that up to 50% of the
variation between varieties for breadmaking quality is attributable to differences in grain
storage proteins. Breeders have exploited many sources of HMW glutenin subunits
known to be associated with good breadmaking quality. Other alleles are known whose
functionality is still to be investigated. It was thought that combining good quality
subunits from the different loci would give an additive effect in terms of end-use quality
but this is not necessarily the case, primarily because high dough strength per se is an
undesirable trait for some modern breadmaking processes such as the Chorleywood
Bread Process (CBP) used in the UK. The genetic background also influences flour
quality.

HMW subunit
1
17+18
7+9
14+15
5+10

Chromosome
1A
IB
IB
IB
ID

Source cultivar
Red Fife
CB306 (CIMMYT)
Disponent
Axona
Flanders

Country of origin
Canada
Mexico
Germany
Scandinavia
France

Table 1. Sources of good quality HMW glutenin subunits in UK germplasm

Grain protein content

This is of interest because of the need to achieve a minimum protein specification in
genetic backgrounds of increasing yield potential. Improving grain protein content per se
is extremely difficult. There is a well documented inverse relationship between grain
yield and protein content. Furthermore, the genetic control of protein content is difficult
to determine because it is strongly influenced by environment. A number of attempts to
increase protein content have been made using varieties like Nap Hal (an Indian land
race) or alien introgressions (eg. from Triticum dicoccoides) but improvement has been
marginal.

Progress is likely to come through the use of marker-assisted selection, discussed
below. Genes and Quantitative Trait Loci (QTLs) that increase grain protein content
independently of yield could be mapped and targeted in this way.

Grain hardness

Varieties are classified as hard or soft according to their milling properties. Hard milling
varieties are characterised by high starch damage on milling and high flour water
absorption. Most variation in hardness is accounted for by a single locus on chromosome
5D. It has been proposed that grain softness results from the presence of a surface
protein on the starch granule but the actual mechanism is complex and various allelic
forms of these "puroindoline" proteins are now recognised. Hardness is viewed as a
continuous variable and can be measured by NIR reflectance. Most bread production
utilises wheat of medium hardness. Interestingly, varieties that are "hard" milling have a
slightly higher protein content.
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Starch

85% of the wheat grain is starch and it is, therefore, reasonable to suppose that starch
composition has a major influence on breadmaking quality, although this has been a
relatively neglected area for investigation compared with the amount of research on
gluten proteins. Much is now known about the biochemistry of starch synthesis. There is
a large potential for manipulating starch (see below) and work is in progress, although
there is little information in the public domain about the resulting modifications to
dough functionality.

Development of waxy wheat (suppression of amylose synthesis)
High amylose wheat grain (suppression of amylopectin synthesis)
Degree of branching in amylopectin
A:B granule ratio

Other components

Non-starch polysaccharides and lipids are likely to affect breadmaking quality but the
genetics are not well understood. Work is in progress to investigate these components.

1B/1R translocation

The most common form of this is 1BL/1RS, in which the short arm of chromosome 1R
is substituted for the homoeologous arm of chromosome IB. The translocation is
associated with increased biomass and is found in the highest yielding genotypes across
the world. However, it requires careful handling in breadmaking varieties because of
problems with dough weakening and stickiness (particularly at lower protein content)
resulting from the replacement of gluten proteins with secalins. These problems may be
reasonably well controlled by incorporating the 1BL/1RS translocation in a background
of good quality HMW glutenin subunits.

MARKET PROFILES

UK

The CBP has been the dominant bread production process in the UK since the 1970s and
requires relatively low protein flour of moderate strength. The great benefit to UK
agriculture is that the domestic requirement for bread flour is now largely met by home
grown wheat (c.4mt milled annually), dramatically reducing the reliance on imports seen
30 years ago. Grain is traded on a variety basis (end users are familiar with the
functionality of each variety through their involvement in the recommendation system).
Additionally, there are minimum intake specifications for protein, Hagberg Falling
Number (HFN) and specific weight (13%db, 250s and 76kg/hl respectively).

The UK exports 25% of the 16mt produced annually. Traditionally this has been
mainly feed and soft biscuit wheats but there is an awareness of the improvement of
quality in UK wheats and thus a drive to increase the amount of bread wheat that is
exported.
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France

The most significant market for French breadmaking wheat is export. Of the 37mt
annual production, half is exported with just 4mt milled domestically for bread flour.
Grain is traded on the basis of quality type rather than variety and there are separate
quality classifications for export and domestic markets.

Only 15% of domestic bread production is based on processes similar to the CBP,
although this is increasing. The traditional baguette and a range of other craft breads are
very common. This makes the demands of the French millers very different from those
of the UK and hence breeders select varieties suitable for a wide range of markets.

Germany

Of the 22mt annual production, 25% is milled domestically for baking and 25% is
exported as breadmaking wheat or flour. Most grain is traded on the basis of quality type
because there is little capacity and no requirement for pure variety storage, with the
exception of varieties in the top quality class. Grain intake tests include Zeleny
sedimentation, protein content and HFN. Varietal resistance to Fusarium is essential
because maximum levels of mycotoxins are being imposed unilaterally by the German
authorities.

Domestic bread production includes a wide range of traditionally produced wheat/rye
breads. Bread rolls are also very popular.

QUALITY TESTS USED IN THE DIFFERENT TERRITORIES

The breeding programmes in all three territories use similar small-scale tests of
predictive quality in early generations. These include assessments of protein content and
quality, grain hardness, physical grain characteristics and ct-amylase level, usually by
HFN. Sedimentation tests of protein quality such as SDS and Zeleny still provide a rapid
screen for baking potential but selection based on these methods has resulted in many
varieties with a high sedimentation value but unacceptable commercial baking quality,
often because of overstrong dough. Many breeders have adopted small-scale rheology
tests (eg. Mixograph) and this has improved selection in early generations. The specific
weight test is considered to be a poor predictor of milling performance in the UK but is
used as a guide in France. A French consortium is investigating better ways of predicting
milling quality.

Industry standard methods used to assess rheology and baking quality reflect the
individual markets in each country. Flour rheology, as measured by instruments
including the Alveograph, Farinograph and Extensograph, is not used for selection until
later generations because of the large sample size and high labour requirement. Baking
tests are specific to each country and breeders often undertake such assessments through
a third party because it is not viable to operate the necessary equipment in-house.

Tests used by breeders and official testing authorities in the different territories are
summarised in Table 2
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Predictive quality
tests
Protein content

Protein quality

Grain hardness
Hagberg test
Specific weight
SDS sedimentation
Zeleny sedimentation

Flour and rheology

Flour extraction rate

Flour colour

Starch damage
Stickiness test
Small-scale rheology
Alveograph
Farinograph
Extensograph

Baking tests
Simple assessment

CBP

Spiral mix

AFNOR VO3

Rapid mix test

UK
Official

^(noted)

• '(NIR)

•

•(white)

•

Breeder

^(noted)
• /

(electro.)
• /

• /

• /

• /

(contract)
•/
(contract)
• /

• /

^(export)
• /

• /

•

(contract)

France
Official

•"(noted)

•

Breeder

• /

(electro.)

^(noted)

•

(contract)

Germany
Official

•

S (year 3)

V (year 3)

Breeder

• /

• /

(electro.)

/
V

(contract)

Table 2. Comparison of official quality tests and breeders' tests in UK, France and
Germany

FUTURE DEVELOPMENTS

The efficiency of selection for breadmaking quality has improved dramatically during
the last 20-25 years. The primary reasons for this are the development of NIR based
techniques (for grain hardness and protein content) and electrophoresis (for
identification of grain storage proteins). The SDS sedimentation test has been widely
adopted for rapid screening of baking potential. NIR technology is likely to play a bigger
role in future years. Robust calibrations already exist for important flour parameters
(starch damage, water absorption, Hagberg indicator, flour colour) and calibrations for
flour rheology are under development.

However, known genes account for little more than 50% of the observed variation
for breadmaking quality. It is currently not possible to predict with any certainty whether
a variety will be suitable for breadmaking based on an analysis of known genes and
protein products. Of 55 winter wheat breadmaking candidates in UK official trials over
the last three years, 24 (44%) failed to meet end user requirements and only one
candidate was accepted into the top breadmaking category. Breeders need better tools to
predict quality in early generations. There is recognition that this challenge is too large
for single organisations to undertake alone and there is cooperation between competing
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businesses. One key approach is marker-assisted selection, which is the subject of much
investigation.

There is currently a major project in the UK involving a consortium of breeders, end
users and government research institutes. Three doubled haploid populations that exhibit
wide variation in breadmaking quality will be characterised in terms of functionality
over a number of seasons. In combination with molecular marker data for each of the
lines, QTLs will be mapped for the various quality traits. This will facilitate the use of
MAS in early generations, enabling breeders to target the genotypes most suited to
specific end uses of wheat prior to further selection in the field.

CONCLUSION

Genetic markers are likely to clarify the role of specific genes within wheat that have a
major influence on functionality. However, the breadmaking process is dynamic,
involving the interaction of a number of variables. Each country or even regions within
countries have their own requirements. Thus, the tools developed will be used in
different ways according to the needs of the various markets.

Future success will depend, as in the past, on the positive interaction between basic
scientists, wheat breeders and end users.
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ABSTRACT

Early-generation selection for quality traits is one of the keys to achieving greater
efficiency in wheat breeding. We are pursuing this at complementary levels, using both
protein and DNA markers to achieve breeding targets.

Capillary electrophoresis is being used to provide efficient identification of marker
proteins, particularly quantitative analysis of specific high- and low-molecular-weight
glutenin subunits. Computer programs have been developed to provide automatic
interpretation of the results, facilitating their use in breeding.

Immunoassays have also been devised to contribute the specificity and speed of
antibodies to breeding. Assays now in use include tests for a-amylase (due to sprouting
or the late-maturity-amylase trait), rye translocation lines (1A/1R and 1B/1R), and the
isoforms of granule-bound starch synthase (to segregate degrees of starch waxiness). In
addition, proteomics is being used to identify a wider range of useful quality-marking
polypeptides.

For DNA analysis, a whole-genome genotyping system (DArT™) has been
developed, using microarray technology. Some 200 polymorphic markers have been
used to discriminate between a large range of Australian cultivars and advanced lines.
This technology is providing improved selection for wheat and barley breeders for
agronomic and disease traits, as well as aspects of grain quality.

INTRODUCTION

Early-generation selection for quality traits is one of the keys to achieving greater
efficiency in wheat and barley breeding, yet effective screening for grain quality is seen
to be a key aspect of breeding today. We are pursuing this objective of selection with
complementary approaches, using both protein and DNA markers to achieve breeding
targets, augmented with very small-scale dough testing. In the early stages of breeding,
the numbers of lines for analysis are large, probably amounting to several thousand for
each cross. Furthermore, the grain samples available are small (about ten grams) and
some grain must be retained for ongoing propagation. Many samples must be screened
(probably a few hundred each day) because there is greater pressure at this stage to
complete screening faster (say, within a few months) than at later stages of breeding.
Traditionally, screening for grain-quality traits was left to the later stages of breeding,
because of the difficulties of devising effective small-scale tests for quality.
Nevertheless, effective screening for all traits at early generation is important if the
unnecessary propagation of poor lines is to be avoided. To overcome these problems,
there was greater reliance on testing at the molecular level with chemical analysis, but
in addition, there is the need to conduct limited milling and dough testing.
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VERY SMALL-SCALE QUALITY TESTING

The ability to mill very small grain samples to flour offers two important advantages,
namely, knowledge about the potential flour yield of a breeding line, and the production
of flour for dough testing (Bekes and Wrigley, 2002). The new FQC2000 micro-mill
suits these requirements, with its ability to mill as little as five grams of grain into white
flour (Salgo et al., 2001). The mill, designed and manufactured in Hungary by INTER-
LABOR KfL, is the result of collaboration between Australian and Hungarian cereal
scientists.

The second need in early-generation testing is to evaluate dough properties on only a
few grams of flour, with digital recording and automatic evaluation of results. The new
Z-arm mixer offers these advantages, with results equivalent to the Farinograph, plus
the provision of water-absorption data (Bekes and Gras, 2000). Despite the valuable
information provided by both micro-milling and dough testing, they are labour-intensive
operations. They are thus likely to be reserved for the analysis of smaller numbers of
special lines, being used for quality screening in combination with analysis for relevant
protein and DNA markers.

PROTEIN MARKERS FOR DOUGH QUALITY

Glutenin-subunit composition can provide valuable information about the genetic
potential of breeding lines for appropriate dough properties. For a many years, the Glu-1
score has provided a guide to breeders with respect to aspects of potential dough
strength, based on the high-molecular-weight (HMW) subunits of glutenin. We now
know much more about the additional contributions of the low-molecular-weight
(LMW) subunits of glutenin, so that their contributions can also be included to obtain
greater reliability in predicting dough strength and extensibility. In addition, the
amounts of all the glutenin subunits should be considered, especially for cases in which
there is over-expression of some of the subunits, such as HMW subunit 7 (Lukow et al.,
1992 and 2002).

Glutenin-subunit composition is traditionally determined by gel electrophoresis in
the presence of sodium dodecyl sulphate, but this is a labour-intensive procedure
involving expert judgement to identify the subunit composition, especially for the LMW
subunits. To overcome these difficulties, we have adapted capillary electrophoresis to
the needs of breeders, thereby providing analysis of both HMW and LMW subunits, and
their relative amounts, with continuous operation and automatic interpretation of results.
The interpretive software involves the up-graded program PatMatch to identify the
subunits in the elution profile. In addition, the relative contributions of the subunits to
dough properties can be assessed using the Qu-Gene breeding-cross prediction software
(Eagles etal, 2002).

IMMUNOASSAYS TO IDENTIFY SPECIFIC PROTEIN MARKERS

As researchers are identifying specific marker proteins for quality, there is the
opportunity of determining their presence by using the specificity of antibodies. An
obvious example of such a marker protein is the enzyme alpha-smylase that causes
sprout damage following rain at harvest. Using antibodies of suitable avidity, the
WheatRite kit has been developed for on-the-spot prediction of the degree of sprout
damage, related to Falling Number. This rapid test involves extracting the crushed
grain, spotting this extract onto the test kit, adding a gold-antibody reagent and
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observing the colour intensity that appears within a few minutes. Quantitation may be
made by eye or by running the WheatRite cassette through the ReadRite scanner.

This kit offers the grower the opportunity to identify those parts of the standing crop
that are sound, permitting this grain to be harvested, uncontaminated by sprouted wheat
or barley. The kit is also ideal for the breeder to check for sprout damage immediately
before harvesting breeding plots. A modified version of this kit is now developed to
screen for late-maturity a/p/za-amylase, a severe genetic trait that causes the appearance
of the symptoms of sprout damage in grain that has not been rain affected, and that
otherwise appears to be sound.

Additional immunoassay kits suited to breeding can be used to identify lines that
contain the translocated rye segment (IRS), either 1B/1R or 1A/1R lines. For these
applications, the 96-well-plate format suits the needs of breeders better than the rapid
flow-through cassette used for the WheatRite kit. Valuable markers for starch
characteristics are provided by the isoforms of the enzyme granule-bound starch
synthase enzymes (GBSS). The synthesis of amylose by GBSS1 is determined by the
presence (or absence) of three homoalleles on chromosome arms 7AS, 4AL and 7DS.
Many Australian wheat varieties are 'null' for the second of these, giving them
advantages in their starch properties for noodle production. This characteristic has been
referred to as the Null-4A gene, or more correctly, the Wx-Blb allele, instead of the
normal Wx-Bla allele. Progressive degrees of waxiness (increased amylopectin content)
are obtained with combinations of two or three of these null alleles. We have antibodies
to detect the Null 4A {Wx-Blb allele) (Gale et al, 2001) and the Null 7A variants (Wx-
Alb allele), and kits based on these antibodies are proving useful in breeding studies.

DNA TESTING

Opportunities to map quality loci

Molecular mapping studies of recent years have elucidated the gene sites of large
numbers of traits, relevant to grain quality and to the wider range of breeding objectives.
A recent Australia-wide mapping study (Appels et al., 2001; Wrigley, 2002) identified
quantitative trait loci (QTLs) for several quality attributes:
• Flour milling: A QTL on the distal region of chromosome arm 5BL.
• Grain hardness: A major hardness locus, long been known on 5DS, was found to be

linked to the locus for puroindoline. A further hardness gene was located on
chromosome 4B.

• Noodle colour: Xanthophyll content was associated with QTLs on chromosomes 3B
and 7A.

• Noodle brightness was affected by QTLs on 2D and 2A.
• Starch characteristics: Final starch viscosity in the Rapid ViscoAnalyser was

associated with the Wx-Bl locus on 4A. A QTL on 4A was associated with peak
viscosity (RVA) and with swelling volume.

• Starch-granule size distribution: Large-to-small granule size mapped to
chromosome 4B.

• Dough extensibility was associated with the loci for the LMW subunits of glutenin
on chromosomes IB and ID.

• Dormancy: Sprout susceptibility mapped to chromosome arms 2AL, 2DL and 4AL.
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Efficient mapping of many samples

Given the availability of so many potentially useful mapping sites, the breeder now has
the opportunity of evaluating progeny for many traits in early generations. However, the
task of screening for so many loci is arduous by conventional methods. The sequential
nature of gel-based markers entails low throughput and high costs of analysis.
Commonly used marker technologies such as SNP and SSR depend on sequence
information. A solution to the need to efficiently screen for large numbers of loci has
been provided by a new service to breeders, called Triticarte™, which literally means
"wheat map". This service gives wheat breeders the ability to discover and manipulate
genes and evaluate their genetic diversity (genotyping). This is a joint venture between
the Value Added Wheat CRC and the Canberra-based company Diversity Arrays
Technology Pty Limited (DArT). The mission of Triticarte Pty Ltd is to deliver
genotyping services to the wheat and barley industries. The service is initially serving
Australian breeders, but it is also intended for international collaboration and sale.

The DArT™ method, developed over the past five years in Canberra, uses a type of
DNA microarray ("DNA chip") which enables the plant breeder to take a representation
of a plant's genetic makeup by measuring, in a single experiment, the presence of
hundreds of markers that tag the whole of the plant's genome. DArT™ detects single
base changes and insertions or deletions without relying on sequence information, yet
produces sequence-ready markers. Its high multiplexing levels enables high
throughput.

Triticarte™ uses an array of individualised fragments of genomic representations of
wheat and barley, prepared from pools of genotypes that cover the genetic diversity of
each species. Representations of varieties to be genotyped are labelled and hybridised to
the array. The polymorphisms scored are the presence or the absence of hybridisation to
individual array elements. They reflect DNA sequence variation that determines which
genomic sequences are present in the genomic representations. A profile of up to 500
markers is expected to cost the breeders about $AU50. Wheat and barley breeders will
apply the profiles to better germplasm characterisation, cheaper mapping of useful
genomic regions, accelerated backcrosses and more efficient use of exotic germplasm
for rapid delivery of commercially competitive cultivars.

PRACTICAL APPLICATION OF DNA MAPPING IN BREEDING

Triticarte™ technology was recently used in our breeding to quickly incorporate several
good quality characteristics into the high-yielding wheat variety H45. The quality
attributes selected were sprout tolerance, good yellow-alkaline noodle colour, prime-
hard milling and baking quality, good black-point tolerance and freedom from late-
maturity alpha-sanylase. By conventional breeding, it would be very difficult to
combine all of these characteristics into one variety. Sprouting tolerance has been an
especially difficult trait to follow in conventional wheat-breeding programs, because
many genes are involved but are not always expressed in any one field trial. Triticarte™
provides an off-the-shelf set of markers that can be used to check for these sprout
tolerance genes and can also identify other traits such as disease and quality. Breeders
can then ensure that desirable traits are transferred into high-yielding wheat varieties.
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ABSTRACT

The Australian wheat belt is characterised by low and variable rainfall (80% receives
less than 400 mm per annum). Production extends from the sub-tropical regions of
central Queensland to the typically Mediterranean climates of southern Australia. Soils
are mostly low in fertility and of poor water holding capacity. Often, the soils are hostile
to plant growth either via low pH (with consequent aluminium and manganese
toxicities), or via being highly alkaline, ex-marine soils that can be sodic, have toxic
levels of boron and marginal zinc availability. In conjunction with these soil factors, the
crop is regularly challenged by an extensive array of soil borne and foliar pests and
diseases.

While Australia only produces an average crop of about 20 MMT, up to 80% is
exported to markets all over the world. The wide range of high quality end-products
made from Australian wheat places exacting demands on breeding programs, making
quality improvement a primary objective of all successful breeding programs. The broad
range of quality types, and how each is selected will be considered.

Currently, Australian wheat breeding is also undergoing structural readjustment,
with the regionally based programs formerly run by State government departments and
Universities being corporitised.

The influence of the above factors on the design and operation of an Australian
wheat breeding program, and the challenges confronting an operational program as it
goes through the corporitisation transition will be considered.

INTRODUCTION

Australia is an old continent with low and variable rainfall (80% of the annual wheat
crop is grown on less than 400 mm of annual rainfall). The wheat producing area
(Figure 1) extends from the tropics of the Queensland Central Zone (20°S) to the
typically Mediterranean climates that prevail in the NSW Central Zone, extending
across southern Australia from the Victorian High Rainfall Zone, through the SA and
Vic Bordertown Wimmera Zones, the SA Vic Mallee Zone to the Zones of Western
Australia as far north as the Northern Zone (mostly covering latitudes 34 to 39°S).

THE ENVIRONMENT

Soils

Soils are old and often degraded, and mostly low in available nitrogen and phosphorus,
as well as sometimes being trace element deficient. Many are low in water holding
capacity, and some are actually water repellent. Often the soils are hostile to plant
growth due to low pH (with consequent aluminium and manganese toxicities), or are
highly alkaline, ex-marine soils that can be sodic, have toxic levels of sub-soil boron
and marginal zinc availability
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Figure 1. Australian production zones. (A GRDC Production)

Climate and its influence on crop pests and diseases

The large latitude range over which wheat is grown results in the wheat crop being
exposed to a range of climatic conditions, all of which influence crop growth and drive
breeding program objectives. The Australian wheat belt is generally located away from
the coastal areas across the country, so frost events are common in the winter and early
spring. Consequently, flowering time is delayed until an acceptable frost risk exists.
Northern sub-tropical to tropical regions receive more of their rainfall in the summer
months (Figure 2). As a result, for reliable wheat growing, production systems involve
moisture conservation methods, where summer rainfall is stored in the soil profile for
the winter cycle. The optimum-planting window extends from late April to late June,
depending on whether planting is onto stored moisture from summer rains, or following
an autumn rainfall event. The combination of late spring to early summer rainfall and
increasing ambient conditions are ideal for foliar pathogens such as stem and leaf rust
and yellow spot.

The southern regions (Figure 2) receive most of their rainfall during the winter months
when the crop is being grown. The optimum planting window is mid- to late May to the
end of June, depending on the timing of rainfall events. The combination of low but
regular winter rainfall events, together with lower ambient temperatures are ideal for
foliar pathogens such as stripe rust, the septorias and yellow spot.

The unique set of soil issues, combined with climate variability (amount and pattern of
rainfall throughout the growing season) drives the breeding objectives for programs
across Australia. However, priorities of breeding for disease resistance versus soil
constraints vary from region to region.

CROP PRODUCTION AND QUALITY TYPES

Australia is only a relatively small wheat producer, averaging about 20 mmt per annum.
However, the greatest share of this is exported (from 60-80%). The extensive range of
high-quality products made from Australian wheat places exacting demands on the
breeder.
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Figure 2. Monthly rainfall distributions typical of the northern versus southern wheat
zones and time frames for the optimum planting and flowering times.

It is within this framework of many and varied breeding objectives that Australian
breeders are facing new challenges, resulting from the entry of proprietary breeders into
the market, and the drive by the major provider of grains research funding to corporitise
wheat breeding.

QUALITY TYPES AND BREEDING CHALLENGES

Australia grows and markets only white-grained wheats and has established a good
reputation as a producer of sound, clean, dry, wheat with excellent flexibility in end-
product performance.

The wide range of production constraints and diverse production regions results in
variable grain protein achievement from season to season. This presents challenges to
breeders, growers and marketers, respectively, to be able produce the right wheat types
(varieties) for each region, to achieve the appropriate protein contents for each target
quality type, and to be able to parcel this wheat into homogeneous parcels demanded by
discriminating buyers.
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For the breeder, this means clearly defined quality objectives that encapsulate what is
possible in each production region and what is in demand by the market. Accordingly,
the majority (>95%) of the wheat produced is of hard kernel texture. Protein contents
range from region to region and from season to season, so the optimum balance of
dough properties for particular protein contents must be established by the breeder,
assembling the best combinations of high and low molecular weight glutenins and
gliadins, with the optimum glutenin to gliadin ratio. Beyond this, the environmental
influences on protein content, result in variation in quality that can be segregated by
grain marketers into the parcels sought by their customers.

This philosophy has seen six major hard wheat grades become the cornerstone of the
Australian marketing system (Table 1). Each grade has a minimum protein content as
well as a range of other stringent receival standards (free of foreign matter, nil fungal
staining, high in Falling Number and test weight, etc) demanded by the market. Each
grade is characterised by having high milling quality, producing high flour extraction
rates with low colour grades.

Prime Hard Hard Premium Soft Noodle Durum
White

Min. 13% Minl l .5% Min. 10% Max. 9.5% Min. 9.5% Min. 13%
Max. 11.5%

Table 1. Minimum and maximum protein contents (11 % mb) needed for receival into
Australian wheat grades.

Australian Prime Hard is a direct competitor with other high protein premium wheat
grades such as US Dark Northern Spring and Canada Western Red Spring wheat,
whereas the Australian Hard grade competes more directly with US Hard Red Winter
wheat.
To remain competitive in the international market, Australian wheats must be able to be
used to make a very diverse range of high-quality end products. These include pan, flat
and steamed breads, fresh and dried yellow alkaline noodles, white salted noodles,
chapattis, rotis, hot-plate goods, etc.
To be able to do this, breeders need very clear objectives as to what are the major
chemical constituents that differentiate the major end-product differences. Only recently
has the importance of colour development and colour stability for fresh yellow alkaline
noodles been understood. Consequently, breeders have had to embrace further tests for
quality, including PPO levels and the making of noodle sheets to measure colour
development and colour stability.

Similarly, the importance of starch quality and colour for white salted noodles, has seen
breeders have to test for PPO content, and to embrace measurements of starch quality
such as flour swelling volume, or flour or starch paste viscosity using the RVA, together
with the making of noodles for cooking quality and taste panel evaluations. The recent
development of DNA based marker selection, has resulted in breeders being able to
select directly for the Wx B-l null gene that results in the change in starch quality
conferring the desired cooking and textural qualities to white salted noodles.

Most breeding programs deploy a range of different testing strategies to achieve
their goals, but generally there is a strong emphasis on the value of early generation
selection as a means of shaping the breeding materials towards the desired quality types
as early in the breeding cycle as possible. As materials move through the breeding
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program, more and more detailed testing is conducted, finishing up with extensive end-
product evaluation.

DELIVERY OF BREEDING IN AUSTRALIA, BREEDING CHALLENGES

Wheat breeding has been conducted in Australian since the 1890's, commencing with
the pioneering work of William Farrer. A series of devastating rust epidemics in the
1890's almost ruined the developing colony, and a series of rust in wheat conferences
focused the industry on the need to engage in variety development for the industry to
have a long-term future.

Some State Governments and Universities commenced breeding programs at this
time or shortly thereafter. This situation continued until fairly recently when a series of
events have stimulated major change.

The introduction of Plant Breeders Rights legislation in Australia in the 1980's laid
the platform for change. The PBR Act, provided breeders with proprietary protection
and a potential means to get a return on their investment in breeding. Refinement of the
Act in 1994, allowed breeders to be able to collect either a seed based, or an end-point
royalty (EPR) on the grain produced from their varieties. The EPR mechanism provided
the final boost needed to stimulate proprietary breeders to enter the market. Australia
had a well-established research levy system, so growers were used to paying a
production levy to support research. Extension of this approach to collection of EPR's
for proprietary varieties was a simple and cost effective process to introduce.

In the last 5-6 years a number of major private breeding groups have been
established, vigourously developing new varieties, and placing the existing publicly
funded, State and University programs under pressure to justify why they should be in
product development rather than directing tax payer funds towards research in the
national interest. The major provider of grains research funds for wheat breeding, the
Grains Research and Development Corporation, has laid out a timetable for the
programs they have traditionally supported to become commercial entities. This has
seen one breeding group withdraw from breeding to focus on research, while two others
have moved to a corporate structure. The future viability of these new entities is totally
dependent on their ability to finance their operations from EPR income from the
varieties they have developed.

These major changes are causing some anxiety among existing breeding groups as
well as growers. Growers are fully aware that the future viability of their industry relies
on the continued development of new, improved varieties that reduce their production
risks, while optimising financial returns from their fanning system. The fact that
breeders will now have to be driven by adoption of their varieties by growers and the
industry as a whole, rather than releasing them and hoping they are adopted, will result
in a more market driven approach, needing closer relationships among all in the wheat
value chain. Such changes will deliver long-term benefits of the Australian wheat
industry.
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ABSTRACT

Wheat quality improvement begins with breeding. Important traits targeted in wheat
breeding include both agronomic and end-use quality. The current U.S. Standards
categorize wheat into eight basic classes based on color, hardness, and growing season.
Each wheat class is traditionally grown in a specific region in the U.S. The USDA-ARS
Regional Wheat Quality Laboratories (RWQLs) were established by an Act of
Congress: the Soft Wheat Quality Lab in 1936, the Hard Winter Wheat Quality Lab in
1937, the Western Wheat Quality Lab in 1946, and the Hard Red Spring & Durum
Wheat Quality Lab in 1963. All four RWQLs have common missions: work with
breeders to improve U.S. wheat by testing end-use quality of experimental breeding
lines, develop reliable small-scale tests for evaluating early generation breeding lines,
perform research on the contribution of flour biochemical components to observed
differences in end-use quality, conduct research on molecular-genetic bases of quality,
and develop rapid and objective prediction models for end-use quality. All four
RWQLs focus primarily on the public (university and USDA-ARS) breeding lines and
some private breeding lines. Over 95% of U.S. wheat released cultivars have been
evaluated at one of the RWQLs. Therefore, the RWQLs have made paramount
contributions to U.S. wheat quality improvements for all wheat classes. This
presentation will describe the activity of each RWQL.

INTRODUCTION

World wheat production over the last three years (1999-2002) has averaged 583.2
million metric tons (mmt), which constitutes one-third of the total world grain
production. It is not only the major crop for human food, but also a global commodity,
since 18.7% (108.75 mmt) of total world wheat produced enters the world trade market.
As a major wheat-producing country, with an annual production of 58.9 mmt (10.1% of
world production) and exports of 27.8 mmt (25.6% of total world export and 47.3% of
the U.S. total production), the U.S. has active wheat breeding programs. The U.S.
produces several classes of wheat which have different functional properties and end-
uses. Current U.S. standards categorize wheat into eight basic classes, and nine
subclasses based on colour, hardness, and growing season. These eight classes include;
Durum (DU), Hard Red Spring (HRS), Hard Red Winter (HRW), Soft Red Winter
(SRW), Hard White (HDWH), Soft White (SWH), Unclassed, and Mixed wheat. Each
wheat class is grown in a specific region in the U.S. For the last three years, the U.S.
produced 38.3% HRW, 23.0% HRS, 20.7% SRW, 13.3% White and 4.7% DU wheat.
The average annual U.S. total wheat exports consist of 37.2% HRW, 24.3% HRS,
17.1% White, 16.6% SRW, and 4.8% DU wheat.
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U.S. WHEAT BREEDING PROGRAM

Despite the costly (nearly $1 million U.S. dollars per released cultivar) and lengthy 12-
13 year process of cultivar development, wheat breeders continue to develop and release
new cultivars as older cultivars tend to lose disease and pest resistance within a 3-5 year
period. Cultivar development progresses in three stages: the 1st - mating (year 1 & 2),
the 2nd - inbreeding & selection (year 3 to 7), and the last - evaluation of breeding lines
(year 8 to 12) from the germplasm observation nursery, state-wide and regional trials,
and large-scale quality trials such as Wheat Quality Council (WQC). Final cultivar
release is decided by state or by private firms' release committees. Both genotype and
growing environment greatly influence the growth of the plant, seed production, and
end-use quality. Breeding selects lines based on genotypic superiority of agronomical
and end-use quality, as well as the environmental stability of its growth and end-use
quality. Additionally, wheat-exporting countries have to provide wheat with quality
traits vital to the importing customers' own unique products.

ARS, REGIONAL WHEAT QUALITY LABORATORIES (RWQLs)

Until the mid 1930's, the end-use quality of all classes of U.S. wheat was evaluated at
the USDA lab in the Washington D.C. area. Strong concerns about declining wheat
quality from both producers and consumers of HRS and HRW wheats led Congress to
establish the four USDA/ARS/RWQLs by U.S. congressional mandate during the
1930s-1960s. The Soft Wheat Quality Laboratory (SWQL) was established in 1936 at
Wooster, OH, followed by the Hard Winter Wheat Quality Laboratory (HWWQL) in
1937 at Manhattan, KS. In 1946, the Western Wheat Quality Laboratory (WWQL) was
established at Pullman, WA. Lastly in 1963, the Hard Red Spring and Durum Wheat
Quality Laboratory (HRS & DWQL) was established at Fargo, ND. All WQLs, except
the HWWQL, are still stationed at the land-grant universities, including Ohio State
Univ., Washington State Univ., and North Dakota State Univ. The HWWQL moved
from Kansas State University to the Federal Centre in 1972.

All four RWQLs have common missions: work with breeders to improve U.S.
wheats by testing end-use quality, i.e., milling, baking and other products' processing
quality; develop/adapt/modify reliable small-scale tests for evaluating early generation
breeding lines; provide research into the contribution of wheat physical and flour
biochemical components to observed differences in end-use quality; and develop rapid
and objective prediction models for end-use quality. The RWQLs are an essential entity
for U.S. wheat quality improvement. They focus primarily on public (federal, state
university) and some private breeding lines, each serving 15-25 breeding programs. All
four RWQLs play key roles in the WQC large-scale quality testing activities together
with U.S. industries for mainly domestic uses, and also in the Overseas Varietal
Analysis (OVA) Program, sponsored by the U.S. Wheat Associates and State Wheat
Commissions for export customers. Nearly all U.S. wheat cultivars have been evaluated
at one of the RWQLs.

SOFT WHEAT QUALITY LABORATORY (SWQL), WOOSTER, OH

Annually, the SWQL evaluates the quality of more than 5000 SRW and SWH wheat
lines from 23 breeding programs in the eastern half of the U.S. for milling and baking
quality attributes for various pastry products, cakes, cookies, biscuits, pretzels, crackers,
pie dough, and North African and Middle-Eastern flat and hearth breads. Like the other
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three WQLs, the SWQL considers milling quality to be an important quality attribute
One estimate is that the value of flour produced by a two percentage-points drop in flour
yield is equivalent to the value of flour produced from a 9 kg/hi (7 lbs per bushel) drop
in test weight: it would have severe impact on the economics of soft wheat milling.
http://www.oardc.ohio-state.edu/swql/.

The SWQL's research includes: (a) development (1936-1969) of the alkaline water
retention capacity (AWRC) test for early generation lines, and the micro sugar-snap
cookie test and the lean formula white layer cake test for the advanced lines; (b) studies
on: the hydrophilic roles of damaged starch granules and non-starch carbohydrates
during pastry baking, chlorine treatment of cake flours, the development of a high-ratio
(sugar to flour) white layer cake test, various effects of particle size (flour and sugar),
ambient temperature and humidity, and also the role of specific polar lipids in the
mechanism of cake and cookie (biscuit) baking; (c) development of an experimental
milling processes to assess small differences among wheats in their total flour yield and
break flour yield (an assessment of kernel softness); (d) the effects of kernel shrivelling
on reduction of flour yield; (e) the effects of wheat diseases (e.g. DON from infection of
wheat in the field with Fusarium Head blight fungus, scab) on wheat quality and value;
(f) a direct assessment of a/pAa-amylase activity for field sprouting; (g) the genotype
and environment effects on soft wheat qualities; (h) replacement of the AWRC test by
new solvents retention capacity (SRC) test; (i) assessing quality characteristics by near-
infrared reflectance (NIRR) spectroscopy for screening; (j) lab-method to produce
chemically leavened crackers; and (k) new micro-screening test methods for gluten
protein strength for traditional weak gluten wheats in cookie (biscuit)/pastry end-uses,
and non-traditional strong gluten, soft wheats to replace hard wheats imported into the
eastern region to utilize in cracker production. Stronger gluten soft wheats are
identified as an excellent export commodity to Middle Eastern and southern Asian
countries for begets, flat and pocket breads.

HARD WINTER WHEAT QUALITY LAB (HWWQL), MANHATTAN, KS

The HWWQL serves 14-16 U.S. hard winter wheat breeding programs. It evaluates the
U.S. major wheat class, HRW (nearly 40% of the U.S. total production and in exports),
and some HDWH wheat experimental lines, grown in 20-40 locations across the Great
Plains area for physical, milling, flour, dough, and breadmaking quality. The annual
evaluation of several thousand lines has traditionally been on bread dough or
breadmaking quality, but evaluations have recently been expanded to non-bread
products such as tortillas and Alkaline Chinese Noodle dough quality. The Great
Plains, traditionally a HRW wheat growing area, has seen a 16-fold increase in the
introduction of HDWH wheat during the last four years (16200 ha = 40000acres in 1999
to 263000 ha = 650000 acres in 2003). The HWWQL also plays a major role in the
large-scale WQC and OVA testing programs. The procedures are in our website
(http://129.130.148.103/gqu/HWWQL/quality/About_the_hard_winter_wheat_regional
_quality_reports.html).

The HWWQL's research includes: development of the experimental straight dough
pup loaf baking process, using 100-g flour and small-scale Mixograph, as well as a 10-g
mixer for estimating dough properties of bread dough and optimum water absorption
for Asian noodle dough; studies on flour biochemical components as bread quality
determinants, including gliadin protein patterns for varietal identification, functional
roles of gluten proteins and its fractions, ratios of polymeric to monomeric proteins,
water-soluble proteins, flour lipid composition (nonpolar to polar ratio, glycolipids,
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etc.), flour and starch particle size distribution; collaborative research with the
Engineering Research Unit in development of an experimental prototype of the Single
Kernel Characterization System (SKCS); textural analysis methods for cooked noodles
and tortillas; and cooperative studies on end-use quality of waxy wheats and transgenic
lines with other ARS labs. Recent work has also centred on development of models to
predict hard wheat quality from: (a) cereal testing methods such as the computerized
Mixograph, Glutomatic, SDS sedimentation, SRC tests, etc.; (b) SKCS; (c) NERR/NIRT
spectroscopy; (d) SK-NIR technology; and (e) monitoring the rheology and protein
secondary structure of dough during mixing using FT-HATR mid-IR spectroscopy.

WESTERN WHEAT QUALITY LABORATORY (WWQL), PULLMAN, WA

The WWQL evaluates the Pacific Northwest (PNW) wheat breeding lines, serving
primarily the public programs in the states of WA, OR, ID, UT and CA. The PNW
produces five classes and sub-classes of wheat, including SWH, Club, HRW, HRS, and
HWH. Both winter- and spring-sown types of SWH, HWH, and club wheat are grown.
Testing and selection strategies focus on milling quality of all classes of wheat, but end-
product quality testing depends on the wheat class: (a) cookie and sponge cake quality
for SWH and club; (b) gluten strength and pan bread quality for HRW and HRS; and (c)
Asian noodle and pan bread quality for HWH. Since this region exports up to 90% of
annual U.S. production to the Pacific Rim countries, its emphasis is on Asian food
quality traits. Most quality evaluation methods follow standard AACC protocols and
can be found at the WWQL website: www.wsu.edu/~wwq 1/php/index.php. Unique tests
include the Japanese sponge cake test, alkaline and white salted noodle colour tests, and
an L-dopa assay for PPO activity in whole kernels. The WWQL leads the Sino-U.S.
Joint Centres for Wheat Quality and Pathology, in addition to the PNW-WQC and the
OVA Program.

The WWQL has researched three main areas of wheat quality: kernel texture (grain
hardness), starch quality and pasting, and noodle discoloration/PPO. The underlying
molecular-genetic basis of kernel texture was resolved: the puroindoline a and b genes
must be in a "functional" state to affect softness. Puroindoline and Grain Softness
Protein-1 genes have been sequenced; softer puroindoline sequences have been
identified in synthetic hexaploids; the end-use quality of soft wheat cultivars from the
eastern and western U.S. germplasm pools were characterized; soft and hard near-
isogenic lines of wheat were registered; prevalence of puroindoline alleles among U.S.
and Canadian varieties was ascertained; and a patent covering the utilization of
puroindolines in cereal endosperm modification was obtained. Starch research has
included: establishing the relationships between RVA pasting characteristics and
amylose content of normal, partial-waxy, and waxy wheat flours and starches, and the
contribution of wheat flour fractions to peak hot paste viscosity; analyzing the genotypic
and environmental variation for flour swelling volume ; measuring the instrumental
texture of white salted noodles prepared from recombinant inbred lines of wheat
differing in the three granule-bound starch synthase (Waxy) genes; and registering hard
and soft homozygous waxy and D-null 'Bai Huo' partial waxy wheat germplasm.
Research on noodle discoloration and PPO has included the development of an
improved whole-seed assay using L-dopa and the optimization of a method for
preparing raw alkaline noodle sheets for colour measurement; the purification and
sequence analysis of the first PPO protein and partial gene sequence from wheat; and
the genetic mapping of PPO in three inbred line populations. Publications may be found
at the WWQL website.
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HARD RED SPRING AND DURUM WHEAT QUALITY LABORATORY (HRS
& DWQL), FARGO, ND

The HRS & DWQL evaluates processing (milling, bread- and pasta-making) and end-
use quality traits of experimental lines of HRS and durum wheat that are relative to
physical and biochemical attributes and genetic and environmental influences. Each
year, the HRS & DWQL evaluates up to 2000 samples of HRS, and 1000 samples of
Durum wheat from various locations in the states of ND, MT, SD, MN, ID, WA, AZ,
NE, and CA. Cultivar development includes quality testing of breeding lines from the
Uniform Regional Spring (18-25 locations) and Durum (10-15 locations) wheat
nurseries; Preliminary and Advanced spring wheat lines; and commercial cultivars that
are submitted by individuals who request specific quality tests of special interest or for
specific research projects. Large-scale testing of HRS wheat is accomplished annually
for the WQC, which includes quality testing by 10-15 domestic cooperators, and for the
OVA project, which includes quality testing by 15-20 overseas cooperators. HRS wheat
is unique for its use in breadmaking, speciality baked products requiring high protein
and strong gluten characteristics, and as blending wheat to increase the value and end-
use of wheat from other classes. Durum, unlike other classes of wheat, is used primarily
for pasta products; however, HRS and DWQL research has shown that up to 60%
durum flour can be incorporated with spring wheat flour to produce a high quality loaf
of bread when baked by a modified sponge/dough method.

The HRS & DWQL's research is to: identify the physical and biochemical
properties, including glutenin subunits, of individual flour millstreams, relative to the
corresponding straight grade flour, that contribute the greatest end-use value when
blended as a means to enhance the flour blending process in commercial mills;
determine the speciation of selenium in milled and baked products that would enhance
the nutritional qualities of wheat; and evaluate the influence of pasta processing on the
carbohydrate components of semolina, extruded dough, and spaghetti from conventional
and waxy durum wheat.

CONCLUSIONS

Improved wheat quality in the U.S., as a result of the concerted efforts of breeders and
the RWQLs for the last several decades, has allowed development of a modern, high
throughput, milling industry, and a high-speed, modern baking industry. These
developments have made the U.S. the top wheat-exporting nation. As outlined above,
the RWQLs have made paramount contributions to U.S. wheat quality improvements
for all wheat classes. The multidisciplinary efforts by breeders, growers, handlers,
industry, and cereal chemists/food scientists should be focused on developing a "total-
quality based marketing" system to serve customers and consumers in the domestic and
export markets, with the objective of "breeding for wheat quality that is tailored for
specific products".
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ABSTRACT

Serious efforts at breeding of winter wheat cultivars in the central Great Plains of North
America began in the 1930's. Before that time, growers produced either introductions
directly from Eurasia, or farmer-selections from such lines. In 1931, the precursor
organization of the USDA-ARS initiated regional performance nurseries. Such trials
were conducted in collaboration with state agricultural experimental stations affiliated
with land-grant universities. The program allows the free exchange of germplasm
throughout the region, and provided testing of advanced breeding lines in a host of
environments. The program has continued uninterrupted to the present, now involves
more than 30 cooperating institutions in 19 states and in Canada, and forms the
backbone of breeding efforts in the hard winter wheat zone. Until the 1980's, breeding
in the region focused on one market class, hard red winter wheat. Recently, efforts have
diversified to include hard white wheats. This shift has been driven by both domestic
and export demands, either real or perceived. With this diversified emphasis has come
the need to expand the number of quality traits used in selection schemes. The number
of required traits, and the diverse methods needed to assess them, suggests that DNA-
based methods would be a more efficient tool for selection. This paper will describe the
spectrum of traits currently being assessed, and our progress toward devising an
objective, genetics-based system to supplant the plethora of assays currently being
conducted.

INTRODUCTION

In the United States, wheat cultivation occurs in several ecologically and geographically
distinct production zones, each typically producing one predominant market class. Soft
red winter wheat is the primary class produced in the eastern production zone, which
occupies the region from the Atlantic coast to the Missouri River Valley. This zone also
contains small pockets, largely in Michigan and upstate New York, of soft white winter
wheat production. The hard winter wheat region occurs in the Great Plains, a broad
region stretching from Texas in the south to South Dakota in the north, and from the
Missouri River Valley to the eastern flanks of the Rocky Mountains. There also are
pockets of winter wheat production as far north as Canada. Historically, this region
produced hard red winter wheat; however, over the past twenty years there has been
breeding effort designed to develop hard white wheats adapted to this region. The hard
spring/durum region stretches from Minnesota west to Montana, and from South Dakota
to the Canadian border. Additional spring/durum wheat production occurs in the
Central Valley of California, and under irrigation in Arizona. In these regions, spring
(in a genetic sense) wheats are sown as winter annual crops. Finally, the Pacific
Northwest Production zone, occupying the states of Oregon, Idaho and Washington,
primarily produces soft white winter and club wheats, largely for export to Asia.
Wheats of each zone derive from independent gene pools, and, to this day, breeding of
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new cultivars primarily is dependent upon inter-matings largely within these specific
gene pools.

HISTORY OF BREEDING EFFORTS IN THE HARD WINTER WHEAT
REGION

The first settlers in the hard winter wheat region attempted to produce either spring
wheats, or wheats they carried from the eastern United States. However, the harsh
continental climate characterized by long winters, early onset of warm temperatures,
high evapotranspiration and low rainfall rendered such wheats ineffective. In the
1880's, Mennonite immigrants from southeastern Russia brought with them seed of
hard red winter wheats, which proved to be adapted to and productive in the region.
During the 1920's and 1930's, scientists working at Agricultural Experiment Stations
made selections from these early imported landraces and released to growers the first
winter wheat cultivars. Some of these early selections, especially 'Cheyenne',
'Nebred', 'Kanred' , 'Kharkof and 'Blackhull' formed the initial gene pool upon which
all subsequent breeding efforts have been based. Disease resistance was introduced to
these types from spring and soft wheat cultivars, but the majority of the genetic
materials useful to breeders in the Great Plains derived from the original introductions
from the Black Sea region. The post-World War II era saw the establishment and
flourishing of wheat breeding programs at all of the major land-grant universities in the
region.

In the early 1930's, the United States Department of Agriculture's research branch,
now known as the Agricultural Research Service, worked with state Agricultural
Experiment Stations, based at land-grant universities, to establish the Hard Winter
Wheat Regional Nursery program. This program, continued uninterrupted to the
present, had two primary objectives, namely, to assist in the development of new wheat
cultivars in the region by providing multi-location agronomic testing and disease
resistance evaluation, and to facilitate the free exchange of germplasm amongst
participants. The free exchange of germplasm allowed breeders in the various states
access to genetic materials from across the region. At about the same time, the Hard
Winter Wheat Quality Laboratory was established in Manhattan, Kansas, to provide
quality evaluations to assist breeders in the development of new strains.

At the time of its establishment, the Hard Winter Wheat Regional Program was
divided into three regional nurseries, the Northern, Central and Southern, with 23 sites
for the conduct of replicated field trials. Today, the program consists of a Southern
Regional Performance Nursery (SRPN), with 30 replicated field trials stretching from
Texas to South Dakota, and a Northern Regional Performance Nursery (NRPN),
consisting of 23 sites from Kansas north to Montana, with one additional site in Alberta,
Canada. In addition to the replicated yield trials, nurseries are sent to various additional
cooperators for evaluation of insect and pathogen resistance. The Hard Winter Wheat
Regional program also now includes a Regional Germplasm Observation Nursery
(RGON), which evaluates early generation breeding materials for winter hardiness and
rust, insect and virus resistance. In 1935, the three nurseries contained approximately
11 entries per trial, with most of the entries being previously released cultivars derived
from selections from landraces. Today, the SRPN and NRPN each contain
approximately 50 entries per trial, all being advanced breeding lines yet to achieve
cultivar status. The RGON typically will contain 300 entries. The system still operates
under the principal of free exchange of germplasm. Lines entered in the trials may be
used by cooperators in matings to derive new breeding lines.
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CURRENT BREEDING TARGETS

While many highly efficient and effective private wheat breeding programs have
attempted, or continue to attempt, to capture market share in the hard wheat region, the
majority of wheat cultivars deployed derive from public (primarily university)
programs. Various socio-economic factors are responsible. There remains substantial
public financial support (at both federal and state) for wheat research and development,
a dry, arid climate allows producers easy storage and replanting of wheat seed, and there
are no Plant Breeders' Rights that would provide financial remuneration or protection of
intellectual property. Wheat breeders in the U.S. may apply for Plant Variety
Protection, but this does not prevent replanting of seed by individual growers.

The dominant public wheat breeding programs derive funding largely from state
wheat commissions, which, in turn, are funded by "check-off dollars, or fees collected
from producers at point-of-sale. Hence, U.S. wheat breeders' primary customers are the
producers, and producers in the U.S. are still paid on the amount of seed delivered to the
elevators. Hence, each individual grower primarily is interested in maximizing
productivity from his land; this, in turn, insures that grain yield remains the primary trait
of emphasis in Great Plains breeding programs. Newly developed cultivars are entered
in university-sponsored state-wide yield trials; any new wheat cultivar, no matter how
improved its end-use quality might be, will not be adopted by farmers, and will not gain
market share, unless it out-performs existing cultivars.

While grain yield remains paramount, additional traits receive emphasis in Great
Plains breeding programs, although most receive such emphasis due to their direct or
indirect effects on grain yield itself. Such additional traits may be divided into two
categories, traits meriting improvement, and traits requiring only maintenance. Traits
requiring improvement include resistance to leaf (brown) and stripe (yellow) rust,
resistance to viruses, especially wheat soilborne mosaic virus (WSBMV) and wheat
streak mosaic virus (WSMV), and resistance to insect pests, of which greenbug and
Russian wheat aphid are most important. Some of these traits are perennial denizens of
this category, while others are newcomers. The fungus causing leaf rust continuously
mutates, and new races constantly arise. New sources of resistance are rapidly
overcome; hence, breeding for leaf rust resistance remains a perpetual race with
breeders and geneticists constantly searching for new resistance genes necessary to
prevent damage to a steady stream of new virulent races. Stripe rust long was of little
concern to breeders in the Great Plains as it historically was a disease of cooler moister
climates. However, some cool wet springs, coupled perhaps with the evolution of new
races, has led to serious epidemics in two of the past three seasons. Hence, increased
emphasis on breeding for resistance to this trait is necessary. Wheat breeders thought
the Russian wheat aphid, a recent pest in North America, had been defeated by the
development of resistant lines. However, such optimism (arrogance?) was short lived,
as a new virulent biotype has arisen. Quality traits meriting improvement include dough
strength and grain polyphenol oxidase levels.

Due to a lack of genetic variation, or prior fixation of optimal responses, a number
of traits now may be viewed as maintenance traits. Such traits include flour protein
content and grain volume weight. In both cases, either significant genetic variation does
not exist within Great Plains gene pools, or the harsh climate prevents optimal
expression of such traits. Whatever the cause, any program designed to improve such
traits achieve little progress. Additional maintenance traits include stem rust resistance,
bread loaf volume, winter hardiness and grain hardness. The pathogen causing stem
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rust does not mutate as readily as its leaf-rust inducing relative; hence, breeding for
resistance remains a matter of insuring the presence of effective resistance genes. Grain
hardness, due to its role as a determinant of both end-use quality and market class,
would appear to be a trait meriting improvement. However, the vast majority of crosses
used to generate new hard winter wheats involve hard winter wheat parents. Crosses
are made with wheats from other market classes, especially to access desired disease
resistance genes. However, lines with less than adequate hardness easily are identified
in milling for early generation quality assessments, and are immediately eliminated
from breeding programs.

SHIFTING EMPHASES IN WHEAT BREEDING IN THE GREAT PLAINS

While hard red winter wheats historically have been produced in this region, over the
past twenty years breeders in the region have turned some attention to the development
of hard white winter wheats. The reasons are twofold: white wheats are the wheat of
choice in many international markets, and, with nearly 50% of its wheat crop being
exported, establishment of the U.S. as a steady source of hard white wheat appears a
competitive necessity, hi addition, an increasingly diverse cultural base in the U.S. has
led to increased demand for products such as flatbreads, tortillas and Asian noodles, all
historically produced from white wheats. Finally, consumers are being encouraged to
utilize more whole grain products in their diets, and white wheats offer flavour
advantages that make more appealing products, especially to children. The dry arid
climate of the Great Plains is quite conducive to the production of hard white wheats.
In a five year survey of hard wheats (including many sprout susceptible lines) from
Nebraska production environments, sprout damaged samples were detected in less than
10% of the locations, and all of these were identified within one year. Field sprouted
samples were detected only once at sites west of the 100th meridian, the primary region
of wheat culture in Nebraska. It is perhaps only a historical accident that white wheats
were not cultured previously in this region. The first successful wheats in this area were
red wheats and most subsequent breeding lines developed carried red grain colour.

Slow but steady progress has been made in the development of hard white winter
wheats. At the start of breeding efforts, there were no adapted parents. Today, white
wheats are competitive with red wheats in grain yield. Five of the top 15 yielding
entries in the 2003 Nebraska winter wheat variety trial were hard white wheats.
Refinements of quality characteristics are necessary, especially the incorporation of
genes for low levels of grain polyphenol oxidase. However, it appears white wheat will
become firmly established as an alternative to red wheat in this region.

Additional programs designed to develop speciality wheats have arisen, the most
predominant being the development of waxy (amylose-free) winter wheats. Breeding
efforts of this class of wheat began in the region in 1996. In 2003 harvest year trials,
waxy winter wheats were identified with grain yields not significantly different from the
check cultivars Millennium and Wesley. With the advent of hard white and waxy
wheats, the former ocean of commodity red wheat now is being transformed into a "sea
of commodity wheat surrounding islands of identity preserved types".

FUTURE TRENDS IN WHEAT BREEDING IN THE GREAT PLAINS

The dominance of public wheat breeding programs in the region might begin to wane
over the next few decades. Decreasing public support for such efforts, coupled with a
diminished clientbase due to out-migration from the region, might weaken such
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programs to the point where they no longer are cost effective. Some programs have
turned to collection of research and development fees as a means of support, but it
remains to be seen as to whether such fees can offset the loss of public support. Wheat
programs that do survive, however, will need to become more efficient. Such
efficiencies might be achieved via utilization of the tools of biotechnology, especially
the application of genetic markers. Genetic markers already are seeing application as an
alternative to direct selection for traits that are difficult to score, or for traits in which
present selection schemes are laborious. An example is resistance to wheat streak
mosaic virus (WSMV). Only the wheat curl mite vectors WSMV, though it may be
artificially introduced via mechanical inoculations. Spring inoculations are ineffective,
so efficient screening requires mechanical inoculations in the fall, or the rearing of large
populations of mite to vector the disease. Environmental conditions or random error
often makes such screening tests ineffective or error prone. In a recent study, three
independent field trials were necessary to verify, with 100% accuracy, resistance.
However, use of a DNA PCR marker linked to the resistance gene required only one
laboratory experiment, and, in this case, was far less labour intensive. The key to
successful application of molecular markers is to focus on traits for which the
phenotypic screen is difficult, and few genes control the trait in question. Markers for
easily scored traits, such as grain hardness or grain colour, are unnecessary.

An additional application of genetic markers might be in the selection of types based
on similarities to known and established cultivars. For example, if one wants to
backcross a gene for Russian wheat aphid into a current cultivar, four or five
backcrosses, and several years of work, are necessary before the parental type may be
recovered. Use of genetic markers to identify segregants from early generations similar
to the desired parent might speed the process. However, our early experiments in this
area demonstrate that a large number of markers are necessary, and, with current
technology, might not be more efficient than traditional approaches.
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ABSTRACT

Both genotype and environment influence the bread-making quality of wheat and a
better stability in quality is desired. The reasons for variation and stability of wheat
quality were investigated in Swedish and Baltic cultivars using Size Exclusion-High
Performance Liquid Chromatography (SE-HPLC) and Reversed Phase- High
Performance Liquid Chromatography (RP-HPLC). The results showed that;

• Both grain protein concentration and gluten strength vary due to environmental
influences.

• Differences in gluten strength were due to differences in amount and size
distribution of monomeric and polymeric proteins.

• Differences in protein concentration were related to accumulation of glutenins
and gliadins in the grain but not to differences in amount and size distribution of
polymeric proteins.

• Differences in cultivar stability for gluten strength were found, and correlated to
stability in amount and size distribution of polymeric protein.

• The ending of the grain-filling period varied in different grain positions in the
spike, with the longest grain-filling time in the lower-mid part of the spike.

• Variations in amount and size distribution of polymeric proteins at grain
maturity were due to a change in extractability of polymeric and large
monomeric proteins during grain development, indicating influences on
disulphide bond formation.

The amount and size distribution of polymeric proteins is thus of high importance in
breeding cultivars of good and even quality between years. Environmentally influenced
changes in amount and size distribution of polymeric proteins are due to changes in
extractability of the polymeric proteins, indicating influences on disulphide bond
formation. Successful breeding of more stable polymeric protein formation would lead
to cultivars with more stable bread-making quality.

INTRODUCTION

The breeding work to improve wheat quality has been ongoing in many countries for a
long period. Correlations have been established between particular proteins and protein
subunits and different bread-making quality parameters (Payne et ah, 1987; Lawrence et
ah, 1987; Uhlen, 1990; Johansson et ah, 1993; Johansson and Svensson, 1995;
Johansson, 1996). However, in breeding for improved bread-making quality, stability
of quality is a crucial factor.
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The environment as well as the genotype influences dough properties and baking
performance of wheat (Peterson et al., 1992; Johansson and Svensson, 1998 and 1999).
Variation between cultivars in stability in bread-making quality has been documented
(Johansson et al., 2000). Specific proteins and protein subunit compositions influencing
the bread-making quality are totally genetically determined (e.g. Payne et al., 1987;
Johansson et al., 1993). Amounts of particular proteins and protein subunits as well as
amount and size distribution of proteins and extractability of the proteins are changing
due to variations in environment (Wieser and Seilmeier, 1998; Johansson et al., 2001;
2002 and 2003) but also due to genetic determination (Johansson et al., 2001; 2003).

The aim of the present study was to investigate possibilities to breed for improved
stability in bread-making quality.

MATERIALS AND METHODS

The plant material comprised spring and winter wheat cultivars and breeding lines grown
in Sweden during the period 1975 to 2003, in different locations (mainly in the south of
Sweden, but up to the middle of Sweden), and with different nitrogen fertilizer rates.
Furthermore, spring wheat cultivars grown in climate chambers in nutrient solution culture
(Andersson et al., 2004) and in a green-house (Johansson et a/.,2004a) were included.
The cultivars were tested for quality at Svalof Weibull AB, Sval5v, Sweden according
to Johansson and Svensson (1995).

For investigations of the amount and size distribution of protein groups and protein
polymers and monomers, proteins were extracted from white flour and separated by liP-
and SE-HPLC by the methods developed by Wieser and Seilmeier (1998) and Gupta et
al. (1993) as described in Johansson et al. (2001).

Statistical analyses, Spearman rank correlations, analyses of variance (ANOVA),
principal component and principal factor analyses, were carried out using SAS
statistical analysis programme (1985). Stability analyses were carried out according to
Eberhart and Russell (1966) with the MSTAT program (MSTAT 1991).

RESULTS AND DISCUSSION

Environmental influences on protein concentration and gluten strength

Variation in gluten strength is influenced by the cultivar (Johansson et al., 2001).
However, in the present investigation, the influence of the environment and cultivar on
gluten strength was of equal importance. Also protein concentration is to a high extent
influenced by the environment and nitrogen fertilizer rate (Johansson and Svensson,
1998; Johansson et al, 2001).

Relationships between gluten strength and amount and size distribution of
polymeric proteins

Variation in gluten strength, due to differences in cultivation location and year, was
significantly and positively correlated to the total amount of SDS-unextractable proteins
and negatively correlated to SDS-extractable proteins. This also led to a significant
positive correlation to percentage of total and large unextractable polymeric protein in
the total and total large polymeric protein.
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Timing of fertilizer did not influence protein concentration but instead the gluten
strength and the protein composition. Early nitrogen fertilizer applications led to higher
gluten strength and a higher percentages of total unextractable polymeric protein in the
total polymeric protein (TUPP) and large unextractable polymeric protein in the total
large polymeric protein (LUPP) compared to late nitrogen fertilizer applications
(Johansson et al, 2004b).

Relationships between protein concentration and protein factors

Similarly to earlier studies (Wieser and Seilmeier, 1998), protein concentration was
significantly and positively correlated to the total amount of glutenins and gliadins and
also to the amount of most mono- and polymeric proteins.

Relationships between proteins and stability in bread-making quality

Differences in stability of bread-making quality parameters over environments was
found between cultivars (Johansson et al., 2000; 2001). Variation in cultivation year and
cultivation location led to variation in percentage of polymeric proteins. Cultivar
variation in stability in LUPP and TUPP was also found. Cultivars varied similarly in
stability in bread-making quality and stability in LUPP and TUPP. Thereby, it might be
indicated that the background for the stability in bread-making quality is stability in
polymeric protein formation.

Ending of grain-filling period

Protein concentration and influx time of nitrogen vary in the spikelet of wheat (Andersson
et al., 2004). Thus, differences in the amount and size distribution of polymeric proteins
might exist within the spikelets of a spike.

Amount and size distribution of polymeric protein during grain-development

hi the beginning of the grain-filling period, high values of SDS-extractable monomeric
proteins were found in the grains (most likely different types of enzymatic proteins).
During grain maturation the SDS-extractable monomeric proteins decreased and SDS-
unextractable polymeric proteins were formed. Environment (temperature and nitrogen
regime) led to a change in the amount of SDS-extractable polymeric and large monomeric
proteins during grain development, indicating influences on disulphide bond formation
(Johansson et ah, 2004a).

Breeding for stability in bread-making quality

Variation in cultivar stability in bread-making quality was found. Thereby this character
should be genetically inherited and possible to breed for. A relationship was found
between stability in quality and stability in polymeric protein formation. Thus, stability
in polymeric protein formation might be a valuable character to use in breeding for
stability in quality. This can be done either by selecting wheat cultivars with a stable
percentage of LUPP and TUPP in the breeding programs or by trying to find the genes
encoding variation in percentage of LUPP and TUPP.

Another character of importance for breeding stable quality wheat is cultivars with
the spiklets ending with similar protein concentration and nitrogen influx time. Such
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cultivars will give similar and stable protein quality within the same spike. Also
stability of protein quality between main spikes and tillers are of importance.
In searching for the background of differences in stability of quality, reasons for
changes in protein build-up during grain maturation are important characters to
investigate.
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ABSTRACT

Sorghum (Sorghum bicolor) is of critical importance for food security in the semi-arid
tropics of Africa and Asia on account of its drought-tolerance. Sorghum like most other
cereals, with the exception of wheat, does not contain the protein gluten, believed to be
essential for making leavened bread. However, particularly in Africa there is increasing
consumer demand for bread on account of its convenience and status. In more
economically developed parts of the world there is demand for more variety and novelty in
cereal foods. Thus, there is a great need for research into making breads with cereals such
as sorghum.

We have investigated two approaches:
i) Modification of sorghum flour using the traditional technologies of malting and

lactic acid fermentation. Compositing the modified sorghum flour with wheat flour at a
level of 30% sorghum produced a pan-bread with much softer texture than with raw
sorghum flour. Additionally, the breads had an attractive malt or sour-dough flavour and
were less subject to staling.

ii) Improving the quality of injera, a traditional Ethiopian leavened, fermented
pancake. Decortication (dehulling) of sorghum, compositing with tef (Eragrostis tef) and
cultivar selection enabled a wheat-free, leavened sorghum-based pancake with a flexible
and soft texture, and resistance to staling to be produced.

Both approaches are successful and have wide application.

INTRODUCTION

Africa is becoming increasingly food insecure, ha 2001 Africa imported some $7.7 billion
worth of cereals and cereal products, equivalent to nearly $10 per person (FAO, 2004).
Most of the imports are wheat and flour for bread making. Importation of cereals is having
a devastating effect on the economies of many African countries. It uses valuable foreign
exchange, which would be much better applied for economic development. It also inhibits
local agricultural development.

To combat this problem, as long ago as the 1960s, the FAO launched a "Composite
Flour Programme". The objective was to seek new possibilities for the use of raw materials
other than wheat in the production of bread, biscuits (cookies), pastas, and similar flour-
based foods (De Ruiter, 1978). Sorghum was a key focus in the Programme because it is so
important to developing countries in the semi-arid tropics, due to its drought-tolerance.
According to Faure (1992) by 1980 there were 7 programmes in developed countries and
17 in developing countries involving sorghum and millets. Despite this huge effort,
sorghum-wheat composite bread is scarcely produced. There are probably many reasons for
this. However, there seem to be two key issues: 1) The technologies developed were too
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complex to be applied by the relatively unsophisticated baking industry in developing
countries, and 2) The technologies did not yield sufficiently consistent results.

The later problem can be attributed to the fact that at that time cereal scientists'
understanding of sorghum chemistry and the science of bread making were too incomplete.
Although sorghum and wheat are both cereals there are several fundamental differences
between them in terms of the their biopolymers (Taylor and Belton, 2002). This impacts
upon making leavened bread using sorghum. Most importantly, the sorghum storage
protein kafirin does not produce a visco-elastic dough, unlike the wheat gliadin/glutenin.
This means that some other way has to be found to stabilise the dough foam, enabling it to
expand as a result of carbon dioxide production during fermentation. In this context, also
of importance are the facts that the gelatinisation temperature of sorghum starch is much
higher than that of wheat and that the arabinoxylan non-starch polysaccharides in sorghum
appear to be much more water insoluble than those of wheat.

We have therefore attempted to identify simple, relatively easily applied technologies to
modify the functionality of the biopolymers of sorghum to improve its bread making
quality.

MALTING

Malting (sprouting) is a widely applied traditional technology in Africa. Malting of
sorghum is done throughout sub-Saharan Africa for the production of traditional African
(opaque) beer and to a lesser extent for use as in ingredient in porridge making. Malting
partially degrades the endosperm starch granules and protein bodies and protein matrix
(Glennie, 1984) and in so doing results in an increase in free amino acids and sugars.
Malting, however, appears to have little effect on the endosperm non-starch polysaccharide
containing cell walls.

We have found that malting sorghum decreased the pasting temperature of sorghum
flour to values approaching that of wheat (Hugo et al., 2000). The use of malted, boiled
and dried sorghum in sorghum-wheat composite bread at a ratio of 30:70 improved bread
quality in comparison to the unmalted sorghum and wheat composite. Crumb structure,
water-holding and softness were improved and the rate of staling was decreased (Fig. 1).
Inactivation of the malt amylases and a higher content of gelatinised starch appeared to be
the primary reasons for the improvement in bread quality.

LACTIC ACID FERMENTATION

Lactic acid fermentation (souring) is also a widely applied traditional technology. Souring,
primarily because it reduces the pH due to lactic acid production, is a method of food
preservation and prevents the growth of pathogens. Sorghum is soured in porridge and
flatbread making and in opaque beer brewing (Taylor and Belton, 2002). Souring modifies
the starch, proteins, increases vitamin and mineral availability and reduces the levels of
antinutrients

We have found that the addition of soured and dried sorghum flour decreased dough pH
from 5.8 to 4.9. The compositing of this flour at a ratio of 30:70 sorghum:wheat increased
bread loaf volume by about 4% compared to the unfermented sorghum:wheat composite
control. Fermented flour also improved crumb structure and slightly decreased the crumb
firmness. Mixing wet fermented sorghum flour directly with wheat flour (sourdough-type
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Figure 1. Crumb firmness of wheat-sorghum composite breads as a function of storage
time. Closed circles 100% wheat, closed triangles 30% malted sorghum, open squares 30%
sorghum flour, closed diamonds 50% malted sorghum, closed squares 50% sorghum flour.

process) in the same ratio further increased loaf volume (Fig. 2) (Hugo et al., 2003). The
sourdough process also reduced crumb firmness, and simplified the bread making process.
It appears that the low pH of fermented sorghum flour inactivates amylases and increases
the viscosity of sorghum flour, thus improving the gas-holding capacity of sorghum and
wheat composite dough.

•\\ v, .. si's-

Figure 2. Effects of souring sorghum flour on the volume, crumb structure and color of
sorghum and wheat composite breads (500 g dough loaves): (left to right), WW, wheat
flour (100%); DFS, soured and dried sorghum grain flour (30%); SFS, soured sorghum
grain flour (sourdough process) (30%)
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STARCH PRE-GELATINISATION

The custard or batter process for the making of non-wheat breads has been widely
promoted (Olatunji, 1993). The idea is that pre-gelatinisation of starch in part of the flour
increases the capacity of the dough to hold gas during fermentation and baking, due to the
increased viscosity imparted to the bubble walls. Although re-invented during the FAO's
composite bread programme (Satin, 1988), the custard process has been used in flatbread
making for at least several hundred years. An example is injera, a soured flatbread from
Ethiopia, which is made from tef, sorghum and other flours.

We have shown that the quality of sorghum injera is highly cultivar-dependent
(Yetneberk et al. in press).

It was found that, in general, sorghum cultivars with a high proportion of floury
endosperm produced better quality injera, i.e. injera that was softer and more fluffy. This
suggests that protein-rich vitreous endosperm in sorghum inhibits starch functionality in
breads produced using the custard process.

ALKALI TREATMENT OF DOUGH

It has been proposed that treatment of sorghum cell wall material with alkali causes
cellulose to swell, disrupting hydrogen bonding between the cellulose and hemi-celluloses,
which results in solubilisation of arabinoxylans (Verbruggen et al., 1995). With the aim of
making the non-starch polysaccharides of sorghum more functional, we investigated the
effect of mixing sorghum flour in a farinograph in a 1 M NaOH solution and then
neutralising the dough. The alkali treatment caused the dough to become viscous and elastic
(Fig.3). However, on neutralisation, elasticity was lost. The alkali treatment followed by
neutralisation produced bread with a softer crumb structure but no increase in volume.

Force

(BU) c

A

4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 [9

Mixing lime (min]

Figure 3. Effect of 1M NaOH addition on the farinograph mixing properties of sorghum
flour. A Mixed in water, B mixed in 1 M NaOH, C after neutralisation
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CONCLUSIONS

Of the treatments investigated for making sorghum-wheat composite bread, lactic acid
fermentation of sorghum seems to have by far the best potential. As stated, soured cereal
foods are common in Africa. The technology is familiar and can be applied in the bakeries
without the necessity of purchasing novel ingredients or new equipment. With regard to
100% sorghum breads, we think that fermented flatbreads such as injera have more
potential than pan breads, since it seems most unlikely that 100% sorghum bread will ever
have the high specific volume of wheat bread, and thus a different type of product is the
best option. The growing worldwide popularity maize tortilla-type products supports this
contention.

It is also clear that our knowledge of the bread making functionality of the biopolymers
in sorghum is still elementary. It is possible that kafirin could be made far more functional.
Bugusu et al. (2001) showed that the addition of commercial zein (the equivalent maize
prolamin storage protein), when mixed above its glass transition temperature, significantly
improved the dough properties of sorghum-wheat composite flours and increased loaf
volume.
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ABSTRACT

The main storage protein of sorghum is called kafirin. It is homologous with the storage
protein from maize, zein and is packaged in the seed in protein bodies in a similar
manner. However it is typically more hydrophobic than zein and, uniquely among cereal
proteins has low digestibility when cooked. This effect occurs even in zero tannin
sorghum varieties and thus is not due to the effects of tannins, although tannins do
inhibit digestive enzymes and may bind to the kafirin, thus causing further problems of
digestibility. The origins of the low digestibility are still uncertain but are probably due
to cross-linking by disulphide and other covalent interactions. Changes in structure and
dynamics of the protein on cooking will be described and some ways of overcoming the
problems will be suggested.

Like zein kafirin can form biodegradable plastic films. The films may be cast or
thermo-mechanically formed and compare favourably to zein films. A variety of
plasticisers may be used in the films to give a range of mechanical properties. The
nature of the changes in protein structure during the film forming process and
plasticisation will be discussed.

INTRODUCTION

Sorghum is a major food crop in Africa (Belton and Taylor, 2003, 2004) about 55% of
the world's cultivated area of sorghum is in Africa. The cereal is indigenous to Africa
and can survive drought and flooding and is, therefore, extremely well suited to the
much of the sub- Saharan African climate. Unfortunately, it suffers from the problem,
unique among cereals, that its digestibility decreases on wet cooking (Duodo et al,
2003), while at the same time the ready availability and quantity of the crop makes it
potential source of industrial raw material for non-food use. The exploitation of the crop
in this way is attractive since it would result in the production of a new type of value
added product with export potential.

This review will discuss the current state of knowledge on sorghum protein
digestibility and the potential of for making biodegradable plastics from sorghum.

SORGHUM DIGESTIBILITY

When compared to a similar cereal such as maize, sorghum shows a sharp drop in
digestibility on wet cooking, as shown in Figure 1.
The possible reasons for the differences may be divided into two major classes (Duodo
et al, 2003): those which originate within the protein itself (endogenous) and those
which originate in the chemical and physical properties of the surrounding material
(exogenous). On the whole, exogenous factors result from chemical species such as
phytate or from mechanical effects such cell walls.

Comparisons of protein body enriched samples with whole grain (Duodu et al,
2002) indicate that up to half the indigestibility may come these effects. In the case of
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Figure 1. The effects of cooking on sorghum and maize digestibility.
u = uncooked, c = cooked. The grey columns are sorghum and the hatched columns are
maize. Data taken from Duodo et al, 2003.

tannin rich sorghums there is, of course, a very strong effect of the tannin on enzyme
inhibition. However, indigestibility is not limited to tannin rich sorghums and is marked
in tannin-free sorghum. The remaining effects are due to intrinsic factors associated
with the proteins. The most likely cause this is the cross linking of the proteins on
cooking (Oria et al. 1995a, 1995b). The kafirin proteins consist of three main fractions;
the a, B and y kafirins. These are located in different positions in the protein body. The
P and y kafirins are located on the outside of the body whilst the a is located in the
interior of the body (Shull et al. 1992). On cooking, the (3 and y kafirins cross link
mainly by disulphide bonds and form a case hardening of the protein body. Further
evidence for this (Oria et al, 2000) comes from the behaviour of a lysine-rich sorghum
mutant. This has an invaginated structure where much of the a kafirin is exposed and
the B and y kafirins are located in small pockets and is highly digestible. Diagrammatic
representations of the normal and mutant structures are shown in Figure 2.

The cross linking argument is convincing; however, the details still remain to be
clarified (Taylor and Belton, 2002, Duodo et al, 2003). One of the major problems of
this model is that it fails to explain why the same sort of phenomena are not seen when
maize is cooked. Maize has proteins that are highly homologous with those of sorghum
and its protein bodies have a similar structure to those of sorghum. One would expect,
therefore, that it would behave in the same way as sorghum, but in fact, maize shows no
effect of cooking on digestibility. The answer presumably lies in some subtle difference
of protein or protein body structure but these differences have yet to be elucidated.
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Figure 2. The locations of a, p and y kafirins in normal and mutant protein bodies

PLASTICS FROM SORGHUM PROTEIN

Plastic films can be readily formed from kafirin by evaporation of a solution of kafirin
in 70% ethanol. The quality of the film fonned depends on the quality of the protein
used. Native kafirin is highly a-helical (Duodo et a!, 2001, Taylor and Belton, 2002).
If during extraction denaturation occurs, there is formation of p sheet conformers and
loss of a-helix. Table 1 gives some examples of effects of protein structure on the film
qualities. Generally speaking, the higher the P-sheet content, the lower the smoothness
and roughness of the film. The origins of this effect probably lie in coagulation of the
protein. The proteins in their native state are probably shaped like small capsules with a
set of a-helical rods rich in hydrophobic amino acids capped with glutamine rich ends
(Taylor and Belton, 2002).
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Structure Film Quality
Mainly a-helix Very smooth and transparent

Slightly more p-sheet than a- Smooth and transparent but not as good as above
helix
More a-helix than (3-sheet Smooth but slightly cloudy
Mainly [3-sheet Slightly rough and cloudy
Not homogeneous, the ratio of a- Rough and very cloudy
helix to (3-sheet varies at different
parts of the film

Not homogeneous, the ratio of a- Very rough and very cloudy
helix to (3-sheet varies at different
parts of the film

Table 1 The variation in quality of films with protein structure. (C. Gao, J. Taylor, N.
Wellner, Y. Byaruhanga, E.N.C. Mills and P.S. Belton to be submitted for publication)
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Figure 3 Illustration of the protein distribution in kafirin films: a high a-helix content
with relatively little interaction and homogenous film; b high p-sheet content with
many interactions and inhomogeneous film.

If the protein is subjected to denaturing conditions during processing, some of these oc-
helices will unwind and interact with other unwound strands to form P - sheets regions,
which are typical of coagulated protein. As the p-sheet content rises the degree of
protein-protein interaction increases and the protein tends to form clumps, this results in
the formation of rough, cloudy films. However, when the a-helix content is high,
interactions are far fewer and more homogeneous material is formed. This is illustrated
in Figure 3.

Clearly, it is important that the processing ensures that a homogenous material is
formed. A possible disadvantage of this is that there will be fewer cross links between
the proteins and this may adversely affect the mechanical properties. However, since, at
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present high, cross link densities result in clumps of protein, they tend to produce
weaker films. It would be ideal to be able to control the cross link density whilst
maintaining film homogeneity. At present this is not possible with the casting
technique.
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ABSTRACT

Grain sorghum [Sorghum bicolor (L.) Moench] is a cereal appropriate for gluten-free
diets. Little is known about differences between cultivars in their potential to produce
leavened bread. The objective of this study was to investigate the effect of nine food-
grade sorghum hybrids on bread quality. A standard baking test for sorghum was
developed, whereby the flour basis was 70% sorghum and 30% corn starch.
Standardization included the adaptation of the water levels to achieve a constant batter
consistency as measured by extrusion, and proving to a constant height. Loaf specific
volume varied little between the breads, whereas digital image analysis of the bread
crumb and texture profile analysis revealed clear differences: the ranges found for mean
cell area, total number of cells/cm2 and crumb hardness within the nine hybrids were
1.3±0.2 to 3.3±0.6 mm2, 13.5±1.3 to 27.8±4.4 I/cm2, and 7.5±0.7 to 21.6±1.4N,
respectively (average±standard deviation of three replicates). High quality hybrids
yielded breads with a finer crumb structure, characterized by a significantly smaller
mean cell area (PO.001) and a greater total number of cells (P<0.001) in comparison to
inferior cultivars. Furthermore, the crumb of the high quality breads was comparatively
firm. The high quality sorghum hybrids are suitable for the production of superior
gluten-free breads.

INTRODUCTION

Celiac disease is a syndrome characterized by damage of the small intestinal mucosa
caused by the gliadin fraction of wheat gluten and similar alcohol-soluble, proteins
(prolamines) of barley and rye in genetically susceptible subjects (Fasano and Catassi,
2001). The cornerstone treatment for celiac disease remains the total lifelong avoidance
of gluten ingestion, which means that wheat, rye, and barley have to be avoided,
including durum wheat, spelt wheat, kamut, einkorn, and triticale (Kasarda, 2001).
Sorghum is likely to be safe for such celiac patients, because it is more closely related to
corn than to wheat, rye and barley (Kasarda, 2001). Sorghum might therefore provide a
good basis for gluten-free bread.

The bulk of studies dealing with leavened loaf breads containing sorghum focused on
composite breads from wheat and sorghum, in which a maximum of only 30% low-
tannin sorghum are regarded as acceptable (Munck, 1995). Breads made from sorghum
without added wheat require a different technology. The lack of a gluten network
determines the properties of the dough, which is more fluid than wheat doughs and
closer in viscosity to cake batters (Cauvain, 1998), and thus has also to be handled in a
similar manner to cake batters rather than doughs. Furthermore, gas holding is more
difficult, and the use of gums, stabilizers and pregelatinized starch have been suggested
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as a prerequisite to provide gas occlusion and stabilizing mechanisms (Satin, 1988,
Cauvain, 1998). Only a limited number of studies have addressed such wheat-free
sorghum breads and most used relatively complex recipes incorporating xanthan gum
(Satin, 1988), carboxy methyl cellulose and skimmed milk powder (Cauvain, 1998), or
egg (Keregero and Mtebe, 1994; Cauvain, 1998). Own preliminary experiments,
however, showed that it is possible to produce good sorghum bread without any of these
extra ingredients. A simple recipe may help reducing costs, especially with regard to
developing countries, and provide a healthy cereal based bread without rich ingredients
(egg, milk powder) or additives as a staple food for celiac patients.

MATERIALS AND METHODS

Sorghum samples and baking ingredients

Nine sorghum hybrids were obtained from university and commercial breeders.
Samples were decorticated, using a tangential abrasive dehulling device (TADD) and
then milled on a Udy mill. A commercial sorghum flour was also used in the study for
comparison.

Bread making

Bread making experiments were done according to a basic formulation based on
sorghum flour (70%), corn starch (30%), sugar (1%), yeast (2%), salt (2%) and water.
When evaluating the bread making quality of the individual sorghum hybrids, the
amount of water was adjusted for each hybrid in order to obtain an identical batter
consistency. In addition to comparing the individual hybrids, the effects of additional
ingredients on sorghum bread quality were tested using response surface methodology
(RSM). For the RSM, the amount of water was varied and xanthan gum and skimmed
milk powder were added according to a central composite design. In all cases, 520g
batter was mixed in a Kenwood major mixer equipped with a paddle tool. Then 500g of
the resulting batter was weighed into a baking tin and proved to height at 30°C and 85%
rh. Baking was carried out at 190°C for 45 min.

Bread evaluation

Loaf volume, height, and weight were recorded and loaf specific volume and bake loss
were calculated. Crust and crumb colour were determined with a chroma meter applying
the Lab system. The bread was sliced transversely using a slice regulator and a bread
knife to obtain 3 uniform slices of 25mm thickness. Digital image analysis for assessing
the crumb grain of the bread was performed with the system previously described by
Crowley et al. (2000). The crumb grain features evaluated in the present study were
mean cell area [mm2] and total number of cells [I/cm2]. Texture profile analysis (TPA)
(Bourne, 1978) of the crumb was made with the 3 slices using a texture analyser (TA-
XT2i). Crumb hardness [N] and cohesiveness [-] were extracted from the curves. Water
activity (aw) was determined with material taken from the centre of the crumb using an
AquaLab CX-2 water activity meter.
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RESULTS

Baking results revealed that some bread quality differences existed among the nine
sorghum hybrids used in this study (Table 1). Specific loaf volume, height and bake loss
were not significantly different. However, crumb cell structure and texture varied
considerably (Table 1).

Spec. Loaf Bake Mean cell total Crumb
volume height loss area number hardness, Crumb
mL/g cm % mm2 cells/cm2 N cohesiveness

average 1.8 7.3 14.1 2.1 20.2 15.3 0.6
variability 0.0 0.1 0.5 0.8 5J 5,4 0.1

Table 1. Average values for baking quality parameters of sorghum hybrids. Variability
is the standard deviation of the average values for the nine hybrids.

Investigation of the effects of additional ingredients to the base recipe using RSM
revealed that the addition of xanthan gum reduced bread quality by lowering loaf
volume (Fig 1). Loaf height was reduced when skimmed milk powder was added (data
not shown). Water in contrast had positive effects on bread quality as increasing water
led to increased loaf volume (Fig 1). The addition of xanthan gum also had a significant
impact on the appearance of the crust, making the crust appear much smoother (Fig 2)

DISCUSSION

When looking at the technology of gluten-free sorghum bread, it appears that the key
variable to its quality is the softness of the batter system. This is clearly indicated by the
fact that increasing water levels up to a total of approx. 115% on a flour weight basis
and decreasing levels of xanthan gum, both going along with reduced viscosity, resulted
in a higher volume in the RSM part of the study (Fig 1). In accordance with that, once
the consistency was standardized during the comparison of the different hybrids, bread
volume and height did not differ significantly between the hybrids (Table 1). Although
these findings are in principal agreement with Cauvain (1998), who described wheatless
bread doughs as more fluid than wheat doughs and closer in viscosity to cake batters,
they are in clear contradiction to the widespread opinion that bread without wheat
requires additives (gums, stabilizers, pregelatinized starch, egg) to substitute for the
gluten (Satin, 1988; Acs et al, 1996; Cauvain, 1998; Sanchez et al, 2002). In case of
the sorghum flours, damaged starch, various proteins, or fibre components might be
considered as natural water binders and structure builders with functions similar to
added gums. The addition of xanthan gum did have a positive impact on the appearance
of bread crust reducing the number of cracks and giving a much smoother crust.

The visual appearance of the crumb, as reflected by digital image analysis, and its
mechanical properties, as reflected by TPA, differed the most among the sorghum
hybrids. Loaf volume and height were comparable between all hybrids. Good quality
was defined as finer crumb structure. The differences in pore size between the two most
opposite hybrids were maintained throughout the study including when comparing the
hybrids, applying identical batter consistency and no xanthan gum and skimmed milk
powder, but also in the RSM part when these additional ingredients were included and
water was widely varied. Colour differences of crust and crumb were also found. As
expected, these reflected the different colours of the hybrids. The acceptability of
differently coloured sorghum breads should be addressed in consumer studies.
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Figure 1. Three dimensional response surface plots illustrating the effects of xanthan
gum (X) and water (W) on loaf specific volume for two selected sorghum hybrids.
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B

Figure 2. Effect of xanthan gum addition on appearance of sorghum bread crust, A)
bread with no xanthan gum added, B) bread with 0.75% xanthan gum added.

CONCLUSIONS

Clear differences existed between the sorghum samples tested in their potential to
produce leavened loaf bread. Crumb structure, i.e. pore size, number of pores, and
crumb hardness differ most characteristically, whereas volume and height are not
appropriate for detecting quality differences between sorghum samples. With regards to
the applied technology, a larger bread volume may be best reached when extra corn
starch (e.g. 30%) is added to the sorghum, and a soft batter is produced, using high
water addition in the range of 115% flour weight basis. The use of xanthan gum and
skimmed milk powder should be avoided. Further research is needed to understand the
physico-chemical background of differences between sorghum samples, and to
differentiate between genotypic and environmental effects.
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ABSTRACT

Newly favorable conditions exist in China and parts of Eastern Europe for high-yield
Amaranthiis grain production at competitive prices. New technologies have been
developed for the production of value-added co-products. Amaranthus starch has small
granule size and a wide range of functional properties, e.g. viscosity. Proteins with
hypoallergenic properties (better than wheat in this regard), neutral or pleasant taste
(compared to the beany flavor of soy proteins) and favorable amino acid balance (high
lysine) can be produced. Amaranthus oil is typically around 5% squalene, with uses as
a high-value vegetable oil or as a possible source for purified squalene. Vegetative
production of Amaranthus also provides a resource for betalain pigments equivalent to
those of red beet, but with a wider range of colors and higher yield.

Grain Amaranthus production has developed in China since 1982, and five varieties
have been officially released. The driver for Amaranthus production in China has been
for animal feed use. The existence of large-scale production for feed uses increases the
availability and decreases the cost of grain, making the economics of grain processing
more favorable. New EU members such as Slovakia have to reduce wheat production,
and are giving economic incentives for the production of alternative crops. Integrated
processing of grain to provide a range of co-products is the only way to produce
competitively priced materials. The technologies for processing, applications of the
products, and the likely markets will be discussed.



FLAVOUR OF RYE BREAD MADE WITH SCALDED FLOUR

M. A. Petersen2, A. Hansen2, A. Venskaityte1, G. Juodeikiene1, A.Sventickaite1

'Department of Food Technology, Kaunas University of Technology, Radvilenu pi. 19,
LT-50015 Kaunas, Lithuania
department of Dairy and Food Science, Royal Veterinary and Agricultural University,
Thorvaldsensvej 40, DK-1871 Frederiksberg C, Denmark

ABSTRACT

Scald is a semi-manufactured product used in brcadmaking to achieve the desired
texture and flavour. Scald is composed of rye flour (10-20%), malt (3-5%) and water.
Scald preparation distinguishes two steps: sweet scald preparation (heating and
saccharafication) and fermented scald preparation.

This study was carried out to investigate the flavour of rye bread manufactured with
scald of different moisture content and different levels of yeast. Volatile flavour
compounds were isolated from bread crumb using Dynamic Headspace methodology
and identified by GC-MS. The content of flavour compounds were investigated in bread
made with: 6 g yeast, 12 g yeast, scald with 62% and 75% moisture, dough with 47%
and 48.5% moisture. Bread made without scald was used as a reference. During scald
saccharafication process sugars have been studied using HPLC method.

It was demonstrated that the sugars during the scald saccharafication are already
produced in two hours from 1.5 % in dry matter till 34% and scalded rye flour has an
important influence on rye bread flavor. 35 flavour compounds were selected for
comparison. Of the 9 alcohols, 8 esters, 7 aldehydes, 5 ketones, 4 furan derivatives and
2 other identified compounds, large variations could be noticed in the content of volatile
compounds between bread with scald and without. The concentrations of the main
volatiles increased in bread with scalded flour. Experiments indicate that bread made
with different levels of yeast and different scald moisture content had nearly the same
flavor compounds and concentrations. However, differences were observed between
bread with 47% and 48.5% dough moisture content

The obtained results showed that scald had a significant influence on bread flavour.
This proves the importance of scald for rye bread manufacture.

INTRODUCTION

Rye consumption has traditionally been high in The Baltic Sea area, and the
consumption in Lithuania is more than 50 kg/person/year. This high intake of rye plays
an important role in the nutrition of the population due to a high level of dietary fibre in
rye. The Baltic rye breads are traditionally based on cooked rye flour, which gives the
product a sweet taste. Malted rye flour, enzymatically active or nonactive, is generally
used in rye and rye based sweet sour bread formulations. Enzymatically active rye malt
helps the gelatinised starch to split into dextrins and sugars (Valjakka et ah, 2003). The
starch saccharification process yields a mixture of glucose, maltose and dextrins, which
can be employed as nutrients for yeasts and lactic acid bacteria and also as flavour
precursors (Belitz and Grosch, 1999).

The numerous chemical, physical and biochemical processes, which take place in
flour scalding, dough fermentation and baking result in formation of the characteristic
bread flavours attractive for the consumer. The reviews and papers dealing with the
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formation of rye bread flavour were published by Rothe (1974), Schieberle et al. (1999,
2002), Hansen et al. (1989, 1995, 1996), Rey et al. (2002), Gerrard et al. (2003).
However, no studies have taken into account the formation of flavour in bread prepared
according to the typical Baltic region technology based on sourdough production using
scalded flour.

The main objective of this study is investigation of the influence of sourdough based
on scald preparation on the formation of flavour compounds in the rye bread crumb.

MATERIALS AND METHODS

Materials

Rye flour. Rye flour stone milled with added barley malt flour having a Falling Number
of 130±5 s, moisture content 11.9±0.0%, total titratable acidity of 2.5±0.0 ml 0.1 M
NaOH and an ash content of 0.72±0.04% was used.

Sourdough. Sourdough used in bread making was prepared from a commercial Danish
bakery.

Rye breads. The following recipes and procedures were used for the standard bread:
scald was made by mixing 250 g rye flour with 318 g boiling water and sugaring for 2
h. The starting temperature of the scald was 63-65°C. After mixing the scald was
cooled down to 30-35°C. Sourdough was prepared of 250 g bakery sourdough, 341 g
rye flour and 409 g water (30±2°C temperature). It was fermented for 15 h at 30±2°C in
a laboratory fermenter. 403 g of scald and 297 g of sourdough were mixed and stirred
for approximately 7 min. Subsequently the admixture was fermented in a chamber for 1
h (temperature 30±2°C). The dough was prepared of 660 g admixture, 670 g rye flour,
100 g wheat flour, 12 g baker's yeast, 15 g salt, 308 g water. All ingredients were mixed
for approximately 7 min. The dough resting time was 2.5 h (temperature 30±2°C). Then
two dough pieces (600 g each) were formed and put into the tins. Loaves resting time
was 1 h (temperature 30±2 °C). Loaves were baked in an oven (220-230°C) until the
temperature in the middle of the loaf reached 95°C (in about 35 min). For comparison,
breads were made with less yeast (6 g), without scald, with increased moisture content
in the scald (75% instead of 62%), and with increased moisture content in the dough
(48.5% instead of 47%).

The crumb of all breads was analysed 24 h after baking. Samples were analysed for
moisture content, pH, total titratable acidity (TTA) and the content of volatile
compounds. Bread quality was evaluated.

Methods

Scald saccharification analysis. The content of sugars formed during the scald
saccharification process was analysed according to the AACC Method 80-04.

Content of volatile compounds. Bread volatile compounds were collected by a Dynamic
Headspace technique and analysed by gas chromatography with identification based on
GC-retention times for reference compounds and GC-mass spectrometry.
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Dynamic Headspace The procedure for isolation of the flavour compounds was
optimized as follows: 25 g comminute rye bread crumb was placed in a 30+1 °C water
bath and purged by nitrogen gas (75 ml/min) for 45 min. The volatile compounds were
collected on a Tenax-GR trap, which contained 250 mg of Tenax-GR with mesh size
68/80 and a density of 0.37 g ml"1 (Buchem Bv, Apeldoorn, The Netherlands). The dry
sample preparation method was chosen for bread analysis because volatile flavour
compounds were recovered in higher levels from the dry bread samples in comparison
with wet samples.

GC-MS analysis. The Tenax traps were desorbed using an automatic thermal desorption
unit (ATD 400, Perkin Elmer, Norwalk, USA). Primary desorption was carried out by
heating the trap to +250°C with a flow (60 ml min'1) of carrier gas (He) for 15.0 min.
The stripped volatiles were trapped in a Tenax GR cold trap (-i-5 °C), which was
subsequently heated at +300 °C (secondary desorption). This allowed for rapid transfer
of volatiles to a gas chromatograph-mass spectrometer (GC-MS, G1800A GCD System,
Hewlett-Packard, Palo Alto, CA, USA) through a heated (+225 °C) transfer line.
Separation of volatiles was carried out on a DB-Wax capillary column 30 m long x 0.25
mm internal diameter, 0.25 um film thickness. The column flow rate was 1.0 ml min'1

using helium as a carrier gas. The column temperature programme was: 10 min at 45
°C, from 45°C to 240 °C at 6 °C min"1, and finally 10 min at 240 °C. The GC was
equipped with a mass spectrometric detector operating by electron ionisation mode at
70 eV. Volatile compounds were identified by matching their mass spectra with those of
a commercial database (Wiley275.L, HP product no. G1035A).

Bread technological process control. The acidifying process during sourdough
preparation has been controlled according TTA and pH values. Specific loaf volume of
bread, crumb porosity, organoleptic evaluation of aroma and taste and the acid content
was determined.

RESULTS AND DISCUSSION

The study of scald sacchariflcation

The results of the scald sacchariflcation showed that high amounts of sugars were
produced in two hours. The total amount of sugars increased 32.7 %. The content of
maltose changed from 1.2 % to 28.7 %. The level of sucrose, glucose and fructose was
2.5 %; 4.2 % and 0.89 % (dry matter), respectively after the sacchariflcation process.
Since the reducing sugars are the precursors of bread flavour compounds they could
play an important role during the bread baking process (Maillard reactions).

Formation of flavour compounds

42 potential aroma compounds (8 alcohols, 9 aldehydes, 7 esters, 7 ketones, 2 acids, 7
furan derivatives and 2 other compounds) could be identified with high certainty.

Figures 1 and 2 present relative amounts of the main alcohols and esters that may be
responsible for bread flavour. When breads made from different recipes are compared
with bread made from the standard recipe, it is seen that omission of scalding leads to
decreased content of 5 alcohols and 5 esters (the rest are practically unchanged).
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Furthermore, the content of potentially important compounds as pentanal, hexanal, 2,3-
pentanedione, 3-hydroxy-2-butanone and 2-octanone decrease significantly.
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Figure 1. Relative amounts of the main alcohols in baking tests. Sections of a bar
marked with the same letter are not significantly different (ANOVA, p<0.05)

Increased scald moisture content lead to significant increases in content of 4 alcohols
and 5 esters, whereas increased moisture content in the dough led to significant
increases in content of 10 alcohols and 6 esters, as well as substantial and significant
increases in butanal and benzeneacetaldehyde.
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Figure 2. Relative amounts of the main esters in baking tests. Sections of a bar marked
with the same letter are not significantly different (ANOVA, p<0.05)

CONCLUSIONS

1. Scald saccharification is important. Maltose is formed in higher quantities than the
other sugars. At the same time other sugars such as glucose and fructose in much
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smaller amounts are formed. In the respect of flavour compound precursors formation
this process could be very important for bread flavour.
2. For the investigation of flavour compounds using Dynamic Headspace and GC-MS
methods the conditions of these methods were optimised: sample weight - 25 g, purging
time -45 min, one Tenax-GR trap for collection of volatiles, cold trap temperature - +5
°C.
3. It is shown that the use of scald and/or increased moisture content in scald or in
dough increased concentrations of many potentially important flavour compounds.
From this study it can, however, not be determined whether the individual components
have a positive or a negative impact on the sensory quality of the bread, so further
investigations should be carried out, for instance including sensory sniffing tests and
sensory analyses.
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ABSTRACT

Pseudocereals are a group of plants, which form starchy seeds, but botanically they are
assigned to the dicotyledonae. Within nutrition and food-processing they are used like
cereals. At present the most known representatives are amaranth (amaranthus spp.),
quinoa (chenopodium quinoa) and buckwheat (fagopyrum esculentum). The starch
granules in pseudocereals are stored in the so-called perisperm, unlike the cereals,
where they are stored in the endosperm. Additionally pseudocereals do not contain
gluten, which allows them to be incorporated in diets for coeliac disease sufferers , on
the one hand. On the other hand, this lack of gluten makes processing more difficult or
at least needs specific adaptations.

In the present study the production of noodles from amaranth, quinoa and
buckwheat was investigated. Noodles were produced from 100% pseudocereal flour,
either from each pseudocereal purely (100% amaranth or quinoa or buckwheat flour) or
from a flour mixture of all three pseudocereals together. The aim of the work was to
produce noodles of good textural quality (stable cooking time, high cooking weight, low
cooking loss, optimal texture firmness) and high sensory properties. In detail, the task
was to find substitutes for the missing network-forming gluten, which is responsible for
the typical texture in wheat noodles. Addition of albumen, emulsifier, and enzymes
(containing transglutaminase) showed good properties to increase the quality of
pseudocereal noodles.

INTRODUCTION

Pseudocereals are a group of plants, which form starchy seeds, but botanically they are
assigned to the dicotyledonae. Within nutrition and food-processing they are used like
cereals. At present the most known representatives are amaranth (amaranthus spp.),
quinoa (chenopodium quinoa) and buckwheat (fagopyrum esculentum). The starch
granules in pseudocereals are stored in the so-called perisperm, unlike the cereals,
where they are stored in the endosperm. Additionally, pseudocereals do not contain
gluten, which allows them to be incorporated in diets for coeliac disease sufferers, on
the one hand. On the other hand, this lack of gluten makes processing more difficult or
at least requires for specific adaptations.

Given the present state of the art, pasta can be produced with an addition of at most
20 % pseudocereal flour without decline in product quality. Noodles produced from
pseudocereal flour disintegrate during cooking, show a high cooking loss and very soft
texture, hi the present study the production of noodles from 100 % pseudocereal flour,
either from each pseudocereal purely (100 % amaranth or quinoa or buckwheat flour) or
from a flour mixture of all three pseudocereals together, was investigated. The aim of
the work was to produce noodles of good textural quality (stable cooking time, high
cooking weight, low cooking loss, optimal texture firmness) and high sensory
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properties. In detail, the task was to find substitutes for the missing network-forming
gluten, which is responsible for the typical texture in wheat noodles.

PRE-TRIALS - NOODLES FROM EACH PSEUDOCEREAL ALONE

Starting with a standard recipe for the production of noodles made from wheat flour (1
kg flour or semolina, 3 eggs, 0.18 kg water, 34.5 % dough moisture) it was investigated
to what extent this recipe had to be adapted for the pseudocereal flours. During these
pre-trials all pseudocereal flours were used purely (100% amaranth or quinoa or
buckwheat flour). Not only wholemeal flour was used, but also different milling
fractions, a starch-rich flour fraction and a protein-rich semolina fraction. In order to
increase noodle quality different additives were investigated: addition of protein,
enzymes, emulsifier and pre-gelatinised flour.

RESULTS

The dough moisture content had to be lowered to 30 %.

It was found that the moisture content had to be changed because high moisture
toughened the dough, which adhered to the screw and the noodles produced were very
sticky, disintegrated during boiling and showed very low noodle firmness. Moisture
content had a significant effect on cooking loss, which was minimised with a lower
moisture content of 30%.

Right choice of milling fraction

Wholemeal flour and the protein-rich semolina fraction showed good properties for
noodle production, while the starch-rich flour fraction was not suitable. Despite the high
moisture content, the noodle dough produced from starch-rich flour was crumbly and
did not develop a firm dough matrix, so the noodles could not be cooked at all
(disintegration happened after only one minute of boiling).

Particle size of flour

Trials that investigated the influence of the particle size of the pseudocereal flour (120
um, 250 um and 500 um) showed that the 250 um particle size was most advantageous.
A particle size below 150 um was judged negatively for all materials and more than 300
um was not suitable, in particular, for quinoa.

Protein (albumen) addition to the noodles

With higher amount of egg addition noodle quality was improved. The increased
amount of protein, especially after addition of dry egg white powder or albumen (in
amounts of up to 10 %) increased noodle firmness and decreased cooking loss. Cooking
time reached stable values around 7 - 8 minutes (compared to around 10 minutes for
wheat noodles). Interestingly, the cooking weight was also lowered. Obviously the
firmer dough texture impaired water absorption, and egg protein bound less water than
flour.
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Addition of enzyme preparation

Addition of an enzyme preparation containing transglutaminase exhibited positive
effects on the noodle properties, especially if it was added alone. If protein was added at
the same time, enzyme addition slightly minimised noodle firmness, but on the other
hand the elasticity of the noodle (of the generally rather low elastic pseudocereal
noodles) was increased.

Addition of emulsifier

Emulsifiers possess the ability to form complexes with starch, which could be important
for the structure of the noodles. Addition of emulsifier had no significant effect on the
noodle texture, but its addition made the noodles a lot more elastic and smooth, which
was observed by sensory assessment. From the two investigated emulsifiers, DATEM
was more suitable than stearoyl-lactylate, especially for amaranth noodles.

Addition of pre-gelatinised flour

Addition of pre-gelatinised flour (produced by drum drying) showed negative effects on
noodle quality. The noodles disintegrated during cooking, noodle firmness was
decreased dramatically and cooking loss increased.

Differences between the three pseudocereals

In Table 1 the characteristics of noodles produced from 100 % of each of the three
pseudocereal flours (amaranth, quinoa or buckwheat) are given in comparison to wheat
noodles. Buckwheat showed highest noodlefirmness, followed by quinoa and amaranth,
which showed rather low agglutination (also indicated by low cooking time). Cooking
loss was high in all three pseudocereal flours: highest in quinoa noodles but they all
were not very stable during cooking, cooking time had to be adhered to very accurately.
Colour of all pseudocereal noodles was dark, and quinoa noodles showed poor taste
preferences.

Amaranth
Buckwheat
Quinoa
Wheat

texture
firmness [N]
0.43
1.19
0.917
1.55

cooking time
[min]
4
10
7
10

Cooking weight
[%/1001
2.48
3.21
3.22
3.03

cooking loss

r%i
10.46
11.2
14.4
5.98

Table 1. Comparison of noodle properties produced from the three pseudocereals

MAIN TRIALS - NOODLES FROM A PSEUDOCEREAL FLOUR BLEND

The pre-trials have shown that the three pseudocereal flours amaranth, quinoa and
buckwheat showed different suitability for noodle production: buckwheat showed best
properties for firm texture, amaranth the least, and quinoa showed quite high cooking
losses. During the following trials the production of noodles from a blend of all three
pseudocereals was investigated by applying various statistical experimental designs (32,
24).
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Influence of amaranth and quinoa within a flour blend of all three pseudocereals

During the first trial series (32 experimental design) the pseudocereal flour blends
consisted of amaranth and/or quinoa flour of 0-25-50 %. The remainder consisted of
buckwheat flour (0-75 %). All other recipe parameters were constant: addition of
albumen 10 %, addition of emulsifier (DATEM) 1.2 % (of the flour) and 30 % dough
moisture.

Amaranth had significant effects on texture firmness: the higher the amount of
amaranth addition the lower was the noodle firmness. Quinoa did not significantly
influence noodle firmness. But higher addition of both, amaranth and quinoa
significantly increased cooking loss (see Fig. 1). All noodles showed highly increased
ng stability.

Influence of amaranth and buckwheat within a flour blend of all three
pseudocereals

During the second trial series (32 experimental design) the pseudocereal flour blend
consisted of amaranth flour of 15-20-25 % and/or of buckwheat flour of 30-45-60 %.
The remainder consisted of quinoa flour (15-55 %). All other recipe parameters were
again constant: addition of albumen was lowered to 8%, addition of emulsifier
(DATEM) 1.2 % (of the flour) and 30% dough moisture.

Amaranth decreased texture firmness, buckwheat increased it, but these results were
not statistically significant. Cooking loss was significantly decreased by buckwheat, the
increase of the cooking loss by amaranth was not statistically significant (see Fig. 2).
Again cooking stability was increased in all noodles.

Optimisation of emulsifier addition and dough moisture and investigation of
xantban addition in noodles produced from a flour blend of all three pseudocereals

During the third trial series the pseudocereal flour blend was set to 20 % amaranth, 20
% quinoa and 60 % buckwheat flour according to the previously achieved results.
Albumen was again added at a constant amount of 8 % of the dough. The varied
parameters within the 23 experimental design were emulsifier (DATEM) addition of 0-
06-1.2 % of the flour, xanthan addition of 0-0.5-1 % of the flour and dough moisture of
30-31.5-33 %. The whole experimental design was carried out once with the addition of
50ppm enzyme and once without enzyme addition.

The results of these trials have shown that all noodles produced were well
agglutinated and cooking loss was comparable to wheat noodles. Therefore, none of the
studied variables had a significant effect on noodle texture or cooking loss. Higher
dough moisture slightly increased texture firmness and cooking loss. Emulsifier
addition had hardly any influence on noodle firmness and a slight effect on cooking
loss, but it made the noodles less sticky. Combined addition of enzymes and emulsifier
increased elasticity of the noodles. Xanthan addition was not quite clear, it slightly
increased noodle firmness but had only a small effect on cooking loss, hi some noodles
it might have increased elasticity. If it is added it should be added in combination with
emulsifier at higher dough moisture, hi order to clarify its effects on noodle quality,
especially noodle elasticity, further research is needed.
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Figure 1. Effect of amaranth and quinoa addition on noodle texture and cooking loss
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Figure 2. Effect of amaranth and buckwheat addition on noodle texture and cooking
loss.
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Figure 3. Effect of higher dough moisture and xanthan addition on noodle texture (left)
and cooking loss (right) of noodles produced with 1.2.% emulsifier and 50ppm
enzymes.
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CONCLUSIONS

The numerous noodle trials have shown that by adding albumen, emulsifier, enzymes
and eventually xanthan the quality of noodles produced from 100 % pseudocereal flour
could be increased. Amaranth showed least suitability for noodle production as it
lowered noodle firmness, decreased cooking time and cooking tolerance. Quinoa
noodles were better agglutinated but caused higher cooking loss and decreased the taste
of the noodles. Buckwheat increased texture firmness and decreased cooking loss and
therefore was best suitable to enhance noodle texture. Combination of all three
pseudocereal flours seemed most advantageous as the negative effects of each
pseudocereal flour could be minimised. Such noodles were much better agglutinated,
showed good texture firmness and low cooking loss. In addition, cooking stability
(tolerance against cooking too long) was increased dramatically.

Nevertheless, some parameters remain for further optimisation of the noodle quality:
colour, elasticity and sensory properties. Trials for investigation of these parameters are
planned within the near future.
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ABSTRACT

Rice grain has several forms in daily food uses, i.e., brown rice, white rice, semi-white
rice, sprout rice etc. Among them, sprout rice, recently developed at the industrial level,
has been found quite prominent, not only in nutrition and sensory quality but also in
biomedical functionality especially for sphingolipid, prenyl lipid, polyphenol,
polyamine and so forth.

In addition, sprout rice has wide applications for not merely the simple products
(gohan, mochi, cookies etc.) but also in mixed (sushi, hashed rice etc.) and traditional
products (saki, miso, shoyu, yone-zu etc.).

Thus, sprout rice might characteristically be called "super rice", which should
positively be promoted for production and consumption as the representative grain of
rice, one of the three principal cereals in the world.

INTRODUCTION

Rice grain is eaten daily as gohan1. The material for gohan has several styles namely,
brown rice, white one, semi-white one, sprout rice etc. (Figure 1). Brown rice,
traditionally used, is superior nutritionally but inferior in taste; white rice, the modern
product employed, is superior in taste but inferior in nutritionally (Fujino et ah, 1999-
2004). The present paper discusses sprout rice, a recently developed product, which is
intermediary between white and brown rice, being superior in food functionality.

MATERIALS AND METHODS (Fujino et al, 1999-2004)

Materials studied were brown, white and sprouted rice grain (Figure 1) mostly in
Japonica species but also partly in Indica rice species. Analytical methods and
processing technologies in food science were applied. Chemical and physical analyses
in biological science were also carried out.

RESULT AND DISCUSSION

Sensory assessment

Li food scientific examinations on texture, color, smell and taste, sprout rice has been
valued almost in the middle between brown and white rice, being rather close to white

1 Gohan is a respectful nomination in Japanese for the boiled-rice grain. The word
gohan for rice grain corresponds to the word bread for wheat grain (powder).
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white rice

germ,
skin

brown rice
germ polished

germinated
sprout rice

germ

Figure 1. Material for gohan, boiled rice.

rice. The pigment of brown and sprout rice belongs to polyphenol, flavonoid (Figure 2),
which is known to be biomedicative, i.e. antioxidative (Fujino, 2004).

m5>c Catechin(in red rice)

OH

OH

leucocyanidin

Cyanidin(in purple rice)

Figure 2. Rice pigment: flavonoid (polyphenol).

Generally, Indica rice, which is rich in amylose has high stickiness whereas
Japonica rice, which is rich in amylopectin, is the opposite. Thus, the former is
adequate for mixed dishes such as pilaf, paella etc. whereas the latter is more
suited to gathered dishes such as sushi, mochi etc.

Nutritional Aspects

In nutritional studies, sprouted rice has been appraised as approximately in between
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brown and white rice, being fairly close to brown rice in nutritional terms. In general as
is widely known, cereals are the highest source of energy among all the food groups;
rice has high energy and a good amino acid score among all the cereals (Chikubu et al,
1995; Henry et al, 1996; Houston et al, 1972).

Biomedical aspectsy

The biomedical compounds are exclusively located in the bran area (germ and skin) of
the rice grain. Therefore, brown and sprout rice are practically identical biomedically
whereas white rice is not. The biomedical attributes of glucidic series (fibre, inositol and
derivatives etc.), of proteins (polypeptides, essential amino acids etc.), of acyllipids
(essential fatty acid, phospholipid etc.), of prenyl lipids (phytosterol, tocopherol,
oryzanol etc.), of polyphenols (flavonoid etc.) and of polyamines (ornithine etc.) are
well known in the literature. Biomedical activities of some vitamins (Bi, B2 etc.) and
minerals (K, Mg, P etc.) are notable. Those of phytohormone (cytokinin etc.) are now
being investigated (Chikubu et al, 1995; Yoshikawa et al, 1995).

y-Butyric acid (Figure 3), recently detected specifically in sprout rice, is noted as an
inhibitive neurotransmitter. In addition, the pharmacodynamic activity of
phytocerebroside2 (Figure 4) against colon tumour has recently been reported (Fujino et
al, 1999-2004; Fujino, 2004).

COOH COOH

(CH2)2 ^ — • (CH2)2

H2N-CH-COOH C°2 H2N-CH2

glutamic acid y-aminobutylic acid

Figure 3. Rice pigment: flavonoid (polyphenol).

phytosphingasine

CH3(CH2)8CH=CH(CH2)3-CH-CH-CH-CH2

OH OH NH

phytoceramide ^° \fattv acid

CH3(CH!)8CH=CH(CH2)3-CH-CH-CH CHZ

OHOHNHHOH,C O

phytocerebroside R HO
OH

Figure 4. Structure and precursor of phytocerebroside

2 O-glucosyl-N-hydroxyacyl-phytosphingosine, derived from phytosphingosine via
phytoceramide.
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Modification

Rice grain has lots of applications in food use through modification. The modifications
are divided into the classical one and the modern one (Table 1). Genological
modifications are actively developing for the various purposes (Chikubu et ah, 1995;
Fujino etal, 1999-2004).

1. 'Classical modification
simple procession (gohan, cookies, confectionaries etc.)
mixed procession (sushi, curried rice, pilaf, paella etc.)
fermentative procession (sake, miso, yone-zu=mnegar etc.)

2. "Modernistical modification
nutritive procession (high-amylose rice, low protein rice etc.)
sensous procession (aroma rice, red rice, purple rice etc.)
medicative procession (low-allergen rice etc.)

*traditional; empirical
**biotechnological; gene-technological

Table 1. Modification of rice grain.

Health Attributes (Fujino et al., 1999-2004; Fujino, 2004)

All the functionalities mentioned above especially the sensory, nutritional and
biomedical would in food-science form the healthy function, closely linked to one
another (Figure 5).

nutrition

sensuousity biomedicativity

Figure 5. Formation of healthy function

From the data discussed above, sprouted rice could be said to be superior totally in
health function to brown and or white rice (Table 2), thus being possibly named meta-
rice or super rice.

Quality

Nutritionality
Deliciousness
Biomedicativity

brown white sprout
gohan gohan gohan

+ 
i 

+

+ 
1+

 +

Table 2. Superiority of sprout rice in healthy function

Utilization of the sprouted rice would well coincide with the various activities such as
whole grain meal (North Europe), slow food-life (South Europe), pyramid food-life
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(U.S.A.), plant-major and animal-minor meal (JPN.) and so on for the healthy life in the
world.

CONCLUSION

Sprouted rice has been found to be different not only nutritionally and sensorially but
also biomedicinally, namely in total health function, to be permitting the use of the term
"super rice". Thus, sprouted rice should widely be taken for health as one of principal
cereals in the world.
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THE ROLE OF CEREALS IN THE DIET
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ABSTRACT

Cereal foods play an important role in the diet and are the main source of many nutrients for
both children and adults (Table 1). This is in part due to the mandatory fortification of all
wheat flour (apart from wholemeal) with iron, calcium, thiamin and niacin, and the voluntary
fortification of breakfast cereals. Cereal foods are also an important source of fibre in the UK
diet.

There is evidence to suggest that regular consumption of cereals, specifically whole
grains, may have a role in the prevention of chronic diseases. For example, several large
cohort studies in America, Finland and Norway have found that those people eating relatively
large amounts of wholegrain cereals have significantly lower rates of coronary heart disease
and stroke. The exact mechanisms by which cereals convey beneficial effects on health are
not clear but it is likely they involve several factors and may be related to micronutnent
content, fibre content and/or glycaemic index.

As there may be a number of other positive health effects associated with eating
wholegrain cereals, encouraging their consumption seems to be a prudent public health
approach.

Nutrient
Energy
Protein
Carbohydrate
Fat
NSP
Thiamin
Ribofiavin
Niacin
Folate
Vitamin B6
Vitamin D
Iron
Calcium
Sodium
Potassium ?

Boys1

35
27
45
22
40
43
34
38
44
30
37
55
27
40
15

Girls1

33
26
42
21
37
38
31
34
37
26
35
51
27
38
14

Adults2

31
23
45
19
42
34
24
27
33
21
21
44
30
35
13

1 Children NDNS data from Gregory et al. (2000)
2 Adult NDNS data from Henderson et al. (2003a, b)

Table 1. Percentage contribution of cereals to average intake of nutrients
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ABSTRACT

In historical terms, the twentieth century has seen substantial changes in the quality of
human life. These have manifested themselves in many ways, both in terms of lifestyle
(e.g. personal wealth, health and life-expectancy; work-practices and leisure) as well as
the character of the food supply. Developments in food technology have usually been in
response to scientific developments and/or changes in either lifestyle or the food supply.
Meeting the gastronomic needs of different lifestyles is not a new phenomenon. After
all, the sandwich was developed to provide sustenance for a sedentary eighteenth
century gambler! Changes in the quality of life have also provided new challenges in
terms of public health. In many societies, the principal challenges to public health now
concern chronic diseases and infirmities associated with old age. Personal diet is a
significant risk factor in many of these conditions. In addition to changes at the level of
the individual, public attitudes to their social responsibilities have also changed. This
has led to the development of substantial national budgets both for medical services and
care of the elderly.

All of these developments have resulted in increasing pressure to provide
frameworks within which the consumer can exercise the dietary choice to reduce their
risk of illness. Such frameworks place pressure on the innovative skills of the food
industry to provide a diverse range of foods compatible with the consumers' lifestyles
and which enable appropriate personal choice to be made for a healthy diet.

INTRODUCTION

Chronic diseases (including cancer, circulatory diseases, diabetes mellitus and
hypertension) are of increasing public health significance. Worldwide, it is estimated
that they are responsible for 60% of all deaths and 46% of all diseases (Anonymous,
2002). A number of them are also significant causes of premature death (death before
age 65). hi England and Wales, cancer and circulatory diseases accounted for over 50%
of all deaths in the 30-64 age-group during 2002 (Anonymous, 2003a). The underlying
causes of these diseases are many and varied, however, a key factor is lifestyle and in
particular diet. Globally, there has been increased incidence not only in these diseases
but also specific diet related disorders such as obesity (Anonymous, 2003b). In many
cases, the role of diet can be discussed within the context of, 'dietary energy
management.' This has three components, the amount of energy eaten, its source and
how that energy is expended (or not).

Over the last fifty years, there has been an overall worldwide increase in the amount
of food energy available and consumed. Frequently, this has been accompanied by a
personal failure to manage dietary energy, promoting an "obesogenic" environment
(Anonymous, 2003 a). This environment is often characterised by: excessive
consumption of saturated fats, cholesterol and sodium; low intakes of dietary fibre and
potassium, together with; low levels of physical exercise. The obesogenic environment
affects all ages. It is of increasing concern with regards to its effects on children and
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young adults, significant numbers of whom, are displaying early symptoms of
atherosclerosis and thus increased risk of cardiovascular disease in later life ('Syndrome
X;' Bao, et al. 1994). The origins of this phenomenon lie not only in choices regarding
diet and exercise, but also and, perhaps more fundamentally, in the underlying lifestyles
provoking those choices (Miller Jones, 2001).

Combating obesity is a long standing public health imperative. In England and
Wales a stated goal in one government policy document (Secretary of State for Health,
1992) was a progressive reduction between 1992 and 2005 in the incidence of obesity to
that previously seen in 1980 (6% in males and 8% in females). At the time of writing
(spring 2004), the incidence of obesity was estimated to have increased to 22% of men
and 24% of women. The disease is believed to directly cost the UK National Health
Service GBP 0.5 billion and, indirectly the national economy over GBP 2.0 billion
(Vlad, 2003). Significant reductions in the incidence of obesity in particular and, to
varying degrees, other chronic diseases can be achieved through changes in lifestyle,
especially dietary habits and exercise regimens. Given the progressive shift to a
libertarian, market-driven society and economy, decisions to achieve these changes
often need to be made by the individuals themselves. Support is required at various
levels and includes the provision of:

• An appropriate environment which enables healthy dietary choices to be made. As
part of a non-exhaustive list, this would include making available reliable
information in a form easily understood by the general public, together with
motivational support through adoption of suitable preventive health policies.
Accurate information transfer and correct interpretation are particularly important. A
failure to achieve this can bring its own problems in terms of malnutrition, (e.g.
Labib etal, 1989).

• Foods which can assist consumers in making appropriate dietary choices that are
compatible with both their lifestyle and financial means.

To achieve these changes, society, in particular governments together with public health
authorities, as well as the food industry have key roles to play. It is almost inevitable
that there will have to be some form of direct governmental intervention. For reasons
already stated above, in many parts of the world, intervention by the state and based on
compulsion or which lacks broad public approval will not succeed. However, success
can be achieved where intervention is based on delivery of good information with
appropriate support at the individual level. One such example is the campaign mounted
to reduce the incidence of cardiovascular disease in parts of Finland (Puska, 2000).

In considering the contribution made by the agri-food industry, it is important to
recognise that the industry is subject to the same economic constraints as any other
business. Like any other commercial activity, the agri-food industry survives and
prospers by providing its customers with products which meet their aspirations in terms
of quality, price and compatibility with lifestyle. In this, it has been extremely
successful. However, in a number of countries and in economic terms, the industry has
also been a victim of its own success. This has manifested itself in stagnation and
possibly a reduction in the general cost of food after allowing for inflation over the last
twenty-five years or so (Alldrick, 2001). In developing commercially successful
products which can assist the consumer to achieve a well regulated diet, the agri-food
industry must meet a number of criteria. These include not only those discussed in the
preceding paragraph, but also physiological effectiveness (Alldrick and Hajselova,
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2002). One example of such a successful development, relevant not only to changes in
consumer lifestyle but also to the attempts by some to adopt a healthier diet, is reflected
in the changes seen in the UK within the yellow fats market. The acquisition of
refrigerators by most UK households in the late 1960's and early 1970's led to a
progressive shift from pure butter and hard margarines to products which were readily
spreadable at low temperatures. With the increasing concern over saturated fats, in
particular, the market further evolved to include reduced and low fat spreads. The latter
now account for over 50% of the UK yellow fats market (Department for Environment
& Rural Affairs, 2001).

In terms of dietary management, it has been recommended, that to help alleviate the
risk of a number of chronic diseases, the principal source of dietary energy should be
based on complex carbohydrates ,in other words starch; (Anonymous 2003b). Cereals
are not only rich sources of complex carbohydrates but are also probably the single
most important group of staple crops (Bruinsma, 2003). Over many generations, a
considerable technology has been developed to convert them into products acceptable to
the consumer. By modifying manufacturing technology and/or ingredients, it has proven
possible to produce cereal-based foods which, not only meet individual consumer needs,
but also have different physiological properties. One such example is a comparison
between pasta and bread. Using the same primary ingredient but by processing it in
different ways, it is possible to present to the consumer two different products, the
starch contents of which are digested at different rates (Yokoyama et al, 1994). The
terms bread and pasta describe broad and versatile product groups, adaptable to the
needs of the consumer. A case in point is the sandwich, developed to accommodate a
particular lifestyle. A sandwich-like product was first reported in the first century BC.
However the modern version was invented by John Montague, 4th Earl of Sandwich
who wished to eat a meal while he continued gambling at cards (Rector, 2003). Cereal
products thus can, not only have a relatively low energy density and high complex
carbohydrate content, but through the use of appropriate technology and choice of
ingredients, be adapted to satisfy particular needs. They can also function as matrices
for other ingredients which provide additional health benefits. In other words, act as
functional foods (Ichikawa, 1994). An illustration of this is the development of products
containing sources of phyto-estrogens (e.g. bread containing linseed and soya, Guthrie
et al. 2000), consumption of which, might lead to reduced risk of certain cancers in both
men and women (Piersen, 2003).

In recognising the benefits of cereal products in the dietary management of disease
risk, it is important to bear in mind that there are other diet-linked chronic diseases
whose incidence is also increasing. For sufferers of these diseases, consumption of
certain, many or all cereal products may be contra-indicated. The first two groups of
patients are those who suffer from classical food allergy or celiac disease. It is now
generally accepted that the incidence of atopic diseases, which includes food allergy, is
increasing (Committee on Toxicity, 2000). Within the United Kingdom it is estimated
that between 1.4 and 1.8% of the population are allergic to one or more food-types, with
more children than adults suffering from the condition, hi the case of children, in
particular, wheat is a significant food allergen. Celiac disease is an immune dependent
small intestinal enteropathy. Improved methods of clinical diagnosis suggest that the
disease is more prevalent than hitherto thought. It is estimated that 1:200 members of
the population suffer to one or another degree from the condition (Feighery, 1999), with
the incidence in women being higher (1:80, Greco et al., 2004). A third group of
individuals are those suffering from other intestinal conditions aggravated by certain
cereal products such as ulcerative colitis and Crohn's disease. Again, the incidence of
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both diseases appears to be increasing (Ehlin et al., 2003). Sufferers often benefit from a
'low residue diet.' Depending on the individual this may mean, that while they should
avoid wholemeal products, cereal products made from refined flours may be acceptable
(Anonymous, 2003c).

Chronic diseases are thus a significant public health problem globally and incur
significant costs at both personal and economic levels. Their management is a key
imperative in any public health policy. If 'prevention is better than cure,' successful
management involves changes in lifestyle, of which changes in diet are but one part.
Generally speaking, human society is not subject to the constraints that can be achieved
within a laboratory environment. Achieving lifestyle changes therefore requires
personal commitment. The scientific community, society - in particular government,
and the food industry can therefore only act as catalysts to promote these changes. This
requires the provision of: comprehensible and reliable information; policies promoting
lifestyles which include a healthy diet together with sufficient exercise and; the
provision of a diverse food supply to facilitate consumer choice. Given current
experience, it could be argued that the most successful body in achieving their task so
far has been the agri-food industry, which provides an increasingly diverse food supply.
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ABSTRACT

Regulation of dietary carbohydrates is used in the control of glycaemia and hence
diabetes. An individuals glycaemic response varies depending on food source. To
address the differences between foods in their effect on postprandial glycaemia, the
concept of glycaemic index (GI) was introduced as a tool for classifying foods based on
their blood glucose raising potential. High fibre foods have been suggested as important
in modulating GI. Mechanisms suggested range from, reduction of alpha amylase
accessibility, to modification of intestinal events such as gastric emptying and intestinal
absorption. This study focused on how a range of dietary fibres (varying in degrees of
solubility) affects the structure of cereal products (breads, biscuits and pastas) and hence
their nutritional characteristics. In vitro and in vivo digestion procedures were used to
determine the potential and posprandial glycaemic responses. The results obtained
suggest that by dietary fibre inclusion, the digestibility of the cereal products can be
decreased. The percentage of GI decrease depended upon the type of dietary fibre used
in the recipe and also on the level of addition. In vitro results were closely correlated to
in vivo determinations.

INTRODUCTION

Increased consumer and industry awareness of the idea of "optimum nutrition" has led
to the development of health promoting foods (functional foods). This, coupled with the
growing global problems associated with obesity and the resulting rise in non-insulin
dependent diabetes, has proved a challenge to food companies. Namely, the industry has
had to consider the nutritional impact foods have on the wellbeing of their consumers.
Associated with this have come attempts to predict and measure the effect foods have
on postprandial blood glucose levels, the glycaemic effect. Thus food items, and
complex food meals, have been subjected to predictive estimations of blood glucose
response in the form of a Glycaemic Index of foods. This Glycaemic Index is based on
the extent and rate of starch digestion and, hence, sugar release.

The recent negative press with regards to carbohydrate rich diets, and the promotion
of carbohydrate reduced diets (such as the Atkins diet), has seen a decline in popularity
of cereal based products. Most notably the perception of bread has suffered severely,
with many consumers aware of the links between carbohydrate foods and potential high
glycaemic responses. As such, consumers perceive starchy foods to no longer be the
important foundation component to a healthy diet, but rather a component which should
be restricted, and even omitted, from a diet.
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The bread, biscuit and pasta industries are faced with a challenge to combat this
negative consumer perception, and to emphasise the nutritional need for carbohydrates
within a well balanced diet. At the same time there exists the challenge to produce
carbohydrate foods with a reduced Glycaemic Index.

Research has clearly demonstrated the use of dietary fibre (DF) ingredients in the
regulation of starch degradation and glucose release during digestion of carbohydrate
foods (Brennan et al, 1996; Tudorica et al, 2002). This paper explores the potential use
of DFs in regulating the predictive Glycaemic Index of pasta and bread.

METHODOLOGY

Pasta Making

Durum wheat pasta was made from commercial durum semolina (Allied Mills Ltd.,
UK), water and different types of DF: guar gum (E412) (Calleblend GUA, Calleva Ltd.,
UK) and pea fibre (Exafrne 250, Cosucra, Belgium). Fibres were incorporated into
recipes at replacement levels for durum wheat flour at the following proportions (w/w):
2.5%, 5%, 7.5% and 10%; an additional sample with no DF included was also prepared
as a control. The mixture was extruded as spaghetti (1.5 mm diameter) using a Fresco
M-P15 domestic pasta maker and following a standard formula (500g semolina flour
and 160 g water). Samples were stored at -40°C until needed for cooking and digestion.

Breadmaking

Commercial breadmaking wheat flour (Allied Mills, UK) was used as the base for all
formulations as well as being the control flour for all comparisons. The same types of
DF's (pea fibre and guar gum) were incorporated into bread recipes at the same
replacement levels as used previously for pasta making. The base bread recipe was that
of Liljeberg and Bjorck (1994) containing wheat flour, water, dry yeast, salt and a
mixture of soybean and palm oil.

Scanning electron microscopy (SEM)
Samples were examined according to Tudorica et al, (2002).

In vitro degradation of pastas and breads

Product digestibility was evaluated using a multi-enzymatic method of Brighenti et al.
(1995) slightly modified involving simulated mastication, a proteolytic stage followed
by incubation with pancreatic «//»/za-amylase. The digestion was confined within
dialysis tubing and the amount of reducing sugars released in the permeate was
evaluated using the 3,5 dinitrosalicilic acid (DNS) method. A sample blank (with
deactivated enzyme) and a maltose blank (with deactivated enzyme plus a known
amount of maltose) were run with each sample digestion, to allow the measurement of
sugar diffusivity through the dialysis tube in the presence of food (diffusion). Based on
this digestion method and on compositional analysis of the products investigated, the
following parameters were calculated: the amount of reducing sugars released (RSR);
the percentage of maltose able to diffuse out of the bag in the presence of sample
(DIFF); sugar diffusion index (SDI); percentage of starch digested (DIG); digestion
index (DIGI); reducing sugars released index (RSRI); hydrolysis index (HI), and
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predicted glycaemic index using the predictive equation: GI predicted=0-862HI+8.189
(Akerberg etal., 1998).

RESULTS

Figure 1 illustrates starch hydrolysis curves as obtained during the in vitro digestion of
DF enriched pasta and white bread. The decreased rate of starch digestibility in pasta
products in comparison to white bread is related to the differences in the structure of the
two products as shown in Figure 2. Control bread is characterised by an open structure
with large holes (air bubbles entrapped in the structure during prooving/baking), and
highly swollen starch granules. In contrast, pasta presents a denser structure formed by
starch granules that are significantly less swollen and surrounded by a continuous
protein network. Both product compactness and degree of starch swelling are known to
decrease starch digestibility (Tester et ai, 2001).

Within the DF enriched pastas both the type of DF used, and the level of addition,
had an effect on the degradation of starch as calculated from the amount of reducing
sugars released. Inclusions of guar gum appeared to significantly reduce the proportion
of starch digested (Figure 1) and hence the predicted glycaemic index (Table 1) of the
pasta products. In contrast, the inclusion of the pea fibre (insoluble DF) appeared to
have an insignificant effect until the 10% level of inclusion was reached.

Scanning electron micrographs of the digested pasta samples (Figure 3) support the
results presented in Figure 1 and Table 1. In comparison to the control, the digested
pasta containing guar gum displays intact starch granules coated in a mucilaginous
looking layer. They illustrate that the reduction in starch digestion observed in the
samples containing guar gum appears to be related to the ability of the soluble fibre to
alter the structure of pasta by entrapping starch granules in a protein-fibre matrix. This
would restrict the accessibility of starch degrading enzymes to their substrate, and hence
may be related to the reduction in the amount of reducing sugars released.

In vitro determination of starch degradation from bread samples showed a similar
pattern to that of pasta, with the insoluble pea fibre only reducing starch digestion at
high inclusion levels (7.5% and 10%), whereas the inclusion of guar into bread even at
2.5% significantly reduced starch degradation (Figure 4).

Predicted glycaemic index values for DF enriched breads (Table 2) were
significantly lower for guar containing breads than those of pea fibre containing breads.
SEM examination of digested bread samples showed similar images to those of the
pasta, with the guar gum enriched breads appearing to have a more complex starch-
protein-fibre matrix than either the control or pea fibre enriched breads (results not
shown). Within this complex matrix, undegraded starch granules were clearly visible.
Thus it would appear that the development of a complex food matrix may limit the rate
and extent of starch degradation.

CONCLUSION

The structure of food products is of great importance when considering the potential
availability of starch components to enzyme degradation. As such, by carefully
choosing the appropriate type and level of DF addition to carbohydrate foods there is
the potential to significantly lower the effective glycaemic response of foods and hence
create high carbohydrate food products with relatively low glycaemic index values. This
is of potential value to the food industry and also to the health of its consumers.



98 Low GI cereal foods: the role of dietary fibre and food structure

30 60 ,90 120 150 180 210 240 270 300

Tims of hydrolysis (mn)

-••• bread reference
• • " pasta control
~--guargum2.5%
-*-guargum5.0%
-*-guargum7.5%
•"••guar gum 10.0%

0 30 60 90 120 150 180 210 240 270 300
Time of hydrolysis (mn)

Figure 1. Proportion of starch digested during in vitro digestion of cooked pasta
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Figure 2. SEM images of control bread (left) and control pasta (right)

Dietary fibre added Pasta
Type Level GI Value GI Reduction
Control 0.0 45.2+3.6

Pea Fibre

Guar Gum

2.5
5.0
7.5
10.0

2.5
5.0
7.5
10.0

44.5+3.0
39.0±2.2
43.4+0.9
33.4±0.1

28.3+5.6
25.6+1.3
31.4+3.7
25.1+2.0

1.5%
13.7%
3.9%

26.1%

37.4%
43.4%
30.5%
44.5%

Table 1. Predicted glycaemic index of pasta products (means ± SD)

Figure 3. SEM images of digested control pasta (left) and 10% guar pasta (right)
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Figure 4. Proportion of starch digested during in vitro digestion of DF enriched bread.
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Dietary
Type
Control

Pea Fibre

Guar Gum

fibre added
Level

0.0

2.5
5.0
7.5
10.0

2.5
5.0
7.5
10.0

GI Value
94.4+1.6

92.0+3.2
86.1+1.0
59.1+2.5
68.8±8.0

90.5+1.7
82.8+9.9
73.8+0.6
50.5+2.2

Bread
GI Reduction

-

2.5%
8.8%

34.4%
27.1%

4.1%
12.8%
21.8%
46.5%

Table 2. Predicted glycaemic index of bread products (means ± SD)
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ABSTRACT

It is well-known that reactive oxygen species have a detrimental effect on human health.
Oxygen radicals attack cellular macromolecuies, oxidise membranous phospholipids
and damage proteins and DNA. Under normal physiologic conditions, harmful radicals
are inactivated by endogenous scavenger mechanisms. Damage can occur when the
levels of oxidative stress are high and the system is unable to cope. Diseases such as
coronary heart disease and cancer can result from such damage. Antioxidants that
scavenge free radicals are therefore of great value in preventing oxidative damage and
as such there has been a surge of interest in natural products containing antioxidative
properties.

There is an increasing amount of evidence indicating that diet can influence the
oxidative status of biological tissues. It has recently been demonstrated that plant
phenolic compounds such as flavonoids, simple phenols, and phenolic acids exhibit
strong antioxidant activity in vitro, and suggested that they might have a significant role
in controlling oxidative reactions in vivo.

Fruit and vegetables are the dietary components most often associated with dietary
antioxidants. However, cereals may also be rich in certain important antioxidants
especially the polyphenolics. This paper will show some preliminary data on the
polyphenol composition of cereal flours, with respect to their potential antioxidant
capacity, and also attempt to demonstrate the efficacy of one of these - ferulic acid - as
an antioxidant in vivo.

INTRODUCTION

Cereals are an important source of energy. They constitute a rich source of both fibre
and starch, approximately 75% weight of the grain is comprised of fibre and starch.
Protein accounts for approximately 10% of the weight of the cereals, the limiting amino
acid is lysine (Cassidy, 2003). This can be a particular problem in developing countries
were cereals such as rice are very important staples. Improvement of lysine content can
be achieved through genetic engineering as exemplified in rice (Wu et al,, 2003).

Approximately 50% of the total food protein available in the UK is derived from
cereals, and in developing countries they provide two-thirds of energy and protein
intake. As cereals are generally consumed as a staple part of the diet, any
micronutrients within them are likely to be important.

MICRONUTRIENTS WITHIN CEREALS

It has been suggested that cereals are an important source of folic acid (MAFF, 2000),
in part due to the fortification of breads and cereal products with folic acid. There is
evidence to suggest that plasma concentrations of homocysteine, a potential predictor of
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cardiovascular disease, can be lowered by folic acid (Clarke et ah, 1991; Stampfer et al,
1992). Homocysteine can promote the oxidative modification of DDL cholesterol,
influence clotting, and reduce the production of endothelium-derived nitric oxide, which
has vasodilatory effects.

Whole grains are a significant source of minerals, particularly potassium,
phosphorus, magnesium, iron and zinc (Table 1). Selenium, an essential trace element
found predominantly in wheat, forms an important part of a number of enzymes where
it is present as the amino acid selenocysteine. Examples of this are the glutathione
peroxidase enzymes, which are an important defence against oxidative damage. Diets
high in selenium may therefore be beneficial in terms of preventing cardiovascular
disease and cancer. Selenium also plays an important role in thyroid hormone
metabolism, sperm motility and testosterone metabolism (British Nutrition Foundation,
2001).

Selenium enters the food chain via plants, which in turn obtain it from the soil in
which they grow. There are wide international variations in selenium intake due to
differences in selenium soil content and different bioavailability from different foods.
In 1997 in the UK it was estimated that 22% of total selenium intake was obtained from
cereals and cereal products. Wheat is a good source of selenium in Northern America, in
Europe the selenium levels in wheat are lower, but because of the high consumption of
cereals and cereal products it is sufficient (Rayman, 2000).

Per IQQg of Edible Portion

Cereal CHO (g) Protein (g) Fibre (g) K (mg) P (mg) Mg (mg) Fe (mg) Zn (mg) Folate (ng)
Wheat flour (brown) 6S.5 12.6 6.4 250 230 80 3.2 1.9 51
Rice (brown, raw) 81.3 6.7 1.9 250 310 110 1.4 1.8 49

Table 1. Nutritional composition of cereals (Roe et al, 2002)

Phytoestrogens are found in cereals, nuts and pulses. They include a range of
structurally dissimilar compounds with common characteristics. Phytoestrogens are
synthesised in plants from phenylpropanoids and simple phenols (Cassidy et al., 2000)
where they function as anti-fungal agents. The similarity in chemical structure between
phytoestrogens and the mammalian oestrogen oestradiol enables phytoestrogens to bind
to oestrogen receptors (ER). They therefore have the potential to act as oestrogen
agonists, which may prove beneficial in postmenopausal women with respect to risk
factors for heart disease, menopausal symptoms and oesteoperosis. Numerous other
biological effects independent of the ER (e.g. antioxidant capacity, antiproliferative and
antiangiogenic effects) have been ascribed to phytoestrogens and some of these are
common to other plant phenolics (Setchell and Cassidy, 1999).

Lignans, a type of phytoestrogen, are widely distributed as minor constituents of
some plants and are defined as compounds possessing a 2,3-dibenzylbutane structure
(Cassidy et al., 2000). Linseed is the richest identified source of the lignan precursor
secoisolariciresinol, but it is present in most cereals as a minor constituent. Although
the levels of lignans are generally low on an individual basis, their ubiquity in the plant
kingdom suggests that they may well be an important source of phytoestrogens,
particularly to groups such as vegetarians. However to date little research has been
focused on lignans, both in terms of exposure and any effect on human health they may
have.

The international variation in diseases such as cardiovascular disease, osteoporosis
and breast and prostate cancer has stimulated an interest in the role of phytoestrogens in
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the diet as potentially bioactive components. In Asia, where urine and plasma levels of
these compounds are high, these conditions are rare. However studies that have
examined the potential of phytoestrogens to cause physiological effects in humans have
been limited to epidemiological studies, or to dietary intervention trials that have
examined the effects on cardiovascular function and endocrine regulation of the
menstrual cycle. Overall these studies appear to show a beneficial effect of dietary
phytoestrogens, but it is difficult to assess the exact contribution that these compounds
make to the physiological endpoints measured.

ANTIOXIDANTS

Reactive oxidants can have a detrimental effect on human health. Under normal
conditions, harmful radicals are inactivated by endogenous scavenger mechanisms but
damage can occur when the level of oxidative stress is high and this can contribute to
diseases such as coronary heart disease and cancer. Antioxidants that scavenge free
radicals are therefore of great value in preventing oxidative damage. Epidemiological
studies have suggested that consumption of grain based products is associated with a
reduction in risk for chronic diseases and this may be due in part to their antioxidant
content.

Fruit and vegetables are the dietary components most often associated with dietary
antioxidants. However, it has been estimated that cereals provide about 12% of this
intake of plant based antioxidants in a typical Norwegian diet (Halvorsen et al., 2002)
and can be important sources of dietary antioxidants. The major antioxidants in cereals
appear to be the tocotrienols and polyphenolics. Tocotrienols are the primary form of
vitamin E in the seeds of most cereals. The levels and predominant forms vary between
cereals (Panfili et al, 2003) with the highest tocol level found in soft wheat and barley
(75mg/kg dry weight). An almost six fold enhancement of tocotrienol levels in cereals
has been achieved in transgenic corn over-expressing the enzyme catalysing the first
committed step in the biosynthetic pathway (Cahoon et al., 2003). Total phenolic levels
in cereals range between about 5.5 and 15.5 umole of gallic acid equivalents/g. (Adorn
and Lui, 2002). However, the vast majority - 85% in corn, 75% in oats and wheat and
62% in rice- occur in the bound form. There is a similar range in antioxidant capacity of
cereal between 55 and 181 umole of vitamin C equivalent/g and again the vast majority
- 90% in wheat, 87% in corn, 71% in rice and 58% in oats - of this activity is associated
with bound phytochemicals (Adorn and Lui, 2002).

A major question concerning these bound compounds is whether or not they are
bioavailable and as such what is their actual contribution to dietary antioxidant
provision. The hydroxycinnamic acids are a group of phenolic compounds that exhibit in
vitro antioxidant activity. Ferulic acid is the most abundant hydroxycinnamic acid in
cereal with concentrations ranging from 359 to 624 |ag/g dry weight (Hernanz et al.,
2001). Kern et al. (2003) fed human volunteers high-bran (wheat) breakfast cereal and
monitored plasma and urine levels of ferulic acid. Their conclusion was that ferulic acid
was taken up from the bran but that absorption was limited and may have originated
from the soluble components. Experiments with rats showed that whilst free ferulic acid
was readily absorbed the cereal matrix severely inhibited ferulic acid bioavailability
(Adam et al., 2002). The ferulic acid is predominantly found associated with the cell
wall often as diferulic acid residues. These diferulic acids are potent antioxidants and it
has been demonstrated that human and rat colonic micro flora contain esterases able to
release these from dietary cereal bran (Andreasen et al., 2001) thus bound forms could
well be important in the diet.



Cereals as a source of dietary antioxidants 105

The final consideration is whether once absorbed the phytochemicals can actually
exhibit any beneficial effect in terms of human health. For antioxidants one such benefit
would be in the protection of low density lipoprotein (LDL) particles from oxidative
damage since this is a major contributory factor in the development of cardiovascular
disease. Preliminary studies at Nottingham have shown just such an effect in hamsters
fed a diet supplements with ferulic acid.
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ABSTRACT

The health effects of whole-grain products are mainly believed to result from the high
content of dietary fibre and bioactive compounds. The bioactive compounds are
concentrated in the outer layers of the kernel, which parts are also the richest in dietary
fibre. The main bioactive compounds in whole grain are lignans, phenolic acids,
alkylresorcinols, phytosterols, folates, tocopherols and tocotrienols, other vitamins,
trace elements and minerals.

Processing may decrease but also increase the levels of the bioactive compounds in
grains, whereas their bioavailability is often increased by processing. In milling
fractionation, many of the phytochemicals have been shown to be concentrated in the
outer layers. Thus optimal use and modification of the bran fraction is essential. The use
of sour dough fermentation has proven useful here, and it also plays a role in
modulating bioactivity. Germination is an effective pre-treatment for whole grains,
producing both improved texture but also elevated levels of phytochemicals. Examples
of the influences of these processes on bioactivity and flavour of whole grain rye will be
given in this talk.

INTRODUCTION

The health effects of whole-grain products are mainly believed to result from the high-
content of dietary fibre and bioactive compounds. The main bioactive compounds in
whole grain are lignans, phenolic acids, alkylresorcinols, phytosterols, folates,
tocopherols and tocotrienols, other vitamins, trace elements and minerals. The bioactive
compounds are concentrated in the outer layers of the kernel, which are also the richest
in dietary fibre (Liukkonen et al, 2003, Piironen et al., 2002, Glitso et al., 1999,
Nilsson et al., 1997). When the extraction rate in flour milling decreases, the level of
outer grain layers decrease, which results in reductions in both dietary fibre and
associated compounds. Processing methods should be developed to enable the use of
whole grain as human food.

Process parameters influencing the quality of whole grain foods include the presence
of enzymes (endogenous or added), the use of starter cultures, the amount of water, and
the levels of thermal and mechanical energy used. Especially during germination and
sour-dough baking, many biochemical changes occur which may affect product
bioactivity. Other important grain processing methods include flaking, extrusion and
puffing. Knowledge on the influence of grain processing on levels and availability of
bioactive compounds is currently relatively scarce.

EFFECT OF PROCESSING ON BIOACTIVITY OF RYE

Rye is an important source of whole grain foods in Eastern and Northern European
diets, because its traditional use in various soft and crisp breads are based on whole
meal flour. Examples of the influences of milling fractionation, sour-dough
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fermentation, germination and different heating processes on bioactivity and flavour of
whole grain rye are presented in this paper.

Milling fractionation proved to be an efficient means of concentrating certain rye
components; the bran fraction contained 1.5-4 times more bioactive compounds than the
original rye flour (Liukkonen et ah, 2003). Also the flavour components were unevenly
distributed in rye grain: the endosperm was mild, and the outer bran layers, in which
health-related bioactive compounds of rye were concentrated, were bitter and intense in
flavour. The short fraction of the grain with high bioactivity appeared to be interesting
for further applications, due to observed cereal-like flavour without significant
bitterness (Heinio et a/.,2003).

Sourdough fermentation and germination

In rye baking, the fermentation phase increased the amounts of folates, benzoxazinoids
and phenolic compounds. Starter type was found to be an important factor affecting the
process (see Table 1 from Liukkonen et al., 2003, Kariluoto et ah, 2004). Germination
increased the amounts of folates, benzoxazinoids, plant sterols and phenolic compounds
with the exception of alk(en)ylresorcinols. The amounts of bioactive compounds varied
according to germination temperature and time.

Combining germination and fermentation of rye was very efficient in increasing the
amounts of bioactive compounds (Table 1). The amounts of folate, easily-extractable
phenolic compounds, free phenolic acids and benzoxazinoids increased at most by 8.4,
8.6, 9.9 and 10.9 fold respectively. The two processing steps had a synergistic effect in
increasing the levels of folates and free phenolic compounds.

Plant sterols

Tocopherols and
Tocotrienols

Folates

Benzoxazinoids

Total phenolics
- after methanol extraction
- after alkaline extraction

Phenolic acids
-ftee
- esterified
- glycosidic
-bound

Alk(en)ylresorcinols

Lignans

After
germination

1.3

1.1

3.7

9.0

1.6
2.1
1.4

1.4
1.4
2.1
1.6
1.4

1.0

1.8

After sour dough
fermentation

1.0

1.1

2.5

1.5

1.5
2.0
1.2

1.1
3.6
1.4
1.0
1.0

1.0

1.3

After combined
germination and

sour dough
fermentation

2.1

1.4

8.4

10.9

4.0
8.6
2.0

2.0
9.9
2.8
2.0
1.9

1.4

3.1

Table 1. Relative amounts of bioactive compounds after sour dough fermentation, after
germination and after combined germination and sour dough fermentation.
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Heat processing

When rye grains were subjected to different types of heat processing techniques such as
extrusion, autoclaving, puffing and roasting, folates were the most sensitive compounds.
However, the folate concentration of germinated and subsequently heat-treated grains
was still remarkably higher than that of native grains.

The amounts of total phenolics increased slightly, but the amounts of plant sterols
and lignans changed very little during the heat processing. The amounts of tocopherols
and trienols and alk(en)ylresorcinols decreased during extrusion but remained almost
unchanged during other heat processes.

CONCLUSIONS

The profile and concentrations of bioactive compounds in rye can be efficiently
modulated by milling fractionation, germination and sour-dough fermentation. By
milling fractionation, the amount of all the studied bioactive compounds could be
concentrated in certain fractions. As the amounts of bioactive compounds are the
highest in the outer layers, optimal use and modification of the bran fraction is essential.
The use of sour-dough fermentation has proved useful and it also plays a role in
modulating bioactivity. Germination is an effective pre-treatment for whole grains,
producing both improved texture but also elevated levels of phytochemicals. Combining
germination and fermentation proved the most efficient way to increase bioactivity of
whole grain rye. Using statistical modelling in the process design facilitates defining the
process conditions that enable health benefits in combination with good sensory
properties.
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ABSTRACT

Adequate intake of whole grain or cereal fiber, a marker for whole grain intake, has
been linked by epidemiological evidence with lower risk for diabetes, coronary disease,
certain kinds of cancer and most recently obesity. Risks for diabetes and coronary heart
disease have been reduced by as much as 35 percent in various populations worldwide.
Risks for cancer have been reduced from 10 to 40 percent depending on the population
studied and the kind of cancer. Even BMI, waist circumference and risk of gaining
weight over time were less in cohorts ingesting the most whole grain.

Teasing out the precise role of whole grains has been problematic because whole
grain consumers tend to have other desirable eating and lifestyle habits. A critical
comparison of the background diet and lifestyles from the various epidemiological
studies analysed in light of the results of intervention and animal studies may yield
critical clues about key components of whole grains and the lifestyles of whole grain
eaters reduces disease risk. These comparisons will be discussed in light of the specific
role that whole grains play in maintaining health and preventing chronic disease.
Further, these results will be looked at in light of the intake data for whole grains.

INTRODUCTION

Whole grains have always carried a healthy image. Despite this sterling aura, they are
eaten infrequently by some and not at all by others. This paper will give an overview of
what whole grains are, review recent evidence on their role in helping prevent chronic
disease and will strive to give government and industry data needed for campaigns to
increase whole grains selection, improve gut health, fight overweight, reduce
cardiovascular disease and cancer risk, and improve all-cause mortality statistics.

WHAT ARE WHOLE GRAINS?

To a cereal chemist the definition of whole grain is relatively clear and has been agreed
upon by the American Association of Cereal Chemists (AACC, 1999).
Whole grains shall consist of the intact, ground, cracked or flaked caryopsis, whose
principal anatomical components: the starchy endosperm, germ and bran, are present
in the same relative proportions as they exist in the intact caryopsis.
However, this definition uses terms such as caryopsis unfamiliar to a consumer making

the working definition is very much like a saying in Lewis Carroll's Alice in
Wonderland "" 'When I use a word,' Humpty Dumpty said in rather a scornful tone, 'it
means just what I choose it to mean — neither more or less.' 'The question is,' said
Alice, 'whether you can make words mean different thing.s" In addition to this
definition, we need a one that is consumer friendly.

Here are some current usages of 'whole grain.' For some, whole grains are those
foods that are unprocessed, taken directly from the field and eaten as whole kernels.
For others, whole grain foods are those foods made when whole grains are crushed
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between two millstones. More commonly whole grain foods are those prepared with
flour that contains all the components in the original grain in approximately the same
proportion as the original grain. The British Isles use of term 'whole meal' shows
consumers that foods are prepared with meal (flour) that contains all the parts of the
kernel and may cause less confusion. Further complicating the issue are terms such as
'multigrain' and even 'wheat' or 'organic' which some consumers infer erroneously to
mean whole grain. Many consumers associate colour as the determinant of whole grain
with dark- coloured products being whole grain. An understanding of the actual
perception of what is whole grain is important because much of the epidemiological
data is done by asking consumers if they eat whole or refined products or light or dark
bread. Since there is a lack of agreement as to what consumers perceive to be whole
grain, there is inevitably some error in data collected using self -reports and food
frequency. However, since the error would tend to overreport whole grain, this
probably means that the relationships are in fact stronger than indicated.
Overall, a clearer consumer definition is needed.

WHOLE GRAINS AND CHRONIC DISEASE

Epidemiological data and other data relate whole grain intake with a reduction in a
variety of chronic and other diseases and increased longevity. The next section will
review these possibilities

Whole grains and all-cause mortality

Whole grain intake has been related to all-cause mortality in several epidemiological
studies that compare frequent whole grain consumers with those who eat whole grains
seldom or never. In the Iowa Women's Health Study with 35,000 postmenopausal
women, Jacobs and colleagues (2000) found whole grain intake was related to reduced
all - cause mortality for specific age categories. Furthermore, whole grain fibre intake,
not total fibre per se, was related to reduced mortality for age. When groups ingesting
the same amount of total fibre were compared, those who ingested predominantly whole
grain fibre had a 17% lower mortality rate at any age than women who consumed
predominantly refined grain fibre. Similarly, in the Harvard Male Health Professionals'
Study (n~36 000), there was a 20% decrease in overall mortality for those who chose 1
or more sv/d of whole grain breakfast cereal versus those who ate it not at all or very
infrequently (Liu et al, 2003). Again the study points to the importance of whole grains
as there was no analogous risk reduction for the male health professionals seen with
eaters of refined grain foods.

Whole grains and obesity

Obesity and its attendant epidemic status command attention at the highest levels by
most governments and health agencies around the world. Many dietary constituents
have been named as either part of the problem or part of the solution and dietary fibre
and whole grains are no exception.

Early studies showed that substitution of whole grain bread for white bread in the
diets of college-age males resulted in weight loss for the whole grain eaters (Mickelson
et al, 1979). In two other large cohorts, the Framingham offspring (McKeown et al,
2002) and the Baltimore Longitudinal Study of Aging Newby et al, 2003, whole grain
intake was inversely related to body mass index (BMI) and waist-to-hip ratio or waist
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circumference. Similar data has been derived with over 2800 Type 1 diabetics. Those
who consumed the most cereal fibre had the lowest BMIs (Toeller et al 2002 and
Toeller 2001; Buyken 2000). Data from the Nurses' Health Study shows that those who
regularly ingested whole grains were 49% less likely to gain weight over the 12 years of
the follow-up than those who ate refined grain (Liu et al, 2003). While these data are
encouraging, a recent short-term intervention study found that whole grains such as oats
little or no impact on weight loss. There was, however, some indication of potentially
positive impacts on hunger, which might have an effect in longer-term studies
(Saltzman et al, 2000).

Other clinical trials and observational studies indicated that intake of whole-grain
foods might impact obesity since intake of whole grains foods was inversely associated
with plasma biomarkers of obesity, including insulin, C-peptide and leptin
concentrations. Fibre content and other components of whole grains may slow gastric
emptying and affect the secretion of gut hormones, which may act as satiety factors.
Whole grain foods also provide slowly digested and resistant starch, which can slow
insulin release and may blunt glycaemic response (Koh-Banerjee and Rimm, 2003).
Both of the later factors are related to weight loss in some studies.

Whole grains and type 2 diabetes

Weight, the insulin resistance syndrome (Syndrome X) and diabetes are all related. The
following sobering statistics are worth noting (Ford et al, 1997):

• Each unit increase in BMI (about 2.7 - 3.6 kg) increases Type 2 diabetes
risk by 12.1 percent.

• For every kilogram increase in weight over 10 years, Type 2 diabetes
risk increases 4.5 percent.

• 68-72 % of diabetes risk in the U.S. is attributable to or associated with
excess weight.

Mokdad et al, (2003) estimates that there are 15 million diabetics in the USA (7.9% of
the population) and another third who are undiagnosed. The number of children and
adolescents with Type 2 diabetes is also increasing at alarming rates in many Western
countries (Mokdad et al, 2001).

Epidemiological data from the Harvard Female Nurses Study and the Iowa
Women's Health study show that women eating the most whole grain ( ~2.7 servings
per day) had a 21-27% reduced the risk of Type 2 diabetes over those who ate little of
no whole grains (Meyer et al, 2000; and Liu et al, 2000). In the Male Health
Professionals' Study (Fung et al, 2002), there was an over 40% reduction in risk in the
group ingesting the most cereal fibre, presumably from whole grains. In a Finnish study
with both genders (n~5000)5 the quartile with the highest whole grain intake reduced
their risk of Type 2 diabetes by 35%. The greater impact of whole grain in this study
over those seen in US studies may be due to greater overall fibre intake and greater use
of rye, oats and barley each of which may offer some specific benefits in the control of
blood glucose (Montonen et al, 2003).

Data from a recent intervention studies show that whole grains or whole grain rye
improved insulin sensitivity. The inclusion 6-10 sv/d whole grain breads and cereals in
an American Heart Association diet for 11 subjects with elevated insulin not only
lowered fasting insulin by 10%, but also increased insulin sensitivity ( Pereira et al,
2002; Juntanen et al, 2003).
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In addition to lowering fasting insulin and altering insulin resistance, whole grains may
help to improve blood glucose and improve insulin sensitivity through a variety of
mechanisms. Firtst, the starch in whole grains is slowly released and digested causing a
slow steady infusion of glucose into the bloodstream. Second, some of the starch is not
digested so it becomes resistant starch and is added to the fibre components of whole
grains. Third, fibre, especially the viscous fibre, of whole grains such as oats and barley
modulate blood glucose and blunt the glycaemic response.

Whole grains and coronary heart disease

For over 40 years fibre, especially viscous fibre, has been implicated in reducing
cholesterol and in turn reducing coronary heart disease (CHD). More recently the
intake of whole grains has been associated with decreased risk of CHD. Many studies
have shown that the p-glucan of oats consistently lowers LDL and total cholesterol
hyperlipidemic individuals (DeGroot et al 1963; van Horn et al 1988; Johnston et al,
1988; Anderson and Siesel, 1990) These studies show that cholesterol reduction varies
from 3-8%. If one applies the formula that for every percentage point cholesterol is
lowered there is a concomitant reduction in the coronary heart disease rate by 2%, then
CHD rates would be reduced somewhere between 6 and 16%. However most of the
epidemiological data looking at whole grain intake show reductions in CHD greater
than can be achieved with fibre alone (Rimm et al, 1996; Jacobs et al, 1998; Liu et al,
1999; and Mozaffarian 2003). For example, two to three servings of whole grain
food/day (2.7 servings/d) have been shown in large, prospective cohort studies have to
reduce ischemic heart disease risk by 30 - 36% over those who are little or no whole
grain daily Liu et al, 1999; Jacobs et al, 1999) In the Harvard Nurses' Health Study of
75,000 female nurses, there was also a decrease in ischaemic stroke( Liu et al, 2000). In
the Male Health Professionals Study, whole grain breakfast cereal, but not refined grain,
was associated with reduced risk of cardiovascular disease (Liu et al, 2003).

Since risk reductions with whole grains are greater than predicted by fibre intake,
other whole grain components must be exerting positive impact on cardiovascular risk
factors. These could include folate, vitamins B-6 and E, magnesium, and many of the
phytochemicals. Antioxidants, phytoestogens and other components present in the bran
and germ may be protecting LDL cholesterol from oxidation, affecting LDL size,
changing vascular reactivity, minimizing coagulation, altering fibrinolysis, and
improving insulin sensitivity and exerting an anti-inflammatory role.

Whole grains and cancer

Whole grain intake was related in a meta-analysis to a reduction in cancer risk of
anywhere from 10-43% depending on the type of cancer studied. In one study of 35,000
women, those in the highest tertile of whole grain intake had a relative risk (RR) of al
gastrointestinal cancers of 0.53 (Kasum et al 2002). While the role of dietary fibre in
preventing colorectal cancer continues to create controversy. Numerous animal and
epidemiological studies have shown that various dietary fibres reduce the risk of
colorectal cancer. However in the last five years, three large epidemiological and
intervention studies failed to show a beneficial impact of fibre on colorectal cancer
(Fuchs et al 1999; Alberts et al, 2000; Schatzkin et al, 2000). While these three
aforementioned studies showing no cancer benefit dealt body blows to the dietary fibre-
cancer hypothesis, two more recent epidemiological studies may resuscitate the theory.
In the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (n=33,971), those
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ingesting the highest quintile of dietary fibre had a 27 % lower risk of colorcctal
adenoma than those in the lowest quintile (Peters et al, 2003). In the European
Prospective Investigation into Cancer and Nutrition (EPIC), the association between
dietary fibre intake and incidence of colorectal cancer was measured in 519,978
individuals aged 25-70 years from ten European countries. In this cohort the quintile
ingesting the most dietary fibre had a 25% reduced risk of large bowel cancer with the
protective effect being greatest for the left side of the colon, and least for the rectum. In
this study all fibre types -fruit, cereal and vegetable - were equally protective (Bingham
et al, 2003).

Whole grain fibre was shown in the Iowa Postmenopausal Health Study to reduce
risk for upper aerodigestive tract cancers (Kasum et al, 2002). Those ingesting the
highest tertile of fibre intake from whole grain decreased the risk of gastric, oesophageal
and other upper digestive tract cancers by 40% over those in the tertile with the least
whole grain intake. In contrast, if the fibre source was predominately from refined grain
there was no reduction in risk. In another study of 35,000 Italian women, those
ingesting fibre from the highest tertile of refined grains had nearly a 6-fold elevated risk
of upper GI cancers. Those ingesting fibre from the highest tertile of whole grains had
the reduced odds ratio of 0.5 (Pelucchi et al, 2003).

Whole grains may act to help reduce the risk of gastrointestinal cancers in a number
of ways. In the colon inulin, resistant starch and other fermentable fibres encourage
butyrate production. The butyrate and other short chain fatty acids lower colonic pH,
feed healthy colonic cells, encourage beneficial bacterial species, and impair production
of potentially destructive secondary bile acids. Bran and other fibrous components
facilitate faster transit time and dilution of fecal material so carcinogenic moieties
coming in the diet or produced in the gut have less chance to contact and act up
gastrointestinal cells. Antioxidants and other phytochemicals in the whole grain may
act locally to help prevent oxidations that might prove problematic throughout the gut.

Whole grains may act to help reduce the risk of sex hormone related cancers.
Postulated mechanisms include alteration of endogenous sex hormone production via
phytoestrogens such as the secoresorcinols in rye appear to have a positive health
impact (La Vecchia et al, 2001; Adlercreutz, 2002 ).

Potential mechanisms of whole grain components

There are many components of whole grains that can potentially offer disease
protection. Whole grain foods contain not just fibre but B-vitamins, vitamin E,
magnesium, resistant starch, inulin, minerals, antioxidants, lignans, phytoestrogens,
unusual fatty acids, phytic acid, sphingomyelins and other substances. In maintaining
health and preventing disease, many different mechanisms may be at play. Various
compounds may act synergistically making the impact of the whole grain greater than
that of a single component as was demonstrated with fibre, whole grains and coronary
heart disease. Many of these components are lost in the refining of grain and are not
added back. The action of antioxidants in grains and in added ingredients such as dried
fruit and nuts to quench free radicals that can damage a variety of cellular components
can be outlined. Natural tocopherols and tocotrienols in whole grains are important
antioxidants but there are many components in various grains that also have an
antioxidant function. Some of these are specific to individual grains such as oats or
corn.

Another important component of whole grain is inulin. This compound acts as a
prebiotic. Cereal grains supply the majority of the inulin in the diet. This is augmented
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by foods such as onions, bananas and raisins. Thus again these foods as toppings for
pizza products of formulated or ingested with whole grain cereals can be important in
As a prebiotic inulin is fermented to produce butyric acid and to create an environment
which encourages beneficial bacteria and discourages the growth of pathogenic bacteria.

Whole grains have their own resorcinols, fatty acids and tocopherols. These can act
with those provided by soy and flaxseed lignans to increase anti-cancer and anti-
coronary heart disease effects. Nuts and flax seed added to whole grain foods add
vitamin E, polyunsaturated fatty acids and minerals all of which can interact with those
naturally present in grains to improve health. Thus the components of whole grain work
together synergistically not only with each other but with other important components in
the diet.

More research is needed to determine how each of these compounds works both
individually and synergistically with other grain components and other components that
are typically added to grain-based foods.

SUMMARY

Whole grains appear to be an important and health promoting component of the diet.
The difficulty in assessing the precise role of whole grains in epidemiological studies
occurs because those who ate the most whole grain also had other good health habits
including eating less fat and red meat, regularly engaging in physical exercise and
eating more fruits and vegetables. Thus the conundrum remains as to whether the
intake of whole grain is merely a marker for subjects that have positive health behaviors
or whether the whole grain itself has an impact. The few intervention studies that have
been done indicate that whole grains are important.

Food technologists need to develop more whole grain products that are good tasting
and dramatically increase the number of SKUs that have whole grain components.
Health professionals and health educators need to develop simple consistent messages
for consumers regarding the importance of whole grains in the diet. There also needs to
be a campaign to label whole grain foods so they are easy for the consumer to recognize
and select. Greater whole grain consumption with increase the dietary fibre in the diet
and should improve overall diet quality and may result in reduced chronic disease.
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ABSTRACT

Insight in physiological and molecular mechanisms linking diet to health benefits is rapidly
growing. New techniques can significantly contribute to our understanding of "what is
going on in the intestinal black box" after intake of cereal products.

Bioassays are used to study potential beneficial health effects of whole grain products.
These bioassays, in combination with modern instrumental analytical techniques like LC-
MS, can aid in identifying those fractions which show biological activity and can be
investigated further for stability, bioavailability and activity in the gastrointestinal (GI)
tract.

Validated in vitro model systems mimicking the entire GI tract (TIM systems) have
created a powerful tool for monitoring the impact of product structure and whole grain
compounds (e.g. dietary fibres, phenolics, tocols, folate, trace elements) on viscosity of the
GI content, glycaemic response, availability and interactions of nutrients and bioactive
molecules as well as bioconversion by the intestinal microflora. In a recent model study on
fermentation in the large intestine the presence of fermentable carbohydrates proved to be
essential to counteract the negative impact on intestinal health of high protein diets, such as
the Dr. Atkins diet.

Studies in GT model systems can also be combined with chemical analysis and
bioassays to study effects on chronic inflammatory events. Newly developed analytical
tools used in our studies are: total antioxidant capacity and several specific cell lines to
determine the antioxidant action on inflammatory parameters, such as interleukines, TNF-
alpha, hsCRP and effects on NF-kappa B/I-kappa B alpha. This approach can significantly
support R&D for designing products contributing to reduced risk for cardio-vascular
diseases, type-2 diabetes and other disorders related to inflammation.

INTRODUCTION

Products with health benefits are a growing and profitable segment of the food products
market. Development of successful products is no simple task. Next to excellent sensory
properties significant health benefits are required, preferably supported by a health claim
endorsed by competent authorities. With the growing insights in physiological and
molecular mechanisms linking diet to health benefits, a range of in vitro methods is
becoming available for supporting health claims; also an increasing set of biomarkers can
be used in in vivo nutritional studies. In cereal products, health benefits are usually not
related to the presence of one or two specific compounds - such as specific unsaturated
fatty acids — but to a wide range of fibre components and anti-oxidants, and also to product
structure (Brennan et ah, 2004). In such complex systems the use of validated and accurate
in vitro models can contribute significantly to an efficient and effective development of
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products with health benefits. In this paper we will give an outline of methods for
assessment of the impact of the two main groups of health related compounds in cereal
products - anti-oxidants and dietary fibres.

ASSESSMENT OF IMPACT OF ANTI-OXIDANTS

The underlying pathophysiology of several diseases, including diabetes, cardio-vascular
diseases and cancer, is chronic inflammation. Reactive oxygen species play a pivotal role in
these processes. The endogenous anti-oxidants provide a first line of defence against
reactive oxygen species. This defence is supported and strengthened by anti-oxidants of
food provided by food intake and by synergistic interaction between the individual anti-
oxidants.

Negative results regarding health benefits of diets supplemented with high levels of a
single anti-oxidant (Rowe, 1996) and positive effects of consumption of food products with
high levels of a mix of anti-oxidants are a strong plea for developing 'natural' products
with an effective mix of anti-oxidants and supporting compounds. Levels and ratios
between individual anti-oxidants can be varied to a large extent in cereal products. Levels
will be higher when more bran or wholemeal flour is incorporated, and when fortification
with relevant compounds is applied. Bioavailability may also vary, depending on product
structure and the type of anti-oxidant. By a stepwise approach, including:

- chemical characterisation of a large range of product compositions, followed by
- in vitro cell based assays of selected products and, when required with
- determination of biomarkers in nutritional intervention studies in the product(s)

finally selected,
products can be developed that optimally counteract inflammation by reactive oxygen.

Analyses and bioassays

In our approach we first determine, in a range of products, the total anti-oxidant capacity,
using an improved anti-oxidant capacity (TEAC) assay (Van den Berg et al., 1999) and
total phenolic content. Further analysis is focussed on phenolic content, tocols, methyl
donors (folate, betaine, choline) and selected minerals (magnesium, selenium). When the
various ingredients or their metabolites that are able to adequately strengthen the anti-
oxidant defence are identified, a selection of products can be made for further studies.
These can include processing and studies on bioavailability of anti-oxidants and the other
relevant compounds, using the TIM-1 system, as described below.

With whole extracts of the selected products or samples from the TIM system, cell
based assays (e.g. macrophage cell lines) will be used to determine the anti-oxidant action
on inflammatory events, which is the key factor in the oxidative stress related diseases.
With these assays a range of parameters — bioassays - related to inflammation will be
measured, such as Tumour Necrosis factor alpha (TNF-alpha), human C-Reactive Protein
(hsCRP) or Cyclo Oxygenase II (COX-II) expression and the effect on proliferation of
cells. The anti-inflammatory effect can also be tested in a NF-kappa B reporter-gene-assay
which plays a key role in the initiation and prolongation of disease related inflammations
(Van den Berg et al, 2001a).
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Proteomics technologies can also be applied to excreted proteins to determine induction of
specific proteins, which will be recognised using sophisticated pattern recognition
techniques (Van Ommen et al, 2002).

Finally, human nutritional intervention studies can be done with the product(s) with the
best performance in the in vitro, preclinical studies described above. A number of the
analyses and bioassays which were used during product selection can also be used in
clinical studies to determine parameters and biomarkers on peripheral blood mononuclear
cells (PBMCs) of humans. Plasma, serum, whole blood and urine samples can be used for
analysis of other oxidative stress related biomarker such as 8-OHdG, 8-iso-PGF2alpha
(Van den Berg et al, 2001b) and 5-NT.

DYNAMIC GASTROINTESTINAL SYSTEMS

At TNO, multi-compartmental, dynamic, computer-controlled models (TIM) have been
developed, which closely simulates the in vivo conditions in the stomach and small
intestine (TEVI-1; Fig. 1; Minekus et al, 1995) and in the large intestine (TIM-2; Fig. 2;
Minekus et al, 1999). These models simulate the peristaltic movements in the GI tract,
mixing and moving the contents gradually through the stomach and intestine. This allows
us to mimic the exact gastric emptying and intestinal transit times as occur in real live
situations after the intake of different types of foods, such as bread, milk with cereals and
pasta products.

Saliva, gastric juice, bile, and pancreatic juice are 'secreted' into the corresponding
compartments using computer-controlled pumps. The large intestinal model contains
complex, metabolic active microflora of human or animal origin. Fermentation (Minekus et
al, 1999) and bioconversion/bioactivation (Krul et al, 2001) of undigested compounds
takes place at the same rate as in vivo. Compared to other single or multi-compartmental
models of the GI tract, TIM has unique, dynamic features: the successive conditions in the
stomach and intestinal compartments are closely simulated. The strength of these laboratory
models is that experiments can be performed under strictly controlled conditions, resulting
in high repeatability. This is in contrast to human and animal studies, which often show
large biological variations. To ensure that the results obtained in TIM are relevant for the in
vivo situation, extensive validation and application studies have been performed.

f

j"

Figure 1. TNO in vitro model simulating
the stomach and small-intestine (TIM-1).

Figure 2. TNO in vitro model simulating
the large intestine (TIM-2)
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Digestion and bioavailability

Important factors in relation to the digestibility of food products and the availability for
absorption of nutrients and/or bioactive compounds are the successive dynamic conditions
in the gastrointestinal tract, such as pH in combination with digestive enzymes and
secretion of bile for the formation of (mixed) micelles of fatty acids and fat soluble
nutrients. Because these digestive processes are accurately simulated in the TIM systems, it
is an excellent method to study the stability, release, digestibility, absorption and/or
bioconversion of nutrients and bioactive compounds, such as from whole grain products.
Validation experiments in comparison to in vivo studies showed high predictive quality of
the system for proteins (Minekus, 1998), minerals (Larsson et al., 1997; Salovaara et al.,
2003; Smeets-Peeters et al., 1999), vitamins (Verwei et al., 2003) as well as for bioactive
food compounds (Krul et al., 2001). In combination with cultured cell lines (e.g. Caco-2
cells) or intestinal segments, the passive and active mucosal transport and cell metabolism
can also be studied (Verwei et al., 2004). The combination of these in vitro methods offers
the possibility to put the obtained data in computer-simulation programmes (physiological
based kinetic modelling) to predict short- and long-term plasma levels of specific nutrients,
such as demonstrated for folate (Freidig and Verwei, 2004).

Dietary fibres and product structure

In a recent overview of research with TIM on cereal products (Venema et al., 2004)
methods and results are described in the following fields:
- Viscosity measurement in the stomach and its effect on delaying gastric emptying.
- Effect of viscosity on glycaemic response and concomitant insulin response.
- Degree of digestibility in the small intestine.
- Binding of cholesterol and fat by dietary fibres
- Degree of fermentability of fibres in the large intestine,
- Energy value, both from digestion in the small and fermentation in the large intestine.
In this paper we will highlight methods for digestibility and fermentability of fibres and the
impact of fermentation and the intestinal flora on health.

Digestibility and fermentability of dietary fibre, and the energy value of fibres

Digestibility of dietary fibres is determined by the amount of glucose and other
monosaccharides available for uptake by the body. The TIM-1 system allows collection of
samples at different positions in the model and in time. Analysis of the dialysate fractions
from the intestinal compartments allows calculation of the amount of bioaccessible
monosaccharides. Collection and analysis of 'colon delivery' allow determination of the
indigestible fraction that arrives in the large intestine.

Fermentability by the intestinal microbiota in the large intestine can be determined in
TIM-2. Fermentation of carbohydrates leads to the production of metabolites, e.g. short
chain fatty acids (SCFAs), lactic acid, CO2, H2 and CH4. The organic acids are taken up by
the epithelial cells of the colon and metabolised. Butyric acid (butyrate) is metabolised as
an energy source by the colonocytes. Taking the data from the digestibility in TIM-1 and
the fermentability in THVI-2, the energy value of carbohydrates can be calculated.
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Impact on health of the activity of the large-intestinal micro biota

Intestinal health becomes an increasingly important issue. The enzymatic and metabolic
potential of the intestinal microorganisms is extremely high and is considered of great
importance for sickness and health. Diet is one of the factors that influences the
composition and activity of the microbiota. Carbohydrates are fermented preferentially over
proteins by most microorganisms: fermentation occurs primarily in the proximal and
medial part of the colon. Protein fermentation occurs when the carbohydrates have been
used up - i.e. mostly in the distal colon. Carbohydrate fermentation and its production of
SCFAs is considered to be beneficial for health. Protein fermentation on the other hand
leads to potentially toxic fermentative metabolites such as ammonia, phenolic compounds,
and sulphur containing compounds. As an example, hydrogen-sulphide has been shown to
block butyrate oxidation in cultured epithelial cells.

Over the years several dietary components have been tested in TIM-2 for their potential
to produce butyrate and/or to increase the balance between health-promoting and toxic
metabolites. For instance, high amylase resistant starches and D-tagatose have been shown
to lead to ratios of 50-60% butyrate (manuscripts in preparation). In addition, inulin has
been shown in TIM-2 to shift the balance of health-promoting over toxic metabolites
towards a healthier colon (Van Nuenen et al., 2003). The in vitro model is shown to be a
better tool to study the production of metabolites mechanistically than in vivo experiments
with animals or humans. The reason for this is that in TIM-2 all metabolites are being
collected, whereas in the body the metabolites arc being used (e.g. butyrate by the epithelial
cells) and therefore lost for analysis. So, data from faecal samples do not reflect the
metabolic activity in the proximal colon, whereas TTM-2 allows sampling at the site of
fermentation.

CONCLUSION

With growing insights in physiological and molecular mechanisms linking diet to health
benefits and the rapid development of analytical tools and in vitro systems, a range of
methods is becoming available for the development and optimisation of cereal products
with health benefits. This can be used for supporting health claims and, when required, for
pre-selection of products to be used in human nutritional intervention studies. In the
coming years, the development of the science of nutrigenomics will contribute to a larger
toolbox for determining health benefits of food products.
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ABSTRACT

Bread has been a staple food for thousands of years and during that time has been much
researched using empirical and scientific methods but what benefit have we got from
that research and do we really need more? This paper will identify some of the key
consumer requirements for bread 'quality' and examine how research has sought to
provide information appropriate for bakers to meet perceived consumer needs. The
impact of external forces, such as legislation, will be noted. The relationship between
science, technology, commercial production and consumers will be considered using the
development and application of the pressure-vacuum mixer in the UK as an example.
Some of the trends in bread-related research over the last 10 years will be reviewed and
their relevance to industry and consumer requirements considered.

INTRODUCTION

Bread has been a staple food for thousands of years and during that time has been much
researched using empirical and scientific methods. During the lifetime of bread
manufacture many different forms of the product have evolved in those parts of the
world in which wheat has been grown. Countries with a long history of growing wheat
and making bread have exported the concepts and products throughout the globe so that
today there are few places in the world where bread is not manufactured or eaten. The
transformation of wheat flour and water with other functional ingredients into bread has
always fascinated, hi the last 150 years it must be one of the most studied processes in
food manufacture and possibly any manufacturing processes. There are journals devoted
to reporting the results of studies on the raw materials and the processes associated with
breadmaking and a large number of scientists in a large number of laboratories devoting
their time to studying the subject.

Two key questions related to bread research are:

• What benefits have users and consumers got from cereals research?
• And, do we really need more research on the subject of breadmaking?

It is important with bread studies that we identify the requirements which are key to
consumers. Bread products are very diverse in character and form, ranging from the flat
bread of the Middle East, the steamed breads of the Far East, to the baguette and the
ubiquitous pan breads of Europe and North America (Cauvain, 1998a). Each product
has its own champions and each its own detractors. So diverse are the products that it is
not easy to identify a common consumer requirement for the family of breads.

Despite the diversity of products there are some clear common requirements for the
family of bread products. First and foremost is that the product should be palatable and
secondly it should be safe and nutritious to eat. The palatability of a heated mixture of
wheat flour and water is considerably improved if the mixture can be aerated in some



128 How much more bread research do we need?

way before baking and if elements of that aerated structure can be maintained in the
baked form. Aeration comes from the development of the gluten structure and the
provision of gases for expansion, air from mixing, carbon dioxide from fermentation or
steam from baking.

Bread loses its palatability quickly after baking (Pateras, 1998). In the past, and in
many parts of the world today, this loss of freshness means that consumers must
purchase the product at least daily and consume it within a few hours of that purchase.
This meant that bakeries needed to be local to the community but changes in the way
that we live has put consumer pressures on bakers to break that traditional link.

DOUGH DEVELOPMENT

The importance of the gluten storage proteins in wheat and their contribution to
breadmaking is clearly understood. These proteins have been the subject of the most
intense scrutiny by cereal scientists. For many years the concept of gluten development
was based on the formation of disulphide bonds between protein chains in the dough
and how such bonds could be modified through recipe and process changes. As with
any research, the more the subject was studied, the more it became apparent that this
was not the sole mechanism at work and other relevant changes were identified. In the
last 10 to 15 years the molecular basis of gluten formation and dough rheology has
become increasingly based on the concept of polymer networks in the dough. This has
focussed attention on, amongst other things, the glutenin sub-units in wheat flour and
the role of water as a plasticiser in the gluten forming and dough development
processes.

Recently Peter Belton (2003) posed what I think are very pertinent questions in the
context of this conference. He wrote:
"There is still a long way to go in our understanding of the molecular basis of dough
rheology" and asked:

• How specific is inter-molecular disulphide bonding and what factors control it?
• Are there specific amino acid sequences that favour inter-chain hydrogen bond

formation?

Much work with wheat proteins is now being devoted to identifying their genetic
sequence. No doubt this will provide the basis for the biotechnological improvement of
wheat varieties but for what purpose? Whichever way you study the subject the link
between wheat genetics and end-use performance - the key question remains "can it
make the product that consumers want?" To answer it we need better information on
quality trait loci before we launch new wheat varieties. Such information will
undoubtedly come from future studies.

The application of biotechnology to improve the breadmaking properties of wheat,
however we define our requirements, raises issues of interaction with technology,
commercial production and consumers. This relationship is critical if the scientific
studies are to have any value. In the commercial world we can no longer enjoy studies
based on scientific curiosity, we need to be able to show a bottom-line benefit. I would
argue that without fundamental studies we cannot enlarge our knowledge base and it
becomes increasing difficult to develop the technological applications sought by
industry, especially in an industry where solutions arc needed in hours rather than years.
How we reconcile what at times are conflicting scientific and commercial priorities is a
key challenge.
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DOUGH MIXING

As discussed above the palatability of bread is improved through aeration and improved
dough development. There have been many pioneering studies which have given rise to
new ingredients and process applications. The development of the Chorleywood Bread
Process and its adoption by the UK (Cauvain, 1998b) and other baking industries
around the world owes much to the painstaking research that preceded its launch in
1961. Research into the process and its application remained a theme for many years at
Chorleywood, even when the technology became mature in industrial eyes.

One central theme of that continuing research was related to dough aeration and the
role of oxygen (Chamberlain and Collins, 1979). The value of that continuing research
became apparent when the UK baking industry faced the loss of potassium bromate as a
permitted oxidising agent and the use of azodicarbonamide was facing criticism. This
would leave the UK with ascorbic acid as the sole permitted oxidising agent. It was
already known that the effectiveness of ascorbic acid was dependent on oxygen in the
mixer and dough and it was clearly not able when used alone to deliver the required
quality improvement in bread volume and softness sought by consumers. Bakers on
mainland Europe had been relying on ascorbic acid to make bread for a long time but
not necessarily of the quality demanded in the UK.

The sandwich market in the UK demands bread with a symmetrical shape, minimum
crust, soft crumb and a fine and uniform structure. Spiral mixings makes good use of
ascorbic acid because of the higher level of air occlusion during mixing but cannot
deliver the fine and uniform cell structure sought in the final product. To achieve this
structure a partial vacuum is applied during CBP dough mixing. This was OK when
mixtures of oxidants were used but not when ascorbic acid was the only oxidant. A
number of potential solutions were available in principle but not in practice.

A novel solution was to build on the existing knowledge on dough aeration and
oxidation and a practical application was developed as the pressure-vacuum mixer, now
widely used for bread production throughout the world (Cauvain, 1994). For sandwich
bread the key was to increase the availability of oxygen for dough oxidation by ascorbic
acid and combine that with gas bubble population control by changing mixer headspace
pressures. For example, the mixer could run for the first half of the mixing cycle at
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positive pressure to increase air incorporation and in the second under reduced pressure
to control gas bubble and subsequent cell structure size.

The development and commercialisation of the pressure-vacuum mixer has resulted
in an explosion of studies of the behaviour of gas bubbles in dough and the means by
which they are converted to bread in the oven (Campbell et ah, 1999). Other papers will
describe different aspects of the breadmaking process and may lead to the development
of even more novel breadmaking processes. However, to do so our eyes must be firmly
fixed on the potential for using the knowledge through commercial applications. This
means that we must combine sound science with practical innovation and move quickly
to provide that knowledge to our market place and ultimately the consumer. The
mismatch between the scientific and commercial communities is obvious when it comes
to the timescales which are applied to new product development. In the commercial
world the developments have to happen in very much shorter periods of time than
would be required in the science world. In essence the commercial world expects the
scientific world to have readymade answers while the scientific world will always seek
time to develop the answers. The practical results of this mismatch is often that the
technical world runs ahead of the science world and empirical studies develop the
products for the commercial world, sometimes before the scientists know a problem or a
need exists.

In many ways the development of the pressure-vacuum mixer is a perfect example
of the technology revealing a need for a greater depth of scientific information. Before
its development scientific studies of gas bubble populations were relatively few (e.g.
Baker and Mize, 1941) now there are many more.

THE NEED FOR MORE BREAD RESEARCH

A number of factors dictate that we do need to do more bread research. They include:

• The constant consumer demand for new products - for example the introduction and
success of chiabbata and similar open structured bread products, now firm
favourites for sandwich making in the UK.

• Changes in legislation designed to ensure the safety of bread products - for example
the removal of potassium bromate from the UK permitted list and the greater
reliance on ascorbic acid and other more acceptable dough and bread improvers.

• The problems of dealing with a variable raw materials - this is particularly true of
wheat flour. We may control the genetics of the wheat that we use but we still
cannot compensate for the vagaries of climate.

So we can agree that we do need more research, but just how much more? I suggest that
the biggest challenge is not deciding how much research is needed, rather it is deciding
how we can better use the considerable amount of information that already exists. This
is beginning to sound as though I am suggesting that we do not need a lot more bread
research, and to some extent I am. The challenge that I see is that we have already
generated a lot of knowledge on breadmaking but a lot of that knowledge has not been
understood and not applied to the production of bread. At the same time immediate
commercial pressures often result in pragmatic solutions to problems and development
of new products and processes and after their introduction cereal science is invoked to
understand the fundamental reasons behind the solutions.
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ABSTRACT

Flour having appropriate characteristics is a clear pre-requisite for production of bread
of acceptable quality. However, there currently exists no one method which may be
used to characterise flour in terms of baking potential. One of the main reasons for this
is the need to understand the process to which the flour (having formed a dough) will be
subjected and the interaction between this process and the attributes required in the
flour.

The Profilble® size-exclusion high performance liquid chromatography (SE-HPLC)
technique has been applied to the determination of wheat protein quality. Differences in
the relative amounts of polymeric and monomeric proteins have been shown to relate to
expected dough mixing characteristics for flours covering a range of gluten
characteristics. Determination of the most appropriate mixing regime to ensure that
flour potential is realised has also been studied using both traditional measurements of
changes in mixer torque during processing as well as taking advantage of the more
recent developments in near infrared (NIR) instrumentation. This latter approach has
shown the effects of differing flour qualities, formulation, mixing energy as well as rate
of mixing on dough development and the quality of resultant Chorleywood Bread
Process (CBP) bread.

INTRODUCTION

The broad range of growing conditions and the diversity of cultures within which wheat
has been used has ensured that the range of baked products which may be derived using
it as a starting material is very broad. Even within the 'narrow' context of what one
may define as bread, there are very significant differences in terms of product size,
shape, texture of crust and crumb, structure of crumb and keeping quality between
different product types. A major part of the differences between these products is due to
processing. However, it is also clear that the properties of the raw materials and, in
particular, the flour contribute significantly to product quality.

The protein component of wheat flour is widely recognised as that element which
contributes most to the characteristic rheological characteristics of doughs produced
using wheat flour. Early work in the area demonstrated that the amount of protein
present was an important element in overall flour quality (Finney and Barmore, 1948)
and this concept holds true today as evidenced by the fact that assessment of protein
content is probably the most commonly-used tool at wheat grading and trading points.
Subsequent workers, however, demonstrated that protein content alone did not
adequately describe variation between wheats and that the component parts of the
protein were responsible for the concept of protein quality. The important contribution
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of the high molecular weight glutenins, in particular, was recognised at an early stage
(Bushuk et al, 1969). These early studies generated considerable interest in the links
between gluten structure and function with extensive research subsequently being
carried out in this area. Most recently, theories highlighting the potential importance of
mechanisms in addition to the widely-held view of disulphide bond formation have
been advanced (Belton, 1999; Tilley et al, 2001).

The first stage of the breadmaking process, mixing, is on balance the most critical,
being responsible for the development of the gluten proteins and the occlusion of gas
for subsequent structure development. It is at this stage, therefore, that matching of the
raw material attributes and process must be achieved. Broadly speaking, mixing
operations may be divided into low and high intensity approaches. Where the energy
input is insufficient to result in the required level of gluten development, a subsequent
period of fermentation is generally required to 'mature' the dough and prepare it for
further processing. Within breadmaking processes which have significant energy input
to the dough, the need for subsequent fermentation is reduced or, in the case of no-time
dough development, effectively removed completely.

The purpose of this paper is to highlight the importance of the interaction between
the characteristics of wheat and the flour derived from it with the requirements
(formulation and physical manipulation) of the process to be used.

ASSESSMENT OF PROTEIN QUALITY USING SIZE-EXCLUSION HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY (SE-HPLC)

Within a study aimed at generating new near infrared (NIR) spectroscopy calibrations
for the rapid assessment of flour quality, the Profilble® SE-HPLC method of Morel et
al (2000) has been applied to the study of French and UK-grown wheats. The quality
of Buhler-milled flour produced using these wheat samples was assessed by a number
of approaches. Flours having different functional characteristics and for which different
end-uses would be envisaged could be differentiated using SE-HPLC (Figure 1).
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Figure 1. Classification of typical UK-grown flour types using SE-HPLC results (the
area under each chromatogram has been normalised for protein content)
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The different protein fractions which may be identified using the technique have
previously been assigned to high molecular weight glutenins (Fl), low molecular
weight glutenins (F2), gliadins (F3 and F4) and a combined albumin and globulin
fraction (F5). The 3 UK-grown wheats presented represent 'weak feed' (Group 4),
'standard bread' (Malacca) and 'extra strong bread' (Soissons) gluten characteristics.
The flour from the Group 4 wheats clearly shows a significantly lower response for Fl
and F2, indicating the relative lack of large, polymeric proteins. This results in the
larger (F3+F4)/F1 ratios. Although both breadmaking varieties had fairly similar results
for (F3+F4)/F1, the difference in their gluten properties is apparent from the difference
in F1/F2 ratio observed. That for Soissons was greater than that for Malacca,
representing a shift within the glutenins toward relatively more of the higher molecular
weight fraction. Although this sort of information is clearly useful, it is important to
recognise that it does not lead to a clear prediction of breadmaking properties across a
range of processes. While it is unlikely that the flour produced using the feed wheat
would ever produce high quality bread, both Malacca and Soissons may be used for
breadmaking purposes. The differences between their gluten characteristics, however,
means that the processes to which they are best suited will be very different. While
Malacca may be used to good effect for CBP bread it would not give the same
performance as Soissons when used for bread produced without a tin, where a more
elastic dough with lower flow properties may be more desirable.

INTERACTION BETWEEN GLUTEN PROTEINS

While the underlying properties of the gluten-forming proteins are a pre-requisite for
functionality, it is the way in which these proteins interact and cross-link which results
in dough and ultimately bread structure. Recent work has focused on the existence of
additional bond mechanisms to the widely-held view of disulphide 'bridges'. In
particular, an approach for assessing the impact of dityrosine cross-link formation has
been published within which it has been postulated that the addition of a free tyrosine
source prevents the over-formation of tyrosine cross-links and enhances dough stability
(Tilley, 2001). These findings have been tested at CCFRA using a range of flour types
and 2 different mixing systems. Flour was commercially milled from wheats
(Savannah, Claire, Rialto, Hereward, Soissons and CWRS) representing a range of
characteristics. Doughs were produced using both Mixograph-type (Reomixer,
Reologica Instruments) and DoCorder approaches. The results obtained indicate that
the effect of tyrosine addition varies with flour type although in the majority of cases
enhanced stability does appear to be promoted. This was of particular interest for
Claire, a soft milling variety with weak gluten characteristics (Figure 2), for which an
improvement in dough rheological characteristics was apparent.

ASSESSMENT OF DOUGH PROPERTIES DURING MIXING

Having ensured that flour of the appropriate quality has been selected, it is important
that the overall formulation and process used reflects the needs of the flour for the final
product desired. Traditional approaches to the monitoring of dough development have
used changes in mixer torque or power consumption. More recently, spectroscopic
approaches have been used to understand the changes occurring in pilot-scale mixes of
full formulation doughs (Alava et at, 2001). This latter approach has been applied to
the assessment of the effect of typical dough improvers or conditioners. Doughs were
produced using a DoCorder mixer from single variety or grade flours (Brigadier, Rialto,
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Figure 2. The effect of free tyrosine addition to doughs produced from Claire flour
using a DoCorder

Hereward, Soissons, CWRS) representing different characteristics. Mixer torque and
NIR mixing curves were both recorded. The effect of varying the levels of added water,
ascorbic acid, L-cysteine hydrochloride, DATEM and hemicellulase was assessed. The
effect of each improver on dough development characteristics was consistent for the two
methods of assessment used (Figure 3) and also was in agreement with what experience
of dough formulation and production would indicate. In common with previous work
(Alava et al, 2001) the NIR mixing curves appeared to indicate that longer mixing
times were required for optimum development than would be anticipated when using
torque data alone.

Ingredient levels

- • - Flour type - • - Water addition - * - L-cysteine - • - Ascorbic acid -e- DATEM -a- Hemicellulase

Figure 3. Effect of variation in ingredient levels on mixing performance (NIR mixing
times in black, time to peak torque in grey)
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CONCLUSIONS

Bread quality is dependent upon the interaction between the quality of the flour used
and the process adopted. New methods have been described which may be used to
better characterise flour on the basis of its gluten characteristics with a view to better
matching of flour type to process. During mixing itself, new theories on dough
formation appear to have potential for enhanced control of the process, even if the effect
on subsequent baking performance has still to be quantified. Finally, spectroscopic
approaches offer new insights into dough development, the basis of which appears to be
robust, particularly with respect to dough formulation.
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ABSTRACT

The crumb structure of baked bread is an important quality attribute, but the
mechanisms underlying its development are poorly understood. More than 70% of the
final volume of a loaf is comprised of gas, contained within a network of bubbles. Thin
films lining the gas cells may play a role in stabilising the foam structure of a risen
dough and hence determine the bubble network (and hence the crumb structure) of a
baked loaf. The composition and surface properties of dough liquor, an isolated fraction
thought to be representative of the aqueous phase of doughs, have been investigated
together with the effect of commonly used baking ingredients including emulsifiers,
such as DATEM. Surface active proteins present in dough liquor, which may promote
the stability of the bubbles, have been investigated using proteomic methods. Whilst
dough liquor is a complex mixture of soluble wheat proteins, with a notable absence of
prolamin storage proteins and surface active proteins such as puroindoline, it appears
that members of the a-amylase inhibitor family are particularly abundant in foamed
dough liquor. Such increased understanding will, for example, allow novel baking
quality attributes to be identified in wheat varieties.

INTRODUCTION

The characteristics of the network of bubbles which makes up the crumb structure of
bread are important determinants of loaf texture. It can be considered as a foam
structure, with the gluten-starch matrix behaving akin to the liquid phase in
conventional foam (Mills et al., 2003). The bubbles are formed initially during mixing
where air is incorporated into the dough, and are broken up as mixing proceeds,
reducing the mean bubble size and increasing the number of bubbles. The bubble size
distribution in dough is affected both by the energy used during mixing as well as the
Theological properties of the dough (Hanselmann and Windhab, 1998). During
subsequent proving stages these bubbles act as nucleation sites for CO2 produced by the
yeast, which causes them to expand and the dough to rise. Since the visco-elastic
modulus of the dough prevents bubbles rising against gravity through the dough,
drainage of the liquid bulk phase is not an issue in affecting bread foam stability.
However, at this stage the bubbles in the network undergo processes such as
coalescence and disproportionation, which affect bubble size and hence loaf texture.
During the later stages of proving bubble expansion increases the tendency for
coalescence, as a consequence of failure in the gluten-starch matrix forming the bubble
walls. The failure of the starch-gluten films separating some bubbles has been
implicated in the instability of the foam structure of bread at the end of proving (Gan et
al, 1995).
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It has been proposed that the bubbles are lined by a thin aqueous film which assists with
gas retention, preventing coalescence even when the starch-gluten matrix which forms
the bubble walls becomes ruptured (MacRitchie 1976; Gan et ah, 1990, 1995; Sahi,
1994, 2003). The drainage, surface properties and composition of such a thin film
would play an important role in determining the stability of adjoining gas cells, and
hence the crumb structure of baked bread. There is currently little direct evidence for
the formation of a liquid film around the bubbles, but there is circumstantial evidence
pointing to its existence. It is thought to form from the aqueous phase of dough formed
above a certain critical moisture content of around 0.3g/g dry flour (MacRitchie, 1976).
In order to study the aqueous phase researchers have isolated a fraction by
centrifugation of dough thought to largely correspond to the aqueous phase, known as
'dough liquor'. First described by Baker and co-workers in 1945 (Baker et ah, 1945),
dough liquor and its properties have been described by a number of workers
(MacRitchie 1976; Sahi, 1994, 2003; Dubreil et al, 2000). However, relatively little is
known of either the detailed composition of dough liquors in relation to their surface
properties, or the effect commonly used ingredients have on them.

We having been using a combination of biophysical and proteomic techniques to
characterise dough liquor composition and surface properties, and how they change on
addition of two widely used breadmaking ingredients, salt and sodium-L-ascorbate
(Salt, 2004). Using FT-IR spectroscopy the dough liquor was found to be a mixture of
lipids, proteins and the non-starch polysaccharide, arabionxylan. It was found to lower
the surface tension at the air:water interface to around 40mN/m and give a more brittle
interface. These data are suggestive of lipids in the dough liquor interacting and
disrupting the protein films which form at the interface. Addition of salt to the dough
both reduced surface tension and surface elasticity, probably because the charge
screening effect of the salt improved the dispersion of lipids in the dough liquor, thus
enabling it to disrupt the protein films more effectively. Inclusion of ascorbate in the
dough (along with the salt) had little additional effect on the surface properties of the
dough liquor. In order to characterise the protein composition in more detail, 2D-PAGE
analysis was performed on dough liquors prepared from doughs with different
ingredient compositions.

METHODS

Dough liquor preparation

Doughs were prepared using white flour (cv Hereward) containing the following: (1)
flour, 62 parts water (FW); (2) flour, 62 parts water, 2% (w/w) NaCl (FWS); (3) flour,
62 parts water, 2% (w/w) NaCl, 0.02% (w/w) sodium-L-ascorbate (FWSA). Dough
liquor was isolated by centrifugation at 200,000xg for 30 min at 30°C.

Proteomic analysis

Proteins were characterised using 2D-PAGE with either pH3-10 DPG isoelectric
focusing strips run in the presence of 40mM dithiothreitol as reducing agent with 7M
urea and 2M thiourea as denaturants. Following alkylation using iodoacetamide, IPG
strips were loaded onto 28 x 23cm xlmm 10% Tris-SDS PAGE. Gels were fixed in
10% (v/v) methanol containing 10%(w/v) tricholoracetic acid before staining with
Sypro Ruby stain (Bio-Rad).
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RESULTS

Detailed analysis of dough liquor proteins by 2D-PAGE revealed that it was a complex
mixture of proteins with a large number of polypeptides present (Figure 1). The addition
of salt and ascorbate to the dough caused some changes to the protein profiles, with
regards both the abundance and appearance and loss of particular polypeptides in certain
regions of the gels. The first of these is basic portion of the high molecular weight
region of the pH3-10 gels (Region I). Addition of salt increased the abundance of a
group of proteins running at neutral pi and with Mrs 55-60,000, with a new cluster
appearing running at a slightly higher molecular weight, compared with the FW samples
(Figure 1, a, b) with. Addition of salt increased the abundance of these proteins running
with Mrs of 13-14,000 (Region II), which probably correspond to members of the a-
amylase/trypsin inhibitor family. Lastly, a major spot of Mr 9,000 and basic pi found in
FW dough liquor disappeared when salt was added to the dough mix (Figure 1 a,b
circled). Few additional changes were observed on addition of ascorbate (Figure 1, c)

CONCLUSIONS

These results show that dough liquor is a complex mixture of proteins ranging in
molecular weight from Mr 9,000-70,000. Addition of salt resulted in minor changes to
the polypeptide profiles which are probably related to the effect of salt concentration on
protein solubility. Proteomic characterisation is now underway to identify the proteins
in dough liquor and determine their significance with regards stabilising bubbles in
dough.
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Figure 1. 2D-PAGE analysis of dough liquor proteins prepared from doughs containing
different ingredients

(A) flour, 62 parts water (FW); (B) flour, 62 parts water, 2% (w/w) NaCl (FWS); (C) flour, 62
parts water, 2% (w/w) NaCl, 0.02% (w/w) sodium-L-ascorbate (FWSA).
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ABSTRACT

Formation of the three-dimensional protein network known as "gluten" during dough
mixing and breadmaking processes is extremely complex. It has been established that a
specific subset of the proteins comprising the gluten complex, the glutenin subunits,
directly affect breadmaking quality. Glutenin subunits have not been shown to exhibit
any definitive structural differences that can be directly correlated to their ability to
aggregate into the gluten complex and affect breadmaking quality. Evidence presented
here indicates that tyrosine bonded species form in wheat doughs during the processes
of mixing and baking and are major contributors to the structure of the gluten network.
Various oxidizing and reducing agents that have been used in the baking industry
directly affect tyrosine bonds. Tyrosine bonds between synthetic glutenin peptides form
in vitro under baking conditions in the presence of potassium bromate and in the
presence of water-soluble extract of flour. Bond structures and formation during
breadmaking processes have been documented by HPLC, NMR and mass spectroscopic
analyses. The formation of tyrosine crosslinks in developing wheat kernels has also
been documented, shedding light on the biological mechanisms for tyrosine crosslink
formation. Innate enzymes in the endosperm (flour) of wheat kernels have been isolated
and characterized. Information regarding these enzymes and their ability to form
dityrosine during breadmaking processes will be described. These enzymes and their
functions provide necessary points of control during breadmaking processes.

INTRODUCTION

Dityrosine (DY) is one of several crosslinks found in biological protein polymer
systems, including plants and food matrices. Protein crosslinking via DY formation is
initiated by free radical oxidation and/or enzymatic methods. Peroxidase is commonly
used to catalyse DY and related bonds (Neukom and Markwalder 1978; Izydorczyk et
al, 1991; Michon et al, 1997; Michon et al, 1999). DY has recently been found to
form during mixing and baking of wheat flour (Tilley, 2001). The water-soluble extract
(WSE) from wheat flour, albumin fraction, contains several biologically active enzyme
systems and has the ability to catalyse DY formation. The identification of endogenous
components that catalyse DY may provide a means of predicting and controlling
breadmaking quality. The goal of this research was to determine the innate
mechanism(s) that are responsible for DY formation in dough.

Native wheat enzymes have previously been investigated in order to determine a
relationship between enzymatic activity and processing functionality with respect to
dough structure. The enzymes of primary interest were oxidases (specifically
lipoxygenases and peroxidases) and catalase. Lipoxygenases are thought to increase
mixing tolerance and dough relaxation times, ultimately leading to increased loaf
volume (Frazier et al, 1973; Cumbee et al, 1997). Peroxidase and catalase
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functionality in flour has not been thoroughly characterized, although there is a high
level of activity of both enzymes in flour (Kruger and LeBerge 1974; Kruger 1977;
Kieffer et al, 1981). Kieffer et al. (1981) claimed that the addition of horseradish
peroxidase had an improving effect on baking properties. Peroxidase, in the presence of
hydrogen peroxide, appears to be the most efficient catalyst for the oxidative gelation of
wheat flour water-soluble pentosans (Neukom and Markwalder 1978; Izydorczyk et al,
1991). The mechanisms for oxidative crosslinking of pentosans include formation of a
diferulate bridge thereby crosslinking adjacent arabinoxylan chains (Geissmann and
Neukom 1973) and addition of a protein radical to the activated double bond of a ferulic
acid esterified to the arabinoxylan fraction (Hoseney and Faubion 1981).

The addition of glucose oxidase to flour also results in an improvement in dough
properties (Van dam and Hille, 1992). This could be due to hydrogen peroxide
formation, through the oxidation of glucose, leading to the activation of peroxidase and
catalase (Delcros et al, 1998). The effective action of peroxidase and catalase in
breadmaking is uncertain as the formation of hydrogen peroxide, their primary
substrate, during dough mixing remains questionable.

Peroxidases, haeme-containing enzymes, catalyse oxidative reactions using
hydrogen peroxide (H2O2) as the electron acceptor. A superfamily of three classes of
plant, fungal and bacterial peroxidases is defined according to sequence similarity,
functionality and structural characteristics. Within this superfamily, class III
peroxidases are monomeric secretory plant glycoproteins having multiple tissue specific
functions. The most studied member of this class is horseradish peroxidase (HRP)
(Welinder 1992). A class III cationic peroxidase from barley (Hordeum vulgare)
endosperm, BP1, has been well characterized (Rasmussen et 1991, 1997; Johanssen et
al.,. 1992). Cross hybridization of BP1 with DNA from bread wheat (Triticum aestivum)
cv. Chinese Spring, suggested the presence of a BP1 homolog in bread wheat
(Rasmussen et al.,. 1991). Several groups have purified a cationic peroxidase from
wheat kernels possessing N-terminal amino acid sequences that demonstrate a high
degree of similarity to BP1 (Sanchez-Monge et al, 1997; Caruso et al, 2001).

METHOD

In this study, the albumin fraction (water soluble extract — WSE) was prepared by
mixing 30 g of wheat flour {T. aestivum) (14.8% protein) in 90 ml of ddH2O for 45
min. followed by centrifugation at 5,000 x g for 20 min. The supernatant WSE was
fractionated via preparative isoelectric focusing. Resulting fractions were collected and
tested for ability to form DY. Free tyrosine was incubated with the WSE fractions and
analysed by HPLC following acid hydrolysis. Proteins in the most reactive fractions
were purified by cation exchange chromatography using CM Sepharose 6LCB and
subjected to N-terminal amino sequencing.

RESULTS AND DISCUSSION

The fraction that catalysed the greatest amount of DY contained a predominant protein
~38 kDa and was determined to have the N-terminal sequence:
AEPPVARGLSFDFYRRT7PRAES. This amino acid sequence was compared to those
in GenBank and found to have 91% similarity to the N-terminus of barley cationic
peroxidase BP1. An oligonucleotide was synthesized according to the barley BP1 N-
terminal sequence with the substitution of R for P at position as determined in the N-
terminal sequencing (66mer 5'-gcc gag cca ccg gtg gcg egg ggc ctg teg ttc gac ttc tac
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egg egg acg tgc ccg egg gcg gag- 3'). The oligonucleotide was labelled with
digoxygenin and used to separately screen both a developing wheat kernel (cv.
Cheyenne) cDNA library and a cDNA library from developing kernels of the wheat D-
genome ancestral species Aegilops tauschii. Isolated cDNAs were sequenced. The
sequences from wheat and Ae. tauschii are identical at the nucleotide and amino acid
levels. The high level of sequence identity between T. aestivum and Ae. tauschii
endosperm peroxidase is consistent with recent evidence defining the evolutionary role
of Ae. tauschii as contributor of the D-genome to hexaploid wheat (Huang et al, 2002).

Nucleotide and deduced amino acid sequences of full length cDNA (accession no.
AY212922) encoding peroxidase from Ae. tauschii contains an open reading frame of
1077 nucleotides that encodes a polypeptide of 358 amino acids. The protein contains a
26 amino acid signal sequence that agrees with previously described reports of the N-
terminal sequence of wheat endosperm peroxidase. Examination of the amino acid
sequence revealed two potential N-glycosylation sites as determined by the occurrence
of the Asn-X-Ser/Thr motif using the NetNGlyc prediction tool (Gupta et al, 2002) and
description of BP1 (Johanssen et al, 1992).

WPl MARAPLLAALW- - AVWASSLGHGASAAEPPVARGLSFDFYRRTCPRAESIVRGFVQDA
58
BP1 MARVPLLAALWAMAVLVASSLGPRASAAEPPVAPGLSFDFYRRTCPRAESIVREFVQEA
60

*** ******** * * . * * * * * * * ********* ******************* * * * . *
WPl VRKDIGLAAGLLRLHFHDCFVQGCDASVLLDGSATGPGEQQAPPNLTLRPSAFKAVNDIR
118
BP1 VRKDIGLAAGLLRLHFHDCFVQGCDASVLLDGSATGPGEQQAPPNLTLRPSAFKAVNDIR
120

************************************************************
WPl DRLERECRGAWSCADILALAARDSVWSGGPDYRVPLGRRDSRRFATRQDVLSDLPAPS
178
BP1 DRLERECRGAWSCSDILALAARDSVWSGGPDYRVPLGRRDSRSFASTQDVLSDLPGPS
180

A * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * . * *

WPl SNVPSLLALLRPLGLDATDLVTISGGHTIGQAHCSSFEDRLFPRPDPTINPPFLARLKGT
238
BP1 SNVQSLLALLGRLGLDATDLVTISGGHTIGLAHCSSFEDRLFPRPDPTISPTFLSRLKRT
240

*** ****** ****************** * * * * * * * * * * * * * * * * * * . * . * * . * * * *
WPl CPAKGTDRRTVLDVRTPNVFDNQYYVDLVNREGLFVSDQDLFTNDITRPIVERFARSQRD
298
BP1 CPVKGTDRRTVLDVRTPNVFDNKYYIDLVNREGLFVSDQDLFTNAITRPIVERFARSQQD
300

** * * * * * * * * * * * * * * * * * * * . * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . *
WPl FFEQFGVSMGKMGQMRVRTSDLGEVRRNCSARNPGPAAADELQWPSFVQTIVDAAAERLG
358
BP1 FFEQFGVSIGKMGQMRVRTSDQGEVRRNCSVRNPGPGA-DALQWPSLVQTIVDEAAGSIG
359

fC fC J\ rC rC r\ r\ A • rf *C ft ft *C tC tC «T *t n n rC JK r£ n 7% ^T ^1 ^v fi r* T* rC rf •" • *™ « *f fi *s 7K f* * fi r\ tC In ft f\ rC fC • 7C

Figure 1. Deduced amino acid sequence of peroxidase WPl compared to barley
peroxidase BP1. Amino acid signal sequence is underlined, putative N-linked
glycosylation sites are marked in bold. Asterisks indicate similar amino acids, (:)
indicates conserved substitutions.
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Comparison of the sequences with other known sequences was performed using the
GenBank Blast program (Altschul et al.,. 1990) and revealed a near identical match
(99% at the nucleotide level, 100% at amino acid level) to a recent unpublished
submission present in GenBank for wheat endosperm peroxidase (accession #
AF525425). Additionally the sequence was found to share a significant degree of
similarity, 89%, with the barley endosperm peroxidase BP1, with many of the amino
acid substitutions being conserved. This alignment is shown in Figure 1. The BP1
cDNA encodes a protein of 359 amino acids, however the active BP1 enzyme consists
of 309 amino acids due to a 28 amino acid signal sequence compared to a 26 amino acid
signal sequence in the 71 aestivum and Ae. tauschii proteins. In addition, a C-terminal
peptide of 22 amino acids is removed from BP1 in the active enzyme and, although the
C-termini of the described proteins agree with the pro-peptide of BP1, it is not known if
the T. aestivum and Ae. tauschii enzymes are processed similarly. Analysis revealed
little homology to other described wheat peroxidases (Pox 1-4) (Baga et al.,. 1995)
ranging from 29% to 45% similarity. Comparisons with other peroxidases at the protein
level revealed the following levels of similarity: Poxl: 39%; Pox2: 45%; Pox3: 44%;
Pox4: 44%;HRP-C 41%.

CONCLUSION

WP1, purified from wheat flour, catalyses DY formation in vitro and when free radical
scavengers are added during dough processing, DY formation is reduced and dough
formation is limited. WP1 appears to be critical in formation of DY and subsequently,
in the formation of gluten structure.

REFERENCES

Altschul, S.F., Gish, W., Miller, W., Myers, E.W. and Lipman, D.J. (1990) Basic local
alignment search tool. J. Mol. Biol, 215, 403-410.
Baga, M., Chibbar, R.N. and Kartha, K.K. (1995) Molecular cloning and expression
analysis of peroxidase genes from wheat. Plant Mol. Biol., 29, 647-662.
Caruso, C, Chilosi, G., Leonardi, L., Bertini, L., Magro, P., Buonocore, V., Caporale,
Basic, C.A. (2001) Peroxidase from wheat kernel with antifungal activity.
Phytochemistry., 58, 743-750.
Cumbee, B., Hildebrand, D. F., and Addo, K. (1997) Soybean flour lipoxygenase
isozymes. Effects on wheat flour dough rheological and breadmaking properties. J.
Food Sci. 62,281-294.
Delcros, F-J., Rkotozafy, L., Boussard, A., Davidou, S., Porte, C. Potus, J. and Nicolas,
J. (1998) Effect of mixing conditions on the behavior of lipoxygenase, peroxidase and
catalase in wheat flour doughs. Cereal Chemistry. 75, 85-93.
Frazier, P. J., Leigh Dugmore, F. A., Daniels, N. W. R., Russell Eggitt, P. W., and
Coppock, J. B. M. (1973) The effect of lipoxygenase action on the mechanical
development of wheat flour doughs. J. Sci. FoodAgric. 24, 421-436.
Geissmann, T., and Neukom, H. (1973) On the composition of water soluble wheat
pentosans and their oxidative gelation. Lebensm. Wissen. Technol. 6, 59-62.
Gupta, R., Jung, E. and Brunak, S. (2002) Prediction of N-glycosylation sites in human
proteins. In preparation. Code available at http://www.cbs.dtu.dk/services/NetNGlyc/
Hoseney, R. C. and Faubion, J. M. (1981) A mechanism for the oxidative gelation of
wheat flour water-soluble pentosans. Cereal Chem. 58, 421-424.



146 Modifying tyrosine crosslink formation in wheat dough

Huang, S., Sirikhachornkit, A., Su, X., Faris, J.D., Gill, B.S. and Haselkorn, R. (2002)
Genes encoding plastid acelyl-CoA carboxylase and 3-phosphoglycerate kinase of the
Triticum/Aegilops complex and the evolutionary history of polyploidy wheat. Proc Natl.
Acad. ScL, 99, 8133-8138.
Izydorczyk. M. S., Biliaderis, C. G., and Bushuk, W. (1991) Physical properties of
water-soluble pentosans from different wheat varieties. Cereal Chem. 68, 145-150.
Johansson, A., Rasmussen, S.K., Harthill, J.E. and Welinder, K.G. (1992) cDNA, ammo
acid and carbohydrate sequence of barley seed-specific Peroxidase BP 1. Plant Mol.
Biol, 18,1151-1161.
Kieffer, R , Matheis, G., Hofmann, H. W., and Belitz, H. D. (1981) Verbesserung er
backeigenschaften von weizenmehlen durch zusatze von peroxidase aus meerettich,
H2O2 und phenolen. Z Lebensm. Unters. Forsch. 173, 376-379.
Kruger, J. E. (1977) Changes in catalase activity of wheat during kernel growth and
maturation. Cereal Chem. 54, 820-826.
Kruger, J. E., and LeBerge, D. E. (1974) Changes in peroxidase activity and peroxidase
isozyme patterns in wheat during kernel growth and maturation. Cereal Chem. 51, 345-
354.
Michon, T., Chenu, M., Kellershon, N., Desmadril, M. & Gueguen, J. (1997)
Horseradish Peroxidase oxidation of tyrosine-containing peptides and their subsequent
polymerization: A kinetic study. J. Biochemistry 36, 8504-8513.
Michon, T., Wang, W. Ferrasson, E., Gueguen, J. (1999) Wheat prolamine crosslinking
through dityrosine formation catalyzed by peroxidases: Improvement in the
modification of a poorly accessible substrate by "indirect" catalysis. Biotechnology and
Bioengineering. 63, 449-458.
Neukom, H., and Markwalder, H. U. (1978) Oxidative gelation of wheat flour
pentosans: Anew way of crosslinking polymers. Cereal Foods World. 23,374-376.
Rasmussen, C. B., Henriksen, A., Abelskov, A. K., Jensen, R. B., Rasmussen, S. K.,
Hejgaard, J., and Welinder, K. G. (1997) Purification, characterization and stability of
barley grain peroxidase BP 1, a new type of plant peroxidase. Phys. Plant. 100, 102-
110.
Rasmussen, S.K., Welinder, K.G. and Hejgaard, J. (1991) cDNA cloning,
characterization and expression of an endosperm-specific barley peroxidase. Plant Mol.
Biol, 16, 317-327.
Sanchez-Monge, R , Garcia-Casado, G., Lopez-Otin, C , Armentia, A., Salcedo, G.
(1997) Wheat flour peroxidase is a prominent allergen associate with baker's asthma.
din. Exp. Allergy, 27,1130-1137.
Tilley, K. A., R. E. Benjamin, K. E. Bagorogoza, B. M. Okot-Kotber, O. Prakash and H.
Kwen. (2001) Tyrosine crosslinks: Molecular basis of gluten structure and function J.
Ag. and Food Chem. 49, 2627-2632.
Van Dam, H. W., and Hille, J. D. (1992) Yeast and enzymes in breadmaking. Cereal
Foods World. 37, 245-252.
Welinder, K.G. (1992), Superpfamily of plant, fungal and bacterial peroxidases. Curr.
Opin. Struct. Biol. 2, 388-393



LIPOPAN F BG - UNLOCKING THE NATURAL
STRENGTHENING POTENTIAL IN DOUGH

F. T. Rittig

Novozymes Switzerland AG, Dittingen, 4243, Switzerland

ABSTRACT

Manufacturers of yeast raised baked products have traditionally used emulsifiers such as
DATEM (D) and Sodium Stearoyl Lactylate (SSL) to obtain maximum dough stability
and optimal bread characteristics.
Now a new lipase having broad substrate specificity has been developed and introduced
to the market. This lipase does not only hydrolize the non-polar triglycerides present in
the flour, but also converts the endogenous polar lipids such as lecithin and digalactosyl
diglyceride into even more polar components. These modified polar lipids tend to better
stabilize the gas cells formed in dough during proofing and baking, resulting in
improved dough stability and loaves with good volume and fine crumb structure. They
thereby serve as an alternative to emulsifiers such as DATEM and SSL in a broad range
of baking products and procedures. This enables bakeries and bread improver
manufacturers to reduce the amount of emulsifier needed to obtain the desired effect,
significantly reducing their ingredient and handling costs.

The latest results from numerous baking trials in a wide range of products, but
also scientific data on the specific activities of this lipase will be presented to
demonstrate and explain the effect of this enzyme.

The new lipase, with activity towards polar flour lipids, has been proven to
unlock the natural strengthening potential in dough.

INTRODUCTION

Lipases with activity towards triglycerides (1,3-specific lipases) have been used in bread
baking for several years. These lipases improve dough machinability and fermentation
tolerance, increase specific loaf volume and improve uniformity and colour of bread
crumb. Lipopan F acts not only on the triglycerides, but also on the polar lipids in the
flour such as lecithin and galactolipids. It promotes dough stability and can serve as an
alternative to dough strengthening emulsifiers such as DATEM, SSL or CSL.

Lipopan F BG is a fungal lipase which originates from Fusarium oxysporum and is
produced by submerged fermentation of a genetically modified Aspergillus oryzae. The
recommended dosage depends on flour, formulation and especially on the bread making
process. Procedures with short mixing times (2-6 minutes) and/or short fermentation
time (< 1 hour) require higher dosages than procedures with rather long mixing times
(15-25 minutes) or long fermentation times (2-18 hours).

EFFECTS AND APPLICATIONS OF LIPOPAN F

Emulsifiers such as DATEM and SSL are widely used in the baking industry for their
improving capabilities on dough machinability, dough stability, loaf volume, crumb
appearance, softness and dough strengthening. Lipopan F now provides a cost effective
alternative to the emulsifiers. The following section describes the effects of Lipopan F
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in various bread types and baking procedures in comparison to emulsifiers such as
DATEM or SSL.
In many cases Lipopan F performs equally to the emulsifiers. However, in some
specific procedures, a combination of Lipopan F and emulsifier provides the optimal
performing or most cost effective alternative to full emulsifier levels. The level of
substitution depends on flour quality and bread making process and can only be
determined through baking trials.
Like DATEM and SSL and many other enzymes, Lipopan F shows synergistic effects
when used in combination with Xylanases/Hemicellulases and alpha-Amylase.
Therefore, in all presented examples, Lipopan F was combined with Fungamyl Super
MA, a blend of Xylanase and fungal a/p/w-Amylase.

Straight dough process

The effect of Lipopan F has been thoroughly investigated and compared to DATEM in
typical European straight dough procedures. Selected results are presented in figurel.
The figure shows that addition of 25ppm Lipopan F to the formulation resulted in
loaves with equally good specific volumes and equally uniform crumb structure
compared to the addition of the optimal dosage of 0.3% DATEM. Furthermore, Lipopan
F tended to reduce dough stickiness and increase dough elasticity compared to the
reference (blind without any enzymes) with 40ppm Fungamyl Super MA alone,
resulting in properties similar to the dough with DATEM.

L
Ref FSMA FSMA + 25ppm FSMA + 0.3%

Lipopan F DATEM

Figure 1. Straight dough pan bread. Comparison of 25ppm Lipopan F to 0.3% DATEM
in European flour. FSMA=40ppm Fungamyl Super MA, 9 minutes of mixing, 45-60
minutes of fermentation.

High speed mixing/chorleywood bread process

Lipopan F also provides very good dough stability in high speed mixing procedures,
figure 2 illustrates the effects of Lipopan F compared to DATEM and SSL in bread
produced by a Chorleywood Bread Making Process with delayed vacuum. By adding
Lipopan F to the recipe in the dosage range of 40-70ppm, the dough strengthening
emulsifiers can in many cases be fully omitted from the formulation.
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0.5% SSL 0.4% DA I £M S5p?m Upopaii F

Figure 2. Pan bread produced by high speed mixing process (with delayed vacuum)
with European flour. 40ppm Fungamyl Super MA included in all doughs. 4 minutes of
mixing (delayed vacuum), 1 hour of fermentation.

Baguettes, french bread types and turkish bread

Baguettes, French style bread and Turkish bread are all examples of relatively long
procedures where excellent performance is obtained even with low dosages of 4-10ppm
Lipopan F.
An example of typical Turkish bread is shown in figures 3. In this procedure, dosages of
only 4-10ppm Lipopan F resulted in optimum performance, which was fully
comparable to the performance of 0.3% DATEM. In contrast to bread without
emulsifiers or Lipopan F, the bread with Lipopan F showed good volume and a nice
open bloom.

Rcf 0.3%DATEM 6ppm Lipopun I

Figure 3. Turkish bread (free standing, one cut), using European flour. 40ppm
Fungamyl Super MA in all doughs. 20 minutes of slow mixing, 75 minutes of
fermentation at 30°C.

MECHANISM STUDIES OF LIPOPAN F

A mechanistic understanding of the effects of Lipopan F is closely linked to the role of
inherent flour lipids in baking. Although flour lipids have been a topic for study over
many years, the exact mechanism behind their impact on bread quality remains to be
fully elucidated.

Wheat flour contains 2-3% lipids on flour weight. The lipids can be classified according
to polarity, solubility or according to their binding to protein and starch. A significant
part of the lipids are bound to the starch, and are therefore not available as substrates for
the lipase. The non-starch lipids constitute approx 1.7% of flour weight. The polar lipids
represent approximately 35% of the non-starch lipids, or 0.6% of the flour weight1.
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Lipopan F mechanism

The broad substrate specificity of Lipopan F differentiates this new lipase from the 1,3-
specific lipases. Lipopan F hydrolyses both non-polar and polar lipids as illustrated in
figure 4 and 5.

Triglyceride Lecithin

Figure 4. Structure of the mono-acyl lipids formed by reaction of Lipopan F with the
inherent flour lipids.

Digalactosyldiglyceride (DGDG) Digalactosylmonoglyceride (DGMG)

Figure 5. Structure of the mono-acyl lipids formed by reaction of Lipopan F with the
inherent flour lipids.

The non-polar lipids will, as with the traditional lipases, be converted into mono- and
diglycerides and free fatty acids, hi addition to that, Lipopan F converts polar flour
lipids like lecithin and DGDG into the corresponding mono-acyl lipids, lyso-lecithin
and DGMG. Through this modification, the polarity of the lipids is increased and their
emulsifying properties are improved2'3'4. It is believed that the effect of Lipopan F on
dough stability and bread volume is primarily a result of improved stabilizing properties
of the inherent polar flour lipids1'5.
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CONCLUSION

Lipopan F converts polar flour lipids into even more polar and surface active mono-acyl
lipids. The beneficial effect of this modification is evident from the improved dough
stability and processing tolerance resulting in improved volume and crumb structure.
The effects obtained with Lipopan F are very similar to the effects of dough stabilizing
emulsifiers like DATEM and SSL, and Lipopan F therefore serves as an excellent
alternative to the emulsifiers in many baking processes.
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ABSTRACT

Microbial transglutaminase, TGM, a protein-glutamine y-glutamyltransferase catalyses
acyl transfer reactions introducing covalent crosslinking between proteins, deamination
of glutamine residues and amine incorporation, and is considered as a processing aid in
regulatory status. The TGM-catalysed reactions modify the functional properties of
foods via aggregation and polymerization of proteins and may produce beneficial effects
during breadmaking that are comparable to traditional oxidizing improvers,
hypothesized to act via formation of disulfide crosslinks.

The effects of TGM when added singly and in binary and ternary combinations with
amylolytic (a-amylase, NMYL) and non-amylolytic enzymes (xylanase, PTP) on the
physico-chemical and sensory profile of fresh and up to 20 day-old pan breads have
been investigated in 16 samples made with low and high extraction rate wheat flours
following a sponge-dough process.

TGM when added to NMYL and NMYL/PTP supplemented doughs, induced
synergistic beneficial effects on fresh bread quality and staling kinetic parameters
leading to breads with increased specific volume and crumb cohesiveness, softer fresh
crumb and slower crumb firming kinetics and sensory deterioration during storage,
particularly for samples made with white flours. For high extraction rate flour samples,
NMYL addition gave the greatest benefits in fresh bread quality and staleness
retardation, where TGM effects were not as relevant.

INTRODUCTION

Maintenance of baked goods freshness is limited by staling. Non-starch polysaccharide
degrading enzymes, lipid and gluten modifying enzymes have all proved to be effective,
as dough conditioners and strengtheners, initial crumb softeners and as anti staling
agents by acting on major functional flour biopolymers (Collar and Armero, 1996;
Armero and Collar, 1998; Primo-Martin et a!., 2004).

Bacterial maltogenic a-amylase has been found to have both initial crumb softening
and antistaling effects (Martinez et al., 1998) by degradation of both amylose and
amylopectin during baking. Xylanases with fewer side activities and which may be used
at lower dosages than traditional pentosanases act as dough conditioning enzymes that
improve dough handling and ovenspring, resulting in a bread volume increase and softer
texture (Qi Si, 1997). Microbial transglutaminase (TGM)-catalysed reactions modify the
functional properties of baked goods via aggregation and polymerization of proteins by
disulfide interchange reactions during mixing leading to a protein network with the
viscoelastic properties required for breadmaking (Bollain and Collar, 2003; Collar and
Bollain, 2004; Lindsay and Skerritt, 1999).
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The effects of TGM when added singly, in binary and in ternary combination with
amylolytic (oc-amylase, NMYL) and non-amylolytic enzymes (xylanase, PTP) on the
physico-chemical, textural and sensory profile of fresh and up to 20 days old pan breads
have been investigated using 16 samples made with white and whole wheat flours
following a sponge-dough process.

EXPERIMENTAL

Bread preparation

Ingredients (see tables 1 and 2) were mixed in a 10 kg mixer at 60 turns/min up to
optimum development time. Fermented doughs were obtained after bulk fermentation (30
min.), dividing (600 g), rounding, resting (10 min.), panning and proofing (1 h.). To obtain
bread, fermented doughs were baked at 190°C for 20 min. After cooling for 2 h, fresh
breads were packaged in co-extruded polypropylene bags and stored for 0, 4, 7, 10, 13, 16
and 20 days at 22 + 1°C

Physico-chemical properties

pH and total titratable acidity (TTA) (potentiometry), volume (seed displacement) and
weight of the loaves were determined. Primary and secondary mechanical
characteristics were recorded in a TA-XT2i tcxturometer using a double compression
cycle.

Sensory analysis

Fresh and stored breads were assesed by a panel of trained judges using semi structured
scales. Visual, textural, and organoleptic characteristics were evaluated.

Statistical analysis

Sampling was conducted according to a factorial design structure 24. Multivariate data
processing was performed by using Statgraphics V.7 programme.

RESULTS AND DISCUSSION

Characteristics of fresh enzyme supplemented pan breads

Statistical assessment allowed the estimation of single and interactive effects of process
variables on chemical, sensory and texture profile of pan breads. Design factors were
flour (white and whole) and enzymes used (NMYL, PTP, TGM).

Main effects on physico-chemical characteristics concerned flour and flour/enzyme
interaction. Whole flour gave higher values for pH, TTA and bread weight but lower
absolute and specific volume. Single addition of NMYL and PTP increased bread
volume, whereas TGM volume enhancement was significant only for white flour.
Figure 1. Crumb structure of fresh white (B) and whole (I) enzyme supplemented pan
breads

Prominent single effects of both flour and enzymes on the sensory profile and
instrumental textural pattern of breads were observed. Single addition of TGM led to
breads with enhanced aroma, softness and decreased chewiness, crumbliness and
uniformity of crumb cells. Binary combination of TGM with NMYL or PTP did not add
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INGREDIENTS SPONGE

flour, g 50
water, rnL (white flour /whole
flour) 30.3/33
compressed yeast, g 7.14

salt, g

lactoserum, g

sucrose, g

hydrogenated vegetable fat, g

calcium propionate, g

acetic acid glacial, mL
fermented sponge, g (white
f./wholef.) 87.4/90.1
(2 h at 28°C, overnight at 5° C,
lh30min at 28°C)
enzymes according to experimental
design

B (white flour) I (whole flour)
0 (absence) 1 (presence)
(lOOg flour, as is basis)

DOUGH

50

30.3/33

0

2.4

4.8

7.14

4

0.3

0.05

1-6

Table 1. Formulation used for bread production

SAMPLE
B-l
B-2
B-3
B-4
B-5
B-6
B-7
B-8
1-1
1-2
1-3
1-4
1-5
1-7
1-8

ENZYMES

NMYL
0
1
0
0
1
0
1
1
0
1
0
0
1
1
1

FTP
0
0
1
0
1
1
0
1
0
0
1
0
1
0
1

TGM
0
0
0
1
0
1
1
1
0
0
0
1
0
1
1

DOSAGES
NMYL 10000BG: 7.5mg/100g flour
PTP MONO BG: 30mg/100g flour
TGM: 500 mg/lOOg flour

Table 2. Enzyme treatments applied
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Figure 1. Crumb structure of fresh white (B) and whole (I) enzyme supplemented pan
breads

any further advantages. Whole breads and samples with TGM or PTP were firmer and
more chewy, less elastic and cohesive than white breads and non supplemented
samples. TGM increased cohesiveness in white samples and provided softer breads in
combination with NMYL.

Staling kinetic parameters of enzyme supplemented stored pan breads

Avrami model characterizes bread firming during storage (Armero and Collar, 1998).
T —T

0 i^iL -*"

Whole flour, PTP and TGM increased initial firmness (To). NMYL decreased both To

and limiting modulus (T^) acting as an effective softener and antistaling agent. TGM
significantly lowered the Avrami exponent (n) in white samples decreasing,
consequently, staling rate.

Staling kinetics during storage for cohesiveness, chewiness and resilience were
mainly dependent on flour. With no exception, the whole flour provided the lowest
bread staling rate. Single addition of enzymes showed that NMYL led to slower kinetics
for cohesiveness (Ct=at"b) and resilience (R=afb), especially for white flour. Addition of
NMYL to TGM supplemented bread significantly slowed down the staling kinetics
determined as cohesiveness and resilience. Observed effects are depicted in the
following graphs.

Some significant correlations for the kinetics of staling were found between textural
and chemical characteristics. The higher the initial firmness, the faster was the increase
of chewiness with time (r=0.80). To was highly and positively correlated with TTA
(r=0.79). In addition, TTA showed a negative correlation with the initial cohesiveness
(r=-0.76).

CONCLUSIONS

The main effects on the physico-chemical, textural and sensory characteristics of bread
were due to flour and flour/enzyme interaction. TGM when added to NMYL
supplemented doughs induced synergistic beneficial effects on fresh bread quality and
staling kinetic parameters. This led to breads with increased specific volume and crumb
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Figure 2. Mechanical characteristics of stored white enzyme supplemented pan breads
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Figure 3. Mechanical characteristics of whole enzyme supplemented pan breads
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cohesiveness, softer fresh crumb and slower crumb firming kinetics and sensory
deterioration during storage, particularly for samples made with white flours.
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MICROENCAPSULATION OF BAKERY INGREDIENTS AND
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ABSTRACT

Microencapsulation of bakery additives offers the potential for greater control and
manipulation of dough characteristics during the breadmaking process. The aim of the
current study has been firstly to investigate procedures for preparation of microcapsules
incorporating various bakery ingredients and secondly to assess the impact of these on
the loaf characteristics of baked breads. Various acids and carbohydrate agents have
been effectively encapsulated by melt dispersion and a number of different waxes
utilised. The application of spray drying with gum acacia as well as rice starch in
combination with various hydrocolloids was also investigated. The release
characteristics of the microcapsules have been studied by differential scanning
calorimetry and baking studies using rapid dough formulation and processing. The
release of some of the additives as the temperature increases during baking results in
enhanced loaf properties with softer crumb characteristics. In some cases there was also
an effect of delay in the rate of staling in the bread during storage.

INTRODUCTION

The history of bread is longer than that of any other food (Pomeranz, 1987). Bread in its
many forms is widely consumed as a staple and traditionally it is based on flour derived
from wheat (Cauvain, 1998). Bread quality is the result of complex interactions of a
number of flour components and it is customary to relate product quality to flour protein
content, an important and easily determined component (Qarooni et al., 1994; Sharma et
al, 1999).

Acid ingredients may contribute to aeration in some products and also to flavour and
preservation (Dziezak, 1988). On the other hand, acids can cause problems in
conjunction with other food ingredients in a leavened system, including a decrease in
product shelf life (Werner, 1980), colour degradation, decrease in flavour, undesirable
odours and premature change in pH. Potentially such problems might be reduced by
encapsulating the acids (Trindade and Grosso, 2000).

Microencapsulation is the process by which small particles of solid, liquid or gas are
packaged within a secondary material to form a microcapsule (Augustin et al, 2001).
Encapsulation has recently started to find application in the food industry and is
expected to show rapid growth (Konstance et al., 1995). There is a wide range of
reasons for using microencapsulation: to protect the core material, to improve the food
product quality, or facilitate the production process (Brazel 1999, Pszczola 1998). In
general, three issues are involved: formation of the wall around the material, ensuring
that leakage does not occur and also that undesired materials are excluded (Gibbs et al.,
1999). Microencapsulation technology presents exciting opportunities for food
technologists in areas such as the enhanced stability and shelf life of sensitive
ingredients (Kim and Baiam, 1991).
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The objective of the present study has been to investigate the use of encapsulated
tartaric acid to manipulate molecular interactions during breadmaking processes in order
to enhance the quality characteristics of baked goods.

MATERIALS AND METHODS

Materials

Super Bakers Flour (Goodman Fielder) (Moisture, 11.9%; Protein, 11.7%; Ash, 0.66%),
Lowan Instant Dry Yeast, Saxa Iodised Cooking Salt, White Sugar (CSR), Carnauba
wax No.l yellow (24, 321-3) (Aldrich Chemical Company, Inc.) and Tartaric acid
(McKenzie Pty Ltd).

Bread making formula

The bread formulation used was 450g strong breadmaking flour, 9 g sugar, 8 g instant
yeast, 7.5 g salt, 9 g vegetable oil and 283.5 mL water and was. processed in an
automatic breadmaker (Panasonic SD-253, Matsushita Electric Ind. Co. Ltd.), using a
rapid cycle of 1 h and 55 min. 12 test loaves were baked from each treatments (4
loaves with tartaric acid, 4 loaves with encapsulated tartaric acid and 4
loaves control) . Baked loaves were allowed to cool for 1 h at 25 °C before storage,
and stored in sealed polyethylene bags at room temperature for periods of up to 5 days.

Melt dispersion

D-tartaric Acid was emulsified into a molten wax (carnauba) phase. This molten
mixture was then added to the heated external water phase with vigorous stirring. The
emulsion was agitated for 20s and cooled rapidly using an ice bath to form
microparticles. These were collected by filtration, vacuum dried, sieved and stored in
sealed vials at room temperature. These were inspected by environmental scanning
electron microscopy (Philis XL-30).

Bread firmness

Bread firmness measurements were made with a Texture Analyser (TA-XT2, Stable
Micro Systems, England). Slices (25mm thickness) were compressed to 40% (10 mm)
using a 35-mm diameter aluminium plunger with a 5 kg load cell. The rate of
compression was 1.7 mm/s. The compression curves of the bread crumb (distance vs.
force) were plotted, and the force readings (in Newtons) at 25% compression were taken
as a measure of firmness in accordance with AACC method 74-09 (AACC, 1995). Two
slices were analyzed from each loaf.

Loaf volume

Bread loaf volume was estimated from the sum of two circumference values of the loaf.
The second measurement was taken perpendicular to the first. All measurements were
taken after one hour of cooling at room temperature and the sum expressed in
centimeters.
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RESULTS AND DISCUSSION

The firmness of bread samples with tartaric acid and encapsulated tartaric acid are
shown in Fig. 1 and 2. The firmness after baking was the same for treatment with 0.1%
tartaric acid, 0.1% and 0.3% encapsulated tartaric acid and the control. Treatment with
0.3% tartaric acid without encapsulation gave firmer crumb characteristics.

Control

"0.1%TartaiicA;icl

' 0.1 % enrapsuiaed Taitarleadd

0 1 2 3 4 5

Storage time (days)

Firmness versus time stored at room temp for bread containing 0.1% encapsulated D-
tartaric acid with carnauba wax

Figure 1. The effect of addition of 0.1% tartaric acid on bread firmness

Control

03 fvitaricacid

o 3% enai'tu RED raittnc eaa

0 1 2 3 A- 5

Etorge time [Days)

Figure 2. The effect of addition of 0.3% tartaric acid on bread firmness.

After storage firmness of bread made with tartaric acid and the control increased more
rapidly with storage than for those containing encapsulated tartaric acid. The latter
appeared to show no change between 1 and 3 days of storage. After 1, 3 and 5 days of
storage, firmness of bread with 0.1% and 0.3% tartaric acid was more than that with out
tartaric acid. The addition of 0.1% and 0.3% encapsulated tartaric acid caused less
firmness compared with the bread with 0.1%, 0.3% and without any tartaric acid.

The effect of added tartaric acid on loaf volume is shown in Fig 3. Bread with 0.1%
tartaric acid and encapsulated tartaric acid showed higher volumes than the controls.
Loaves with 0.3% encapsulated tartaric acid also had higher volumes while those with
0.3% tartaric acid had decreased volumes.
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Figure 3. The effect of tartaric acid and encapsulated tartaric acid on bread loaf volume.

The results obtained when the capsules were tested by differential scanning calonmetry
are shown in Fig 4 and the typical appearance seen by scanning electron microscopy are
presented in Fig 5.
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Figure 4. Profile found when microcapsules were tested using different scanning
calonmetry

Figure 5. Appearance of microcapsules when viewed using scanning
electron microscopy
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CONCLUSION

The encapsulation of tartaric acid by a melt dispersion technique using carnauba wax
appears to give effective entrapment of the acid. When the resultant microcapsules were
incorporated into a bakery formulation the effects on loaf volume and storage
characteristics were positive when compared with controls and with direct incorporation
of tartaric acid at the same levels. Further work is underway to elucidate the basis of
these observations and to investigate the potential for microencapsulating of other food
acids.
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ABSTRACT

The fundamental rheological characteristics of a biologically acidified, a chemically
acidified and a neutral pre-ferment (sourdough) were monitored over the course of a 24
hour fermentation period employing a split-plot design. Three doughs were
subsequently prepared in which 20% of the flour was in the form of the respective pre-
ferment. A control dough containing no fermented material was also prepared. The
fundamental rheological properties of both the dough and its isolated wet gluten were
determined. Laser-scanning confocal microscopy was used to capture images of
selected pre-ferments and doughs.

Results obtained from rheological evaluation of the pre-ferment showed that there
was a decrease in elasticity (phase angle data from oscillatory measurements and
relative recovery values from creep tests) and viscosity with fermentation time for all
three pre-ferments, all of which reached similar end values for these parameters. The
microscopy images illustrated that the network of gluten strands became less oriented
during the fermentation period. Changes in the nature of the pre-ferments were reflected
in the rheological characteristics of the respective doughs and their wet glutens, which
were significantly less elastic (phase angle and relative recovery data) and softer
(maximum creep compliance) than the control treatment. It is concluded that degrading
processes over time are key to the sourdough process.

INTRODUCTION

Sourdough has been described as 'a dough made of cereal products, liquids and
microorganisms in an active state. Acidification produced by these substances is a
continuous process. The activity of the microorganisms is never interrupted.
Microorganisms and enzymes contained in the flour can also be activated in the course
of this process. In addition to microbial and enzymatic reactions, changes in physical
dough properties take place' (Spicher, 1995).

It is evident both from this text and from the literature concerning sourdough
(Rocken and Voysey, 1995; Hammes and Ganzle, 1998) that the mechanisms at work in
sourdough and its use are complex and numerous. A variety of flour characteristics and
process parameters contribute to exercising very particular effects on the nature of the
dough produced and therefore on final bread quality.

The use of lactic acid bacteria in the form of sourdough in the preparation of wheat
breads is well documented. There is considerable consensus with regards to the positive
effects conferred on the product by its use but there is little agreement regarding the
manner in which sourdough contributes to the enhancement of bread quality
characteristics such as loaf volume via its effect on the constituent dough. A number of
considerations have been put forward including the direct impact of pH on dough
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structure, the effect of acid on cereal enzymes and indeed the effect of the
microorganisms alone. Despite the many endogenous factors and process parameters
(Hammes and Ganzle, 1998) contributing to sourdough fermentation, microbial growth,
fermentation time and acidification remain as three key elements. The purpose of the
present study is to evaluate the contributions of acidification and fermentation time by
comparing a biologically acidified, a chemically acidified (acid antibiotic) and a neutral
(antibiotic) preferment over the course of the fermentation period using fundamental
Theological methods. The rheological properties of the doughs incorporating the
respective preferments are also evaluated using fundamental methods and compared to a
control dough containing no prefermented material. The structure of the preferment and
dough was examined using confocal laser-scanning microscopy, which allows optical
sectioning of relatively thick specimens without damaging their structure.

METHODOLOGY

Three preferments were prepared: the antibiotic treatment contained a mixture of
antibiotics to inhibit the growth of bacteria (Table 1) and yeasts. The acid antibiotic
treatment contained, in addition to the antibiotics, a mixture of organic acids in order to
yield a pH value comparable with that of the biologically acidified preferment at the end
of the fermentation period. The biologically acidified preferment (LAB) contained a
cellular suspension of L. brevis 1242. The preferments were fermented at 30°C for 24 h.
Samples were taken at three intervals, 0, 6, and 24 h and the pH value was determined
in suspension. Doughs were prepared with a constant dough yield of 157 (dough
yield=weight of flour and water x 100 / flour weight). The control dough contained no
added preferment. The antibiotic, acid antibiotic and lactic acid bacteria (LAB) doughs
were prepared by replacing 20% of the flour with an equivalent quantity of flour in the
form of the respective preferment. Doughs were mixed using a Farinograph. Wet gluten
was isolated from the mixed relaxed dough using a Glutomatic 2200 system.

Wheat flour (13.2% protein)
Tap water
Erythromycin
Cycloheximide
Chloramphenicol
Lactic and acetic acid (4:1)
L. brevis 1242C

Antibiotic
400 g
400 g
80 mg
80 mg
16 mg

Acid Antibiotic
400 g
400 g
80 mg
80 mg
16 mg
6.6 ml

LAB
400 g
373.3 g

26.7 g

Table 1. Preferment formulations

Fundamental rheological measurement

A Bohlin CS-50 rheometer was used for all rheological measurements. The test
programme for the preferment consisted of a frequency sweep, a creep test and a
viscosity measurement conducted in succession. For both the dough and the isolated wet
gluten a frequency sweep and a creep test were conducted in succession.
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Laser-scanning confocal microscopy

Acid fuchsin (Sigma Chemicals Co, St. Louis, MO, USA) was added to the preferment
or dough at a rate of 0.002% (fwb) in order to stain the protein, the use of which has

been previously reported by Durrenberger et al. (2001). The dye was solubilised in the
water prior to mixing to ensure homogenous distribution. An MRC-1024 laser-scanning
confocal system (Biorad, UK) mounted on an upright microscope (Axioskop, Zeiss,
Germany) with a xlO and a x40 water immersion objective was used. Fluorescence
images (A,exc

= 568 run, êni= 620) of a number of optical sections were acquired by
scanning the sample along the optical axis in 2 and 1 |̂ m steps for the xlO and x40
objectives, respectively.

Statistical analyses

A split plot design was used for the purposes of evaluating the preferments during
fermentation. Analysis of variance for the split plot design was carried out using a
general linear model procedure (SAS). A randomized complete block design was used
for the purpose of dough and gluten data analysis.

RESULTS

The pH values for both the antibiotic (6.3) and the acid antibiotic (4.1) treatments were
stable throughout fermentation whilst the pH of the LAB treatment decreased from 6.3
to 4 during the 24 h period. Results obtained from rheological evaluation of the
preferment showed that there was a decrease in elasticity (phase angle data from
oscillatory measurements and relative recovery values from creep tests) and viscosity
with fermentation time for all three preferments, all of which reached similar end values
for these parameters. The phase angle data are presented in Figure 1.
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Figure 1. Phase angle (5) for preferments at a frequency of 10 Hz: antibiotic (containing
antibiotic mix), acid antibiotic (containing organic acids and antibiotic mix), LAB
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(containing L. brevis 1242). Mean value ± standard deviation of four replicates. Mean
values labelled with a common lower case letter within the same fermentation time
point are not significantly different (P<0.05). Mean values for a given treatment labelled
with a common upper case letter are not significantly different (P<0.05).

The profile of the added preferments was reflected in the characteristic of the dough
whereby the acid antibiotic and the LAB doughs had significantly lower pH values than
the two neutral treatments (Table 2). Changes in the nature of the preferments were
reflected in the rheological characteristics of the respective doughs, which were
significantly less elastic (phase angle and relative recovery data) and softer (maximum
creep compliance) than the control treatment (Table 2),

Control" Antibiotic0 Acid antibiotic" LABe

Phase angle 10 Hz (°) 23.7±0.4a

|G*| 10 Hz(Pa) 29225±3313b

Max. creep compliance

(10~3/Pa) 2.6±0.5a

Relative recovery (%) 31.0±3.1 b

pH 6.30±0.03b

TTA1 1.90±0.04a

25.3±0.7b 24.9±l.lb

22356±1466a 18320±2111a

7.1±2.2a,b

18.1±4.0a

6.26±0.02b

2.00±0.04a

13.2=3.7b

12.ft=2.1a

5.54=0.05a

3.31=0.18b

25.8±0.7b

17328±935a

13.3±4.1b

13.2±2.9a

5.49±0.05a

3.49±0.25b

a Mean value ± standard deviation of four replicates. Mean values followed by common
letter within the same row are not significantly different (P<0.05).
b Non-acidified.
c Twenty per cent of the flour in the formulation prefermented with antibiotic mix.
d Twenty per cent of the flour in the formulation prefermented with organic acids and
antibiotic mix.
e Twenty per cent of the flour in the formulation prefermented with L. brevis 1242.
f Total titratable acidity measured as mL of NaOH (0.1N)/10 g preferment.

Table 2. Characteristics of wheat dough formulationsa

Figure 2 illustrates the microstructure of preferment containing lactic acid bacteria at 0
h (A, B) and 24 h (C, D) as revealed by laser microscopy. These images show that the
gluten strands were broken down to many small aggregates during fermentation. It was
also apparent that the microstructure of the dough changed upon the addition of
preferment, hi contrast to the gluten of the control dough with no added preferment,
which has a fine and well-oriented structure, the dough containing biologically acidified
material was modified in a way that the constituent gluten presented as a coarser
network.

DISCUSSION

At the end of the fermentation period there is little difference between the rheological
characteristics of the treatments independent of the presence of acid. As the
fermentation time increases the reduction in elasticity and firmness is the main effect.
The data from the current study suggest that, as time elapses, the large protein
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aggregates responsible for the dough's structural integrity are broken down into small
protein aggregates resulting in a softer (decrease in |G*| and viscosity) and less elastic

I A

Figure 2. Confocal laser scanning micrographs of the protein in preferment containing
L. brevis 1242 at Oh (A, B) and 24h (C, D). For A and C (x 10) the magnification bar
corresponds to lOOum, for B and D (x40) it corresponds to 50um. The protein is shown
as light areas against a dark background.

(increase in 5, decrease in relative recovery) system. Several elements such as
proteolytic activity (Kawamura and Yonezawa, 1982; Gobbetti et al, 1996b; Bleukx et
al, 1997) and the reduction of disulphide bonds may contribute to this degradation.
That this degradation is further enhanced by the presence of acid was evidenced by the
phase angle data which shows that, relative to the neutral treatment, the biological or
chemical acid treatments are more degraded at the end of the fermentation period. This
is in keeping with previous reports of wheat flour proteolytic enzymes, which have their
pH optima in the acidic range (Kawamura and Yonezawa, 1982). Similarly, a greater
increase in the concentration of particular amino acids has been shown in an acidified
dough system when compared with a nonacidified control (Thiele et al., 2002). Further
to this, proteolytic enzymes with acidic pH optima have been detected in vital wheat
gluten (Bleukx et al, 1997). In addition to the role played by cereal proteases, the
contribution made by bacterial proteases (Gobbetti et al., 1996a; Gobbetti et al., 1996b;
Corsetti et al., 1998) must also be considered in respect of the biologically acidified
preferment. It is clear however that, in the case of the bacterial strain used in the current
study, this contribution was not overriding.

The change in confocal laser scanning micrographs of the biologically acidified
preferment as a result of fermentation time is consistent with the hypothesis that the
protein is partially degraded during the fermentation period. It was also evident from the
micrographs that the incorporation of biologically acidified material impacted on the
dough micro structure in so far as the fine, well-oriented network of the control
containing no added preferment was indicative of a certain tension in the gluten relative



168 Wheat sourdough fermentation: Effects of time and acidification

to the coarser gluten network present in the dough with added preferment. In the latter
there were greater areas of aggregated material composed of thicker proteinacous
strands. This scenario is resonant of that described by Kieffer and Stein (1999) for
relaxed and reshaped wheat systems, in which case these authors put forward the
hypothesis that the presence of thicker strands could allow for a greater increase in loaf
volume. The same hypothesis might explain the achievement of higher volumes when
optimally degraded preferment is incorporated into wheat dough.

CONCLUSIONS

A dramatic loss of firmness and elasticity was observed in preferments during a twenty-
four hour fermentation period irrespective of the presence of acid or lactic acid bacteria.
The presence of acid however enhanced the effects. These changes were reflected in the
doughs, which incorporated the respective preferments and in the wet gluten
subsequently isolated. These results suggest that cereal proteases with acidic optima
play a central role in the rheological changes taking place during sourdough
fermentation.
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ABSTRACT

The quality and the properties of bakery products are influenced essentially by the
structure of the pre-fabricated dough. For wheat dough production, there arc two types
of processes: the batch/discontinuous process or Universal Kneading Machines (UKM)
and the continuous process by the means of a Screw-Type Kneading machine (STK).
UKM is used mainly for the repeated production of relatively small batches typically
employed in craft bakeries, whilst STK may be used mainly in mass production by
industrial bakeries. The utilisation of UKM processes in industrial mass production is
only possible by installing several machines in the form of a carousel (normally 4 to 8
machines) in order to permit "quasi continuous" production.

Improvers, such as ascorbic acid and emulsifiers, can be reduced by changing the
pressure/vacuum conditions during mixing, in the Chorleywood Bread Process
(CBP).This process allows modification of dough properties and can provide different
final bread structure: from typically open for baguettes to very fine for the production of
sandwich type bread.

Based on these techniques, COVAD is designed to combine a continuous
mixing/kneading operation with pressure and vacuum apparatus for modifying the
atmospheric conditions during mixing.

INTRODUCTION

The quality and the properties of bakery products are influenced essentially by the
structure of the pre-fabricated dough. For wheat dough production, there are two types
of processes: batch/discontinuous mixing or Universal Kneading Machines (UKM) and
continuous mixing by means of a Screw-Type Kneading machine (STK). UKM are used
mainly for repeated production of relatively small batches or employed in craft bakeries,
whilst STK is used mainly in mass production by industrial bakeries. The utilisation of
UKM processes in industrial mass production is only possible by installing several
machines in the form of a carousel (normally 4 to 8 machines) in order to permit "quasi
continuous" dough production.

Batch processes can be optimised by the use of pressure/vacuum during mixing such
as for the Chorleywood Bread Process (CBP). This technique allows modification of
dough properties and can provide different final bread structures, from baguette to
sandwich type bread. In this project, pressure and vacuum conditions during mixing are
applied to a continuous mixing/kneading operation for the first time.
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MATERIALS AND METHODS

A prototype COVAD machine has been produced by the addition of pressure and
vacuum facilities to an existing screw-type machine for continuous dough mixing ZPM
120 (W&P, Tamm, Germany) (Figure 1) and by adapting the screw configuration for
the production of dough.

The prototype is equipped with versatile access holes as indicated in Figure 2. The
main ingredients are introduced in the mixer through the inlet and blended to form a
dough (a). Pressure is applied in access hole 5 immediately after the dough has been
blended and in the first kneading section of the machine (b). The pressure flow is
monitored and the pressure inside the kneading section is controlled by a pressure outlet
valve situated at the end of this section of the machine in the access hole 8. The dough
functions as a valve before and after the inlet and outlet of the pressure respectively (c),
which is achieved by the effect of the screw configuration. Vacuum or atmospheric
conditions can then be applied further in the barrel (access holes 12 and 13) at the
second kneading section (d). When atmospheric conditions are used, other ingredients
such as fruit and seeds can be added (e). The final dough is pushed to the outlet of the
mixer (f) so that a continuous flow of dough is achieved. Dividing equipment at the
outlet has been incorporated to produce dough of different weights based on the
continuous flow of dough.

Figure 1. Diagram of the COVAD prototype machine, (a) Inlet and blending section, (b)
first kneading section with pressure, (c) dough valve, (d) second kneading section with
vacuum or atmospheric pressure, (e) inlet for other ingredients and (f) outlet. Diagram
provided by Werner & Pfleiderer Industrielle Backtechnik, Germany.

\ * # ' - A ^ - A * " ^ - ' A — l\ — - - ,\ - \ - \ - ' \ * - * •- A - - ^ - #

Inlet Outlet

Figure 2. Diagram of the access holes for inlet and outlet points and for measuring
probes numbered from the beginning to the end of kneading.
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For the production of dough, standard commercial flour was used. The addition of
ascorbic acid is recommended as an improver for the achievement of oxidation during
the first half of mixing. The recipes used in this work were provided by the partners of
the project and are confidential. Dry ingredients such as flour were introduced using
screw type feeders. Salt, yeast and other ingredients soluble in water were dissolved and
pumped to the inlet. Fat was melted at approximately 57°C and pumped separately to
the inlet in liquid form.

In all cases, the screw configuration was kept the same and the operational
conditions of the machine such as rotation speed and raw material feed rate were
constant.

The temperature of the dough was controlled by a water jacket around the barrels
and within the elements of the screw for maximum surface contact. Dough temperature
was maintained at approximately 24-3 0°C depending on the product. The pressures
within the barrel were monitored by pressure gauges placed at access holes 6 and 14.

RESULTS

An STK was equipped with pressure and vacuum and the screw configuration of the
continuous mixer was modified for the production of dough. The flexibility of the
machine with access holes along the barrel has made it possible to achieve different
configurations and processing conditions.

The instrument has been tested for the production of bread with significantly
different sensory characteristics. Sandwich type bread, baguette, buns, wheat-rye bread
and breadcrumb have been produced using COVAD. Figure 3 shows images of the
bread produced. The conditions of operation have been changed for each of the products
by modifying the oxygen availability using pressure during the initial stages of mixing
and the use of a controlled pressure at the end mixing for the formation of the
appropriate bubble structure. In some cases, ingredients were introduced during the
second part of mixing (Table 1).

Figure 3. Bread processed using the COVAD system. Sandwich type bread (a), buns
(b), baguette (c), wheat-rye bread (d) and breadcrumbs (e).
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Pressure (bar) at
mixing stage

Bread type
Sandwich
Bun
Baguette
Wheat-rye
Breadcrumb

1st

2
2
2
3.5
4.5

0.35
0.35
1
1
1

No
No
Yes
Yes
No

Ingredient addition
at end of mixing

Comparison to standard no-
time Spiral mix bread
Volume / crumb structure
Similar / finer
Similar / similar
Similar / similar
Increase / more open
Increase / more open*

*Comparison with standard continuous kneading for breadcrumb production.

Table 1. Mixing conditions and bread quality for a variety of breads produced using the
COVAD process.

Several trials were performed to optimise the production of bread with the best quality
characteristics of volume and crumb structure. The optimum conditions of operation for
the production of the bread illustrated in Figure 3 are listed in Table 1. The bread
produced was compared with standard bread mixed using an SP 24 Spiral mixer
(Diosna, Osnabruek, Germany). The subsequent steps of processing were maintained as
for standard production of each of the variety breads. For the production of
breadcrumbs, the COVAD process was compared with standard industrial production.

Each of the products developed using COVAD has unique characteristics in terms of
crumb structure and volume. The results show that there is an improvement in the bread
quality attributes for sandwich type bread, wheat-rye bread and breadcrumb. No
detrimental effects were observed using COVAD. For baguette and buns, differences
between production using COVAD or a Spiral mixer were not observed. In the case of
buns, the recipe used has an improver that is responsible for correction of any variations
in flour quality or processing changes. Thus, the variation introduced with COVAD
could be balanced by the use of a suitable improver. The most interesting results were
observed for the production of baguette. Although differences between different mixers
are not apparent, it is evident that COVAD can produce bread of this kind. In
continuous mixers, the production of baguette has been limited, as the open structure of
this type of bread could not be achieved. Only by addition of ingredients such as
reducing agents, continuous mixers were able to achieve similar structural character
than that of baguette. Using the COVAD process, the desired structure is obtained just
by manipulating the addition of natural ingredients such as flour and the combination of
pressure conditions to optimise gluten formation for further retention of gas during
processing.

DISCUSSION

The COVAD system is able to operate under different pressure-vacuum conditions and
bread with significantly different quality attributes can be produced using this system.
The main changes in the process for the production of different bread types is the
continuous addition of ingredients at different stages of mixing, the application of
pressure during the first stages of mixing and the use of vacuum at the end of mixing to
control the dough bubble formation. Changes in screw configuration are not required,
reducing the down time to changes to different production lines.

Bakers will have access to a breadmaking process in which dough structure is
controlled and optimised with reduction in processing time. The flexibility of the
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process can allow greater versatility for small and medium sized enterprises and a
controllable process for large processing plants.

ACKNOWLEDGEMENTS

The authors would like to thank the industrial partners involved in the project for their
contribution: Industrias Torrents, S.A. (Spain), Gebruder Leimer KG (Germany),
Werner & Pfleiderer Industrielle Backtechnik (Germany) and European Bakeries, Ltd.
(UK).



EFFECTS OF MIXING SPEED AND WORK INPUT ON DOUGH
DEVELOPMENT AND AERATION

NX. Chin and G.M. Campbell

Satake Centre for Grain Process Engineering, Department of Chemical Engineering,
UMIST, Manchester, UK

ABSTRACT

Mixing of the dough is the critical control point in the breadmaking process. Mixing
aerates the dough and develops its rheology such that inflation and coalescence of the
bubbles proceed in the correct fashion so as to create the desired bread structure and
texture. The amount and rate of energy imparted to the dough during mixing affects
both aeration and rheology, but these two facets of dough mixing have seldom been
studied together. This paper investigates the effects of mixer speed and work input in a
Tweedy-type mixer on the aeration of the dough and its rheology, using dough density
measurements and bubble inflation rheometry. Increasing mixing speed had little effect
on the gas-free dough density, but increased the void fraction of gas occluded in doughs
made from either strong or weak flour. As mixing progressed, the air content tended to
increase over the range of work inputs tested. For both flours, the strain hardening
index, failure strain and failure stress increased with work input initially, followed by a
decrease. The absolute values were all higher for the strong flour, while maximum
values and the work input at which the maximum occurred depended on the mixing
speed. These results demonstrate how both aeration and rheological characteristics of
dough depend on both the total work input and the work input rate.

INTRODUCTION

Mixing of the dough is the critical control point in the breadmaking process. Mixing
aerates the dough and develops its rheology such that inflation and coalescence of the
entrained bubbles proceed in the correct fashion so as to create the desired bread
structure and texture. The amount and rate of energy imparted to the dough during
mixing affect both aeration and rheology, but these two facets of dough mixing have
seldom been studied together. This paper investigates the effects of mixer speed and
work input in a Tweedy-type mixer on the aeration of the dough and its rheology, using
dough density measurements and bubble inflation rheometry.

In a previous paper (Campbell et al., 2002), we demonstrated that the gas content of
a dough affects its measured rheology, and recommended that published rheological
measurements of dough should also, for completeness, report the gas content of the
dough. In the current work we apply the Dough Inflation System described elsewhere
(Dobraszczyk, 1997, 1999) to characterise the developing rheology of dough in a high
speed Tweedy-type mixer, as a function of both rate and amount of work input. We
conclude that it is possible to define the point of optimum dough development in terms
of the rheological parameters determined by the Dough Inflation System, but suggest
that the observed effects are in part a direct result of the changing gas content of the
dough.
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MATERIALS AND METHODS
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Doughs were prepared from two commercial flours, one strong, the other weak, in the
Tweedy 1 mixer. Doughs based on 400 g flour, along with salt, water and commercial
improver, were mixed at three mixing speeds (low, medium and high, corresponding to
approximately 395, 530 and 690 rpm, respectively) to six work inputs (10, 20, 30, 40,
50, and 60 kJ kg"1). Discs of dough were inflated in the Dough Inflation System (Stable
Microsystems, Godalming, UK), and stress and strain data calculated according to the
procedure described in the system's user manual. The relationship between stress, a,
and Hencky strain, e, was described by the exponential equation <r -keae, where n is
the strain hardening index. Failure strain and stress were identified from the point at
which bubble rupture or failure was detected. To determine the gas contents, doughs
were also mixed at three pressures (high vacuum (0.07 or 0.17 bar absolute),
atmospheric (1 bar) and high pressure (2 bar)). Dough densities were measured and
gas-free dough densities and gas contents calculated as described by Campbell et al.
(2001).

RESULTS AND DISCUSSION

Gas-free dough densities varied little with mixing speed (results not shown), but varied
quite substantially with work input as illustrated in Figure 1 (results averaged over the
three mixing speeds for each flour). This demonstrates that the gas-free dough density
depends on the shear history of the dough, not just its formulation.

1.270

1.250

10 20 30 40 50

Work input (kJ kg:1)

Figure 1. Effect of work input on gas-free dough density for doughs based on either a
strong or a weak flour.
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Figure 2 shows the effects of mixing speed and work input on the resulting gas content
of the dough at atmospheric pressure. Mixing at higher speeds tended to give greater
aeration of the dough, and the gas content tended to increase up to a peak, after which
the dough's ability to trap and retain gas decreased.

Figure 2 also shows the effects of mixing speed and work input on the dough's strain
hardening index as indicated by the Dough Inflation System (results are averaged from
ten replicate measurements). For both flours, n appeared to increase and then decrease
with increasing work input. The maximum occurred at lower work inputs when the
mixing speed was lower, and had a lower magnitude. In other words, the maximum
degree of strain hardening achieved was higher at greater speeds, but required a greater
work input. However, at a given low work input, say 20 kJ kg"1 for the sake of
illustration, the magnitude of the strain hardening index was greater at low mixing
speeds, contrary to expectations. Frazier et al. (1975) measured the rheology of rested
doughs in terms of the compressive stress relaxation time, and found a greater
magnitude of the rheological parameter with increasing mixing speed at all work inputs,
in contrast to the current results which show a more complex overlapping relationship.
Bubble failure strain and failure stress were also measured and displayed similar
patterns to those observed for the strain hardening index. Figure 3 shows the failure
strain results, showing that doughs made from the strong flour inflated to larger volumes
before rupture. Dobraszczyk (1999) and Dobraszczyk et al. (2003) have reported that a
high degree of strain hardening allows bubbles to inflate to larger volumes, such that
there is a good relationship between the strain hardening index and the failure strain for
doughs prepared from flours of different baking quality. Figure 4 confirms this
relationship for the current data, indicating that rheological differences brought about by
mechanical dough development, rather than by dough formulation differences, can also
be investigated by the Dough Inflation System. This indicates the potential to define
optimum dough development based on rheological parameters as measured by the
Dough Inflation System.

I 3.0-
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Work input (kJ kg')

60 20 30 40 50 60
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70

Figure 2. Effect of work input and mixing speed on the gas content (—) and the strain
hardening index (—), for doughs based on (a) a strong flour; and (b) a weak flour.
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Figure 3. Effect of work input and mixing speed on bubble failure strain for doughs
based on either a strong or a weak flour.

1.5
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Figure 4. Correlation between strain hardening index, n, and bubble failure strain, for
doughs mixed to different work inputs and at different speeds. Filled symbols denote
doughs prepared from the strong flour, empty symbols from the weak flour, triangles
denote high speed mixing, circles medium, squares low.
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Our previous work (Campbell et al., 2002) indicated that higher gas contents gave lower
values of n, effectively diluting and compromising the strain hardening behaviour and
hence the stability of inflating bubbles. Comparing the patterns of aeration and dough
development in Figure 2, it is clear that the peak in the strain hardening profile occurs
despite the gas content also tending to peak at similar work inputs. This gives
confidence that the observed development of strain hardening behaviour is not an
artefact of the changing gas content of the dough, but reflects gluten development
despite the increasing gas content. However, the unexpected relationship between
mixing speed and strain hardening index at low work inputs may well reflect differences
in aeration. At low mixing speeds the gas content of the dough is low. The low gas
contents at low mixing speeds may be the cause of the relatively higher values of n
observed at low work inputs and low mixing speeds. At higher work inputs, however,
the underlying gluten rheology has developed to a sufficient extent as to dominate over
the aeration effect. This illustrates how interpretation of rheological data relating to
doughs requires a knowledge of the gas content of the dough and an understanding of
how the presence of bubbles in dough affects its measured bulk rheology.

CONCLUSIONS

Increasing mixing speed had little effect on the gas-free dough density but increased the
void fraction of gas occluded in doughs made from either strong or weak flour. As
mixing progressed, the gas content tended to increase over the range of work inputs
tested. For both flours, the strain hardening index, failure strain and failure stress
increased with work input initially, followed by a decrease. The absolute values were
all higher for the strong flour, while maximum values and the work input at which the
maximum occurred depended on the mixing speed. These results demonstrate how both
aeration and rheological characteristics of dough depend on both the total work input
and the work input rate. The point of optimum dough development could be defined in
terms of the rheological parameters indicated by the Dough Inflation System, but these
parameters were affected by the degree of aeration of the dough.
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ABSTRACT

The conformation and aggregated structure of gluten proteins determine their
rheological properties and are important for their functionality in breadmaking. The
aim of this study was to provide more information on the molecular conformation of
modified Osbome gluten protein fractions i.e. gliadin, soluble glutenin and gel proteins
and the aggregated structure of gel proteins to get a better understanding on the
rheological properties and functionality of those proteins

The conformation was measured for the modified Osborne gluten proteins in
hydrated state using Fourier Transform Infrared Spectroscopy (FTIR). The results
showed that the ratio of a-helix to P-sheet varied in different protein fractions: it
decreased in order with gliadin, soluble glutenin and gel protein. It can be suggested that
the difference in conformation of those proteins may contribute to their rheological
properties.

In the relaxation spectrum, in which relaxation times are related to polymer
molecular weights (MW) and molecular aggregated structure, gliadin and soluble
glutenin had a single relaxation process at short times, gel protein clearly had two
relaxation processes and a much longer relaxation time, which is thought to correspond
to high molecular weight (HMW) polymers and a network structure.

The structure of gel proteins both in dough and as a separated gel was revealed
by Confocal Scanning Laser Microscopy (CSLM). Within dough, gel protein mainly
aggregated in the dough bulk, forming a protein network. The separated gel protein was
observed to have a gel part and particles, which is responsible for a lower ratio of a-
helix to p-sheet and network structure .

INTRODUCTION

The conformation and aggregated structure of gluten proteins determine their
rheological properties and are important for their functionality in breadmaking (Singh et
al, 2001; Belton, 1998; Li et al, 2003). The aim of this study was to investigate the
molecular conformation and aggregated structure of modified Osborne gluten protein
fractions i.e. gliadin, soluble glutenin and gel proteins and the aggregated structure of
gel proteins to get a better understanding of their functionality in flour quality.

MATERIAL AND METHODS

Protein fractions

Gluten was washed out from Hereward flour harvested in 1999. Crude gliadin, glutenin
and gel protem were obtained from chloroform defatted gluten using the method as
described by Li et al. (2003).
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FTIR-ATR (Fourier transform infrared spectroscopy-attenuated total reflectance)

FTIR spectra were measured on a Bruker IFS55 spectrometer with a Golden gate ATR
accessory. Spectra were recorded with a resolution of 4 cm"1 and 128 scans. The gluten
fractions were hydrated using the same method as described as Li et al. (2003). A small
portion (being enough to cover the cell) was loaded on the sample cell, then scanning
was carried out. The measurement was repeated five times to get the average value. The
spectra for hydrated samples in this paper were corrected with the spectrum of water.

Confocal scanning laser microscopy (CSLM)

Leica TCS SP CSLM system with objectives 16 x0.5 TMM PL/PLUOT AR and 40
x 1.00-0.05 oil) was used in the present study. Gel protein freshly obtained was labelled
with Tetraethylrhodamine B (Sigma, UK) for 30 min and then loaded on the slide,
covered with a coverslip and scanned under a exciting wavelength 568 ran and a
emission wavelength 590 nm, as well as transmitted light as described by Li et al.
(2004).

Atomic force microscopy (AFM)

0.1 mL of gel protein freshly fractionated with 1.5% SDS from chloroform defatted
Hereward flour was further diluted with 30 mL 1.5% SDS. 0.1 mL of resultant solution
was mixed with 10 mL SDS 1.5% (non reduced) and 10 mL 0.1 M DTT-MOPS solution
(reduced) respectively, and then remained at 40 ° C for 1 hr. 3 \\L of solution was
deposited on freshly cleaved mica. The sample was imaged on Explorer using contact
model with a cantilever 1520-00 (Veeco) and using noncontact model with a standard
cantilever 1650-00 (Veeco).

RESULTS

Conformation of gluten protein (FTIR-ATR)

The typical FTIR-ATR spectrum of gluten protein is shown in Fig. 1. Three peaks can
be clearly discriminated for protein component, i.e. amide I (1580-1720 cm"1), Amide II
(1480-1580 cm"1) and amide III (1430-1480 cm"1). According to the previous work
(Popineau et al., 1994), the bands in amide I can be well defined with the protein
conformations. The band at 1650 cm"1 is associated with a-helical structure, the strong
shoulder at 1660 cm"1 is associated with P-turn, and may also be contributed to by
protein glutamine side chain. The bands 1620 cm - 1 and 1640 cm ~] reflected the
intermolecular chain and intramolecular chain p-sheet structure respectively.

On FTIR-ATR spectra for the modified Osborne gluten proteins in hydrated state
(Fig. 2), it was found that gliadin had a strong band at 1650 cm ~l, which is associated
with a-helical structure, but a weak band at 1664-1750 for P-turn. The soluble gluten
had more p-turn but less a-helical structure compared with gliadin. Gel protein had a
strongest band in the range of 1620-1335 cm"1, its p-turn and a-helical structures were
at the similar levels as in the gliadin. Gluten protein, being a mixture of three fractions
had a very similar conformation to the gliadin protein.
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Figure 1 FTIR-ATR spectra for gluten proteins. Hgluten: hydrated gluten.

Figure 2 FTIR-ATR spectra for hydrated gluten protein factions. Glia; Hydrated
gliadin; Glu; Hydrated soluble glutenin; Gluten; Hydrated gluten; Gel; Hydrated gel
protein
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The aggregation structure of gel protein (CSL-micrograph)
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The aggregation structure of gel protein, which was fractionated with 1.5% SDS, at
40,000 g centrifugation, was viewed by CSLM (Fig. 3). It can be observed that the gel
part had strong fluorescence, in which there were associated particles. The protein
content for this gel protein is 24.5%. Under the reducing condition, the gel part changed
to a less viscous suspension, the particles were separated from the gel part as a residue
by the same centrifugation as above. This residue with 0.5% protein mainly contained
the particles and small amount of fluorescent component (Fig.4). The reduced
suspension had a higher protein content (30.2%), in which no particles can be observed
(not shown).

,#-

Figure 3. CSL-micrograph of aggregated structure for gel protein. A: detector 1 for
wavelength 590 nm; b.detector for transmitted light

Figure 4. CSL-micrograph of aggregated structure for the residue, a: detector 1 for
wavelength 590nm;b.detector for transmitted light.
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The aggregated structure of gel protein was also imaged by AFM at the nanometer
scale. The results clearly demonstrated that gel polymer molecules aligned into a tight
aggregated structure, in which some polymer loops and bundles were observed (Fig.5 a
and b). Under reduced condition, the gel structure appeared to be a random
aggregation, in which single molecules can be observed (Fig. 5c).

DISCUSSION

The FTER-ATR spectra clearly discriminated protein conformations for gluten and
gluten fractions (shown in Fig. 1 and Fig. 2), which is in agreement with previous work
(Popineau, 1994). hi the gluten fractions, gliadin was found to have more a-helical
structure, which is also consistent with the previous results (Popineau, 1994). The
soluble glutenin fraction had rich p-turn, but not very much p-sheet structure.
Interestingly, a much higher proportion of p-sheet structure was found in gel protein,
which was suggested to have HMW. Therefore, it can be suggested that as glutenin
molecular weight increases, glutenin molecules formed more P-sheet structure including
intra- and inter-chains. It is also clear that gel protein is a main component to contribute
the p-sheet to conformation of gluten protein

The results in this study showed that Hereward gel protein contained 24.5% protein.
Starch was also found in gel protein in previous work (Don et al, 2003). Therefore, this
means that gel protein contains non-protein components, which may be other
polysaccharides. A CSL-micrograph of gel protein showed that the gel part contained
some particles (Fig 3), which was able to be centrifuged from the gel part as a residue
with 0.5% protein content under the reducing condition (Fig 4). Therefore it can be
suggested that those particles are probably starch granules, together with other non-
protein components. The reduced suspension had a higher protein content, but less
viscous, in which no particles were observed. The results suggested that in gel protein,
HMW glutenin polymer is associated with non protein components. When HMW
glutenins was reduced the viscosity of gel remarkably decreased, the associated starch
with other insoluble component was centrifuged out as the residue, but the glutenin
subunits and other soluble gel component remained in the suspension.
Furthermore, the imaging by AFM provides a good picture for the aggregated structure
of gel polymers, showing that the polymers in gel protein are in loops and bundles
aligned in a tight structure. The reduction of glutenin was able to change the tight
aggregation to random and disordered structure, in which some single long polymer
chains and short polymer chain can be observed, which may be HMW nonprotein
component and reduced glutenin (subunits), indicating HMW glutenins play a key role
in the gel aggregation.

CONCLUSION

Gliadin had more a-helical structure and soluble glutenin had strong P-turn
conformation, gel protein had a large amount of P-sheet structure. Therefore, gel protein
is the main component to contribute p-sheet structure to gluten.
Gel protein contained gel part and particles and gel polymers in loops and bundles
aligned in a tight aggregated structure.
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Figure 5. Aggregated structure of gel protein imaged by AFM. a and b: unreduced gel
protein; c; Reduced gel protein.
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ABSTRACT

There is a general consensus that the glutenins play a pivotal role in wheat flour quality.
The quantity of GMP, a highly aggregated fraction of glutenin oligomers consisting of
HMWGS and LMWGS, has been shown to parallel flour quality. Recently it was shown
that GMP from flour contains spherical glutenin particles1 and that dough directly after
mixing contains disrupted GMP particles2. When using flour types of different strength,
the size distribution of these particles at time to peak is comparable, final dough
properties however are not. We therefore studied the effect of mixing and resting on the
re-assembly of the gluten network with an emphasis on the role of glutenin particles.
Our results show that glutenin particles increase in size during resting and that this size,
more than the amount of GMP parallels dough rheological properties. Our results also
suggest that the ability to form large particles has a genetic background.
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ABSTRACT

We report the results of ultrasonic frequency profile measurements performed on
unyeasted dough samples of different bubble concentrations. The bubble concentration
was controlled by mixing the dough under two different headspace pressures. The
longitudinal ultrasonic velocity, VL, and attenuation coefficient, a, were measured in the
frequency range from 50 kHz to 5.5 MHz. Both VL and a were found to depend on the
frequency, / However, this dependence was different for doughs with different bubble
concentrations. For example, VL for the dough mixed under ambient headspace pressure
was found to increase from 125 m/s at 50 kHz to 1800 m/s at 2.5 MHz. Above this
frequency, the velocity decreased to values near the velocity of sound in water (1500
m/s). On the other hand, for doughs with a smaller bubble concentration (e.g. mixed
under near vacuum conditions), the variation in the velocity was found to be much less,
going from 1650 m/s at 50 kHz to about 2000 at 2.5 MHz and then leveling off to a
value near 1800 m/s at higher frequencies. The magnitude of a for doughs mixed under
vacuum was found to be about 20% of the attenuation values for doughs mixed under
ambient pressure. This is expected since for doughs mixed under vacuum, the number
of bubbles present in the dough is fewer. For both mixing pressures, a showed a peak
at around 1.5 MHz. Theoretical modeling of these experimental results is underway,
with the goal of using this nondestructive technique to characterize the bubble size and
concentration.

INTRODUCTION

The literature reveals a continuing interest in measuring and predicting the properties of
composite systems comprised of a matrix and spherical inclusions. These systems are of
practical importance in quite different fields, ranging from medical diagnostics and
biotechnology to complex engineering microstructures. In cereal chemistry and food
technology, the interest lies in the fact that these inclusions (notably air bubbles) play an
important role in the quality of the end-product. In particular, characterization of the
influence of air bubbles (pores) on the properties of dough will enhance our
understanding of the role that composite structure plays at early stages of dough
processing operations.

The number of pores, as well as their distributions in size, shape and orientation, are
parameters that an ideal materials' characterization technique would quantify. It has
previously been reported that ultrasonic measurements of the longitudinal velocity and
the attenuation coefficient at low frequencies are sensitive to the amount of air entrained
within the sample (Elmehdi et al., 2002). It has also been reported (e.g., Adler and Rose,
1986; Hiramatsu et al., 1988) that the frequency dependence of the velocity and
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attenuation can be used to evaluate wavelength-sensitive characteristics, such as
inclusion size and pore volume, in composite materials.

Because ultrasonic methods are useful tools for investigating the mechanical properties
or morphological characteristics of viscoelastic materials (Elmehdi et al., 2003; Elmehdi
et al., 2004; Letang et al, 2001; Ross et al, 2004), there have been a number of
applications of ultrasound for studying the properties of dough at various processing
stages. The fact that the reported results were frequency dependent1 indicates that the
frequency at which the system is investigated is important. The goal of this paper is to
show the frequency-dependent response (from 50 kHz to 5.5 MHz) of doughs with
small and large numbers of air bubbles, and to show how the porosity of the dough can
be characterised using this information.

MATERIALS AND METHODS

Doughs were mechanically developed using ingredients and procedures described by
Preston et al. (1982) and Elmehdi et al. (2004). After a minimum of 15 min resting
time, sub-samples of dough (4-12 g) were removed for ultrasonic testing. Each sub-
sample was sandwiched between two thick acrylic plates separated by a fixed distance,
which was very accurately achieved using thin brass spacers, thereby setting the sample
thickness L. The acrylic plates were chosen to be thick enough to minimize interference
due to signals reflected within the acrylic. The sample and plates were placed between
two ultrasonic transducers. The ultrasonic technique applied here employs a short
electrical pulse generated using a HV Pulser/Receiver (Panametrics model 5058PR).
The electric signal was connected to an ultrasonic broadband transducer (Panametrics)
for acoustic wave excitation. The ultrasonic wave generated by the piezoelectric
transducer travelled through the sample and was detected by a similar receiving
transducer that converted the ultrasonic pulse into an electric signal. The received signal
was amplified and recorded by a digitizing oscilloscope (Tektronix 5052). Seven pairs
of transducers were used in these experiments, with central frequencies ranging from 50
kHz to 5 MHz. All the transducers were poled to produce longitudinally polarized
waves.

RESULTS AND DISCUSSION

To measure the longitudinal velocity vL and attenuation coefficient a, both a reference
waveform, taken with the two acrylic plates in contact, and the waveform transmitted
through the sample were recorded. The phase velocity was determined by digitally
filtering the waveforms using a narrow-band Gaussian filter centered at a frequency/
To determine the frequency dependence of the phase velocity, the process was repeated
over the entire frequency range spanned by the transducer. For these filtered pulses, the
phase delay between the filtered input pulse and the transmitted pulse was well defined,
allowing the phase velocity for the dough to be determined from the ratio of the sample
thickness to the measured phase delay time. These calculations were repeated for all
recorded waveforms taken with the different pairs of transducers. The results for the
phase velocity as a function of frequency for dough mixed under ambient and reduced
headspace pressure are shown in figure l(a). As can be seen from the graph, the velocity

1 For example, Elmehdi et al. (2004) reported the velocity in dough to be around 100 m/s at 50 kHz, while
Letang et al. (2001) have reported values between 1500 and 3000 m/s at 2-10 MHz.
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of the dough mixed under ambient headspace pressure was found to increase from 100
m/s at 50 kHz to nearly 2000 m/s at 3.5 MHz. Above this frequency, the velocity
decreased to values near the velocity of sound in water (1500 m/s). On the other hand,
for doughs with a smaller bubble concentration (i.e., mixed under near vacuum
conditions), the variation in the velocity was found to be much less, going from 1450
m/s at 50 kHz to about 1900 m/s at 2.5 MHz, and then leveling off to a value near 1800
m/s at higher frequencies.

To measure the frequency dependence of the attenuation, we first calculated the
transmission coefficient T from the ratio of the amplitudes of the transmitted and input
signals at each frequency using a Fourier transform technique. This ratio was corrected
for reflections due to acoustic impedance mismatch at the interfaces between the acrylic
and dough sample. The attenuation coefficient a = -L/(21n7) is plotted in figure l(b)
for doughs mixed under ambient and near vacuum conditions. For doughs mixed at
atmospheric pressure, a is large and reaches a maximum near 1.5 MHz. For doughs
mixed at reduced pressure, the attenuation coefficient also shows a maximum near 1
MHz, but is much smaller (only 10 to 20% of a for dough mixed under ambient
pressure). This smaller attenuation is expected since doughs mixed at reduced pressure
have fewer bubbles (Campbell et al. 1998).
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Figure 1. Longitudinal phase velocity (a) and attenuation coefficient (b) for doughs
mixed under ambient and vacuum headspace pressures.

The data shown in figure 1 are qualitatively similar to the behaviour of the ultrasonic
velocity and attenuation that is expected in bubbly liquids near the fundamental bubble
resonance (Leighton, 1994). At low frequencies, the velocity in the ambient mixed
dough is very low, reflecting the increased compressibility of the dough due to the
presence of the bubbles, an effect that becomes less pronounced as either the number of
bubbles decreases and/or the matrix becomes more rigid (Elmehdi et ah, 2004). The
velocity then increases with frequency, passing through a maximum and approaching a
value at high frequencies that is expected, by analogy with bubbly liquids, to correspond
to the velocity of the matrix. Thus, the ultrasonic velocity has greater sensitivity to the
presence of bubbles at low frequencies, and to the properties of the dough matrix at high
frequencies. In the range of frequencies over which the velocity is increasing most
rapidly, the attenuation reaches a maximum; this maximum is expected to correspond to
the resonance at which the scattering and absorption of ultrasound by the bubbles is
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greatest. While the theory of ultrasound propagation in bubbly liquids is well
established, dough is a viscoelastic material, and the existence of a matrix shear
modulus, as well as the considerable viscous losses in the dough, significantly modifies
the resonant interaction of ultrasound with bubbles in dough. To illustrate the effect of
the shear modulus on resonant frequency, Figure 2 shows the ultrasonic scattering cross
section of a bubble in an elastic medium as a function of frequency, for various values
of the ratio of shear to longitudinal velocities in the matrix. Here the frequency is
expressed in normalized units ka = 2jfalvm, where k = 2^Jvm is the longitudinal wave
vector in the matrix, vm is the longitudinal velocity through the matrix and a is the
bubble radius. This figure shows that the resonant frequency is strongly dependent on
the velocity ratio (rj), increasing from a value of ka near 0.01 for bubbles in a liquid (r/
= 0) to 1 for bubbles in rigid materials such as aluminium (77 = 0.5). At low
frequencies, an effective medium analysis of the longitudinal velocity and attenuation as
a function of bubble concentration in doughs (Elmehdi et ah, 2004) suggests that 77 lies
between 0.01 and 0.05, in a range where the resonant frequency depends sensitively on
this ratio. However, naive comparison of the calculations shown in figure 2 with our
data would suggest mean bubble diameters in the range from 10 to 40 microns, which is
much smaller than expected (Campbell et al., 1998). Thus, while this interpretation of
the data in terms of resonant scattering of ultrasound by bubbles appears qualitatively
sound, a precise determination of the bubble size distribution from these ultrasonic
frequency profile measurements is not yet possible; this must await accurate data for the
shear velocity, and a more complete description of the resonant scattering and
absorption of sound by bubbles in viscoelastic media. Work is currently underway to
address these issues, with the goal of obtaining quantitative determinations of bubble
size distributions in doughs from ultrasonic frequency profile measurements.

CONCLUSIONS

We have demonstrated that the ultrasonic velocity and attenuation in dough can be
measured over the entire frequency range from 50 kHz to 5.5 MHz. These data open up
the possibility of using ultrasonic frequency profile measurements to determine the
bubble size distribution once a rigorous model for ultrasonic scattering and absorption
by bubbles in dough has been developed and measurements of the shear velocity have
been obtained.
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ABSTRACT

A method of measuring the cell structure of bread by digital image analysis is described.
This provides an objective alternative to visual assessments as a tool for quality control
and for critical evaluation of process and ingredient variations. The method is also
applicable to other baked products with a cellular structure.

Loaves were sliced in a consistent manner and placed in a specially constructed,
light-proof cabinet incorporating illumination and a CCD camera. Oblique illumination
was used to accentuate the cell structure at the slice surface. The brightness scale was
calibrated automatically, based on measurement of a grey card.

Software was developed to analyse images and to measure slice characteristics.
Slices were automatically segmented from the background and their dimensions and
shape were measured. Cells were segmented from cell walls using an algorithm
designed to be tolerant of variations in slice reflectance and illumination uniformity.
The position, area, brightness, elongation and orientation of each cell were measured.
Statistical analysis of the cell size distributions provided information on the fineness of
the cell structure. The spatial distribution of cell properties was also analysed to
provide information on large-scale structure, and to relate this to conditions such as
moulding. Examples are shown demonstrating use of the method to measure effects of
processing conditions and ingredients.

INTRODUCTION

The cell structure of bread is a major contribution to its appearance and texture. Its
assessment is an important aspect of quality control in bakeries, and for new product
development, evaluation of raw material quality and optimisation of bakery processes.
Assessments are commonly made by visual inspection of bread slices and allocation of
scores to particular aspects of the structure (e.g. Sutton, 2002). Digital image analysis
provides an objective alternative to visual product inspection, offering accurate,
quantitative measurement of a wide range of parameters, a permanent record of slice
appearance, standardisation of measurements between different operators and
laboratories, and consistency over time. Several applications of image analysis to
measure bread have been described previously (e.g. Bertrand et al, 1992; Sapirstein et
al, 1994; Rogers et al, 1995; Zayas et al, 1995; Crowley et al, 2000). This paper
describes an image analysis method developed by CCFRA for the measurement of the
shape and cell structure of bread slices. The method has been developed as a practical
instrument, known as C-Cell, in collaboration with Calibre Control International, and is
in regular use by companies world-wide for product evaluation.
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METHODS

Sample presentation and image capture

Bread slices were imaged under controlled conditions in an imaging cabinet. Loaves
were sliced using a rotary slicer (Graaf model FA-182T) and the slices were placed
against a black background in a drawer at the bottom of the cabinet (Figure 1). Ambient
light was excluded by the cabinet and a compact optical system illuminated slices
uniformly from two sides at a shallow angle, providing good contrast between the cells
and cell walls and enabling the structure to be clearly seen. Images were captured using
a monochrome framing camera to a resolution of 1296><1026 pixels, with a field of view
of 182^143mm. The camera settings were controlled automatically by the imaging
software using an RS232 serial link and a function was included to calibrate the image
brightness against a reference grey card (Kodak R-27, Eastman Kodak, Rochester, NY).

c II-.

Figure 1 - The C-Cell instrument

Image analysis

Dedicated software was developed to analyse bread images, including facilities for
camera calibration, image capture and display, a database system for management of
results, and the ability to export results and images in standard file formats. Images
were analysed to measure slice dimensions and shape, slice brightness and many aspects
of cell structure. The position and orientation of the slice were identified and
dimensions were measured including area, breadth, maximum height, average height of
the top surface, and the perimeter of a convex polygon enclosing the slice, used to
indicate whether the loaf will fit within a wrapper of predetermined size. Several
aspects of slice shape were also measured including the curvature of the corners,
concavity of the sides which provides a quantitative measurement of side wall collapse,
and the position and dimensions of a break in the side crust. Figure 2 shows an example
of a slice of bread with the breaks and side wall concavity indicated.
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Break'

Side
walL

Figure 2 - Raw image with aspects of external shape highlighted

Figure 3. Segmented cells, shaded according to volume. Holes are indicated by arrows.
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The cell structure of slices was also measured. Previous approaches have included
measurement of local grey level statistics (Zayas et al, 1995), the Haar transform
(Bertrand et al, 1992), calculation of a Fourier transform and measurement of the width
of the power spectrum (Rogers et al., 1995; Wang and Coles, 1993), and counting the
edges detected by a zero-crossing edge detector (Coles and Wang, 1997). An
alternative approach is to identify and measure individual cells (e.g. Sapirstein et al.,
1994; Coles and Wang, 1997; Crowley et al, 2000; Beckmann et al, 2000; Reale et al,
2003), which was the method adopted for this work. Success of this approach is
dependent on reliable segmentation of the cells. Coles and Wang (1997) used a zero-
crossing edge detection algorithm to identify cell boundaries, but did not directly
segment cells by this approach. Other authors have used a threshold method, based on
application of a brightness criterion at a value intermediate between the brightness of
cells and cell walls. For weakly contrasted structures such as bread, the segmentation is
highly sensitive to the choice of threshold. Many algorithms exist for automatic
threshold selection (e.g. Parker, 1997), the simplest of which calculate a global value
from a grey level histogram. For example Sapirstein et al (1994) used a K-means
algorithm to select a threshold and Crowley et al. (2000) used an algorithm based on
identification of a local minimum in the grey level histogram. Use of a global threshold
requires highly uniform illumination, and a more robust approach is to use an adaptive
method to account for local brightness variations. For this work, a robust segmentation
algorithm was developed which reliably detected all cells visible in the image and
which was insensitive to local variations in illumination. Figure 3 shows the
segmentation achieved for the slice shown in Figure 2.

The average cell wall thickness and the position, size, orientation and elongation of
each cell were measured. The size distribution of the cells and the spatial distribution of
coarse and fine regions of the crumb were calculated. Greater weighting was applied to
cells and cell walls closer to the centre, in accordance with typical practice in visual
assessment. Comparison with visual assessments also revealed that the area of cells
alone is insufficient to discriminate some types of structure, and that the depth of cells is
also an important contribution to their perceived significance. A useful overall texture
parameter was provided by the contrast between cells and cell walls, calculated as the
ratio of their average brightnesses. This had low values for coarse, open textured slices
and high values for shallow cells such as those achievable by four-piece moulding
methods. The brightness of individual cells was also measured, adjusted to compensate
for any illumination variations detected by the segmentation algorithm, and a size
parameter termed 'volume' was developed, based on a combination of cell area and
brightness. The cells in Figure 3 are shaded according to this parameter. Cells with
volumes significantly larger than the main distribution were classified as holes
(indicated by arrows in Figure 3) and their number and total volume were measured.

The shape and orientation of cells is an important aspect of slice appearance and
provides information about factors such as dough moulding. Rogers et al (1995)
measured the elongation for several regions of a slice and demonstrated that it increased
towards the edge. However, there have been few previous attempts to relate cell
orientation data to slice structure, hi the system described here, orientation and
elongation were determined for each pixel in the slice. Measurements at discrete points
are shown in Figure 4 as lines parallel to the long axis of cells, where longer lines
represent greater elongation. Measurements of average cell orientation, elongation and
alignment within the slice were measured and characteristic patterns were detected. In
Figure 4, a circulating structure was detected in the top half of the slice, represented by
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light shading. The region of darker shading at the bottom is instead characterised by
regions of parallel cell alignment at the sides and base of the slice.

f /

Figure 4. Cell orientation and alignment

EXAMPLE APPLICATIONS

C-Cell has wide applications for quality control and research. Practical uses have
included:
• Regular assessment of product quality in plant environments.
• Use as an objective replacement for visual scoring.
• Objective comparison with sensory assessments of texture and perceived freshness.
• Comparative evaluation of processing equipment to aid purchasing decisions.
• Study of ingredients including yeast, fat, improvers and evaluation of wheat

varieties.
• Study of process effects including moulding methods, mixer work input and

pressure.

Table 1 shows example measurements from a study on the effect of mixer headspace
pressure. Doughs were mixed in a Tweedy 70 mixer at several different pressures,
applied throughout mixing or sequentially. Loaves were baked and analysed by C-Cell.
Selected parameters are shown as means and standard deviations (in parentheses) for 8
slices each, representing 2 replicate mixes, 2 loaves per mix and 2 slices per loaf.
Lower pressures at the end of mixing resulted in a smaller cell diameter and higher
contrast values, representing a finer structure. Higher pressures at the start of mixing
resulted in greater slice height. For sandwich bread, the optimum combination of large
volume and fine structure was therefore achieved using pressure at the start of mixing
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and a partial vacuum at the end. The results illustrate how C-Cell can be used to
optimise conditions for operation of a pressure-vacuum mixer and its potential for
bakery process development applications.

Pressure:
Atmospheric:
Partial
vacuum:
Pressure,
vacuum:
Attn.,
vacuum:

Mixer
pressure (bar)

1.5
1.0
0.34

1.5,0.34

1.0,0.34

Slice
height (mm)
153 (3)
141 (2)
121 (3)

145 (2)

134(2)

Cell
diameter (mm)
1.54(0.09)
1.36(0.05)
1.25 (0.04)

1.24(0.04)

1.23 (0.05)

Cell
contrast

0.746 (0.005)
0.757 (0.007)
0.769 (0.003)

0.779 (0.004)

0.782 (0.005)

Table 1. C-Cell measurements for loaves prepared with different mixer pressure
regimes

CONCLUSIONS

Digital image analysis provides an objective method of assessing the cell structure of
bread. A practical instrument has been developed, known as C-Cell. A purpose-built
cabinet enables slices to be presented, illuminated and imaged in a consistent manner,
and software provides measurements of slice dimensions and crumb texture. The
system has applications for quality control and product development. An example has
been shown of its use to optimise process conditions. In addition to its described use for
bread, C-Cell can also be used to measure other baked products with a cellular structure,
such as cakes, doughnuts and pizza bases, and provides a useful new tool for the bakery
technologist.
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ABSTRACT

Invasive, continuous measurements on dough and bread are generally prohibited; this
partially limited full comprehension of the underlying mechanisms of different steps in
the breadmaking process. After mixing, dough is highly deformable and instrumentation
with thermocouples for the assessment of heat transfer (during freezing for instance), is
difficult and dependent on the thermocouple position. During proving, invasive
measurements may provoke dough collapse. During baking and post chilling, the
fragility of the bread structure and the presence of water vapor in large proportion will
induce a bias in sampling and further measurement. During the last decade,
development and testing of continuous, often non-invasive, methods have been
performed; this applies to freezing 1, proving 2 ' 3 ' 4 and baking 3. Nevertheless, in most
studies using MRI (magnetic resonance imaging) the direct relation between the MRI
signal and the food parameter (ice fraction, water content, gas fraction, etc.) was not
clearly established and only the raw signal was exploited. This paper will present new
advances in MRI quantification in the breadmaking process. Examples from freezing
and proving processes, and from bake-off bread and part-baked bread technologies, will
be given. Such examples will illustrate the performance of such a tool for assessing heat
and mass transfer, and food structure changes that take place during these different steps
of breadmaking.

INTRODUCTION

The prohibition of invasive, continuous measurements on dough and bread partially
limits the full comprehension of the underlying mechanisms of the different steps in the
bread-making process. After mixing, the positioning of thermocouples for assessing
heat transfer in dough is not absolutely precise as dough is highly deformable. During
proving, invasive measurements may provoke dough collapse. During baking and post
chilling, the fragility of the porous structure and the presence of water vapour in large
proportion will induce bias when sampling. Continuous, often non invasive, methods
have been developed and tested during the last decade; they applied to freezing (Lee et
ah, 2002), proving (van Duynhoven et ah, 2003; Takano et ah, 2002; Whitworth et ah,
1999) and baking (Thorvaldsson et ah, 1999). Nevertheless, in most works using MRI
(magnetic resonance imaging) the relation between the MRI signal and the studied
parameter (ice or gas fraction, water content etc.) was not clearly established and only
the raw signal was exploited. The objective of the present paper is to present
quantitative MRI methods recently developed and through selected case studies, to
illustrate the performances of such tools for assessing heat and mass transfer, and food
structure changes taking place during different steps of bread-making.
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ASSESSMENT OF LOCAL POROSITY DURING THE PROVING PROCESS

During proving, the MRI signal in a given voxel is proportional to:

(1.)

where e; is the volume fraction occupied by gas bubbles in the voxel i and GLdoUgh, the
Grey level expected from a voxel that would be full of dough (no air bubbles). As
proving proceeds, dissolved carbon dioxide, ethanol and water will vaporize into the
bubbles resulting in increasing bubble size and porosity in dough. As only protons in the
liquid state give the MRI signal, the increasing gas volume fraction at the voxel scale
results in a decreasing intensity of signal. GLdOugh takes into account the variation in the
NMR properties of dough (proton density, transversal and longitudinal relaxation times)
resulting from changes in temperature, (water) concentration or composition which may
possibly occur during proving.

Such a relation assumes the absence of interactions between the gas and the MRI
signal, especially no magnetic susceptibility between air and dough (HI), as well as a
centred Gaussian distribution of the electronic noise (H2). The following developments
also assume that the MRI signal is not affected by changes in temperature, water
concentration or composition (under enzymatic reaction) (H3), in other words that
GLdough in Eq. (2) is constant during proving. Under these hypotheses, the local porosity
could be deduced from the Grey level, provided that the two parameters are known in a
reference condition:

GL.(t) l-s.(t)

(2.)

Eq. (2) cannot be validated easily, if ever. In fact a volume balance can be applied only
to the entire dough scale:

- M - ' ref 'L ^ ref"

(3.)

where V(t) is the total dough volume and s(t), the mean porosity in dough. The latter
can be compared to the mean porosity deduced from MRI mean Grey level, noted
GL(t), after the generalization of Eq. (2) and assuming a uniform initial distribution of
porosity (H4):

(4.)

For the validation purpose, it was first checked by NMR that changes in composition
under enzymatic and metabolic reactions had no effect on the relaxation signal (Grenier
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et al., 2003b); this partially validated hypothesis H3. In order to fully verify hypothesis
H3, very low water exchange and heat exchange were performed thanks to the
optimization of the experimental device and procedure for proving (Grenier et al.,
2003b). The mean porosity calculated from the mean MRI Grey level -deduced from
Eq. (4), was in good agreement with the mean porosity calculated from total dough
volume -Eq. (3), as illustrated in Fig. 1.
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Figure 1 - Mean porosity estimated from volumetric and MRI measurements during
proving (26°C) (spin echo sequence, TE = 11 ms, TR = 300 ms, slice thickness =12
mm, field of view = 175 x 175, matrix = 96 x 128, number of scans = 2). Data from
Grenier et al. (2003b).

The present procedure of validation is of far-reaching use as it could be systematically
applied when testing new MRI sequences or new algorithms of image analysis
(especially for the thresholding step). For instance, echo-gradient sequences are known
to be sensitive to the magnetic susceptibility between air and dough and in such case,
hypothesis HI is not verified. Applying Eq. (2) will then result in an overestimation of
the local porosity and of the bubble size (Grenier et al., 2003a). Such "artefact" is usual
for high magnetic field imagers, but also encountered with low magnetic field imagers
at long echo times (Grenier et al., 2003a).

A limitation of the MRI method presented above was the omission of heat and mass
transfer, which often take place at the industrial scale. Thanks to recent developments,
the MRI method now takes into account concomitant heat transfer (Grenier, 2003). This
allowed the study of either formulation or process parameters on the dough expansion
under realistic process conditions. This was illustrated in the case of raw frozen dough.
By sampling at different positions along the radius of the dough stick and separately
measuring the proving volume of the samples, Havet et al. (2000) showed that the
higher freezing rate, the lower the expansion rate. They attributed this lower
performance to the sensitivity of yeasts to freezing. MRI images acquired on dough
frozen at -30 or -40°C (Fig. 2) confirmed that dough frozen at a higher freezing rate
needed longer proving times, but also exhibited a higher level of heterogeneity, even
after long proving times, with a core less expanded than the surface layers (at -40°C).
The influence of additional process parameters (thawing rate, duration of cold storage,
proving temperature) have also been investigated in this way (Grenier, 2003).
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Figure 2 - MRI porosity cartographies (spin echo sequence, TE= 15 ms, TR= 300 ms,
slice thickness= 12 mm, filed of view= 175 x 175, matrix= 96 x 128, number of scans=
2) of dough sticks frozen at -30 and -40°C and proofed at 30°C. Data from Grenier
(2003).

ASSESSMENT OF STRUCTURE COLLAPSE AND WATER CONDENSATION
DURING THE CHILLING AND FREEZING OF PART-BAKED BREADS

In the crumb -taken at the loaf core, the MRI signal remained constant for a while and
then decreased steeply to zero —or the signal intensity in the image background (Fig. 3).
The latter decrease was relevant to the freezing process (Lucas et al., 2004a). Hence no
variation was observed during the pre-chilling step. Some voxels in crumb, located in
particular just beneath the upper crust of the loaf, exhibited a specific behaviour during
the pre-chilling step, with a primary increase in signal -up to 30% (Fig. 3). During the
pre-chilling step, the MRI signal may vary under different mechanisms: temperature,
water concentration in crumb, structure of starch or proteins in crumb and gas fraction -
see Eq. (1); a preliminary study permitted to rank them (Lucas et al., 2004b). Structural
changes and temperature effects could be neglected and the 30 % of increase in the MRI
signal could be explained by either a 9% decrease in porosity or a 24-37% increase in
water concentration or a combined effect. Sampling in the thawed loaf for dry matter
measurements gave no evidence of a significant water concentration gradient in the
crumb under concern. At this stage, the increase in the MRI signal was thus mainly
attributed to the collapse of the loaf structure (Lucas et al., 2004c).

Bread collapse results from the compression of gases and/or the active retraction of
macromolecules, under cooling. It could in turn induce tensile forces within the loaf
structure. It was believed that sub-structures of different mechanical properties
(crust/crumb) could be weakened by such tensile forces and that mechanical shocks
during transportation or hydro-thermal shocks during final baking could then participate
to their splitting up and to the occurrence of crust flaking, a well-known fault of these
industrially produced breads. So to further investigate this theory, MRI measurements
were performed on breads producing either low or high flaking (Le Bail et al., 2004).
The bread with low flaking presented the highest increase in the MRI signal and was
revealed to be able to respond to these constraints by a relatively high extent of
deformation. On the contrary, the bread with high flaking deformed to a lesser extent.
As a consequence, higher tensions could have been generated within the loaf structure,
especially on its flanks where most flakes are formed. Collapse was observed by MRI
from the early step of pre-chilling and was continued during the freezing step, with a
higher intensity and a higher rate (Lucas et al, 2004c). This is an interesting point as
from industrial experience, freezing seems a necessary step for observing flaking.
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Future research work will focus on the full validation of this theory, as well as on the
development of a quantitative MRI method for assessing separately the changes in
water content or in porosity during baking and post-chilling.
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Figure 3 - MRI signal during freezing of part-breads (gradient echo sequence, TE= 4ms, TR=
200ms, slice thickness^ 12mm, FOV= 66x88, matrix = 48x64, scans= 2). Data from Lucas et
al. (2004c). Left: y refers to the position along a vertical profile, with y= 0 for the crust and
y= 27.4 mm for the approximate geometrical centre of the loaf section. Right: differences of
Grey level between the first image and the calculated image containing all maximal values
encountered in all images acquired during freezing. Differences are represented in false
colours, red and dark blue representing respectively the highest and lowest increases.
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ABSTRACT

The phenomenology of wheat hardness can be characterized in terms of different forms
of rheological measurements and interpretations, and related to key processing
performance properties. Most of this knowledge has been obtained through laborious
measurements of the mechanical properties of small samples taken from the botanical
layers of wheat.

Recently, measurements performed on the SKCS 4100 instrument of the crushing of
individual whole grains has allowed the rheological information to be recovered in situ.
By applying averaging to the data collected of the crushing performed by the SKCS
4100 on a number of individual whole grains representative crush-response profiles
(CRPs) can be generated. The rheological phases of the crushing of whole grains can be
recovered from their CRPs and related directly to the responses of its individual
botanical layers to the crushing. These responses include:

1. Elastic response of the aleurone layer
2. Collapse of the shell into the internal porosity
3. Viscoelastic response of the compressed endosperm

Such measurements have established that wheat CRPs have a common generic
structure, but those for barley can be separated into several Equivalence Classes, in
increasing order of geometric complexity of their structure between the shell collapse
and the start of the endosperm response.

INTRODUCTION

As well as genetically (Turnball & Rahman, 2002), the phenomenology of wheat
hardness has been characterized in terms of various rheological measurements and
interpretations, and related to key processing performance properties (Dobraszczyk,
1994; Dobraszczyk et al, 2002; Haddad et al, 1999). Measurements performed on the
Single-Kernel Characterization System (SKCS) 4100 instrument of the crushing of
individual whole grains allow the rheological information to be recovered in situ and
used for genetic mapping (Osborne et al, 2001). Representative crush-response profiles
(CRPs) are obtained by averaging the data for a large number of individual whole
grains. In a recent review, Osborne & Anderssen (2003) explained how the CRPs can be
converted to a pseudo stress-strain characterisation of the crushing. This paper presents
the results of some further experiments on wheat and barley that lead to new rheological
interpretations of their CRPs.
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MATERIALS AND METHODS

85 samples of two-rowed barley were collected from field trials in four Australian
States. Eleven samples of Australian wheat varieties that provide benchmarks for a
range of end product qualities were also available. The wheat samples were pearled
using a Strong-Scott 17810 Pearler for two time periods, previously determined to
remove 20% and 40% by mass of the grain respectively. The samples were crushed
using the SKCS 4100 and CRP data were recorded as the average of 500 grains. The
averaged CRPs were imported into custom software that calculates the rheological
phases described previously by Osborne & Anderssen (2003) and illustrated in Figure 1.

Force
(resisting the crushing)

Shell
Response

Endosperm
Response

Shell
Springback

Shell Equilibrium
Collapse Response

Endosperm t
Collapse (time)

Figure 1. The Rheological Phases in the SKCS Crush-Response Profile.

RESULTS AND DISCUSSION

Barley

Compared with the crushing of wheat, where the CRPs follow, locally and globally,
quite similar morphological patterns, the CRPs obtained from the crushing of barley
were found to exhibit clear local variability following the shell collapse.

50 100 1S0
Tims (Msec)

Figure 2. CRP Equivalence Classes for Barley.
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As illustrated in Figure 2, in which the CRPs have been offset on the y-axis to highlight
the differences, there appear to be four separate Equivalence Classes, into which the
CRPs for barley can be separated. The classification is based on increasing order of
geometric complexity of their structure between the Shell Collapse and the start of the
Endosperm Response. They seem to relate to a complex multi-layered shell structure
within the barley. One explanation for these different Equivalence Classes might be the
greater complexity in the internal structure of barley in and below the aleurone layer
when compared with wheat (Evers & Millar, 2002; Wallwork et al, 1998).

Rheologically, the four Equivalence Classes can be described in the following manner:

Class 1. The CRP is essentially a strong increasing monotone response. It
reflects the fact that, as the shell collapses, the internal structure is such that its
compressibility is greater than that of the shell. This tends to imply that the internal
structure within the corresponding barley grains has essentially no porosity; and/or there
is a small compact cellular structure that is equally strong to the compression as the
outer shell; and/or the second layer is closer to the first in this situation than in others.
This includes the situation where the CRP is essentially flat from the shell collapse to
the start of the endosperm response.

Class 2. This situation is similar to that of Class 1, except that there is a mild
springback following the collapse of the outer shell. After this mild springback, the
strong increasing monotone response is resumed. This tends to imply that, when
compared with the Class 1 grains, the Class 2 barley grains have a mild weakness
(porosity) just below their outer shells, otherwise are similar in structure to the Class 1
grains.

Class 3. This situation is similar to that of Class 2. Now, however, after the
springback following the collapse of the outer shell, the increasing monotone response
is not immediately resumed. The springback is followed by a slow-like, and sometimes
mildly erratic, recovery before the stronger increasing monotone response is
recommenced. There is a hint that there might be an internal shell resisting the crushing
with a mild associated springback.

Class 4. The clearest proof that some barley grains have some form of internal
shell, that resists the crushing, is contained in the CRPs for the Class 4 grains. Not only
is there a strong springback following the collapse of the outer shell, there is a
subsequent definite springback of an equal size before the strong increasing monotone
response commences.

Wheat

Like barley, the wheat measurements suggest that the rheological phases in a CRP
might follow the chronological progress of crushing starting from the outside of the
grain until it reaches the endosperm. To test this hypothesis, pearling experiments on
wheat were carried out in an attempt to explore the changes that take place in the CRP
rheological phases when increasing amounts of the grain outer layers are removed. This
also provides a means of comparison with the literature (e.g., Dobraszczyk et al, 2002;
Haddad et al, 1999) describing localised measurements on isolated specimens of
endosperm. The results for two of the samples studied are shown in Figure 3. These
CRPs have been corrected for the effect of reduced mass of the pearled wheats by
dividing the force measurements by the average mass of the sample, and offset on the x-
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axis for clarity. Within each series, the peak force decreases systematically with
increased pearling (0, 20, 40% by mass removed).

50 100

Time (Msec)

150 200

Figure 3. SKCS CRPs for Hard and Soft Wheat after Pearling.

Figure 3 shows that, for both hard and soft wheat, there is only a minor decrease in the
Shell Strength of the pearled wheat compared with the unpearled but the difference is
greater for the soft. This implies that the Shell Strength response is not solely a property
of the aleurone layer. Even soft solids respond elastically to compression. After this
phase, the responses to crushing of hard and soft pearled wheat become different and
are consistent with the current understanding of hardness (Turnball & Rahman, 2002).
The endosperm of hard wheat has weak cohesion along the cell walls and strong
adhesion internally, whereas that for soft wheat has strong cohesion along the cell walls
and weak cohesion internally (Greer & Hinton, 1950). Furthermore, soft endosperm has
a greater and more variable porosity than does hard (Dobraszczyk et al, 2002). This
behaviour can be explained by the friabilin hypothesis (Greenwell & Schofield, 1986).
Wheat endosperm is a composite material comprising regular cells containing starch
granules embedded in a protein matrix. Friabilin is a 15KDa "anti-adhesive" starch
granule protein that weakens the starch protein binding in soft wheat endosperm. Thus,
soft wheats tend to fracture along the (weaker) starch/protein interface. In hard wheats,
where there is greater adhesion at the starch/protein interface, fracture occurs
preferentially along cell boundaries and the effect of the (lower) porosity is negligible.
On the basis of Figure 3, it appears that the pearling has partially compromised the
integrity of the cell wall structure, as the Shell Response is significantly weaker in the
pearled soft than the unpearled, even though the initial elastic response is stronger. This
implies that, after pearling, one is seeing the compressibility of a loosely connected set
of endosperm cells. The porosity in the pearled and unpearled soft wheat is essentially
the same, whereas it has decreased for the hard wheat. There is a less substantial
decrease in endosperm strength for me hard compared with the soft. The CRPs for the
pearled hard look more like those for the unpearled soft. The overall strength of both the
pearled hard and soft has been compromised as endosperm collapse occurs for a smaller
strain than for the unpearled.
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CONCLUSIONS

1. The rheological responses to crushing of barley grains are more complex than those
for wheat.

2. Crushing of wheat grain following removal of the outer botanical layers has
provided indicative proof for the importance of rheological phases in the
interpretation of the crushing of endosperm.

3. The rheological response to crushing of endosperm is changed by its isolation from
the outer grain layers by pearling.

Future work is in progress to provide insights into the relationships between wheat and
barley rheolgical phases and their botanical structure. It will focus on using the CRP
information to link phenomenologically to grain processing and genetics.
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ABSTRACT

Seed development (maturation) and seed germination (mobilization) are characteristic
phases of the life cycle of plant materials. During these complex metabolic, enzymatic,
morphological and structural processes different anabolic and catabolic reactions take
place in the seed in highly hydrated conditions.

The maturation process can be characterized by the fast formation/decline of
monosaccharides and amino acids in the early phase of seed development. In the second
phase of maturation the synthesis and polymerisation of reserve carbohydrates and
proteins are characteristic.

During germination processes modifications in grain include the activation of
preformed hydrolytic enzymes, biosynthesis of de novo synthesised enzymes and
degradation of the storage compounds in the endosperm. The starch and reserve protein
mobilization is accelerated during the first three days of germination and the amount of
liberated soluble proteins, free amino nitrogen and sucrose content increase
dramatically.

Both maturation and germination processes need high moisture content, however,
the migration of water is hindered by membranes and by interactions with different
solutes and macromolecules. The status and changes of water and other main
constituents were measured by near infrared (NIR) spectroscopy. This method allows
insight into the hydration and dehydration process of physiological events in intact seed
samples and also measures the changes of chemical constituents like protein, total
nitrogen and polysaccharides.

Results confirmed that the combination and overtone bands of water were sensitive
indicators of changes in water and they can be used as parameters for detecting the
status and changes of water clusters during hydration/dehydration processes in maturing
and germinating seed. The changes of carbohydrates and proteins can also be
unscrambled from reflectance spectra. NIR spectroscopy can, therefore, be used as a
sensitive tool to optimise detection of the stage of growth during maturation and also to
evaluate the biochemical and structural processes taking place in germinating seed.

INTRODUCTION

The physiological status of cereal can strongly influence the technological quality of
seed and can modify the efficiency of grain processing significantly. To measurement
the physiological status of grain is complicated and slow involving chemical,
biochemical, enzymatic etc. test methods and the results obtained are often inaccurate
and ambiguous due to high biological variations. In order to follow the complex
physiological events and to recognize the molecular processes taking place in plant
materials NIR methods can be used.
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The non-invasive, real-time nature of NIR techniques make it useful as a sensitive tool
for better understanding of changes in plant materials during development (Batten et al.,
1993; Gergely and Salgo, 2003). During the early phases of the maturation process, fast
formation and decline of monosaccharides and amino acids can be observed and the
synthesis and polymerization of reserve carbohydrates and proteins are characteristic
according to Kumar and Singh (1981). Seed germination (sprouting) is an accelerated
mobilisation of starch and reserve proteins (Bewley and Black, 1985) and the processes
involved can be determined by chemical, enzymatic, immunological and rheological test
methods. Non-destructive, near infrared methods can also be used to measure the
compositional changes in seeds (Salgo et al., 1995; Osborne, 1996; Pawlinsky and
Williams, 1998). Both maturation and germination processes occur in a high moisture
content environment so in plant tissues interactions can also be observed between
solutes, macromolecules and water.

The aim of present study was to observe the biochemical and physiological changes
in intact wheat grain during development (maturation) and during germination using
NIR methods. The investigations were focused on the qualitative changes of spectral
characteristics of the main constituents in grain.

MATERIALS AND METHODS

Six different winter wheat varieties were grown as field trials at the Agricultural
Research Institute of the Hungarian Academy of Sciences (AR1HAS), Martonvasar. The
varieties investigated were GK Othalom, Bankuti 1201, Jubilejnaja 50, Mv 23, Fatima,
and Mv 15/Mv 20. Primary ear samples were collected twice or three times per week for
each variety. Sampling began at 12 days after flowering (DAF) and the 16 sampling
dates covered the entire maturation period of 41 days (12-53 DAF). Six independent ear
samples were collected on each occasion from each variety. The seeds were collected
from ears directly after sampling and were investigated in the intact state. The samples
obtained on the first sampling date (12 DAF) differed from the others in that the
immature kernels were so small that they had to be prepared together with their bracts
(palea and lemma); otherwise, 40-60 seeds were taken from each ear and the average
fresh weight of the samples (mg seed" ) was measured.

The germination trials were carried out with the same six wheat varieties used in the
maturation study. Wheat samples (approx. 100 g) were allowed to imbibe tap water for
two hours. The starting point of the germination process was the end of the water uptake
stage. Germination was carried out at 20-°C in closed boxes the base of which was lined
with wet filter paper. Samples (approx. 10 g) were taken at the following germination
times: 0, 4, 8, 12, 24, 36, 48, 72, 96 hours. After sampling the spectroscopic and the
moisture measurements were carried out immediately.

Five independent scans were recorded for each sample using an NIRSystems Model
6500 monochromator system (Foss-NIRSystems, Silver Spring, MD, USA) fitted with a
sample transport module and standard sample cups. Samples were scanned (32 scans)
from 1100 to 2498 nm in reflectance mode. Data were collected at every 2 nm and the
raw spectra were transformed into second derivatives (D2OD) using a 10 nm segment
and 0 nm gap size. Second derivative spectra have a negative peak that matches exactly
the absorption maximum (positive peak) of an absorbance band in log l/R and these
negative peaks were used to monitor the effects of main constituents in the wheat seeds.
Moisture content was measured in triplicate using oven drying (105 °C for 4 hours)
immediately after collecting spectra to avoid moisture loss. Spectral and reference data
were processed using NIRSystems Spectral Analysis Software (NSAS), Ver. 3.30.
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RESULTS AND DISCUSSION

During the maturation process characteristic changes in fresh weight and in moisture
content was observed (data not shown). The seed weight increased until about 36 DAF
(due to nutrient uptake and synthesis of reserve materials) then the drying effect of seed
was more marked. Very high levels of moisture content were observed at the beginning
of maturation then a proportional decrease was detected and this drying effect was
accelerated in the late phase of maturation.

The changes taking place in seed were measured in near infrared reflectance spectra
and the variable regions of spectra were evaluated after calculation of second
derivatives (D2OD) of raw data. Fig. 1 shows the characteristic regions of transformed
spectra where changes in the main constituents (moisture, carbohydrates, proteins) can
be followed. The main constituents can be assigned in D20D spectra at different
specific wavelengths. We have selected those bands of absorption where the change in
the designated component is sensitive enough and the bands are not associated with or
interfered with by other components.

Fig. 2 represents the changes of minimum values of a water peak in the D20D
spectra of maturing and germinating wheat measured between 1890-1920 run. During
maturation (beyond 15 DAF) a proportional decrease in moisture content (Fig. 2a) was
observed and the kinetic of water loss measured by NIR was similar to the loss kinetic
measured by the reference oven drying method. The change of moisture content in
germinated wheat (Fig. 2b) indicated a high concentration of "free" water in the early
phase of germination. During the first 4 hours the amount of "free" water decreased
dramatically and then a slow increase in water content was measured by NIR.

The trends in changes of moisture content mentioned above can also be predicted
based on the changes of the O-H stretching first overtone band measured between
1400-1420 nm.

The synthesis and decomposition of reserve carbohydrate (starch) components were
measured by the changes in first overtone bands of O-H stretching vibration between
1580-1600 nm. The Figure 3a shows a linear increase of starch concentration during the
maturation process which indicates a continuous synthesis of starch as a function of
time. The decomposition of starch during germination (Figure. 3b) was shown as a
proportional degradation process. An early drop of starch concentration during the water
uptake period was observed.

During the maturation and germination processes water-soluble mono- and
oligosaccharides were also formed and declined. These constituents can also be detected
by NIR in the wavelength region between 2260-2290 nm.
The band of spectral region (2050-2070 nm), which is mainly associated with storage
proteins (gliadins and glutenins) showed a high degree of change during maturation
(Fig. 4a).

Uncertain shifts of protein bands occurred until 23 DAF and confirmed the
formation of amino acids and peptides for protein synthesis. In the second phase of
maturation (after 26 DAF) an increase in storage protein concentration was detected.
The degradation of storage proteins during germination (Fig. 4b) was confirmed based
on the change of protein bands between 2050—2070 nm.

In order to be able to check the physiological changes or status of seeds
quantitatively, calibrations were developed for measurement of the main grain
constituents (moisture, nitrogen content, dry weight), and used to monitor the
maturation and germination processes. The developed calibrations and tests allowed the
prediction of maturation stage with a standard error of prediction, SEP = 1.4 days and
germination stage with an SEP = 4.6 hours.
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Figure 2. Changes of inverse value of minimum of water peak (1890-1920 run) of
wheat seed for six varieties during (a) maturation and (b) germination. • = GK
Othalom, A = Bankuti 1201, • = Jubilejnaja 50, • = Mv 23, A = Fatima, O = (a) Mv 15,
(b) Mv 20.
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Figure 3. Changes of inverse value of minimum of starch peak (1580-1600 nm) of
wheat seed for six varieties during (a) maturation and (b) germination. • = GK
Othalom, A = Bankuti 1201, • = Jubilejnaja 50, D = Mv 23, A = Fatima, O = (a) Mv 15,
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Figure 4. Changes of inverse value of minimum of protein peak (2050-2070 nm) of
wheat seed for six varieties during (a) maturation and (b) germination. • = GK
Othalom, A = Bankiiti 1201, • = Jubilejnaja 50, • = Mv 23, A = Fatima, O = (a) Mv 15,
(b) Mv 20.
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CONCLUSIONS

Seed maturation and germination can be sensitively followed by NIR spectroscopy. The
details of NIR spectra are informative and concern the changes of macro components or
their fractions and contain useful chemical and biochemical information. The
physiological status of seed can be predicted qualitatively and quantitatively by NIR.
Fast and non-destructive prediction of the physiological status wheat grain could
improve consistency for grain processing and could help to detect quality failures.
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ABSTRACT

Of the 2 million ha of wheat grown annually in the UK, about 700,000 ha are grown on
drought-prone soils. With predicted climate change, the frequency of summer droughts
is likely to increase. By mapping genes controlling improved end-use quality under
stress, the objective is to provide UK plant breeders with information on genes, and
selection methods for traits conferring more stable end-use quality under drought-stress
conditions.

A mapping population of 48 doubled haploid lines and their parents (Beaver &
Soissons), has been investigated over two seasons (2002 and 2003 harvest years), on a
drought-prone, loamy sand at ADAS Gleadthorpe. The different lines were grown both
with, and without irrigation, in fully replicated field experiments, to examine the
differential response of the lines to drought. Physiological assessments were made
throughout the season, and yield determined at grain maturity. Hand harvested grain
was assessed for mealiness (=100-vitreosity), hardness, grain size, grain weight, grain
protein content and measurements made of gel protein quality.

The initial observations suggest that the effect of drought was to reduce grain size,
increase grain crude protein concentration, and to increase vitreosity of the grain. At the
same time, grain protein quality was improved, and grain hardness increased under
drought conditions. New QTL have been identified and further work is ongoing to
understand the interactions between genotype and environment on grain quality in these
lines.

INTRODUCTION

Grain hardness determines endosperm texture, and is controlled to a major extent by a
major gene, the Ha locus, on chromosome 5D of bread wheat. However, up to 25% of
the variation in hardness is thought to be due to other factors, with evidence for a strong
G x E interaction (Campbell et ai, 1999). Of the 2 million ha of wheat grown annually
in the UK, about 700,000 ha are grown on drought prone soils (Foulkes et ah, 2001a),
and annual yield losses of up to 15% are typical for a post-anthesis drought. Drought as
an environmental variable, could play a major role in influencing endosperm texture,
but has been little studied in field experiments. The objectives of this work were to
establish robust relationships between drought and grain quality parameters, and to
identify desirable combinations of drought resistance and quality traits for UK wheat.
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EXPERIMENTAL PROCEDURES

A mapping population of 48 doubled haploid (DH) lines and their parents (Beaver and
Soissons), was investigated over two seasons (2002 and 2003 harvest years). Key traits
associated with each of the parental lines are shown in Table 1. Crops were established
in the autumn on a drought-prone soil at ADAS Gleadthorpe, Nottinghamshire (loamy
sand to 35cm, over medium sand). The different lines were grown both with and
without irrigation, in fully replicated field experiments, to examine the differential
response of the lines to drought. Irrigation was included as a main plot treatment within
a split plot design, and the DH lines and their parents allocated randomly within the
main plots. There were three replicates (blocks) of each drought x line treatment, giving
a total number of 312 plots at sowing. Sub-plot size was 6 x 1.4 m in 2002, and 12 x
1.4m in 2003, drilled with an 0yjord plot drill. The two irrigation treatments were: (i)
fully irrigated to maintain soil moisture deficit (SMD) < 60 mm from onset of stem
extension (GS31) to harvest and (ii) unirrigated. Irrigation was applied using a linear
overhead irrigator. Physiological assessments including flag leaf persistence, stem water
soluble carbohydrates (WSC) and flowering date (GS61) were made throughout the
season as described by Foulkes et al. (2002). Combine-harvested grain yield was
determined at maturity. Hand-harvested grain was assessed for mealiness (=100-
vitreosity) using a light transflectance meter (Wheaton and Muller, 2001); hardness,
grain size and grain weight using the single kernel characterisation system (SKCS);
grain nitrogen concentration by Dumas combustion, and migration time of puroindoline
(PEN) -a and -b by capillary electrophoresis at pH 2.5 (Day, 2002). Quantitative trait
loci (QTL) analysis was carried out as described by Verma et al. (2004).

Trait

Flowering
Canopy persistence
Stem reserves

Endosperm texture
1BL/1RS translocation
Protein quality

Variety
Beaver
Late
Poor
Mod-
high
Soft
+

Glu-Bl 6+8
Glu-Dl 2+12

Soissons
Early
Good
High

Hard
-
7+8
5+10

Table 1. Drought resistance and quality traits associated with parental lines

RESULTS AND DISCUSSION

Grain hardness and protein content

Analysis of PIN a:b mobility ratio in the 2002 samples demonstrated that the lines
segregated into two groups of hard and soft wheats centred around the parental values
(Figure 1). ANOVA of these data showed that there was no significant effect of
irrigation treatment on PIN a:b mobility ratio, although both the levels of PIN-b and the
PIN a:b mobility ratio were significantly affected by variety (p<0.001), as expected.
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Figure 1. PIN a:b mobility ratio plotted against hardness for doubled haploid lines and
parental lines grown in 2002

Instrumental measurements of hardness by SKCS also supported the segregation into
two groups, with a cut off value of 40 (SKCS arbitrary units) between the two (Figure
1). In both years, mean hardness increased under drought conditions (37.3 vs 42.0 in
2002, and 40.8 vs 42.7 in 2003, for irrigated and unirrigated treatment means
respectively), being significant in 2003 (p<0.1).

Drought significantly increased grain crude protein content (N x 5.83 @ 14%MC) in
both years (from 11.1 to 13.0% in 2002 (p<0.01) and from 11.1 to 11.9% in 2003
(p<0.05) for irrigated and unirrigated treatments respectively). Tn both years there were
significant effects of variety on grain protein content, but no significant interactions.

Grain vitreosity

In both years, drought treatment increased the proportion of vitreous grains (37.4 vs
66.1 in 2002, and 63.0 vs 77.9 % in 2003, for irrigated and unirrigated treatments
respectively). The overall effect of drought treatment on vitreosity was not significant in
2002 (p=0.1), but was significant in 2003 (p<0.05). However, there were both highly
significant varietal effects and interactions between variety and irrigation (pO.OOl), in
both years. Regression analysis showed that PEST a:b mobility ratio explained 64% of
the variation in grain hardness in the 2002 datasets, and when % vitreosity was included
as a factor, this explained a further 8% of the variation in hardness. Therefore vitreosity
appears to be a trait which is influenced by both variety and environment, and
contributes to the variation in hardness seen in this population.

Genetic analysis

The physical factors determining vitreosity are little understood. Analysis was carried
out in order to better understand the genotypic influences on vitreosity. For the 2002
data set, QTL analysis showed that there was a positive effect on vitreosity of genes on
chromosomes 4B and 4D in the unirrigated treatment. It is possible that these QTL are
linked to the major Rht dwarfing genes. There was also a significant effect of 2B, 2D
and 3A on vitreosity, in the irrigated lines. In the unirrigated lines, vitreosity was also
related (p<0.05) to the 1BL/1RS translocation (i.e. vitreosity was increased in the
presence of the translocation; Figure 2). There was no association between vitreosity
and the Ha locus on 5D in 2002.
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Figure 2. Influence of the 1BL/1RS translocation on vitreosity in doubled haploid lines
and their parents, grown under drought condition, at ADAS Gleadthorpe in 2002 (data
sorted in order of decreasing vitreosity).

QTL analysis for the 2003 dataset, again demonstrated a highly significant 1BL/1RS
effect on vitreosity, in both irrigated and unirrigated treatments, which was highly
significant. An effect was also noted on 2D, 3A and 4D (linked with Rht-Dl in the latter
case), but not on 4B. In contrast to the 2002 results, a small effect of the Ha locus was
seen in the unirrigated treatment. The data here therefore suggested that hardness, as
influenced by puroindolines, was not the prime determinant of vitreosity in the grain.
Important factors were presence of good quality high molecular weight glutenin
subunits associated with the Glu-Bl locus, and protein content, associated with markers
on 3A and 4B. It is known that decreased protein content in wheat grain is generally
associated with presence of the Rht dwarfing genes (J Snape pers comm), and it may be
that vitreosity is linked with this effect on protein content, but is not necessarily linked
with dwarfing per se.

CONCLUSIONS

The observations in this study were that drought, in the field, increased hardness,
increased grain crude protein concentration and increased vitreosity of wheat grain. The
PIN a:b mobility ratio explained a significant proportion of the variation in grain
hardness, but was not significantly affected by drought. Vitreosity appeared to explain a
further 8% of the variation in grain hardness in 2002. The data support earlier reports
that vitreosity was predominantly influenced by variation in protein content, and the rate
of grain drying, and that in laboratory studies, vitreous grains tend to be tougher
(Dobraszczyk, 1994).

The study aims to link QTLs for quality traits to those for physiological traits
associated with yield performance. For instance, while there was no association between
vitreosity and QTL's for senescence on 2B and 2D (a key determinant of yield stability
under droughted conditions; Verma et al., 2004), there was an association with
1BL/1RS, which is also associated with higher levels of stem water soluble
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carbohydrates (J Snape, unpublished data) and have been correlated with high grain
yields, across a range of environments.
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ABSTRACT

There are many different ways of evaluating wheat grains in order to understand their
mechanical properties as they impact on milling and their use in bread-making. As part
of a larger project concentrating on the evaluation of the bread-making qualities of
wheat we are developing in-situ testing methods in an environmental scanning electron
microscope (ESEM). ESEM has two particular advantages for such a study of wheat: it
is possible to maintain the sample in a hydrated state and insulators do not need to be
coated with a conductive coating. Thus grains in their native state can be imaged as
failure proceeds without charging artefacts.

For our work we use a wide variety of wheat grain samples taken from different
varieties grown under a range of known conditions. Mechanical testing is carried out to
test the behaviour of the grains under stress, yielding data such as characteristic stress-
strain curves and the maximum load upon which grains break depending on their
growing conditions. The ESEM enables us to study the occurrence and propagation of
cracks in the grains at any given load up to the fracture point and beyond and to record
live images of the breaking process.

INTRODUCTION

We have developed a real-time, in-situ method for observing the fracture dynamics of
wheat grains at very high spatial resolution. The prediction of the end use qualities of
wheat grains is of importance to the flour and breadmaking industry. Hence facilitating
early decisions about the suitability of wheat for processing for human consumption has
considerable commercial impact.

There are many different ways of evaluating the properties of wheat grains in order
to understand their mechanical properties as they impact on milling and their use in
bread-making. Conventional techniques for the testing of mechanical properties
provide high quality bulk data but do not give an insight into failure mechanisms such
as crack propagation paths. Therefore a new in-situ testing method for wheat grains in
an environmental scanning electron microscope (ESEM) is being developed as part of
the BBSRC project "A Genomics Approach to Improving the Breadmaking Quality of
Wheat" funded by the BBSRC's Exploiting Genomics Initiative.

Conventional electron microscopes require both high vacuum and some kind of
sample preparation, such as dehydration, freezing or sputtering of the surface with a
conductive gold coating. This prevents the dynamic in-situ testing of biological
material because breaking the gold layer on the surface would lead to the appearance of
charging artefacts. However, these limitations do not apply to ESEM and in-situ
mechanical testing has been carried out at low temperatures and high humidities on
mixed biopolymer gels (Rizzieri et al, 2003), breadcrumbs (Stokes and Donald, 2000)
and carrots (Thiel and Donald, 1998; 2000). The experimental set-up of the work
presented here features a tensometer stage inside the chamber of the ESEM, which
enables the detailed investigation of the behaviour of wheat grams and their cross-
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sections in their native, hydrated state under compression. It is possible to image, and
even videotape, the mechanical tests and to synchronise the response with the load-
deformation profile obtained from the tensometer.

EXPERIMENTAL DETAILS

Grain varieties used for the experiments discussed here include Rialto (mature grains)
and Cadenza (from 3 weeks past anthesis to maturity). The wheat was not tempered.
All grains were measured in three dimensions, length, width and thickness, before being
subjected to mechanical testing. The error on the measurement was ± 0.05 mm. The
size of wheat grains commonly was in the range of 5 to 8 mm length and 2 to 4 mm
width/thickness.

Mechanical testing of a large number of wheat grains was carried out under ambient
conditions in a tensometer designed at the Cavendish Laboratories by F. S. Baker and R.
Balsod. The tensometer was fitted with a load cell of 4.45 kN maximum load. The
samples were subjected to a compression rate of 2 mm/min. During compression the
grains were held by two circular grooves (diameter 1.5 mm) in the jaws of the
tensometer.
Cross-sections were cut from the middle of mature wheat grains with a razor blade and
imaged both in an ElectroScan Model E3 ESEM fitted with a LaB6 filament, and an
Electroscan Model 2010 ESEM fitted with a tungsten filament. In both cases, the
specimens were rested on a water-backed, Peltier-cooled copper block to keep them at a
constant temperature of 2 °C and a pressure of 4.7 Torr water vapour, which
corresponds to approximately 90 % relative humidity. Images were recorded using a
conventional Gaseous Secondary Electron Detector (GSED; Danilatos, Maxwell and
Mancuso, US Patent 1989).

For preliminary in-situ mechanical testing the ElectroScan Model E3 ESEM was
fitted with an Electroscan Tensometer not fitted with a load cell. The samples were
compressed at a rate of 6 um/min. Both ends of the grains were cut off with a razor
blade and the grains then held between two flat jaws. The experiments were conducted
with the help of a new type of detector that allows imaging at ambient temperature
under up to 100 % relative humidity (Baker and Toth, UK Patent Application 2004).

All ESEM experiments were carried out using an accelerating voltage of 10 kV to
minimise radiation damage to the samples while maintaining a good resolution.

RESULTS AND DISCUSSION

A detail of the cross-section taken from the middle of a wheat grain can be found in
Figure 1. The different components and layers of the outer part of the grain can be seen
clearly in their natural, fully hydrated state, which cannot be done in a conventional
SEM where the grains will be dry and hence not in their natural state. All the starch
granules in the sub-aleurone endosperm are 'A' type, i.e. large granules. The small dots
inside the aleurone cells are lipid or aleurone protein bodies. The bran consists of
several different layers. External to the aleurone cells is the nucellar epidermis, which
is all that remains of the nucellus tissue that provides nutrients to the growing
endosperm. Next to this is the testa layer or seed coat, which in red wheat contains
pigments that prevent premature germination. Outside the testa are the cross-cells,
which lose their chloroplasts as the grain matures. The outer part of the bran is called
the bees wing bran. This layer separates easily from soaked grain because the
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innermost cells become stretched and torn during grain filling. All the bran tissue
external to the testa is derived from the fruit wall and is collectively termed the pericarp.

Aleurone cell

Starch granule

Nucellar epidermis

Bees wing bran

testa

Figure 1. Cross-section of the outer layers of a wheat grain. The scale bar equals
50 um.

The image was obtained using an ESEM 2010 operating at 10 kV, 4.7 Torr, and 2.3 °C,
approximating 90 % relative humidity. The position of the cross-section relative to the
grain can be illustrated by a horizontal cut across the grains depicted in the images in
Fig. 2 and 3.

The sequence of six images in Figure 2 shows a wheat grain undergoing failure upon
longitudinal compression. The detail of the buckle on the left-hand side of the groove
stayed unchanged throughout the sequence. The bran on the right-hand side of the
groove initially buckled only slightly (see Figure 2a). This was followed in Figures (b)
to (e) by continuously increasing folding of the bran, leading to eventual catastrophic
failure in picture (f) where a plate-shaped part of the bran became detached entirely.

\v*

Figure 2. Bran layers of a wheat grain undergoing failure. The scale bar equals 50 um.
The axis of compression is vertical in the images. Images were obtained using an
ESEM E3 with an Electroscan Tensometer operating at 10 kV, 2.2 Torr and ambient
temperature, which corresponds to 12.5 % relative humidity.

Observations of bran-layer deformation from several trials failed to identify any
correlation between the onset of buckling and location within the groove. It was
assumed that internal weaknesses in the structure of the bran are the determining factor.
Therefore, close attention will be paid to the effect of any defects during the
investigation of cross-sections of wheat grains under compression. This approach
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should also provide an insight into the failure mechanisms within the structure, for
example where the bran breaks first and which paths the cracks take through bran and
matrix. Whether the cracks propagate through the starch granules or around them is
determined by the hardness of the wheat variety under investigation (Eliasson and
Larsson, 1993) but it will be useful to watch events unfold in-situ and to find out if there
are any differences between 'A' and 'B ' granules.

v
Figure 3. Crack propagation in the bran of a wheat grain. The scale bar equals 50 um.
The axis of compression is vertical in the images. The images were obtained using an
ESEM E3 with an Electroscan Tensometer operating at 10 kV, 2.2 Torr and ambient
temperature, corresponding to 12.5 % relative humidity.

hi Figure 3 as well as in Figure 2 it can be noticed that while the bran preferentially
seemed to buckle perpendicular to the ridges in the bran, cracks were more likely to
appear parallel to the ridges. This was observed commonly during a number of
compression experiments in the ESEM. This suggests that the part of the bran buckling
and breaking actually is the bees wing bran only, although details of the cells visible in
the cracks could not so far be focussed well enough to determine their nature.

A typical stress-strain curve of a wheat grain under compression can be seen in
Figure 4. The data were acquired using a tensometer set up separately from the ESEM.
There is an initial load of 70 N because the grain had to be gripped before a
compression experiment could take place. During the buckling of the bran the load
increased from 70 N at the onset of compression to roughly 130 N at the point of
maximum stress concentration. The failure of the bran corresponds to a displacement of
approximately -0.13 mm in this particular sample. Subsequently different parts of the
grain continued to break and crumble, which led to decreasing resistance to
compression and consequently a decrease in load during further compression. The
values for the displacement are negative because the distance between the jaws
decreases during compression.

Figure 4. Typical stress-strain curve for the compression of a wheat grain,
a., buckling of bran, b.. failure, c . compression of broken grain
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The data were obtained using a tensometer designed at the Cavendish Laboratories, at a
compression rate of 2 mm/min.

The load and the displacement at the point of maximum stress varied strongly with
the wheat variety and the maturity of the grain as well as in between grains of the same
variety and age. Although the shape of the grains was taken into account by careful
measurement of their dimensions there was a wide spread of results. Therefore the
assignment of a correlation between variety and or maturity and compression data is
still pending.

ACKNOWLEDGEMENTS

N. Zakowsky would like to thank Dr. Mary Parker of the IFR, Norwich, for help and
advice and the BBSRC (Grant 8/EGA17695) for funding.

REFERENCES

Baker, F. S., and Toth, M. (2004) UK Patent Application GB0300474.4, PCT/GB
04/00080
Danilatos, G. D., Maxwell, W. B., and Mancuso, J. F. (1989) US Patent US4880976,
Secondary electron detector for use in a gaseous atmosphere
Eliasson, A.-C, and Larsson, K. (1993) Cereals in Breadmaking - A Molecular
Colloidal Approach, Chapter 5 pp.241, Marcel Dekker, Inc., New York
Rizzieri, R., Baker, F. S., and Donald, A. M. (2003) Polymer 44, 5927-5935, A study of
the large strain deformation and failure behaviour of mixed biopolymer gels via in situ
ESEM
Stokes, D. J., and Donald A. M. (2000) J. Mater. Sci. 35, 599-607, in situ mechanical
testing of dry and hydrated breadcrumb in the environmental scanning electron
microscope
Thiel, B., and Donald, A. M. (1998) Annal. Bot. 82, 727-733, In situ mechanical testing
of fully hydrated carrots (Daucus carota) in the Environmental SEM
Thiel, B., and Donald, A. M. (2000) J. Texture Studies 31, 437-455, Microstructural
failure mechanisms in cooked and aged carrots



RHEOLOGICAL BEHAVIOUR, STRUCTURAL AND
PHYSICOCHEMICAL CHARACTERISTICS OF VITREOUS AND

PIEBALD DURUM WHEAT ENDOSPERM

M.-F. Samson. M.-H. Morel, F. Mabille and J. Abecassis

INRA, UMRIATE, 2, place Viala, 34060 Montpellier Cedex 01, France

ABSTRACT
The vitreous structure of the kernel is an important quality trait for durum wheat end-uses.
Endosperm floury parts within the endosperm lower the semolina milling value by decreasing
the semolina to flour yield ratio. Moreover cooking quality is also affected as protein content
of semolina decreases with yellow of the berry.

A large study was undertaken on durum wheat to relate more precisely textural, structural
and physiochemical characteristics of endosperm. Four durum wheat cultivars were grown at
4 locations with various levels of nitrogen input. From each harvest homogenous vitreous and
mealy kernels were selected and their endosperms were analysed at different structural levels:
macroscopic, microscopic and molecular.

Vitreous and floury endosperms exhibited differences at all 3 levels considered.
Rheological tests (indentation and compression) showed large differences in mechanical
properties (Young modulus, rupture energy) and endosperm microstructure characterized by
microscopic observation (MEB) revealed variable density and microporosity. Contrasted
protein content and protein composition (gliadin/glutenin ratio) were observed depending on
endosperm texture.

Results are discussed in order to relate semolina yield with the rheological properties of
vitreous and piebald endosperm.

INTRODUCTION

The vitreous structure of the kernel is an important quality trait for durum wheat end-uses. By
contrast, yellow berry is a serious seed disorder, which gives starchy or partly starchy
(piebald) kernels (Dexter et ah, 1989). This problem is frequently encountered with low
nitrogen fertilisation (Gianibelli et ah, 1991; Gate, 1996; Madan and Kumar, 1998).
Endosperm floury parts lower the semolina milling value by decreasing the semolina to flour
yield ratio (Matveef, 1963).

The aim of this study was to clarify the relationship between textural, mechanical,
structural and biochemical parameters in the occurrence of yellow berry. Results are discussed
in order to relate semolina yield with the rheological properties of vitreous and piebald
endosperms.

MATERIALS AND METHODS

Four durum wheat cultivars grown under different N fertilisation levels (40 to 380 kg/ha)
were studied.

At harvest, different parameters such as moisture and protein (Nx5.7) contents (AACC
method 44-19 and 46-12 respectively), percentage of yellow berry or vitreousness of the
kernels (NF V03-705) were estimated.

Indentation and compression tests were performed on geometric samples of mealy and
vitreous endosperms as described by Ffaddad et al. (1998).
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Micromill analysis were carried out according to Pujol et al. (2000) with minor
modifications.
Endosperm surface of mealy and vitreous grains was observed by scanning electron
microscopy (SEM) after transversal fracture.

Grains were ground and flours obtained were analysed by SE-HPLC according to Morel et
al. (2000) in order to estimate protein content and gliadin to glutenin ratio.

RESULTS AND DISCUSSION

Four durum wheat cultivars were harvested with different nitrogen supplies. Very contrasted
yellow berry levels ranging from 0 to 100 % were obtained. Figure 1 presents the relationship
between yellow berry and protein content of durum wheat kernels.
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Figure 1. Relationship between yellow berry of durum wheat grains at harvest and their total
protein content
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Figure 2. Relationship between energy to produce particles below 160 \i m and the yellow
berry percent of grain sample
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Micromill results

A small number of samples was selected and analysed with the micromill procedure. One
hundred grams of grains were tempered to a final moisture content of 15% and ground, the
resulting product was sieved through 2 screens (160 and 900 um). Energy to produce particles
below 160 um (K'160) was expressed as a function of yellow-berry (Figure 2). The energy
necessary to produce finner particles decreased from 716 kJ/kg to 350kJ/kg when yellow
berry value increased up to 50 %. Mechanical and biochemical analysis were futher carried
out in order to better explain differences in grinding energy.

Textural characterisation of vitreous and mealy endosperm

Indentation tests were performed on slices of fully vitreous or mealy durum wheat grains
grown with various nitrogen supplies. Maximum force obtained at the end of the penetration
test was assimilated to indentation hardness. Results obtained for mealy and vitreous slices,
across cultivars, locations and nitrogen levels are presented in Figure 3. Vitreous endosperm
appears 2-fold harder than a mealy one. Additionally, neither high nitrogen levels or cultivars
has an effect on hardness of both type of endosperm considered.
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Figure 3. Hardness of vitreous and mealy durum wheat endosperms
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Figure 4. Strain (a), energy (b) at rupture and Young's modulus of vitreous (V) and mealy (M)
durum wheat endosperms
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Compression tests were performed on parallelepipedal samples of vitreous and mealy
endosperms. Strain and energy at rupture, and Young's modulus were recorded. Results are
presented Figure 4. Rupture energy is 5.9 times higher for vitreous parts and small variations
were encountered with nitrogen supply. Strain and Young's modulus were 2.1 and 1.5 greater
for vitreous parts respectively.

SEM characterisation

SEM characterisations of mealy and vitreous endosperms are presented Figures 5 and 6
respectively. In mealy endosperm, starch granules remain unbroken after the fracture, small
granules seem to be numerous and the protein matrix appears as rare filaments. The whole
structure seems porous. In vitreous endosperm, the protein matrix appears much more present
and rather dense. Consequently, starch granules firmly embedded in the protein matrix have
been broken during the fracture. These data are in agreement with those previously reported in
the literature for durum wheat (Dexter et al, 1989). Volume occupied by air spaces has been
estimated for our samples and mealy one have at least 6 times much more air spaces than
vitreous (data not shown).

Relationship between protein content and composition of durum wheat endosperms and
the vitreousness

As previously described by many workers (Dexter and Matsuo, 1981; Dexter et al, 1989;
Gate, 1996), the total protein content is positively influenced by nitrogen fertilisation
(p<0.001) and by N management. Storage protein composition and total protein content of
durum wheat grains at harvest were determined by SE-HPLC (Dachkevitch and Autran, 1989;
Morel et al, 2000). Total protein content of fully mealy grains is 1.3 to 1.7 times, according
to location, lower than that of fully vitreous. This result is in agreement with previous works
(Dexter and Matsuo, 1981; Dexter et al, 1989). The repartition between the different classes
of proteins is different according to the total protein content and the yellow berry percent of
the sample grain. The major part of the grains with a low yellow berry percent exhibited a
total protein content greater than 10.4 % and a Glia/Glu ratio under 1 (Figure 5, only one
location).

CONCLUSION

Vitreous and mealy endosperms of durum wheat present a very different rheological behavior,
but no variations in term of hardness or rupture energy were found inside each group. At a
biochemical level, the endosperms could be distinguished by their gliadin to glutenin ratio.
The amount of gliadin in mealy part was less important and well correlated with yellow berry
percent, hi term of milling process, the linear variation of milling energy is well correlated
with vitreousness.
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Figure 5. Scanning electron micrograph of the failed surface of mealy grain (bar = 10 um).

Figure 6. Scanning electron micrograph of the failed surface of vitreous grain (bar =10 um)
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ABSTRACT

The milling process of common wheat {Triticum aestivum) aims at isolating the starchy
endosperm (flour) from the other grain tissues (shorts and bran). The aleurone layer,
which belongs to the endosperm from a botanical standpoint, is mainly recovered as the
inner part of the bran. Consequently, separation between this tissue and the endosperm
appears to be key factor in control of the milling process. The aim of this study was to
analyse the aleurone layer fate at different stages of the milling process using an original
method based on specific biochemical marker identification. Indeed, phytic and para-
coumaric acids were used to follow the aleurone cellular content and the aleurone cell
walls respectively.

In this study, wheat grains from hard or soft cultivars were processed on a reference
mill equipped with four break rolls, four sizing rolls and six reduction rolls (Siraga,
ENSMIC, Paris, Fr) leading to 14 flour fractions and 4 bran or shorts fractions for each
cultivar. Each sample was characterised by its ashes content to assess purity and
concentration of phytic and para-coumaric acids determined from head and tail flour
fractions as well as from total flours and grains.

The results highlight the milling behaviour difference between hard and soft wheat
grains regarding the aleurone layer fractionation.

INTRODUCTION

The wheat grain milling process was developed in order to separate the starchy
endosperm from the bran layers and germ and to reduce it into flour. The process
efficiency is usually evaluated by ash measurement (Abecassis, 1993) but it has already
been shown that this analysis is not sufficient and gives no information on the nature of
the outer layers present in the flours. Being located at the interface between the starchy
endosperm and the bran layers (Evers and Betchel, 1988) but recovered mainly in the
bran fraction, the aleurone layer appears interesting to follow. In this study, two
molecular markers, phytic acid and para-coumaric acid (p-CA), were quantified in flour
streams to describe the fate of the aleurone layer cellular content or cell walls
respectively. Furthermore, ash was used as a reference marker of the peripheral tissues.
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Eight varieties of wheat grains with different type of hardness were chosen to represent
French common wheat {Triticum aestivum L.) variability. Each batch of grains was
processed under the same conditions. Cleaned grains were tempered to 17% moisture
content for 24h and treated on a pilot mill (Siraga, ENSMIC, Paris, France) equipped
with four break(B), four sizing (S) and six reduction (R) rolls (Willm, 1995) according
to the diagram shown in Figure 1. Milling fractions (14 flours, coarse and fine bran and
2 shorts fractions) were recovered and yield of each product determined. Ground grains,
total flours and flours from each of the first (Bl, SI, Rl) and last (B4, S4, R6) milling
streams were analysed for their ash (ISO 2171 - 1993),p-CA (Antoine et ah, 2004) and
phytic acid content (Vaintraub and Lapteva, 1988).

RESULTS

Total amount of ash, phytic acid and p-CA were determined in ground grains but did not
show significant differences between the wheat variety (1.6 % ± 0.1, 1.5 % ± 0.3 and 2.2 % ±
0.6 x 10"3 d.m. respectively). The amount of each of the molecular markers were then
determined in total flours and flours from the first and last milling streams. A similar content
of each of the three molecular markers was observed between flours from the last milling
streams (not shown). However, contrary to expectations, comparison of the mean values of
the markers in total flour and flours from the first milling streams revealed that the aleurone
layer incorporation estimated by phytic acid andp-CA amounts did not follow the ash content
(Fig. 2).
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Figure 2. Ash (% d.m.), phytic acid (% d.m.) andp-CA (% d.m. xlOOO) content mean values
of total flour and flours from the first milling streams.

Thus, ash measurement usually used to estimate the amount of peripheral tissues into flours,
i.e. the flour purity, is not a sufficiently good marker to describe wheat milling behaviour.
Furthermore, phytic acid incorporation into flours is different to that of^j-CA, indicating that
the aleurone layer content and cell walls display a distinct fate in the milling process.
Considering the milling steps, the break stage appears different as it shows a significantly
higher p-CA content in flour (Bl) compared to the reduction stage (SI and Rl). Thus, the
aleurone cell walls must be principally determined at the break step whereas phytic acid
content remains at the same level indicating that the cell content/cell wall ratio incorporated
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into flours increases from the break to the reduction stages. However, standard deviations
plotted in Figure 2 reveal some variability of the marker contents.

Therefore, a Principal Component Analysis (Fig. 3) was performed to study the sample
distribution better. This analysis is found to explain 81% of the flour variability. The first axis
depends on ash and p-CA content and allows discrimination of the break flours from the
reduction flours. The second axis depends on phytic acid content and clearly highlights the
different distribution of samples between the two classes of wheat grain hardness (hard:
hardness comprised between 65 and 85, soft: hardness between 10 and 25). Indeed, hard
wheat flours appear to be enriched in phytic acid compared to soft wheat flours and thus in
the content of the aleurone layer. The principal component analysis also highlights that
differences in p-CA and ash content are larger between break and reduction flours from hard
wheat grains. Thus, analysis of phytic acid and p-CA in flour distinguishes hardness classes
and milling stages.

Head flours

ih (mg^g)

-0,6 -0,4 -0,2 0
Fl (48 %)

0,2 0,4 0,6 0,8

Figure 3. Principal Component Analysis of the flours from the first milling streams taking
into account their phytic acid, ash and p-CA content. Each flour from break (B), sizing (S) or
reduction (R) step is also noted by the hardness type (H for hard or S for soft) and number of
the wheat variety (1 to 4) from which it is obtained. Samples from hard and soft varieties are
pointed out with an empty triangle or a full circle respectively.

Such differences in the level of the aleurone or cell wall content in flours from hard and soft
wheat grains should emerge from the way the grain breaks at the first step of the milling
process. Indeed, fracture propagation was described to follow cell walls in hard wheat grains
but not in soft wheats (Dobraszczyck, 1994). Furthermore, at the break stage, characteristics
of the bran fraction differ according to hardness. Hard wheat bran showing a smaller size
appears to be more fragmented and, on the contrary to soft wheat bran, contains less starch
indicating that separation from the endosperm is more effective (Bass, 1988). Thus, any
damage to the aleurone cell walls must allow the cellular content to release. As a
consequence, hard wheat total flour was found to contain a significantly higher mean phytic
acid level than soft wheat whereas mean ash and/>-CA contents are not significantly different
between the two classes of hardness (Fig. 4). This difference in composition probably leads to
distinct nutritional and technological properties of these two types of flour.
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Figure 4. Ash (% d.m.), phytic acid (% d.m.) and/>-CA (% d.m. x 1000) content mean values
of total flours.
CONCLUSION

The aleurone layer fractionation in the milling process was followed in flours with the use of
distinct molecular markers of the tissue content or cell walls. Results show the different fate
of the aleurone layer content and cell walls and also highlights differences in flour
composition according to hardness and the milling steps that could not be determined with
simple analysis of the ash content. It appears that, after the break stage, hard wheat flours are
enriched in the aleurone cellular content suggesting that the mode of grain rupture is one of
the factors which influences flour composition. Thus, these molecular markers have proved
useful as new tools to follow and control the wheat grain milling fractionation.
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ABSTRACT

Debranning is a new technology that could benefit milling and cereal processing in
general. The increasing number of industrial and scientific reports demonstrating the
advantages of debranning prior to milling has triggered a great deal of interest amongst
the cereal processing community. Till recently the term bran included the aleurone layer
since its separation from the outer bran layers is very difficult. This means that the
aleurone cells are inevitably removed with the bran during traditional milling.
Debranning gradually removes the outer layers from the surface of the cereal grain
inwards. This means that the aleurone layer could remain attached to the endosperm.
The debranning process, although not a sophisticated technique, is becoming
increasingly popular within the milling and baking industries because it can lead to
better quality flour when compared to conventional milling. Flour refinement, measured
by ash content and colour, is affected negatively by the milling yield. Several studies on
the effect of bran on flour quality have shown that debranning could improve flour
refinement increasing its milling yield in parallel. Debranning also has led to the
production of added-value by-products, which is a rapidly developing research area.
Pearlings and debranned cereal kernels could also be used for the production of a
number of novel food commodities like new types of bread and cereal-based fermented
foods. In this paper, the composition, particle size distribution and structure of flour
obtained using debranning technology will be compared with conventional flour, and
the results will be discussed.

INTRODUCTION

Debranning is the technology of gradually removing the outer layers of the cereal
grains. In the last decade the industry has shown an increasing interest in this
technology and has gradually incorporated it in flour milling. Recent research at the
Satake Centre for Grain Process Engineering (Mousia et al, 2004) shows that the use of
debranning does not have a significant effect on some of the conventional parameters
used to assess flour quality (e.g. ash content), hi this paper, the potential effect of
debranning on aspects like food safety, flour properties and nutritional value are
discussed.

EFFECT OF DEBRANNING ON CEREAL MICROBIAL CONTAMINATION

Some of the microorganisms present in cereals constitute a potential problem since their
development may alter the properties of the grain and the final products, and the
mycotoxins produced by some moulds may even be a risk for health. It has been
reported that these microorganisms are located close to the surface of the grain (Forder,
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1997; Bainoti and Perez, 2000). Preliminary work at the Satake Centre shows that the
use of debranning can considerably decrease cereal contamination (see contamination
profiles in figure 1). The controlled separation of the outer layers of the grain using the
Satake Abrasive Test Mill Model TM-05 shows that approximately 87% of the
microbial population present in the grain (fungi and bacteria) is removed only by 4%
debranning. This shows that debranning could improve the safety of the milled
products and increase shelf-life during storage.

i.4-4.1 4.1-8.2 8.2-'

% Debrannirsg (wfw)

Figure 1. Cell forming units (bacteria and moulds) found in different pearling fractions.
The total microbial content (bacteria and moulds) has been analysed by growth in
nutrient agar at 37°C during 24 and 48 h. The moulds content has been measured in
malt extract agar 25°C during 5days.

EFFECT ON MILLED PRODUCTS PROPERTIES

Debranning can also influence the properties of the milled products (Dexter et al 1994;
Dexter and Wood, 1996). The use of debranning on wheat grains prior to milling
showed that it has an effect on the way the wheat grains are milled and hence on the
final product properties. Figure 2 shows the effect of - 5 % debranning on the particle
size distribution of flours obtained from pearled and unpearled wheats of the same
origin. Pearled flour gives slightly higher particle sizes. This might be due to the fact
that removing material from the outer kernel affects the size, density and hardness of the
kernel. The alteration of these physical properties that influence breakage is probably
responsible for the differences observed in the particle size (Campbell and Webb, 2001).
This could also affect the particle size of the bran found in flour, which could influence
breadmaking performance.
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Figure 2. Particle size distribution of pearled and unpearled wheat flour.

USE OF DEBRANNING FOR THE PROCUCTION OF ENHANCED
NUTRITIONAL FOODS

Wheat grain consists of approximately 15% of bran, 83% of endosperm and 2-3% of
germ. The high nutritional value of some of the wheat layers (e.g. the aleurone cells) has
been reported. Figure 3 shows that 4-5% of debranning of wheat allows the aleurone
layer to remain intact and attached to the endosperm. In conventional flour milling the
aleurone layer remains attached to the bran and is removed with it. The use of
debranning technology in flour milling could allow the aleurone cells to be part of the
flour, which would enhance the flour nutritional value. At the same time debranning
could also be used to isolate aleurone layer-rich fractions that could be used as
functional ingredient for the production of enhanced cereal based foods.

Figure 3. Scanning electron microscopy image of a wheat kernel subjected to 4%
debranning.
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CONCLUSIONS

Debranning technology can be a valuable tool in cereal processing since it has the
potential to enhance cereal based products. 4% debranning can influence flour
properties, reduce microbial contamination 87% and improve the nutritional value of the
flour. The potential benefits of this technology cannot be assed using conventional
criteria. Aspects like the functionality and the safety of the milled products should be
also taken into account.
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ABSTRACT

Sulfuryl fluoride is a broad-spectrum fumigant which is being developed by Dow
AgroSciences in cooperation with researchers, fumigators and the food industry for the
control of stored product insects. The development effort was initiated in 1995 in response
to the need to find alternatives to methyl bromide which is currently being phased out under
the Montreal Protocol because of concerns that it depletes the stratospheric ozone layer.

In June 2003 Switzerland was the first country to grant approval of sulfuryl fluoride in
the food industry. The approval enabled commercial fumigations to be undertaken in
emptied mills, storage facilities and silos. This was followed in January 2004 by the
granting of federal registration in the USA by the Environmental Protection Agency for use
in grain storage and milling, as well as dried fruit and tree nut processing and storage.
Registration submissions have been made for approval in Canada, France, Germany, Italy
and the UK.

Laboratory chamber fumigation studies have confirmed that sulfuryl fluoride is
effective on all life stages of a range of stored product insects including those important in
flour mills e.g. Mediterranean flour moth {Ephestia kuehniella), Indian meal moth (Plodia
interpunctella), rust-red flour beetle (Tribolium castaneum) and confused flour beetle
{Tribolium confusum). The dosages for control have been determined under a range of
conditions and have been verified in over 50 practical field fumigations completed in
Europe and the USA in emptied flour mills and food processing plants as well as chambers
and stacks. In the UK two fumigations were completed in operational flour mills in 2002
and 2003.

INTRODUCTION

Fumigation is an established and effective practice available to the food industry for the
disinfestation of stored product insects (SPIs) from structures, equipment and food
commodities. For many years methyl bromide has been the fumigant of choice but is now
being phased out under the Montreal Protocol because of concerns that it contributes to the
depletion of stratospheric ozone. In 1995, in response to the need for alternatives, a
research programme on sulfuryl fluoride was initiated by Dow AgroSciences in cooperation
with researchers, fumigators and the food industry for the control of SPIs.



246 Use of the fumigant sulfuryl fluoride to replace methyl bromide

In June 2003, government authorities in Switzerland granted the first approval of sulfuryl
fluoride (as the product ProFume® gas fumigant) for use in emptied mills, storage facilities
and silos. This was followed in January 2004 by the Environmental Protection Agency
granting Federal registration in the USA for use in grain milling and storage as well as
dried fruit and tree nut processing and storage. Registration submissions have also been
made in Canada, France, Germany, Italy and the UK. The UK authorities, the Pesticide
Safety Directorate (PSD), are also acting as rapporteur member state for Annex 1 listing of
sulfuryl fluoride in the European Union.

Laboratory chamber (Drinkall, et al, 1996; Bell et al, 1999) and flour mills (Drinkall, et
al, 2003; Ducom, et al, 2003; Reichmuth, et al, 2003) fumigations have shown that all life
stages of several key SPIs can be controlled including rust-red flour beetle {Tribolium
castaneum), confused flour beetle (T. confusum), Mediterranean flour moth (Ephestia
kuehniella) and Indian meal moth (Plodia interpunctella). In the UK, two sulfuryl fluoride
fumigations were completed in operational flour mills under experimental permits granted
by the PSD. These formed part of a practical field development programme of over 50
fumigations completed in Europe and the USA in flour mills, food processing plants,
chambers and stacks.

®Trademark of Dow AgroSciences LLC

PRECISION FUMIGATION™

Precision Fumigation is defined as 'optimising fumigant use to maximise efficiency and
minimise risk'. To achieve Precision Fumigation of flour mills requires the close
cooperation of the miller and the fumigator to ensure operational safety and efficacy is
achieved with minimal disruption to production schedules. It is important that the SPIs
present in the mill are correctly identified and the temperature at the site of insect activity is
known. The volume of the site to be fumigated should be accurately calculated and an
estimate of the gas retention potential of the site made.

To help the fumigator consider various scenarios and to complete a Precision
Fumigation, Dow AgroSciences has developed the ProFume Fumiguide™ (a PC-based
software program). By varying fumigation factors: target pest, life stage, temperature,
exposure time and gas retention time job-specific target dosages (concentration x time
products or Ops) and amounts of sulfuryl fluoride can be established. An optimal
fumigation plan can then be selected from the various fumigation scenarios considered.
Based on concentrations of sulfuryl fluoride recorded during the fumigation, the ProFume
Fumiguide provides recommendations for achieving the target dosage. By reviewing
previous fumigation records greater precision can be built into future fumigations achieving
continuous improvement.

UK FLOUR MILL FUMIGATIONS

Site details

The flour mills were located in Nottinghamshire (Site 1) and Norfolk (Site 2) and the
fumigations were carried out in April 2002 and September 2003 respectively. The mills
consisted of brick construction and contained various modern milling machinery typically
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found in Europe. Site 1 consisted of three floors with the top floor divided into two levels
and an estimated volume to be fumigated of 3000 m3. Site 2 was larger with an estimated
fumigation volume of 10,000 m3. It consisted of four sections (screen house, old mill, new
mill, and stairwell). The screen house contained three floors and the old mill and new mill
four. The old mill also had an accessible basement pit.

Mill preparation

Following an inspection of each site, to identify where improvements in the fumigant
retention properties of each structure could be made, various permanent and temporary
sealing operations were performed. Permanent sealing procedures consisted of the
application of silicone to window frames and to the openings of electrical conduits, re-
pointing of brickwork and painting of wooden ceilings using an oil-based paint.
Polyethylene sheeting and masking tape was used to provide temporary sealing of doors,
windows and other areas. Following stoppage of production, machinery was run without
any product for approximately 20 minutes to flush out deposits of grain and grain fractions.
Prevention of fumigant movement from the fumigated areas to the grain silos was needed
because at the time of the fumigations food tolerances had not been established. The grain
silos were excluded from the fumigation area by separating and sealing the grain augers.
Milling machinery equipment and augers within the fumigated (T Trademarks of Dow
AgroSciences LLC) space were then opened and in some cases stripped down and cleaned by
brushing and using industrial vacuum cleaners. Floors and other surfaces were also
cleaned.

Each mill was pre-warmed before introducing sulfuryl fluoride by ducting in warm air
generated by externally positioned oil or diesel heaters and by the use of internal electric
heaters. The heaters were switched off before fumigant introduction. The mean
temperatures achieved were 21.5°C (Site 1) and 26.1°C (Site 2).

Fumigant introduction

Steel cylinders containing c. 57 kg of 99.8% sulfuryl fluoride as a pressurised liquid were
positioned outside each mill. Sulfuryl fluoride was introduced into the buildings using a
0.5 m nylon charging hose (connected to the cylinder) and polyethylene or nylon lines of
0.64 cm inside diameter (ED) and 0.95 cm outside diameter (OD). Inside the building the
end of each line was connected to a c. 0.25 m long copper tube which was earthed and
secured to an electric fan (220 volt, 5.5 amps). The fan was positioned in open space to
achieve rapid mixing of the fumigant with air. Brass compression fittings were used to
connect the introduction lines and the system exceeded the minimum required burst
pressure of 35 bars.

Fumigant monitoring and dosage

Polyethylene monitoring lines of 0.32 cm ID and 0.64 cm OD were placed at several
locations within each mill and connected to a Fumiscope™ Model D thermal conductivity
meter (Key Chemical and Equipment Company, Florida, USA) and positioned outside in an
adjacent building. The achieved dosage for Site 1 ranged from 1474 - 1766 g h/m3 and for
Site 2 from 1147 - 1754 g h/m3.



248 Use of the fumigant sulfuryl fluoride to replace methyl bromide

Aeration and re-entry

Following the exposure period of 22.6 hours (Site 1) and 24 hours (Site 2) the mills were
aerated. Aeration was initiated remotely at roof height. This was done to lower the
fumigant concentration prior to fumigator personnel, wearing self-contained breathing
apparatus, entering each mill and opening windows from the top to the bottom of the
buildings. Extraction fans and ducting were also used together with the mill air system to
aid the ventilation. The InterScan™ Gas Analyser (InterScan Corporation, California, USA)
was used to confirm clearance at 5 ppm or less of sulfuryl fluoride to allow re-entry.

Post- fumigation mill start up and inspection

Visual inspection of milling equipment showed no signs of damage and the mill start up
and initiation of production was completed on schedule. Post-fumigation observations by
the hygiene staff at both mills confirmed the sulfuryl fluoride fumigation had achieved a
level of performance equal to methyl bromide. Equal or superior performance to methyl
bromide has been recorded at other mills in Europe and the USA. Improved penetration
into insect harbourages protected with flour deposits has been observed following sulfuryl
fluoride mill fumigations. This observation validates a laboratory study which found that
sulfuryl fluoride was more effective than methyl bromide in the penetration of flour (Bell,
et al, 2003).

STEWARDSHIP AND TRAINING

Sulfuryl fluoride has been used for over 40 years for the eradication of wood destroying
insects and other pests in more than one million structures including residential housing,
churches and museums. Dow AgroSciences also has a long history of responsible
stewardship with sulfuryl fluoride and of supplying the training needed to ensure the safety
of workers, the public and the environment. New programmes are being developed to train
professional fumigators to meet these requirements for the new uses of sulfuryl fluoride in
the food industry in several countries. In the UK these are being developed in close
association with the British Pest Control Association to enable them to be in place during
2004.

CONCLUSION

The development, registration and commercialisation of sulfuryl fluoride provides an
alternative for many of the current uses of methyl bromide in the food industry and
supports the progressive phase out of methyl bromide in accordance with the reduction
targets established by the Montreal Protocol. The on-going research programmes will
continue to develop new areas of use for sulfuryl fluoride and the progression of additional
country registrations in association with government organisations and industry.
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ABSTRACT

The South African agricultural industry was highly regulated up to 1996 by Agricultural
Control Boards whose purpose was to assist in the development of the agricultural
sector and to formalize the buying and selling of agricultural commodities. The Wheat
Control Board established in 1938 was responsible for the cereals industry and rigidly
controlled virtually all aspects of the grain supply chain from farm gate to the table and
became the sole buyer and seller of wheats in South Africa through a single channel
marketing system. This severely restricted technological developments in this industry
and consumer choice of cereal based foods. With the abolition of Control Boards in
1996, a free market system was adopted which resulted in renewed competition
throughout the wheat/bread supply chain. More focus on technical aspects of our
industry has also resulted in higher quality standards and improved uniformity.

Emanating from increasing quality demands by the miller, baker and consumer,
wheat breeders now place increased emphasis on end utilisation quality. Existing wheat
grading regulations, which favoured the producer, have been revised by the milling
industry to bring them in line with international standards and a wheat protein
segregation system has been introduced to encourage producers to supply improved
breadmaking wheats. Millers are also free, for the first time, to import high quality or
blending wheats to supplement their grists and bakers now have a choice of functional
ingredients to enhance bread quality. Mandatory micronutrient fortification of wheat
flours and bread recently introduced is aimed at improving the nutritional status of this
important staple which mainly targets young consumers residing in rural areas.

HISTORY

The propagation of wheat in South Africa dates from the first years of European
settlement at the Cape in 1652. Its expansion to other parts of the Cape Colony and
subsequently to other provinces is part of the history of European settlement in South
Africa.

Traditionally, the south western part of the country with its reliable winter rainfall
became the main granary of South Africa. This part of the country enjoys a
Mediterranean type climate but unfortunately the soils are generally shallow, stony,
deficient in humus and phosphate and in some areas nitrate and are generally in poor
condition. The 3 northern provinces i.e. the Free State, North West and Mpumalanga
are summer rainfall areas. Although only approximately 20 percent of the rain in the
Free State falls between April and September, this province has developed into the
major wheat producing area, mainly due to the adaptation of revolutionary methods of
planting, the storage of reserve moisture in the soil and the presence of generally fairly
fertile soil types. North West and Mpumalanga, which are the most northerly provinces,
produce wheat mainly under irrigation.
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BACKGROUND

Up to about 1935, very little discipline existed in the trading of cereals and consumers
particularly were exposed to marked variation in prices. To formalise this sector of
agriculture and to encourage fairer trading, it was advocated that an organisation to
regulate the wheat industry be established. The Wheat Industry Control Board was
established in 1935 and was empowered to regulate and control the marketing of wheat.
Over the period leading up to 1990 the Wheat Board through its operations became
active in nearly every sector of the wheat supply chain from plough to plate, including
wheat breeding, seed cultivation, wheat production, grain storage, transportation,
milling and baking. From the 1941 season, in order to keep the price of bread as low as
possible, the Wheat Board subsidised 50 percent of the total bread price. This subsidy
was paid to millers and bakers.

REGULATION

For strategic reasons, self sufficiency in wheat production was a high priority from
approximately 1935 to 1995. The cereals industry was largely producer driven and
decisions made normally favoured the agricultural sector. The Wheat Board was
empowered to implement regulations and established inspection divisions to monitor
and enforce these regulations. Persons not adhering to these standards were subject to
fines or subsidies could be withheld.

To restrict the number of persons entering the Milling and Baking Industry, licences
were issued by the Board granting permission to establish a mill or a bakery. The
granting of licences was strictly controlled. As a result, a certain degree of protection
from competition resulted. Restrictive regulation continued up to 1 March 1991 when
the subsidy on standard bread was abolished. Up to 1997, the focus was more on
quantity than quality.

WHEAT, FLOUR AND BREAD QUALITY

Wheat

Recognition of the need for a wheat grading system to differentiate wheat on the basis
of its milling and baking quality was first reported in 1935. Prior to that it was common
belief that South African wheats were generally poor quality and deficiencies could be
made good by the importation of wheat from Australia, USA and Canada. From 1941
grading regulations were constantly amended and distinction was made for the first time
between bread wheats on the basis of strong and weak baking quality. Minimum
baking quality standards for class A and B wheats were set in 1961 and all existing
varieties were reclassified on this basis. All new wheat varieties had to comply with
these minimum standards.

Although this system had many deficiencies it contributed significantly to the
improvement in the classification of South African wheat varieties. During the 1961-62
season 25 percent A, 66 percent B and 8 percent C wheats were produced compared to
the 1971-72 season when 36 percent A, 59 percent B and 5 percent C wheats were
produced illustrating this improvement. This improvement in the percentage higher
quality wheats could be ascribed both to bigger price gaps and also to the introduction
of a number of Mexican dwarf and semi dwarf varieties which were high yielding and
had good quality potential. At that time, wheat yield potential remained the highest
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priority in addition to agronomic factors, milling and baking quality remained a
secondary consideration in line with government policy. The Department of
Agricultural Technical Services working in close collaboration with the Wheat Board
was largely responsible for the breeding of all new wheat varieties.

Flour

Up to 1996 only 3 basic flour grades were produced in South Africa of which two were
specifically designed to meet the needs of white and brown standard bread. These
flours, namely: Cake Flour, White Bread Flour and Brown Bread Meal constituted over
95 percent of total flour production and wheat mills were designed around this
requirement. This is in contrast to flour mills in the UK which produce up to 40
different flours a day.

Cake Flour is a low extraction patent flour with an ash value of approximately 0.55
percent used mainly in the manufacture of speciality breads and morning goods. The
name Cake Flour is not descriptive of its end use and emanates from a historical
background and should not be confused with cake flour produced by chlorination or
heat treatment for cakemaking. White Bread Flour may be characterised as a
breadmaking flour with a marginally higher extraction and an ash of approximately 0.78
percent used primarily for standard grade white bread. Brown Bread Meal, the only
brown flour available to the South African market, theoretically comprises a white
bread flour base with approximately 14 percent clean bran addition. These flours
originally were manufactured using a divide system of milling, producing 3 separate
flour grades from an identical wheat grist. The high quality cake flour was removed by
streaming off high grade flour passages.

As wheat was purchased by the miller on the basis of grade and a compulsory
allocation by the Wheat Board based on a minimum railage cost moved, wheat quality
did not always reflect end use requirements. In strict compliance with Wheat Board
regulations wheat arriving at a mill could not be refused on the basis of quality and
could only be downgraded providing the Wheat Board agreed. As a result, variation in
flour consistency caused by inconsistent grist quality was significant and the baking
industry was frequently in dispute with millers.

Flour blending of basic flour grades prominent in the UK today was not practised in
South Africa at that time. Flour treatment at the mill was not permitted as great
emphasis was placed on the definition of flour as a "pure wheat product". Flour
bleaching with benzoyl peroxide and the use of the artificial maturing agent chlorine
dioxide was allowed after 1976 but found limited use due to financial constraints.
Flours during this period were milled ,where possible, from 100 percent home grown
wheats. In drought years however, grists were supplemented with high quality imported
wheats, normally from Canada or the USA.

Bread

Over the regulation period leading up to 1991, bread prices were subsidised by
government and subsequently all aspects of the breadmaking process including raw
material usage was strictly regulated. Resulting from this, the standard of bread quality
was deliberately maintained at a low level to minimise expenditure and to ensure that an
affordable product was marketed. Standard white and brown bread weighing 900 g
remained fresh for 1 day. As a result, consumers purchased bread on a daily basis. By
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far the largest bread types consumed in South Africa are pan bread types, sandwich or
open top.

Prior to 1965 most bread was produced using 1, 2 or 3 hour bulk fermentation
procedures or high speed no time doughs. A number of continuous doughmaking
processes were also in use in major centres. Following the introduction of mechanical
dough development and its successful application in the UK, this method of
breadmaking was widely implemented in South Africa as the low protein flours
available at that time were well suited to this breadmaking process. The successful use
of mechanical dough development improved quality and yield. This prompted the
Wheat Board to review the use of both essential and optional ingredients. Potassium
bromate was allowed at this time for addition only at the bakery and also contributed
markedly to the improvement in bread quality. Other changes initiated indirectly by the
introduction of mechanical dough development were the use of soya flour and sodium
stearoyl-2-lactylate as dough improvers.

Since standard breads were heavily subsidised by government over this period,
regulatory controls were strictly implemented and enforced by the Wheat Board. These
included:

• The determination of fat content in bread, hi terms of the subsidy, bread had to
contain a minimum of 3.0 or 3.5 percent fat in white or brown bread
respectively.

• The determination of dry solids content in bread. This measure was enforced to
prevent bakers using excessive amounts of water in bread doughs.

At the dough process stage of breadmaking, some difficulties were experienced to
maintain final dough temperature at about 28°C if chilled water was not available, as
average flour temperatures exceeded 20°C during summer months. A reduction in
dough work energy input was also common at this time to minimise dough
temperatures. This practice negatively impacted on bread quality.

DEREGULATION

The deregulation process of the wheat, milling and baking industries started in 1991
focusing firstly on the milling and baking industry. In 1997 the single channel fixed
price marketing system was abolished and the Wheat Board was closed, leading to a
free market era. Since 1997 the South African market has probably been one of the
freest grain markets operating in the world economy today. After 60 years of
intervention all players in the value and supply chain are reassessing their positions
based on market signals, not government programmes. While the benefits of
government controls to the commercial sector, including stabilisation of grain prices and
fixed profits were indisputable, the controls system had many disadvantages.
Regulation was detrimental to technical advances within the wheat industry and
specifically to the milling and baking sector. Since 1997 focus has been on this industry
re-establishing itself as a major player in the food staples market and improving wheat,
flour and bread quality standards. In these matters the industry professional bodies such
as the National Chamber of Milling and SA Chamber of Baking have taken on renewed
importance, taking over many of the technical support initiatives of the Wheat Board
such as surveys, ring tests and comparative analysis aimed at the future needs of the
industry and the consumer.
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Wheat

In contrast to the regulation period, millers may now import any quality and quantity of
wheat. During the 2003-2004 season a shortfall of 1 million metric tons has resulted in
wheat being imported from Australia, Canada, USA and Europe to supplement stocks.
Both high quality breadmaking wheats and blending wheats have been imported.
Grading regulations, previously heavily favouring the producer, have been revised in
line with internationally accepted standards.

Wheat breeding priorities since deregulation have been changed to incorporate more
emphasis on end utilisation quality and factors associated with wheat quality. High test
weights, wheat resistance to sprouting and the introduction of more white wheat
varieties are a few of the criteria identified by users. Contract growing of individual
wheat cultivars for specific uses is now well established. Producers are encouraged to
meet minimum quality standards by the introduction of premium and penalty clauses in
contracts. Whereas government chose to isolate many role players in the supply chain,
better communication in the deregulation era has resulted in closer partnerships for the
benefit of all. Currently 10 wheat cultivars grown in the principal wheat growing areas
constitute about 90 percent of the wheat crop. The Free State remains the largest
producer, followed by the Western Cape, North West and Mpumalanga. South Africa is
now a net importer of wheat and in a normal year uses approximately 2.5 million metric
tons, importing about 3 hundred thousand tons annually to offset any shortfall.

Wheat protein segregation was included in grading regulations as from 1991 to
encourage producers to grow higher quality wheats. Ironically wheat quality through
breeding efforts has improved substantially, particularly wheat protein quality, to the
extent that South African wheats are generally regarded as too strong (high Glu-1
scores) for the mechanical dough development process.

Flour

Despite changes, the 3 basic flour grades Cake Flour, White Bread Flour and Brown
Bread Meal remain the most prominent for professional and domestic use. These are
unlikely to change quickly as the milling industry's infrastructure revolves around these
flours. Flour quality standards however have improved significantly. Protein level, in
particular, has increased by about 1 percent and wet gluten values have increased to
between 28 to 30 percent over the last 5 years. Increased awareness of flour quality has
prompted millers to produce more consistent products and a few proprietary flours are
available for specialist use.

The use of high quality imported wheats in the grist has contributed markedly to
flour quality standards although extraction rates have remained largely unchanged.
High protein levels have increased the water absorption of flours and much greater
dough tolerance is experienced by bakers resulting in less product failures attributed to
dough collapse at the final proof stage. Revised regulations now permit the use of
additives to flour and the treatment of flours. Enzyme preparations and oxidants are
widely used by millers to maintain flour quality standards. The fortification of fiour
intended for breadmaking is mandatory as from October 2003 and most millers and
bakers support this initiative to improve the nutritional status of this important staple.
Micronutrient addition to White Bread Flour is between 16 and 34 percent RDA per 100
gram. The blending of flours to produce customised products is still not widely
practised but increasing demands by consumers is expected to accelerate the
introduction of these products.
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Bread

Since deregulation the quality of standard bread types have improved significantly from
a 1-day loaf to a 4-day loaf that will remain soft and mould free. This can be attributed
to a combination of factors including flour quality, the permitted use of optional
ingredients and the fact that bread is now no longer subsidised. The price of a standard
loaf increased substantially over the period following deregulation and the removal of
subsidies. Bread masses were reduced to 700 g to maintain prices at realistic levels.
This marked reduction in dough scaling mass has resulted in a number of technical
problems.

Consumers now demand improved quality bread, most of which is presented in a
wrapped and sliced form. The permitted use of a wide range of dough additives now
allows the baker to gain the true potential from flours. A wide variety of bread types
can now be seen in retail outlets including high protein, high fibre and other speciality
baked products. These breads however constitute a very small percent of the total bread
market. For historical reasons South African standard bread closely resembles bread
sold in the UK. Made from a relatively lean formula and mainly produced using
mechanical dough development systems, the South African baking industry has closely
followed the British baking industry in the adoption of new technologies. This practice
is expected to continue as the majority of South African consumers have low household
incomes and choose lower cost standard bread.

FUTURE

As the South African milling and baking industry is now largely market driven the pace
of change from regulation to deregulation can be expected to increase. To maintain this
momentum towards improving quality standards, Industry through its professional
associations has taken the initiative in identifying future needs and keeping bread in a
prominent position within the staples market. After 60 years of regulation, which was
beneficial in many ways, the South African milling and baking industry is now better
equipped to fully meet the changing needs of the consumer.
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ABSTRACT

Damaged starch is present in all kind of flour. It results from the combination of wheat
hardness, variety and growing conditions, milling process and wheat preparation prior
to milling. It affects the flour water absorption potential as well as the dough stickiness,
the bread volume and the colour of the baked product. Many authors have focused on
the importance of measuring starch damage. Nevertheless, except in some countries
where this parameter is regularly controlled, measuring damaged starch is not a
common analysis in laboratories worldwide. Many methods (microscopic, polarimetric,
spectrometric, enzymatic, amperometric.) have been proposed over the past years.
Today, the most accepted way to measure damaged starch is enzymatically (AACC
method...). The limitations of these techniques are that they are quite complicated, long
and require skilled technicians. The need for a simple and fast method is real. The
amperometric method is a good solution to this demand. This paper will discuss the
origin of starch damage, its effect on the final product and present the newest tool
available allowing precise and simple measurement for better control of this important
quality parameter.
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ABSTRACT

BRABENDER® produces measuring and control systems for the food and plastics
industries. In particular, BRABENDER® has long been well known as a supplier of
laboratory and test equipment for reliable quality control of grain, flour, and starch. This
covers the wide range of all types of grain or starch sources like wheat, rye, corn,
potatoes, rice, millet, cassava and tapioca.The main field of application of
BRABENDER® food instruments is the milling and baking industries where these
instruments are used for testing the quality and properties of grain, flour, and dough in
order to ensure good and constant quality of products like bread, biscuits, pastries, or
noodles. The second large field is the starch industry including companies dealing with
products containing starch. Apart from such test instruments, BRABENDER® also
supplies laboratory extruders, e.g. for developing new recipes and for small-scale
production in research laboratories.All BRABENDER" test instruments have been
revised completely to appear now with an updated measuring system and a new design.
They are developed for use with a PC, the previous line recorder has gone. The
instruments are supplied with a user-friendly software package in the standard version
for automatic test evaluation in compliance with international standards.
This revision of the well-known food instruments started with the Farinograph®"E and
was continued for the Extensograph, Amylograph, Viscograph, and Glutograph.

The FARTNOGRAPH®-E is the new electronic version of the well-known
instrument for measuring the water absorption of flour and the mixing properties of
dough. The previous balance system was replaced by a sensitive, modern electronic
system. The measurement data is transmitted via USB to the PC, and the software
handles both instrument control and data evaluation. The new feature of infinitely
variable speed - controlled by the computer - considerably extends the application range
of the Farinograph®-E. Apart from being used for conventional Farinograph tests in
compliance with international standards, tests can also be run at an increased mixer
speed in order to reduce the mixing time and/or to intensify mixing so as to adapt the
tests to modern production conditions. In research and development, tests can be run
with variable mixing intensity and work input to the doughThe Extensograph® has a
new design which meets ergonomic aspects and provides for easy handling. The old
mechanical measuring system was replaced by state-of-the-art electronics. The result is
the Extensograph®-E. Data recording and evaluation are now done exclusively via the
PC by the user-friendly BRABENDER® software.

The new Amyiograph-E, Viscograph-E, and Glutograph-E also have a new look and
now appear in a modern, compact design. They are all equipped with a state-of-the-art
electronic measuring systems.

To summarize, data recording and evaluation for all BRABENDER® food testing
instruments is now done exclusively through the PC by the extensive and user-friendly
BRABENDER® software.
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ABSTRACT
Perten Instruments offers a full range of analysis equipment for the quality control of
grain, flour, food and feed products. Our products are used in grain trading and
processing, in flour and pasta manufacturing, in food and feed processing, as well as in
breeding and research. We form long-term partnerships with our customers by
providing technical service and training, offering a complete product range, competitive
pricing and problem solving.

The Falling Number System for sprout detection or malt addition and the Glutomatic
System for gluten quantity and quality determinations provide rapid and internationally
approved testing to predict end-use suitability of wheat and flour. We offer a full range
of NIR technology for rapid determination of protein, moisture, fat/oil, starch, ash,
hardness and other quality parameters for whole wheat and flour as well as for other
grains and oilseeds. We also offer unique single kernel technology for single kernel
analyses.

New products to be presented include the new Flour analyser, Inframatic 9140, for
flour analysis and the Perten Instruments Diode Array DA7200 providing an ultra fast -
(3 seconds) - non contact, non destructive measurement.

INTRODUCTION

Perten Instruments was established in 1962, more than 40 years ago, as a manufacturer
of the Falling Number instruments. Today, Perten Instruments offers a full range of
analysis equipment for the quality control of grain, flour, food and feed products. Our
products are used world wide in grain trading and processing, in flour and pasta
manufacturing, in food and feed processing, as well as in breeding and research.

The Falling Number System for sprout detection and the Glutomatic System for
gluten quantity and quality determinations provide rapid and internationally approved
testing to predict end-use suitability of wheat and flour.

We offer a full range of NIR technology for rapid determination of protein,
moisture, fat/oil, starch, ash, hardness and other quality parameters for whole wheat and
flour as well as for other grains and oilseeds.

In addition, we also offer unique single kernel technology, specifically for hardness
determination of wheat and durum but also useful for breeders when selecting for new
varieties and millers when predicting milling yield.
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NEW FLOUR ANALYSER INFRAMATIC 9140

The new flour analyser, Inframatic 9140, is now being introduced around the world. The
Inframatic 9140 builds on Perten's experience as a market leader in flour NIR analyses
and offers a number of advantages over previously available analysers. Specifically, it
was designed to meet the following user requirements:

Reduce operator influence on analysis results

Traditionally operators are forced through a number of steps to present a flour sample to
the analysis system. Manual packing into a measurement chamber or into a sample cup
is one source of error, as the cell has to be filled and packed to a given density and
different operators may perform this act differently. Also, sample cups may show
variation, become scratched or contaminated by dirt providing a risk that different cups
produce different results.

Shorten the analysis time and improve handling

With faster instrumentation, the time required for sample preparation and sample
loading becomes significant and should be as short as possible. This time can be
significantly reduced by removing some operational steps. Also, reducing the required
clean up after analysis and reducing the dust generated would improve the working
environment.

Improve analytical accuracy

In addition to the quality of the calibration itself, it is well known that sample
temperature affects instrument accuracy. Calibrations can compensate to a certain
extent, but there will be an effect of varying temperatures. In any case the instrument
must be able to warn if the sample temperature goes beyond the temperature range
allowed in the calibration.

Handling a more complex sample ID

For traceability or for lab management systems a more complex ID including e.g.
product codes or batch numbers may be required. To facilitate complex ID's e.g. a
barcode reader is required.



Perten instruments AB - new NIR Flour Analyser IM 9140 263

Instrument data storage - traceability

The instrument should be able to store analysis data internally for later downloading to
a PC or network. This may be useful when implementing ISO procedures.

Networking capability for monitoring and easier calibration management

The networking capability of whole grain instruments has been very successful. This
networking capability is required for flour instruments as well and must offer means for
remote monitoring and calibration management by either a central laboratory within the
users group or by a third party.

THE INFRAMATIC 9140 FEATURES AND FUNCTIONS

To meet the above requirements, the Inframatic 9140 incorporates a number of
improvements over previous flour analysers.

Automatic precision sample packer

This provides a solution to many issues raised, and simplifies many steps for the
operators. When performing an analysis, the first step is for the operator to enter the
sample ID manually or using a bar code reader. Thereafter, the operator simply scopes
the sample into a funnel. Once the required amount of flour has been filled, the
precision packer automatically starts and ensures the sample is compressed to a pre-
defined level of compression. Just 30 seconds later, the results are displayed and the
operator simply empties the packer. This ensures consistent readings independent of
operator preferences and without the use of sample cups.

Sample temperature sensor

A temperature sensor is mounted in the actual flour compartment and measures the
temperature of the sample during the analysis. This measurement is logged with the
other results, and stored. It is used to warn if the temperature is higher or lower than
pre-set limits and can also be used for correction of the results. The flour temperature
itself can also be of interest to the miller. For example if the flour is too warm when
bagged or stored, condensation when the flour cools off can promote mould growth.

Traceability

The instrument can internally store approximately 600 analysis results and spectral
information together with sample ID, date and time of analysis. This information can be
downloaded later to a PC nearby, or over the modem link by the remote administration
software package, PINS.

Networking capability

As mentioned above, this concept has proven successful for whole grain instruments
and also provides the same benefits for flour analysis. Most importantly it provides
quality assurance through consistent results within a group of instruments. This can be
achieved through a central or independent facility reducing the requirement for local
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expertise and reducing the costs for monitoring and reference analysis as well as costs
for calibration improvements. Simply, mill personnel can spend more time on other
issues. Networking also allows for remote diagnostics which speed up fault detection
and service.

Remote calibration management of Perten Inframatics is currently under
implementation in the USA and Europe. In the USA, remote calibration services will be
managed by the American Institute of Baking (AIB). In Germany and elsewhere in
Europe, the final arrangements are currently being put in place. As these schemes are
managed by independent organisations, the content of the offerings may vary slightly,
but the benefits to the users are the same.

Additional benefits

To reduce the risk of incorrect analytical results, there are several features included for
outlier detection. This includes checks if the spectral information differs significantly
from the calibration used and if the analytical result or temperature is outside the
calibration range.

The instrument also includes an event logger - a logger that records all internal
errors or warnings and changes to instrument parameters. This can be used to comply
with e.g. ISO requirements for traceability of the instrument integrity, to ensure that no
changes are made to the instrument without a record being kept.

Instrument standardisation through a proprietary matrix correction is also standard.
This is an additional advanced feature to improve calibration transfer between units and
to ensure that different units provide the same results.

The Flour Analyser Inframatic 9140 is a robust, easy-to-use, stand-alone, dedicated
flour analyser. The instrument is specifically designed and built for the harsh, dusty,
environment within a flour mill.

To ensure the highest quality standards, the Perten Instruments production facilities
are fully ISO 9000 certified. This, in combination with the global support, with
representatives in over 90 countries, ensures long instrument life, with an absolute
minimum of extra hassle and related costs for maintenance and service.
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ABSTRACT
NIR has been around for many years, but has for most flour mills never reached the
level of use that it has the potential to do. This since filter based NIR instruments,
together with less sophisticated calibration techniques like MLR, have required weekly
adjustments or updates of the calibrations to achieve the accuracy needed by the
industry.

One solution to overcome this problem is to use scanning monochromator NIR
instruments and advanced calibration techniques that are based on larger databases, such
as PLS or ANN. This allows for a greater variety of flours to be included in the
calibration. Many of the large milling groups have invested in this technology and
developed their own calibration for a range of parameters. This has proven to be a good
way of achieving a more effective use of NIR instrumentation.

The drawback has been that it requires highly skilled personnel to develop and
maintain the calibrations. Another problem has, in some cases, been that the NIR
instruments used have not been designed to be uniform enough to easily transfer the
calibrations from one instrument to another, making it hard to standardise the
instruments to predict the same results in different locations.

In Sweden, Norway and Denmark a number of independent flour mills have now
decided to work together to overcome all of these problems. They have formed a joint
group - the Nordic Flour Network - to develop new calibrations for flour and to use the
tools and NIR instruments from the long established Grain Networks to increase the
level of quality assurance in the flour they produce. With a common, independent,
reference laboratory there is no dispute on who is right regarding the reference analysis
and with the help of Internet-based tools it is easy to monitor both the performance of
individual NIR instruments and the performance of the calibrations, making quality
assurance truly verified.

INTRODUCTION

NIR has been around for many years in the flour industry, but has for most flour mills
never reached the level of use that it has the potential to do. In many cases using NIR
has been limited to moisture, protein and ash. This since filter based NIR instruments,
together with less sophisticated calibration techniques like MLR, has required weekly
updates or adjustments of the calibrations to get the accuracy and stability needed by the
milling industry.

One solution to overcome this problem is to use scanning monochromator NIR
instruments and advanced calibration techniques that are based on larger databases, such
as PLS, LOCAL or ANN. This allows for a greater variety of flours to be included in
the calibration database - flour from grain with different harvest years, flour from grain
grown in different regions and under different growing conditions, and also flour that
has been milled at different flour mills. Many of the large milling groups have invested
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in this technology and developed their own calibrations, not only for moisture, protein
and ash, but also for parameters like water absorption, gluten, W, P/L and starch
damage. This has proven to be a good way of achieving a more effective use of NIR
instrumentation.

One disadvantage has been that it requires highly skilled personnel to develop and
maintain the calibrations. Another problem has in some cases been that the NIR
instruments used have not been designed to be uniform enough to easily transfer the
calibrations from one instrument to another, making it hard to standardise the
instruments to predict the same results in different locations.

In Sweden, Norway and Denmark a number of independent flourmills have now
decided to work together to overcome all of these problems. They have formed a joint
group - the Nordic Flour Network - to develop new calibrations for flour and to use the
tools and NIR instruments from the since long time established Grain Networks to
increase the level of quality assurance on the flour they produce.

PREVIOUS EXPERIENCE IN NIR

Most of the flourmills in Scandinavia have a long experience in NIR. They have worked
with filter based NIR instruments for decades in their laboratories for quick analysis of
protein, moisture and ash in flour. They have gotten used to the need to adjust the
calibrations on a regular basis to compensate for drift in the instruments and to update
the calibrations when grain from a new harvest season is introduced in the mill.

Some of the mills have also tried to develop calibrations on additional parameters,
such as water absorption and gluten content. In most cases they have never been able to
obtain calibrations with the accuracy and long-time stability that is required.

The common experience is that it requires at least one dedicated person in the
laboratory to monitor, adjust and update the calibrations to get the most out of filter
based NIR instruments. And this only includes the basic calibrations.

At the same time most of the flourmills have a long experience with using scanning
monochromator MR instruments (Infratec) at their grain intakes. These instruments
have often been connected to a local grain network and the network has supplied all
calibrations. Most of these calibrations are based on ANN (Artificial Neural Network)
technology and have demonstrated very good performance, including very good
accuracy, excellent transferability, long-time stability and temperature stability.

The grain networks has proven to be an effective way of verifying that the prediction
results from all participating instruments are in line with the reference analysis results.
With the use of Internet tools to monitor instrument and calibration performance,
quality assurance within the network has been made truly transparent to all participating
parties.

THE SOLUTION - A COMMON FLOUR NETWORK

Based on the positive experience of the grain networks the majority of flourmills in
Sweden, Norway and Denmark decided to join forces in creating a similar network for
analysis of flour products.

Prior to selecting a supplier of the instruments and the network they decided on the
following requirements on the supplier:

• Reliable instrument — easy to use
• Fast service in all countries
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• Access to the best calibration group
• Knowledge of latest NIR and calibration techniques
• Enough resources during harvest (August - September)
• Strong today and in the future
• A long-term partner

Based on the requirements and their previous experience the parties from the different
flourmills decided to work with FOSS as their supplier and the Infratec 1241 with the
newly introduced Flour Module as their NIR instrument of choice.

The network is owned by the members (individual flour milling companies and plant
breeding companies) and operated through a Steering Committee. The member
companies from Sweden, Denmark and Norway appoint the Steering Committee and its
chairman.

All reference analysis is performed under contract by an independent laboratory,
Svenska Cereallaboratoriet, using internationally recognised standard methods. This
assures both performance and consistency of the analysis results within the network and
that none of the members are put in an advantage situation when it comes to reference
analysis.

The administration of the network is performed under contract by FOSS. This
includes standardisation of new instruments, network database administration and
development of new calibrations.

Members Associated Members

Steering Committee

Reference Laboratory
(Svenska Cereallaboratoriet)

Network Administration
(FOSS)

Figure 1. Organisation of the Nordic Flour Network

The Nordic Flour Network is also open for flourmills outside of Scandinavia. Milling
companies who are interested in participating in the network are welcome to join as
associated members.

SERVICES OF THE NORDIC FLOUR NETWORK

The Nordic Flour Network provides a number of services to the members that improve
quality assurance (QA) of NIR prediction results and that save money ($) for the
individual member compared to a non-network alternative:

• Standardisation of instruments
Ensures harmonized prediction results on all instruments within the network
(QA)
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• Calibration monitoring and updates
Ensures calibration stability (QA)

• Instrument monitoring
Ensures instrument stability (QA)

• Joint development of new calibrations
Continuously increasing the value of NIR analysis to all members of the
network at lowest possible cost ($)

The group of companies all participate in building up a large database of different wheat
and rye flours with the purpose of jointly develop calibrations on a number of important
parameters, such as water absorption (Farinograph) and wet gluten (Glutomatic).

With a common independent reference laboratory there is no dispute on who is right
regarding the reference analysis and with the help of Internet based tools it's easy to
monitor both the performance of individual NIR instruments and the performance of the
calibrations, making quality assurance truly verified.

ADVANTAGES

The conclusion from the participating companies is that they earn a number of benefits
from the Nordic Flour Network that saves money ($) and improves quality assurance
(QA):

• Flour and grain in the same instrument ($)
• Access to stable ANN calibration technology (QA)
• Joint calibration development ($+QA)
• One reference laboratory ($+QA)
• Calibration monitoring and instrument monitoring made easy and accessible

via the Internet (QA)

All in all this joint approach to NIR helps the individual flour milling companies getting
more out of NIR then ever before.
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ABSTRACT

To allow continued innovation in the development of test kits for the cereals, foods and
beverage industries, Megazyme has established a Molecular Biology division within the
company. The sole function of this division is to produce a range of novel enzymes
allowing the development of new and improved test kits. In this presentation, we will
describe a new procedure for the measurement of arabinoxylan and improvements in the
method for the measurement of fructo-oligosaccharides. Also described will be methods for
the quantitative determination of galactomannan, glucomannan, fructose, mannose and
galactose. In the beverage area, methods for L-Malic acid, D-Malic acid, acetic acid and
ethanol will be described. Up-to-date developments in methods for mannitol, sorbitol,
artificial sweeteners and other compounds of interest will also be described.

INTRODUCTION

From inception, the main focus of Megazyme has been the development of improved test
methods and reagents for the measurement of carbohydrates and enzymes of importance in
the processing of cereal grains; from the farm gate through to the final food product. A key
element of this whole process has been gaining international acceptance for the methods
through interlaboratory evaluation through industry and scientific associations.

Development of substrates for the measurement of key enzyme activities has involved
the purification of polysaccharides and the production and fractionation of specific
oligosaccharides. In most cases, the polysaccharides have been modified to produce soluble
or insoluble dyed polysaccharides, which serve as specific substrates for polysaccharide
en Jo-hydrolases. A range of test kits for the specific measurement of mono-, oligo- and
polysaccharides have also been developed, and several of these methods have become
industry standards following extensive interlaboratory evaluation e.g. those for mixed-
linkage beta-glucan, total starch, starch damage and fructan.

Most of these developments have been possible through the purification of enzymes
from industrial enzyme preparations and polysaccharides, from readily available
agricultural products and by-products. In 2002, Megazyme concluded that if it were to
realise it's vision of becoming the premier world supplier of test kits and reagents for the
food, feed, fermentation and beverage industries, it would need to set up fermentation
capabilities and produce a range of key enzymes in-house. Consequently, in February
2003, a molecular biology division was formed, scientists were employed and the company
developed plans to build a molecular biology extension onto its research facility.

In this presentation, I will discuss some of the immediate targets for Megazyme, taking
full advantage of this new capability.
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IDENTIFYING TARGETS

Molecular biology: the way forward for Megazyme

Realising that the development of a molecular biology division would be a multi-million
euro undertaking, it was first essential to identify targets that would justify this investment.
In our short-term strategy, we set three clear, achievable targets:

1. Extension of the current range of Megazyme test kits for the measurement of
polysaccharides and oligosaccharides.

2. Increase the company's range of novel, high purity enzymes for research purposes.
3. Expansion of the Megazyme kit range into tests for the beverage and food ingredients

industries.

Measurement of polysaccharides

While Megazyme has developed methods for a range of polysaccharides including starch,
(J-glucan (cereal and yeast) and fructan, development of methods for other polysaccharides
has been hampered by the lack of required enzymes. Two such polysaccharides are
glucomannan and arabinoxylan.

Glucomannan

The method developed for the measurement of glucomannan involves depoiymerization
with p-mannanase followed by deacetylation and hydrolysis of oligosaccharides to glucose
and mannose. These two sugars are measured sequentially to give both the glucomannan
content of the sample as well as the glucose : mannose ratio; which is useful in identifying
the source of the glucomannan e.g. salep glucomannan
(Glc: Man = 1:4), konjac glucomannan (Glc : Man = 2:3). The steps involved in this
determination are shown below

I Konjac Glucomannan |

NaOH pre-treatment

i p-Glucosidase

( a )

f

( b )
NaOH pre-treatment

|3-Mannanase
+ |3-Glucosidase

|3- Mannosidase

[ Glucose + Manno-oligosaccharides | | Glucose •+• Mannose |

Glucose Determination
with GOPOD Reagent

Glucose -t- Ivtannose Determination
with PMI/PGI/HK/G6PDH

Figure 1. Measurement of glucomannan with (a) measurement of glucose, and
(b) measurement of glucose and mannose.
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Arabinoxylan

The measurement of arabinoxylan is complicated by many factors, including its varying
and complex chemical structure and the physical state of the polysaccharide. Our main
focus has been on development of a method for the measurement of soluble and insoluble
arabinoxylan in wheat flour. It is well known that, while representing just 2-3% of the
weight of the flour constituents, this polysaccharide binds 20-30% of the water in the dough
(1,2). Approximately one third of wheat flour (wheat endosperm) arabinoxylan is water
soluble and two thirds is insoluble. Insolubility is imparted by crosslinking through
diferulate bridges (3). Thus, this material, while being insoluble, still binds similar
amounts of water as the soluble form, but forms gel particles on hydration.

Arabinoxylan can be measured by gas liquid chromatography of alditol acetates of the
arabinose and xylose following acid hydrolysis, or by selective colorimetric procedures (4)
. The first method requires analytical skill and is time consuming, while the second method
is, at best, semi-quantitative. The possibility of measuring this polysaccharide enzymically
has been explored over the years, but to date, no viable solution is available.

Wheat Arabinoxylan I

(b)
Endo-xylanase tf
Arabinofuranosidasc ^ Acid
Ferulyl esterase J^ hydrolysis

Arabinose
+ xylo-oligosaccharides

Arabinose
determination

Arabinose
plus

Xylose
determination

Xylanase
Arabinofuranosidase
Acctyl esterase
Ferulyl esterase

Xylose
determination

and/or
Arabinose

determination

Figure 2. Possible enzymic procedures for the measurement of arabinoxylan.

Each of these possible solutions has its own set of problems. Essentially complete removal
of arabinose from arabinoxylan by the combined action of
a-L-arabinofuranosidase and P-xylanase is difficult. While we have been able to remove
most of the arabinose from soluble wheat arabinoxylan with Aspergillus a-L-
arabinofuranosidase, removal from insoluble arabinoxylan is < 70%. The possibility of
including alkaline solubilisation to improve this reaction is being investigated.
Release of arabinose from arabinogalactan-peptide is a potential cause of error.

A second approach involves acid hydrolysis followed by determination of arabinose and
xylose. Problems here include overestimation of arabinose due to arabinose and galactose
released from arabinogalactan and some action of xylose dehydrogenase on glucose. The
third option involves complete enzymic hydrolysis of arabinoxylan to arabinose and xylose
and quantitative determination of xylose using xylose dehydrogenase (or arabinose with
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galactose dehydrogenase). Recently, a method employing xylose dehydrogenase was
published (5) in which the quantity of xylose was estimated by the rate of xylose oxidation,
rather than by complete quantitative oxidation of the xylose. This approach is non-
conventional, and at best may give a semi-quantitative measurement of xylose. The use of
rates of oxidation rather than quantitative oxidation was most probably adopted by the
authors in response to the poor kinetic properties of the xylose dehydrogenase employed
(i.e. Km for xylose of 800 mM).

Some of these approaches are currently under investigation at Megazyme.

Specific research enzymes

Megazyme has identified a range of specific enzymes that it believes will contribute
positively to research on cereals and cereal products. These enzymes have either been
developed in-house, or in collaboration with other research groups around the world. To
date, these enzymes include:

• Thermostable P-glucosidase (T. maritima).
• P-Glucosidase {Agrobacterium sp.) - neutral pH optima.
• (3-Mannosidase (C. fimi) — neutral pH optima.
• a-L-arabinofuranosidase (Bifidiobacter sp.) - novel specificity.
• Phosphomannose isomerase.
• Phosphoglucose isomerase.
• Galactose dehydrogenase.
• Hyaluronate lyase.
• Pectate lyase.

Some of these enzymes have already been incorporated into analytical methods (e.g. for
galactose, mannose, galactomannan and glucomannan), but other methods are still under
development (e.g. a method for the measurement of hyaluronic acid). Continual research on
a range of other enzymes, particularly thermostable enzymes, is ongoing.

Test kits for the measurement of key analytes in beverages and foodstuffs

Traditionally, enzyme-based test kits have been used to specifically measure a range of
analytes in foods, beverages and wine. These analytes include acetic acid, citric acid,
ethanol, D-malic acid, L-malic acid, D-lactic acid, L-lactic acid, glycerol,
glucose/fructose/sucrose, D-sorbitol, etc. These kits were developed primarily by
Boehringer-Mannheim, but are now produced mainly by Roche Diagnostics. These
methods play an integral part in the routine analysis of wine, beer, fruit juices and many
foodstuffs. Unfortunately, in recent years, further developments in these areas appear to
have ceased, although there is a real need for new and innovative test methods for food
ingredients. To fill this need, Megazyme has instigated a program for the development of
kit methods for "new" analytes, as well as re-evaluating the current test technology, with
the aim of adding improvements where possible.

To date, Megazyme has developed its own range of test kits for acetic acid,
acetaldehyde, ethanol, L-malic acid, D-malic acid, glucose/fructose/sucrose, lactose and D-
sorbitol. Also, several new methods have been developed e.g. procedures for the
measurement of D-mannitol (a food ingredient), aspartame (an artificial sweetener) and
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glucomannan (already described). Where kits are being developed as alternatives for
existing kits, the aim is to produce recombinant enzymes that show advantages in terms of
stability, versatility and/or kinetic properties.

The principle of these types of assays is clearly demonstrated in the methods for
D-mannitol and aspartame as described below.

D-mannitol

D-Mannitol is an open-chain hexahydric polyol, produced by hydrogenation of fructose. It
is used as a nutrient, dietary supplement and a texturizing agent. Due to its low
hydroscopicity, D-mannitol is often used as a dusting powder to protect products against
moisture pick-up. A major use of D-mannitol is in chewing gum. D-Mannitol is also
widely used in intestinal permeability tests.

D-Mannitol is oxidised by nicotinamide-adenine dinucleotide (NAD ) to D-fructose in the
presence of mannitol dehydrogenase (ManDH) with the formation of reduced nicotinamide-
adenine dinucleotide (NADH). In a parallel reaction, the enzyme also oxidises L-arabitol
to L-xylulose.

ManDH

D-Mannitol + NAD+

L-Arabitol + NAD+

ManDH

>

D-Fructose

L-Xylulose

+ NADH-

+NADH-

hH +

l-H+

The absorbance increase is measured at 340 nm and the concentration of D-mannitol and/or
L-arabitol is calculated.

Aspartame

Aspartame is a dipeptide sweetener comprising aspartate and methyl-esterified
phenylalanine (Asp-Phe-O-Me). At 200 times the sweetness of sucrose, and with a
structure similar to dipeptides found in a normal diet, its use in low calorie carbonated
drinks and other foodstuffs has been widely accepted since the early 1980s. However, due
to its phenylalanine content, consumption of this compound must be strictly monitored by
those suffering from phenylketonuria. The detection of aspartame requires three enzyme
reactions, after an initial treatment at high pH to remove the methyl-group from the
phenylalanine residue (1):
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(pH 12.5)
(1) Asp-Phe-O-Me > Asp-Phe + MeOH

After the methyl-group has been removed, the product aspartame acid is hydrolysed in the
first enzymatic reaction catalysed by a specific dipeptidase (PepM), to free aspartate and

phenylalanine (2):

(PepM)
(2) Asp-Phe + H2O ^ aspartate + phenylalanine

The aspartate is subsequently converted to oxaloacetate and glutamate in the presence of 2-
oxoglutarate and the enzyme glutamate-oxaloacetate transaminase (GOT) (3):

(GOT)
(3) Aspartate + 2-oxoglutarate ^ glutamate + oxaloacetate

Finally, the oxaloacetate is converted to L-malate and NAD+, in the presence of NADH
and the enzyme L-malate dehydrogenase
(L-MDH) (4):

(L-MDH)
(4) Oxaloacetate + NADH + H+ > L-malate + NAD+

The amount of NAD formed in the above coupled reaction pathway is stoichiometric with
the amount of aspartame in the sample solution. It is NADH consumption that is measured
by monitoring the decrease in absorbance at 340 nm.

CONCLUSIONS

Over the past 30 years, enzyme-based test kits have proven to be an invaluable tool in
analytical and research laboratories. Basically, they transform complex biochemistry to
simple test technology that can be handled even by those not trained in biochemistry.
Separate from the convenience and ease of use, this technology allows specific
measurement of key quality analytes in quite complex matrices e.g. ethanol in alcoholic
chocolates. A consequence of the migration of the majority of people to cities and away
from the primary food source, is that food is generally provided in a highly processed form
so as to ensure consistent texture, taste and microbial stability. This has involved certain
processing steps to maintain or introduce acceptable texture, and also the addition of
chemicals to enhance flavour and microbiological stability. In turn, there is a continual
need for new and improved analytical procedures to allow food authorities to measure and
regulate the use of compounds that may be detrimental to human health. In this area,
Megazyme is making a contribution.
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ABSTRACT

The characteristics of a flour, such as how much water it absorbs to achieve optimum
dough consistency, and the resultant stability of the dough during mixing, are important
measures of its quality. This information is of great importance to millers and bakers.
The most common instrument used to determine water absorption (WA) and dough
stability is the Brabender Farinograph. Newport Scientific Pty Ltd has developed a new
instrument, the doughLAB, which similarly determines flour quality, but with the added
advantage of more precise temperature control and automatic water delivery to the
sample. This paper presents a comparison of results obtained from two Brabender
Farinographs to those from two doughLABs, using different temperature control and
water delivery systems. Hard and soft flour from Australia, and strong, medium and
weak flour from Italy (with accompanying Farinograph data) were tested on all
instruments, using the same bowl setup and water absorption values. For all tests using
the Farinograph, temperature was controlled by an external water bath, and water was
delivered to the sample via a burette. Temperature on the doughLAB was controlled by
1) an external water bath, and 2) the internal water system of the instrument. On the
doughLAB, water was delivered to the sample via 1) the internal automatic delivery
system, and 2) a burette. Overall, each flour exhibited similar curves on the instruments,
however there were some differences, in particular with WA and stability, between
bowl and instrument setups.

INTRODUCTION

The characteristics of a flour, such as how much water it absorbs to achieve optimum
dough consistency, mixing time requirement and dough stability, are important
measures of its quality. This information is of great importance to millers and bakers.
The most common instrument used to determine flour mixing characteristics is the
Brabender Farinograph. Newport Scientific has developed a new instrument, the
doughLAB, which similarly determines flour quality, but includes automated systems to
control bowl temperature and dispense water into the sample. The objective of this
study was to compare doughLAB and Farinograph results, assessing the effects of
different instruments, bowls, dispensers and temperature control systems.

MATERIALS AND METHODS

Samples

Strong, medium and weak wheat flours were obtained from a commercial source in Italy
with accompanying Farinograph results. Strong and medium commercial flours were
obtained from Australia, a weak flour from the UK, and a weak flour with Farinograph
results from Germany.
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Instrument configurations

Dough mixing properties were assessed on two doughLABs and two Farinographs using
four different 300g Farinograph bowls. For all tests using the Farinograph, bowl
temperature was controlled by an external water bath and water was delivered to the
side of the mixing bowl via a burette. Temperature on the doughLAB was controlled by
1) an external water bath, or 2) the internal water system of the instrument. On the
doughLAB, water was delivered to the sample via 1) the internal automatic delivery
system, or 2) a burette. The effect of dispenser position was assessed by dispensing
water into 1) the centre or 2) the front right-hand side of the bowl. Dough temperature
after mixing was measured in both instruments by inserting a thermometer into the
dough mass.

Testing method

Samples were tested using ICC method 115/1, with the following modifications.
Samples (300 ± 0.1 g) were tested in duplicate at 30°C and 63 rpm without
compensating for flour moisture content. The target peak consistency for the UK and
German samples was set to 600 ± 20 FU to match the testing procedure used in the UK.
It was set to 500 + 20 FU for the other samples. Italian samples were tested at their
supplied WA values in the Farinograph and doughLAB located in the UK. The supplied
WA values for the Italian samples gave peak consistency values of 555 - 560 FU on the
Farinograph in Australia so new WA values were derived. The calibration of the
doughLAB in Australia was adjusted to match the Australian Farinograph. Peak
consistency (FU), water absorption (WA, %, corrected to target peak), dough
development time (DDT, min), AACC stability (min) and ICC softening 12 minutes
after the peak (FU) were derived from the curves (Fig. 1).

Data analysis

The effects of instrument configuration, instrument type, bowl, dispenser type and
position plus temperature control system were assessed by analysis of variance,
including sample as a factor. The pooled Farinograph and doughLAB results were also
compared by regression and correlation analysis (Minitab ver 13).

RESULTS AND DISCUSSION

Temperature

The average final dough temperature using the internal temperature control system was
31.17 °C, slightly but significantly (p<0.01) lower than 31.53 °C found when using the
external water bath. This is as might be expected given that the internal doughLAB
system uses a high capacity pump (6-10 1/min) and a cooling system, in contrast to the
waterbaths used in these studies. Nonetheless the type of temperature control system
used did not significantly affect the results except for a slight effect on WA (Table 1).
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Figure 1. Typical doughLAB mixing curve and measurements recorded. Water
Absorption is derived from water added and in the flour, torque peak and its target.

Result2

Temperature Control
Dispenser Type
Dispenser Position
Instrument Configuration
Instrument
Instrument Type
Bowl
Sample

WA (%)
*
NS
NS
***
*#*
NS
*#*
***

DDT (min)
NS
NS
NS
***
***
***
*
***

Stability (min)
NS
NS
NS
***
***
**#
**
***

Softening (FU)
NS
NS
NS
**
**
NS
NS
***

i*** p<0.001, ** p<0.01, * p<0.05, NS - not significant
2WA - water absorption corrected for peak, DDT - dough development time, Stability -
AACC, Softening - 12 minutes after peak.

Table 1. Significance1 of temperature control system, dispenser type and position,
instrument configuration, instrument, instrument type, bowl and sample on flour testing
results.

Dispenser

The doughLAB uses an automatic dispensing system, usually positioned to deliver
water into the centre of the bowl, differing from the Farinograph burette that is normally
used to deliver water to the side of the bowl. Dispenser type (burette or automatic) and
position (side or centre) did not have a significant effect on the results (Table 1).
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Instrument

Overall each flour exhibited similar curves on the different instruments and bowls,
however there were significant differences in actual results. Instrument configuration
(the combination of the instrument and bowl used), and instrument with the bowl data
pooled, strongly affected the results (Table 1). The Farinograph located in Australia
gave WA values 1-2% higher than the same samples tested on the Farinographs in the
UK and Italy, possibly due to differences in instrument and bowl age. Adjusting the
calibration of the doughLAB in Australia to match the Australian Farinograph also
resulted in differences between the two doughLABs. Samples tested at higher water
addition showed increased stability and reduced softening results compared to the
European data.

Pooling data from the same type of instrument, there were differences observed
between the doughLABs and Farinographs for DDT and stability but not for WA or
softening (Table 1). WA values obtained from both instrument types were highly
correlated (Fig. 2). Good correlations were also observed for stability and softening,
though stability values were slightly longer in the doughLAB (Fig. 2). This could be
due in part to on average greater bandwidth and slightly cooler dough temperatures in
the doughLAB, but further study is required here.
The DDT graph (Fig. 2) shows that, for a subset of the samples, the doughLAB gave
longer mix times than reported by the Farinograph users. Closer inspection showed that
these curves tended to form two peaks though the second could be lower than the first
(Fig. 3). In these cases the second peak should probably be regarded as the true mixing
peak (Shuey 1997). Selection of one or the other peak would also impact on the stability
results.

Bowl

Pooling the instrument data, bowl effects were evident for WA, DDT and stability.
Several different bowls were used in the study of these samples, and it is well known
that variations in their age and condition can affect results.

Correlations

Cross-correlation of the different measurements taken showed that all results were
significantly correlated, and that there was a high degree of redundancy between
stability and softening (Table 2), though the relationship was curvilinear. High WA
values were associated with stronger doughs (longer mix times, higher stability and
lower softening), which is not surprising.

CONCLUSION

There was a good agreement overall between the doughLAB and Farinograph for a
range of samples from weak to strong. Nonetheless there were significant differences
between individual instruments and bowls, and some between the instrument types.
Temperature control and dispensing systems did not affect the results.

The standard method, running at 30 °C and 63 rpm, produces flat and noisy curves
where the peak is quite indistinct and easily mis-read. Given that the Farinograph or
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WA % DDT (min) Stability
DDT(min) 0.618***
Stability (min) 0.632*** 0.810***
Softening (min) -0.321** -0.572*** -0.852***

See Table 1 for a description of results and significance.

Table 2. Correlation coefficients between flour test results1.

doughLAB only provide a guide for the actual water required in commercial mixing,
and that modern mixers usually run at substantially higher energy input rate, it would
seem sensible to modify the existing method by increasing the mixing speed. Such a
modification would produce a better defined peak less prone to mis-measurement, and a
more rapid softening allowing the test to be shortened. This possibility should be
investigated further.
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ADDING AN ACOUSTIC NOTE TO TEXTURE ANALYSIS

J.Bank
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UK

ABSTRACT

Over the last four decades, the sounds emitted during biting and chewing have been
recorded and studied to obtain more information on food texture. Perhaps the most
salient characteristic of crunchy and crispy foods is the sound emitted upon their
disintegration during chewing or in mechanical testing. When a crisp food is broken or
crushed, characteristic sounds are produced due to the brittle fracture of the cell walls
and the resultant acoustic emissions in a frequency range up to 50kHz have been used to
try to quantify sensory crispness using complex data analysis. Now, for the first time,
acoustic emission recording and analysis has been integrated into Texture Exponent
Software, a recognised texture analysis software package. This facilitates the collection
of acoustic data as an integral part of the test alongside force, distance and time to
provide the '4th dimension in Texture Analysis'.

The Acoustic Envelope Detector was developed in response to requests from both
University and commercial research departments. It is a method for measuring the
acoustic energy released during a physical test in which emissions in the audible range
up to 12kHz are measured and transformed into an analogue voltage that represents the
amount of acoustic energy released from the product as a function of time. The voltage
is measured using one of the AUX ports on the TA.XTPlus, whilst the instrument
simultaneously measures the mechanical response of the product in force, distance and
time.

This presentation aims to provide an introduction into Texture Analysis with the
Acoustic Envelope Detector. Its current applications, example results and data
interpretation will be covered.
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ABSTRACT

Important conditions for successful and long-term sales and the acceptance of a bakery
product in the market are consistent and optimum quality as well as the use of healthy,
market-oriented ingredients.

Criteria for the consumers' evaluation of the healthy qualities of a bakery product are e. g.
the content of energy, fat, sugar as well as dietary fibre. Thus, more and more products with
modified compositions appear on the market. Products with optimum features regarding taste
and health have the best sales prospects.

Obviously, healthy nutrition has just become a way of life - natural ingredients with a
high nutritional value together with the indispensable taste enjoyment are the basis of success
for a food product on the market

VITACEL®Oat and Wheat Fibre

Due to the high fibre content of up to 98 %, an absolutely neutral taste and the light colour,
the enrichment of food without any sensory changes is possible - a basic condition for the
acceptance by consumers. An essential feature of cereal fibre is the use of cereal raw material
with the maximum material content, which, is not only liable to grinding, (as is the case with
conventional oat or wheat bran), but also undergoes a sophisticated and mild thermal physical
treatment in order to preserve the valuable fibre fractions in a concentrated and clean form.

Baking Test
Substantial baking tests have been carried out at the University of Hannover, BFA Detmold,
TNO Wageningen and the Swiss Technical College at Richemont. As a result of these tests it
was found that for the first time by using isolated cereal fibre it is possible to enrich even
light-coloured bakery products without modification of the sensory quality features.

Dietary Fibre Enriched Toast

As toast allows only very little tolerance regarding shape, light consistency and crumb
quality, due to the firmly established expectations of the consumers, the enrichment of this
kind of bread with cereal bran leads to products that the consumer will not accept. The white
colour of the crumb as well as the chewing quality and the genuine taste are unshakeable
consumer demands. The tests were aimed at the production of a fibre-rich toast on the basis of
wheat and oat fibre with a dietary fibre content similar to that of wholemeal toast, but with
sensory and optical characteristics comparable to those of an ordinary non-enriched toast. For
this reason, 4 per cent of the flour has been replaced by wheat fibre or oat fibre. The enriched
4 percent of fibre together with the fibre content of the flour (about 2.5 %) result in a fibre
content comparable to wholemeal bread. In a direct comparison, the porosity proved to be
less fine and the crumb quality changed from "slightly tender" to "slightly rough". Sensory
evaluation of the slightly firm, solid crumb was confirmed by examination with the
penetrometer. With a weight of 360 g, the bread without additives showed a penetration depth
of 150 mm"1 while the bread with wheat or oat fibre reached 139 mm"1. After toasting the
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slices, this difference no longerexisted. The testers considered the break of both breads as
"almost tender". Neither the browning of the toast nor the taste had been influenced
negatively by the addition of wheat or oat fibre.

The particular water binding and water retention capacity (capillary effect) of the
cereal fibre enables a delay in the starch retrogradation necessary for a long-lasting soft crumb
and improved freshness. Measurements have clearly shown that without an increase of the
aw-value — the water occurs almost always in an absorbed state — the moisture of the crumb
and its elasticity can be improved considerably by the use of cereal fibre. Another important
advantage of the use of cereal fibre compared to cereal bran is that neither volume depression
nor deformation occurs. The tests showed clearly that the addition of 5 % of wheat or oat fibre
does not lead to a decrease in volume. This effect occurs only with enrichment of more than 7
%. An explanation is that the three-dimensional network supports the gluten function which
has a stabilizing effect. These described advantages of the cereal fibre have already been used
in many countries for toast, sandwich and white bread, either with the focus on increasing the
health factor of bread (functional food) and /or improving the keeping quality with increased
dough yield.



POLISH MEASURING AND MONITORING DEVICES FOR
EVALUATION OF CEREALS AND FLOUR
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ABSTRACT

Thanks to the good co-operation of the Research Institute of the Baking Industry with
universities, other research institutes and educational institutions in Poland, ambitious
innovative tasks have been fulfilled within the framework of research and didactic work
since 1969.

During 35 years of activity, strong and permanent traces have been left by the
Bydgoszcz SADKIEWICZ INSTRUMENTS in the field of constructing new
instruments plus modernization and implementation of measuring and monitoring
devices with useful and original functional features in the grain-milling and baking
trades.

This mainly concerns solutions to composite sets of appliances for cereals
purchasing centers, industrial laboratories and academies. For example, automatic
sampling probes SONDA KA-RO 2000, separators for cleaning and determining grain
contamination SZD, appliances for wheat glassiness testing appliances for counting and
determining 1000 grain weight, laboratory sample grinders- laboratory mills WZ-1 and
WZ-2, appliances for amylolytic enzyme activity testing - falling time system
SWD,sets for automatic determination of sedimentation and density of grains in the
loose form- hectoliter weight.
. Also developed and implemented were sets of appliances for evaluation of flour
quality, mainly for: testing degree of adhesion as well as amount and quality of gluten
GLUTOWNIK and GLUTOMETR, automatic determination of water absorbance of
flour -KONSYSTOGRAF, flour whiteness testing MB, testing and evaluation of baking
quality of flour by way of laboratory test baking.

INTRODUCTION

For 35 years the Research Institute of the Baking Industry Ltd. in Bydgoszcz has
produced and improved devices for research and measurement for grain and flour
laboratories, bakeries and research institutes.

Founded in 1969 it was first a branch of the Warsaw Bakery and Research Institute
under the patronage of Professor Henryk Banecki, a well-known manager and scientist.
Today you will find in our company a commemorative medal honouring Professor
Banecki and other outstanding research workers from Poland and around the world who
have cooperated with us. By awarding these people this medal we show our thanks and
high regard for the work they have done.

The location of our company is vital to our business. Bydgoszcz is the hometown of
one of the oldest food-linked high schools in Poland as well as The University of
Technology and Agriculture Technical Agriculture University. The food processing
industry in our area employs 30 % of their graduates. Our company is one of the few
independent research institutes in Poland. There is a special section in our company,
which cooperates with many colleges, and universities in Poland and abroad. Its
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purpose is to organize and participate in numerous exhibitions, congresses, and
conferences.

Over that last 35 years our hard work has born fruit. We have initiated new practices
in flour and grain laboratories, bakeries, and export agencies in our country.

Figure 1. Preparing grain for analysis

Automatic Grain Sampler Ka-Ro 2000

This Representative samples of cereal and rapeseed grains from transport batches are
taken using air suction. Two samples (analytical and reference) are produced and
secured in laboratory containers.

Laboratory Sorter type SZD

This is used for rapid testing of grain samples of 1,000 grams. It removes unwanted
substances from the grain such as dirt plus oversized and undersized grains. The
measurement is based on the sorted grain and its weight. The sample is analyzed for the
weight of the cleaned grain, the weight of dirt and pests found in the grain. The sorter is
indispensable in every grain and flour laboratory to grade the quality of wheat, rye,
barley, rape, and com seeds.

Counter of 1000 Grains

This can calculate the standard 1000 grain weight, adjustments include the range of
measurement between 50 — 2000 grains.

Figure 2. Mills for grinding samples
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To carry out work in the laboratory crushing and sifting of samples is very important to
achieve the same results for each series of tests. The most popular grain grinders are:
The Electronic Hurricane Grain Grinder type WZ-1 with a time programmer, especially
useful for fast grinding of samples for further analysis. The Disc Grinder with sifter type
WZ-2 with the possibility of regulating the space between discs.
The Roller Grinder type SK with four regulated rollers is used to prepare samples for
sedimentation analysis according to the Zeleny method.

Figure 3. Equipment for assaying the quality and quantity of gluten

The Vibrating Kneader type SZ-1

Is used to prepare samples of dough from 10 to 25 grams with the possibility of grading
the degree of adhesion.

The Gluten Washing Machine

Is used to wash two independent samples of prepared dough using distilled water or 2 %
sodium chloride. The possibility of programming the washing time for 5 to 10 minutes,
signaling completion and inspecting washing efficiency exists.

The Gluten Centrifuge

Is used to separate the excess water from the wet gluten before measurement of the
percentage of wet gluten).

The Glutometr Sadkiewicza

Measures the quality of gluten according to Sadkiewicz method using 2 grams of gluten
in a time of 5 minutes. Gluten balls are incubated at 30° for one hour. The Glutometr
transforms the results digitally using Sadkiewicz units and in millimeters. The
Sadkiewicz method gives the time in seconds. Warm gluten samples are packed into a
small container and subjected to constant pressure which causes them to be expelled
through a nozzle of a definite profile. The assessment of the quantity and quality of
gluten according to Sadkiewicz method is carried out over 15 minutes.
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Figure 4. Instruments for assaying flour quality

Measurement of the whiteness of flour

Mills and bakeries very often test the whiteness of flour instead of the arduous ash
assays. Measuring the whiteness has stimulated attention not only in flourmills and
bakeries, but also in the investigation of other materials. The range of measurement is
30-100 % using the wavelength 565nm. The method is based on the measurement of
light reflected off the surface of the sample of flour. Monochromatic light of 565nm is
used. An electronic signal is computed by the system processor SAB 80 c 515A. The
measuring cap is equipped with a source of radiation, while the other one has an
electronic digital reader. Pressed PTFE powder is the control. The measurement lasts
for just a few seconds. The procedure is very simple because all functions (such as
measurement, review of measurement, automatic calibration, resetting, and value of
pattern) are performed automatically by pressing one button. Flour whiteness
measurement is used commonly to classify types of flour.

The Automatic Konsystograf

With a digital reader it evaluates the amount of absorbed water, one of the most
important parameters of flour (generally ranging from 45-67 %, but sometimes more). Tt
is necessary to obtain such information before the start of other bakery tests. A
possibility for quick measurement of water absorption capacity also exists.

S m

Figure 5. Equipment used in laboratory scale baking trials
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The Kneader

Is used to prepare dough from 250 grams of flour.

The One-Chamber Electronic Stove

With full temperature regulation and a possibility of misting the fermentation chamber.
The chamber dimensions are 610/610/70cm with a temperature range of 30 - 300 °C.

The Universal Volume Testing SAWY

Is used for round and rectangular small loaves of bread. The device is filled with millet
grain, the quantity of which is adjusted to measure "O" on the scale (control). The
measurement is direct and relics on enclosing the bread sample in the container and
turning it about 180 degrees, the reading is on a volume scale in cubic millimeters. The
quantity of grain expelled by the presence of the test sample equals the volume of bread
product expressed in milliliters.

CONCLUSION

We have been happy to identify the advantages of examining the qualitative parameters
of grain and flour. We are looking for new solutions and devices which will facilitate
quick and reliable measurement of quality across the whole chain of grain to bread for
Polish laboratories.
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WHEAT QUALITY AND WHEAT VARIETAL IDENTIFICATION

G.L. Lookhart1. S.R. Bean1 and C. Culbertson2
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2 Chemistry Department, Kansas State University, Manhattan, KS 66506, USA

ABSTRACT

The ability to identify wheat at all stages of its growth and use is very important to
many people. This paper describes the means to identify wheat varieties as well as
some reasons for wanting or needing to identify them. Quality is in the eye of the
beholder! A fanner might define quality as the amount of grain produced in the field, a
miller might define it as the amount of flour that can be produced from a given amount
of wheat on a given mill, a baker might define it as the type of consistent product they
can make from a given flour and a breeder might define it as the overall the grain yield,
which is a function of the plants' resistance to disease and drought, and the ty pe of
products that can be made from a given line. In each of these reasonable definitions,
genetic, environmental, and genetic x environmental components are present. Since we
can not control the environment, it is important to control or identify the genetics.
Wheat gliadins are a genotypic expression of the plant and therefore characterizing the
gliadins can be used to fingerprint wheat genotypes. Varietal identification can be
accomplished by any of three broad ways; agronomic, physical, or biochemical. This
presentation will describe and compare each of those areas and will focus on the
biochemical methods of electrophoresis and chromatography to characterize or
fingerprint wheat proteins for varietal identification.

WHEAT QUALITY

An important issue in cereal chemistry is to exactly define wheat quality. Wheat quality
is very subjective and heavily dependent on several factors. Quality to a farmer is
primarily yield, which is a measure of genetics and disease resistance, drought
tolerance, cold tolerance, seed size and shape, and plant height. Quality to a baker is a
measure of the final finished product or of mixing strength, protein content, dough
proofing, and/or some measure of finished product such as crumb grain. Quality to a
consumer may be the size of the bread loaf, the softness of the crumb, the flavour of the
product or the bite and texture of a noodle.

Can quality be measured objectively? Protein content and dough strength, as well as
mixing time and bread loaf volume, can be measured. Mixing and baking tests on a
series of wheat lines (Figure 1) indicate that protein content is not a major factor in
quality as the bread loaf volume and mixing strength varied in different lines at similar
protein contents. Therefore, the wheat line or variety is important. The effect of
growing conditions, irrigation vs dry land (environment) for the same wheat lines also
affected the quality of the product (Figure 1). Since we cannot control the environment,
we can choose wheat lines (varieties) with known good qualities over different
environments and that will provide us with a good starting point. Therefore, varietal
identification is very important.
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Figure 1. Quality indices of flours from 5 wheat lines and a baking standard. Data
courtesy of Bob Bequette.

VARIETAL ID

How can varieties be identified? Varieties can be identified by several methods
including agronomic, physical and biochemical methods. The agronomic and physical
methods are both subjective and require extensive training into plant and seed
characteristics and will not work with ground grain. The agronomic technique makes
use of differences in head heights, straw strength, heading dates, etc. The physical
method makes use of kernel morphological characteristics; kernel shape, germ size,
brush length, crease depth, etc.

Biochemical methods can be objective and utilize either protein or DNA as the
genetic material for fingerprinting. The storage proteins in wheat are genetically
controlled and, therefore, identical in each grain of a given cultivar, like a fingerprint
(Lookhart and Wrigley, 1994). They are easy to extract and so have been used to
fingerprint and, thereby, identify wheat varieties. There are two main technologies used
to separate these proteins; electrophoretic and chromatographic.

Numerous electrophoretic methods have been used to identify wheat varieties from
their protein fractions. Each electrophoretic method separates the charged protein
molecules by an applied electric field in an anti-convective media (Bean and Lookhart,
2000a). Wheat proteins used for varietal identification purposes are the storage
proteins, since they are genotypic (Lookhart and Wrigley, 1994). The main storage
proteins in wheat are the gliadins and the glutenins. Thomas Burr Osborne (Osborne,
1907) defined the protein fractions of wheat nearly a century ago. The fractionation
was done by the use of various solvents. The gliadins were defined as soluble in 70%
alcohols, and the glutenins as soluble in dilute acids and bases. Those proteins fractions
are complex and should be defined as follows; gliadins are lower molecular weight
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monomeric wheat proteins with only intra- molecular disulfide bonds and glutenins are
very large wheat proteins made up of large subunits and are, therefore, polymeric with
Mws ranging to 50 million (Bean and Lookhart, 2001) with inter-molecular disulfide
bonds.

Electrophoretic separations of wheat proteins were initially done with starch gel
systems, then polyacrylamide gel (PAGE) systems, and now more recently with fused
silica capillaries (CE). Acid-PAGE separations and detection of gliadins (requires about
4 to 6 hours) and CE separations and detection of gliadins (Bean and Lookhart, 2000b)
can be accomplished in about 4 min, Figure 2. Chromatographic methods, mainly high
performance liquid chromatography (HPLC), are also utilized to separate wheat
proteins. Those separations normally are done by reversed-phase (RP) HPLC and look
similar to the CE separations. The HPLC separation times are usually 20 to 40 min,
which is longer than for CE separations (Lookhart et al., 2003).
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Figure 2. CE analysis of gliadins with iminodiacetic acid buffer at 40°C in a 50um i.d.
fused silica capillary.

Although protein separations using CE are fast, still more rapid and inexpensive
separation and extraction procedures are needed to make it economically feasible to
objectively analyze the quality of each truckload of wheat coming into a grain elevator
or in every microclimatic zone in a farmers field. The recent development of
microfluidic or lab-on-a-chip devices should make such testing a reality within the next
decade. Microfluidic devices have been developed with the aim of integrating the
various chemical processing and separation steps necessary to complete a chemical
analysis onto a single monolithically fabricated substrate (Bousse et al., 2000; Jakeway
et al., 2000; Dolnik et al., 2000; and Jacobson and Ramsey, 1998). This integration
carries with it a reduction in size along with a reduction in the time it takes to carry out
a chemical analysis procedure with no loss in the quality of the information obtained.
The volumes of reagents and samples needed to perform an analysis are also quite low.
In fact, under continuous operation these devices may only consume lmL/yr of reagent
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In addition, the micro-machining techniques necessary for producing these lab-on-a-
chip devices follow many of the same principles involved in the production of silicon
computer chips. Therefore, device production is inexpensive and amenable with high
throughput manufacturing techniques. The devices can be made of glass, quartz or
plastics. Protein extraction from a kernel followed by a separation of those proteins
should eventually be able to be completed in <1 min and be automated.

An example of a simple chip for performing injections and CE separations is shown
in Figure 3. The sample is applied to the sample reservoir (dark circle), the buffer and
waste reservoirs are filled with the run buffer. The intersection of the two reservoirs
creates a non-mechanical fluidic valve, which can be controlled through the proper
application of voltages to the reservoirs. The line is drawn to scale of 5 mm in order to
show actual chip size. The channels are lOum deep and either 40 or 200 urn wide in
Figure 3. Injection volumes of 1 to 100 pL can be made on these devices. Such devices
can be used to carry out rapid separations of both amino acids and proteins. Figure 4
shows the separation of 20 amino acids on a device similar to that shown in Figure 3 in
< 3 min.

Figure 3. Glass micro fluidic device

CONCLUSIONS

Wheat quality and varietal identification go hand in hand. The problems involved in
being able to quickly and, reliably, determine varietal identification and to predict wheat
quality are slowly being met. The electrophoretic and chromatographic techniques can
meet the varietal identification requirements but may not meet the wheat quality
requirement. Lab-on-a-chip has the characteristics to be able to do both in seconds.
The future will see this new technology being used more and more.
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Figure 4. Micellar Electrokinetic Capillary Electrophoresis Separation of 19 Amino
Acids
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ABSTRACT

The rheological properties of flour dough are predominantly determined by high
molecular weight glutenin subunits (HMW-GS). When water is added to flour and
mixed to form a dough these large polymeric proteins form a three dimensional network
called gluten. Different HMW-GS make varying contributions to dough strength or
resistance to stretching. As higher dough strength generally results in greater bread
volume, there has been a trend in many countries to select for glutenin subunits, which
increase dough strength. The selection of the 5+10 over the 2+12 glutenin subunits has
made a major improvement to bread quality in many countries including the UK. It has
been found that not only the types of subunits but also the amount of a particular
subunit, affects the dough strength. The Glu-Bl 7x subunit has been found to "over-
express" or produce a greater than normal percentage of the Glu-Blx subunit. Wheat
varieties with over-expressed Glu-Bl 7x subunit are found to produce strong flour
dough properties. When both the over-expressed 7x subunit and the 5+10 subunits are
present, extra strong dough properties result.

The source of the over-expressed 7x subunit and its passage through world wheat
germplasm is traced from South America to North America and Australia and New
Zealand. The marketing strategies adopted in different countries and potential end-uses
of this unique class of wheat are described. Future research directions for over-
expressed HMW-GS germplasm are discussed.

INTRODUCTION

Dough strength is an important quality parameter in the cereal industry. When water is
added to flour and mixed to form a dough, large polymeric proteins form a three
dimensional network called gluten. Dough strength is measured in the cereal laboratory
by the mixing (Farinograph or Mixograph) or the stretching properties of a dough
(Extensograph or Alveograph). It has been found that different end products require
different dough strength, to achieve optimum quality. Biscuits and cakes, Arabic flat
breads and pan bread require weak, medium and strong dough strength respectively.
Baking techniques vary around the world to suit the quality of the flour available, with
each technique suited to a particular dough strength range. For example the rapid bread
making process is suited to medium dough strength, whereas for the sponge and dough
bread making process higher dough strengths are required. However there is a general
trend for loaf volume to be strongly correlated with dough strength.

The rheological properties of flour dough are predominantly determined by the high
molecular weight glutenin subunits (HMW-GS). Payne et ah (1987) devised a quality
score for HMW-GS based on the SDS-sedimentation volume of British-grown wheat
varieties, (Table 1). The quality score was the sum of the individual glutenin subunit
score and ranged from a minimum of 3 to a maximum of 10. The Glu-Dl 5+10
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glutenin subunit was assigned the largest individual score of 4, a reflection of its major
influence on quality. Payne found that the quality score was a good predictor of bread
baking quality. The glutenin quality (Glu-1 score) also predicted dough strength or
stretching resistance of a dough. At this time many UK wheat varieties carried HMW-
GS with a low Glu-1 score. As higher dough strength generally produces better loaf
volume, there has been a trend in many countries to select for glutenin subunits, such as
5+10, which increase dough strength. The selection of the 5+10 over the 2+12 glutenin
subunits has made a major improvement to bread quality in many countries including
the UK. The reason for the greater dough strength of the 5+10 subunits relative to the
2+12 subunits is due to a small difference in the protein structure. The 5 subunit has 5
cysteine residues whereas the 2 subunit has 4. (Lafiandra et al., 1993).

Glu-1 Score Glu-Al Glu-Bl Glu-Dl
4
3
2
1

5+10
1,2*

N

17+18,7+8
7+9
7,6+8

2+12,3+12
4+12

Table 1. Glu-1 Quality Score for HMW glutenin alleles

It has been found that not only the types of subunits but also the amount of HMW-GS
have a significant effect on dough strength. This is reflected in the Glu-1 score (Table
1), where the null Glu-Al score is less than 1 or 2*. Similarly with Glu-Bl, a 7 subunit
has a lower score than a 7+9 or a 7+8. This quality score has been adopted by many
countries to assess the bread making quality of their varieties.

MATERIALS AND METHODS

Grain samples

Most of the wheat varieties used in this study were obtained from the Australian Winter
Cereals Collection (AWCC), Tamworth, NSW, Australia. Varieties including Laura,
Biggar, Wildcat, Bluesky and Oslo had been obtained previously from Dr O.M. Lukow,
Agriculture and Agri-Food Canada, Cereal Research Centre, Winnipeg, Canada. The
New Zealand varieties Kohika and Endeavour were supplied by Dr W.B. Griffin, New
Zealand Institute for Crop and Food Research Ltd, Christchurch, New Zealand.

SDS-PAGE
Samples were analysed using the procedure of Singh et al., 1991.

RP-HPLC
RP-HPLC analysis of HMW-GS was based on previously published methods (Marchylo
et al., 1989) with some minor modifications (Vawser and Cornish, 2004).
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RESULTS AND DISCUSSION

Over-expression of a HMW-GS

Ng et al. (1988) reported difference in the staining intensity of the 7 band in some
Canadian varieties and suggested that this may affect the dough strength. A RP-HPLC
technique was developed to measure the amount of individual HMW-GS relative to
total HMW-GS composition (Marchylo et al., 1989). The good baking quality New
Zealand wheat variety Otane was found to have a higher percentage of subunit 7
(49.1%) than the poor quality variety Karamu (40.7%) (Sutton, 1991). The peak
retention times using RP-HPLC, were also found to differ for the subunit 8 between
these two varieties. Marchylo et al. (1992) used SDS-PAGE and RP-HPLC to study
Canadian wheat varieties. He found that he could differentiate between two types of 7
(a 7 and 7*) using SDS-PAGE and two different types of 8 (8 and 8*) using RP-HPLC.
The common type in Canadian wheat was the 7*+8 with the over-expressed 7 form
(7+8*) being found in Glenlea and some related varieties. Over-expressed 7 was
reported in the US wheat Red River 68 by D'Ovidio et al. (1997). Gianibelli et al.
(2002) analysed 107 Argentinean bread wheat cultivars and reported the normal
expressing 7 subunit was on average 24.5% of the total HMW-GS, whereas in over-
expressing 7 cultivars it was 38.9%. Juhasz et al. (2003) found certain lines of an old
Hungarian variety Bankuti 1201, contain unusually high levels (55%) of unextractable
polymeric protein (UPP). This was due to over-expression of Glu-Bl 7x, which
represented more than 50% of the total HMW-GS. Vawser and Cornish (2004),
analysed named varieties of different origin including American, New Zealand and
Australian wheat varieties using RP-HPLC. The Australian wheat variety Janz has the
normal Glu-Bl 7*x (33.9% of HMW-GS) and the variety Kukri has the over-expressing
Glu-Bl 7x (47.0% of the HMW-GS), (Figure 1).
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Figure 1. RP-HPLC chromatograms of Janz {Glu-Bl 7*+8) and Kukri (Glu-B\ 7+8*).

Source of the over-expressed Glu-Bl 7x
The source of the Glu-Bl 7+8* glutenin subunit was traced to the 1922 Argentinean
wheat Klein Universal II and its sister line Universal JJ (Vawser and Cornish, 2004).
The over-expressed glutenin allele is present in many (36%) Argentinean wheat
varieties (Gianibelli et al., 2002) and is thought to make a major contribution to good
bread making quality. The over-expression was transferred to CIMMYT germplasm
from the Argentinean variety Tezanos Pintos Precoz (TZPP). TZPP has been used by
wheat breeders in many countries and is the primary source of over-expression. Table 2
lists some wheat varieties carrying the over-expressed 7 glutenin subunit.
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Argentina
Klein Universal II

Universal II
Klein Sin Rival
Sinvalocho
TZPP

Mexico
Bajio 52

Tobari 66
Jaral 66
Gallo
Calidad
Grajo
Emu
Woodpecker

Canada
Glenlea

Wildcat
Bluesky
Roblin
Laura
Biggar

USA
Red River
68
Prospur
Oslo
Wheaton
Glenman
Nordic

NZ
Otane

Endeavour
Kohika
Rubric

Australia
Chara

Kukri

Table 2. Wheat varieties with the 7+8* glutenin subunits from various countries.

Dough properties

Marchylo et al. (1992) found that Canadian cultivars with an over-expression of subunit
7 had stronger dough strength than those expressing normal levels of subunit 7*.
Radovanovic et al. (2002) also found increased gluten strength associated with over-
expression was due to the amount of x-type subunit. Butow et al. (2003) confirmed this
finding with doubled haploid lines over-expressing 7 having significantly higher dough
strength. They also found that dough extensibility also increased. The contribution of
LMW-GS to extensibility also needs to be taken into account (Cornish et al, 2001).

Structure

Butow et al (2003,) found that over-expressed Glu-Bl 7x subunit had an 18 bp insertion
at the C-terminal end of the central repetitive domain of the coding sequence. This
resulted in an extra copy of the hexapeptide sequence QPGQGQ in the deduced amino
acid sequence of 7x.

Possible end-uses

Inoue and Bushuk (1992) recognised the need for strong gluten for frozen dough
products to compensate for the decreased yeast activity on thawing and subsequent
leavening. In 1993 the Canada Western Extra Strong (CWES) class was established to
reflect the demand for wheat varieties that produce frozen dough able to maintain
baking quality for long periods of time. It was based on the variety Glenlea. This class
is also used for blending by customers to improve the baking quality of mediocre
quality wheat. Wheat varieties from Canada and the USA with over-expressed 7x are
used in Asia in sponge and dough bread production. Butow et al. (2002) suggested that
less salt would be required to achieve optimal dough extensibility, with extra-strong
varieties leading to reduced salt bread products.

CONCLUSIONS

Over-expression of Glu-Bl 7x has resulted from a natural mutation. The original source
of this germplasm is most probably Argentina and from there it has spread to other
South American countries, Central America and North America. It is found in a few
varieties in New Zealand and Australia. The tools to easily select for the over-
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expressed 7x are available to wheat breeders. The very strong dough from over-
expressed varieties provide both an opportunity and a challenge for cereal chemists and
the cereal industry. What new combinations of glutenin alleles best suit particular end
products? Is it possible to manipulate the rheological properties of the dough by
selecting appropriate glutenin combinations? What new wheat products and process
will result? Only time will tell.
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ABSTRACT

Near-infrared spectroscopy (NLRS) is used throughout the grain industry to rapidly
measure characteristics of whole grain and flour, and recent research also shows that it
can be used to study bread staling. We will report the accuracy of NIR and Fourier
Transform (FT) NIR technology for measuring the quality of whole grain, flour, and
bread. NIR and FTNIR instruments tested include the Foss 6500, Foss 1241, Perten
7200, Perten DA7000, and Cognis QTA FTNIR spectrometers.

For the whole grain analysis, we will report the accuracy of using the NIR and
FTNIR instruments for measuring grain quality. We will also report the correlations of
NIR and FTNIR measurements to flour quality measurements conducted on the same
samples after milling. The same samples were then baked and we will report the
accuracy of predicting bread quality from the NIR and FTNIR spectra collected from
the flour and whole grain.

We also used NTRS to study starch, protein, and temperature effects on bread
staling, and we compared NIRS to the texture analyzer as a means of studying bread
staling.

The results presented in this paper should provide the grain industry with the
potential and limitations of NIR and FTNIR technology for predicting grain, flour, and
bread quality.
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ABSTRACT

Commercial production of bread dough must be carried out in a precise manner in order to
produce bread of optimum quality. Classification, variety and growing conditions of wheat
and the flour milled from that wheat impact on the amount of water needed for dough
formation, the amount of time required for dough development, and the quantity of some
ingredient additives required. Additionally, at optimum, dough from different flour types
will produce bread loaves of varying size. Processing variability can be controlled fairly
well by a skilled baker. However, in today's commercial processing environment, skilled
bakers are not available, there is a need for objective, accurate methods for predicting and
measuring these attributes.

Current techniques for predicting proper development of dough during mixing include
subjective evaluations or physical measurements based on mixing torque or power
consumption. Research using Near Infrared Radiation (NIR) has demonstrated the
possibilities of monitoring the development of dough during mixing and predicting the
optimum water absorption of the flour used. In this study, a method was devised to
monitor the development of full formula doughs and sponge and doughs prepared in a
Labtron mixer with a water-jacketed McDuffee mixing bowl and a double helical agitator
using a diode array near infrared spectrometer. By calculating a ratio of moisture to protein
an optimum point occurs that correlates to peak dough development. Additionally, NIR
calibrations for optimum water absorption and predictions of finished product quality by
calibrating to sponge and dough one pound loaf processing needs, have been teamed with
the mixing calculations in order to provide a system for objectively identifying these
variables prior to and during the initial mixing process. By combining two NIR approaches
in one system, we are able to effectively predict processing and some finished quality
characteristics of dough/bread for given flour.

INTRODUCTION

The bread baking industry is a high volume, low profit margin (per unit) food
manufacturing industry that often relies on subjective determinations made by operators in
the dough mixing area. While improvements have been made in dough mixers to
standardize mixing operations, decisions with respect to adequacy of dough mixing are
based on operator experience, and such decisions often err on the side of conservatism and
result in loss of efficiency and/or productivity (Bushuk, 1998).

Dough mixing is a physical, chemical, physicochemical, and biochemical process, and it
is an extremely important step in the conversion of wheat flour and other ingredients into
an edible bakery product. The mixing process promotes hydration by exposing new
surfaces of the flour particles for interaction with water, blends all ingredients into a
uniform dough mixture, and results in dough development. This development involves the
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stretching of long molecules from an unperturbed state to a more extended configuration.
The length of the development stage depends on the time required to extend the large
molecules and to orientate them in the direction of shear (MacRitchie, 1986).

Dough characteristics vary based on ingredients, environment, and operation system,
and they can be measured by different kinds of instruments through imitative (Mixograph,
Farinograph, and Alveograph), empirical (Extensigraph), or fundamental (rheometers)
means. Additionally, dough development based on change in physical dough consistency
can be determined during mixing by recording the torque on mixer blades or the power
consumed (Bushuk, 1998). While all of these measurements are based on changes in
physical properties of a dough, the physical changes are mostly related to chemical
interactions that occur during dough mixing. These chemical interactions are of both a
covalent (disulfide bonds, glucosidic bonds, peptide bonds) and non-covalent (hydrogen
bonds, hydrophobic interactions, ionic bonds, and van der Waals bonds) nature (Bushuk,
1998). The physical and chemical reactions occurring during dough processing are related
to gluten and water properties, which change during mixing due to interactions with each
other and with other ingredients that are present. Measurements of dough characteristics
based on chemical interactions are more challenging than those based on physical
properties.

Analytical near infrared (NIR) spectroscopy is a useful and cost effective method of
food analysis at ingredient, processing, and product stages of production. It has been used
for routine inspections in agricultural and food systems for three decades (Wetzel, 1998).
Advantages of this technique are rapid measurements, simple preparation of samples, and
ease of operation. The major sources of near infrared absorption are the overtones and
combination bands of fundamental vibrations in the mid-infrared spectrum from 4000 - 600
Cm"1 (2.5 - 15 mm). NIR spectroscopy has the potential to probe the molecular and
chemical changes that occur during dough development because absorbances in the spectra
are a direct manifestation of the principal chemical components of dough—water, protein,
starch, and fat (Wesley et al, 1998). Some bakery applications for which NIR has been
used include the measurement of sucrose, fat, flour, and water content of biscuit doughs
(Osborne, et al, 1984) and monitoring the staling process of bread (Wilson, et al, 1991).

To provide uniformly consistent wheat flour based dough, mixer operators grapple with
two major variables—optimum water absorption of the flour and mix time. While proper
dough development provides consistency throughout the remainder of the production
process, optimum water absorption for the full formula dough (bake absorption, BA)
maximizes the amount of water that can be held by a flour, and this can often represent the
profit margin realized by the baker. In a recent study (Olewnik, 2003), NIR was used to
predict the processing and product quality characteristics of wheat and flour. Within this
study, a major conclusion was the ability of NIR to predict BA in flour with results equal to
those of a trained technician's ability to optimize BA. MR investigations by Wesley et al
(1998) found that two specific absorbance wavelengths (1160 ran and 1200 nm) varied with
mixer power consumption. Thus, a study was initiated to determine the ability of NIR to
determine dough development, the second major variable that mixer operators generally
determine by subjective means. This paper presents the results of this study.
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MATERIALS AND METHODS

Instrumentation

i)Mixing System

A Labtron Mixer System (American Ingredients Inc., Kansas City, Missouri) was used for
dough mixing and initial physical dough measurement. This system included a Hobart
mixer (Model A-200T, Hobart Corporation, Troy, Ohio) having a double helical agitator
and a jacketed bowl (McDuffee bowl, National Manufacturing, Lincoln, Nebraska), which
was connected to a chilled water system (78° F). This system (the Labtron), a completely
self-contained dough-mixing unit designed for use in a laboratory environment,
continuously monitors changes in both torque and temperature of dough as it is mixed .

Figure 1. Labtron Instrument from American Ingredients, Inc.

HjNIR System

A DA-7000 NIR/VIS spectrometer (Perten Instruments, Inc. Springfield, Illinois), capable
of detecting diffusely reflected radiation from 400 nm - 1700 nm, was used in the
experiment for dough measurement (Figure 2). The NIR spectrometer was connected to the
mixer via a fiber optic probe positioned beneath a window on the bottom of the mixing
bowl (Figure 3). The illumination fiber optics of the probe conveyed the chopped, high-
intensity, broadband energy from the DA-7000's light source module to the sample. After
passing through or interacting with the sample, the modified light returned to the detector
module via the sensing fiber optics. The modified energy entering the detector module was
dispersed by a stationary diffraction grating, and energy at specific wavelengths was
focused on a diode array, which converted the signals of energy into a digital format. The
digital signals were then fed to a system board within the DA-7000 system cabinet where
they were processed for transmission to the digital signal processing board within the DA-
7000's computer. Subsequently, this data was analyzed using a computer having software
packages designed to simplify the collection, processing, analysis, and storage of data.
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Figure 2a. Figure 2b. Figure 2c.

Figure 2. Perten DA7000, a - NIR detector, b - Graphical User Interface, c - Fiber optic
probe.

Figure 3. Placement of fiber optic probe from the Perten DA7000 instrument.

Data acquisition during dough development

i)Dough Mixing and Measurement

The NIR spectrometer and the Labtron mixer required approximately one hour to warm-up
before dough was mixed. Noise and baseline tests for the NIR spectrometer were performed
in order to verify that the test would be valid. A sample identification name was selected
for the data collection, and a baseline spectrum was recorded for each test. Sample
identification and water absorption were also recorded in the computer for the Labtron
mixer after a reference Labtron curve was chosen.

Flour was added to the mixing bowl followed by all other ingredients except water. The
NIR spectrometer acquisition mode was enabled. Spectra were gathered for 30 seconds
prior to the addition of the water. Once the water was added, the mixing was started. The
mixer speed setting of 1 was maintained throughout the mixing process. The mixing
process continued for approximately 20 minutes to ensure that over mixing occurred. Upon
completion of mixing, the capturing of spectra was stopped and the data was transferred to
a computer for analysis.
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ii)Straight Dough Formula (Bakers Percent)

The formula used for all initial mixing trials was: 100% flour, 7% sugar, 2% salt, 3%
shortening, 2% yeast, and percent water based upon bake absorption trials that included
finished product score reports. King Midas flour (1100 grams), a commercial spring wheat
flour from ConAgra's Omaha facility, was the initial flour tested as it is used in AIB's
standard white pan bread research. To determine if changes in the formulation could be
detected using NIR, the straight dough formula was modified by first testing the
development of flour and water only, then adding each ingredient one at a time, through
doubling the level of added salt, sugar and shortening one at a time for a total of 32
different combinations.

Over the course of experimentation, 16 other flours were tested. Some of these were
pure varieties, three of which were from two consecutive growing seasons (2137-98, 2137-
99, Coronado, Dominator, Hondo, Jagger-98, Jagger-99, Karl92-98, Karl92-99 and
Tomahawk) and some were commercial bread flour blends (ADM, Buccaneer, CFP, King
Wheat, Mennel and Progressive Baker).

Hi)Data Analysis

The spectra were processed using an IBM compatible computer system having the Linux
operating system and Matlab 12.0 (Mathworks, Inc.). Grams 7.0, with the PLS addition,
(Galatic, Inc.) and SAS statistical software (SAS Institute Inc.) were used to process the
spectra using an IBM compatible computer system having the Windows XP operating
system.

RESULTS AND DISCUSSION

Initial processing of spectra

The spectra captured by Perten's diode array system were transferred to a 1.2 GHz CPU,
IBM compatible computer system for processing. In reviewing all captured spectra (Figure
4), there were many that did not follow the typical curve of a flour-water mixture. These
errant spectra were attributed to occur during dough clean up. Many of the spectra captured
had longer path lengths, as the dough does not completely cover the optics during dough
clean up. In order to process only the spectra that were acquired while the dough covered
the optics, an algorithm was developed to remove all spectra not meeting the criteria that
were determined empirically and conservatively. Clean spectra were used for all subsequent
steps.

Determining wavelengths

Initially, Grams 7.0 was used to analyze the spectra, but the evaluation using a typical
chemometric technique (PLS), failed to develop a usable calibration for the purpose of
determining peak dough development. Utilization of Matlab 12.0 to implement a Multiple
Linear Regression (MLR) algorithm on the spectra also failed to produce a meaningful
calibration; however a time plot of the spectra indicated a relationship between two peaks.
SAS was used to analyze the maximum variability in the spectra throughout the mixing
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process, and two major wavelengths 1205 nm (peak 2) and 1455 nm (peak 3) were
determined to have the greatest difference (Figure 4).

400 600 1000 1200 1400

Wavelength - nm

Figure 4. Single spectrum showing peak and valley locations of typical dough.

Algorithm development

The point at which mixing started can be seen in Figure 5. In order to process the spectra, a
Matlab script was developed to automatically determine the starting point of mixing.
Using the two wavelengths previously chosen, an algorithm was developed and
implemented in Matlab to process the spectra from each mixing trial. The basis of the
algorithm formed a ratio (peak 3/peak 2). This ratio was mean centered, and plotting the
absolute value of the cumulative sum of the resulting values generated a cumulative time-
ratio plot (Figure 6). The algorithms developed for cleaning the spectra, determining a start
point and processing the cleaned spectra were re-written into a single program. Input into
this program is the raw spectra, and the data array of the cleaned spectra and the results of
processing are the output.
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Figure 5. Time plot of data at wavelength 1455 for start point determination

Figure 6. Plot of processed spectra using algorithms developed for Matlab.
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Verification of NIR dough development curve

311

In order to validate the dough development curve, the Labtron was run in conjunction with
the DA7000. In most cases, the Labtron started acquiring data at the time the mixer was
turned on, which corresponded to the same starting point determined for the NIR data. In
the double shortening trials, the Labtron failed to start data acquisition properly due to the
lack of torque placed on the mixer. The shortening acted as a lubricant and reduced the
mixing torque below the start threshold of the Labtron.
Normalized plots were produced and overlaid for the Labtron and NIR development curves
(Figure 7). All tests conducted, using both instruments, produced results indicating nearly
the same time for dough development. However, the Labtron was developed to follow a
specification curve established as a normal mix curve. It is not designed to establish dough
development even though the peak of the curve corresponds to peak dough development.
Often, the Labtron curves were broad with many possible peaks, making determination of
an actual dough development peak difficult. Therefore, to further refine the NIR system, a
flour was run and peak dough development mix time was established using the NIR dough
development curve. The same flour was mixed to the NIR predicted time, and a trained
mixer operator tested the dough to determine if it was properly developed. This was
repeated for 10 different flours with positive results for each. It was, however, determined
that the mixer operator had a window of uncertainty of approximately one minute. Also
discovered was that the initial mixing must be twice the actual development time in order to
establish a proper dough development curve.

Figure 7. Overlay of Labtron and NIR. dough development curve.
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Interpretation of time based ratio

The procedure developed used a ratio of peaks, specifically wavelengths 1455 nm and 1205
nm. At this point it is unclear what was actually being measured. At 1455 nm, there is a
weak protein absorption band (1454 nm), but a strong water band exists at 1460 nm. The
1205 nm absorption band is most likely due to a moderate starch absorption band at 1204
nm. Therefore, it appears we were tracking a protein-starch interaction in the presence of
water.

Further dough development curve validation

There are many factors that affect dough development time. Some of these factors, such as
water absorption of the flour, are major contributors to the variability of dough
development. Other factors, such as the order of ingredient placement in the mixer, are
minor influences on the variability. However, it is well known that salt added on top of the
yeast reduces loaf volume. Therefore, there is always some variability in the proper mixing
time based on major and minor factors. To determine the repeatability of the dough
development curve, three tests were conducted. The mixing procedure was followed as
closely as possible. Figure 8 shows the repeatability of the NIR dough development curve.
To further validate the use of NIR to monitor dough development, a random flour was
mixed with salt and without salt. Experts in the industry report dough will develop faster
without salt versus salt added at the start of mixing. Figure 9 illustrates this to be true, and
the NIR dough development curve detected the difference.
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Figure 8. Three replications of mixing and processing of spectra for King Wheat flour.
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Figure 9. Test to detect salt addition to dough.

CONCLUSION

The method and data processing techniques developed in this study can provide major
benefits to the baking industry through the ability to monitor dough characteristics.
Potential benefits may include production of consistent doughs, identification of
formulation errors, ability to make immediate corrections to a dough before completion of
its development, and improved end product quality. As this is a new tool, further research
is needed to determine the feasibility for incorporation of it in a commercial setting. At
present, it provides an excellent means to investigate the interactions involved in dough
development and the possibility of verifying correct ingredients.
Furthermore, by incorporating the recent research in determining bake absorption with the
capabilities of NIR, two major variables of bread production — absorption and dough
development - can be completely controlled.

REFERENCES

Bushuk, W. 1998. Interactions in wheat doughs. Pages 1-16 in: Interactions: The Keys to
Cereal Quality. R. J. Hamber and R. C. Hoseney, eds. American Association of Cereal
Chemists, Inc. St. Paul, Minnesota.
MacRitchie, F. 1986. Physicochemical processes in mixing. Pages 133-146 in: Chemistry
and Physics of Baking. J. M. V. Blanshard, P. J. Frazier, and T. Galliard, eds. The Royal
Society of Chemistry. Burlington House, London.
Olewnik, M.C., 2003. Predicting Commercial Scale Baking Quality Characteristics of
Wheat and Flour Using NIR. A Dissertation submitted in partial fulfillment of the
requirements for the degree Doctor of Philosophy, Department of Grain Science and
Industry, College of Agriculture, Kansas State University, Manhattan, Kansas.



314 Development of a controlled dough mixing system

Osborne, B. G., Fearn, T., Miller, A. R. and Douglas, S. 1984. Application of near infrared
spectroscopy to the compositional analysis of biscuits and biscuit doughs. J. Food and
Agriculture, 35:99-105.
American Ingredients, Inc., LABTON manual, 1998.
AACC, 2001, Near-Infrared Technology in the Agricultural and Food Industries, American
Association of Cereal Chemists, Inc.
Wesley, I. J., Larsen, N., Osborne, B. G, and Skerritt, J. H. 1998. Non-invasive monitoring
of dough mixing by near infrared spectroscopy. J. Cereal Science, 27: 61-69.
Wetzel, D. L. B. 1998. Analytical near infrared spectroscopy. Pages 141-194 in:
Instrumental Methods in Food and Beverage Analysis. D. L. B. Wetzel and G.
Charalambous, eds. Elsevier Science B. V.
Wilson, R. H., Goodfellow, B. J., Belton, P. S., Osborne, B. G., Oliver, G. and Russell, P.
L. 1991. Comparison of fourier transform mid infrared spectroscopy and near infrared
reflectance spectroscopy with differential scanning calorimetry for the study of the staling
of bread. J. Food and Agriculture, 54:471-483.



SPECTROSCOPIC TECHNIQUES FOR INVESTIGATING THE
EFFECT OF GROWING ENVIRONMENT ON ENDOSPERM CELL

WALL COMPOSITION

G.A. Toole. E.N.C. Mills and R.H. Wilson

Institute of Food Research, Norwich, NR4 7UA, UK-

ABSTRACT

Advances in the quality of Fourier Transform Infrared detectors have enabled
microspectroscopic analyses to be performed on biological samples which combine
information on chemical composition with spatial resolution. When combined with
multivariate statistical methods, fine differences between spectra can be determined
across microscope sections. Novel sample preparation methods have been developed
which have allowed the application of these methodologies to the analysis of wheat
endosperm cell wall composition. Compositional differences can be identified between
lines, particularly in arabinoxylans, which are confined to particular cell types found
within the endosperm cell walls. Such cell-dependent changes in composition have not
been identified previously due to limitations in conventional chemical analysis and were
only possible to observe using these methods.

Through the BBSRC's Exploiting Genomics Initiative (A Genomic Approach to
Improving Wheat Grain Quality for Breadmaking), these biophysical methods of
analysis are being combined with transcriptome and proteomic analysis of developing
wheat. These are being used to investigate the effect environmental stress has on gene
expression during grain development and subsequent composition and physical
properties of the mature grain, which determine wheat end-use quality.

Preliminary results indicate that growing conditions affect both the arabinoxylan
branching patterns and their spatial distribution across the endosperm. Given that wheat
endosperm cell walls are comprised almost entirely of arabinoxylans, it is likely that
these changes will have some effect on the mechanical properties of the cell walls which
may possibly be related to milling texture.

INTRODUCTION

The functional properties of wheat for breadmaking are determined by the amount,
composition, structure and interactions of the major grain components, and by the
impact that the environment has on these. The need to import wheat for milling and
breadmaking results from limitations in the intrinsic processing quality of cultivars
grown in the UK and, in particular from strong year-to-year environmental effects, and
is both costly and inconvenient. Although the importance of environmental impact on
grain quality is widely recognized by plant breeders, farmers and the grain utilizing
industry, little research has been carried out at the fundamental level. Fluctuations in
temperature, below heat shock levels, and in the availability of water are known to
affect grain crude protein content, SDS sedimentation-volume, Hagberg Falling Number
and specific weight (Gooding et al., 2002). They are also known to affect the amounts,
and properties, of starch and non-starch (i.e. cell wall) polysaccharides (Coles et al.,
1997), but little is known about the processes during grain development that result in
such changes in composition.
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Our current work combines novel biophysical methods of analysis, to characterise the
effects of environmental stresses on grain cell wall composition during development.
Spectroscopic methods are being used extensively for the analysis of cereal grains.
Unlike traditional analytical chemistry, which looks for specific known components
through destructive methods involving extraction, purification and separation of the
components of interest from a complex matrix, spectra from whole flour or kernels are
obtained, and information about the composition in situ is then extracted from the
spectra using statistical methods. However, traditional techniques have to rely on bulk
samples, thus averaging out any intrinsic heterogeneity. As a result, the information
about the spatial origin and distribution of the components of interest is lost.

Information on the spatial distribution of components within a single wheat kernel
can be obtained by combining spectrometers and microscopes in a confocal setup. Mid-
infrared measurements require special microscopes with Cassegrainian mirror optics,
because glass lenses are not transparent in this spectral region. Wetzel and Reffher
(1993) used Fourier-transform infra-red (FTIR) microspectroscopy to examine the
microstructure of thin sections of wheat kernels. However, with this technique the
target region is quite large (6-30 urn) and spectral subtractions were therefore required
in order to assign specific substances. Synchrotron radiation-based Fourier-transform
infrared microspectroscopy (SR-FTIR) is capable of providing information on the
molecular chemistry within microstructures with high signal-to-noise ratios at high
spatial resolution, as fine as 3-10 um (Wetzel et al, 1998, Yu et al, 2003). However, a
synchrotron is a very expensive light source and not widely available. Instead, advances
in the quality of detectors have enabled routine spectroscopic analyses to be performed
on biological samples, which combine information on chemical composition with
spatial resolution.

Mercury-Cadmium-Telluride (MCT) focal plane array detectors have recently
become available for the infrared region. These are cooled with liquid nitrogen which
increases the sensitivity and lowers the noise of the system also the dimensions of the
detector are matched to the beam collected from the microscope. Common infrared
arrays have 64x64, 128x128 or 256x256 pixels covering 5-6 um2.

The results of these measurements can be presented as a hyperspectral data cube,
where each X,Y element is associated with a spectrum, from which information about
the chemical composition can be obtained by chemometric methods. This information
ranges from simple band heights and ratios to complex statistical analyses. An image is
then obtained by assigning each X, Y pixel a colour determined by the result of the
analysis. A major advantage of chemical imaging is that the spectra contain a large
amount of parallel information, and thus for each sample a number of different images
can be obtained, depicting the distributions of individual components such as protein,
lipids, starch, or non-starch polysaccharides without requiring specific staining
procedures. (Koenig et al., 2001, Kidder et al, 2002).

Discrimination between different cell types in wheat kernel cross-sections has been
achieved using FTIR microscopy (Marcott et al., 1999). Image contrast was based on
the intrinsic chemical nature of the sample at each pixel location in the image and
individual cells in the periphery of the starchy endosperm, as well as the primary root
within the germ, could be clearly differentiated. However, the spectra of the endosperm
region are dominated by the starch and subtraction of digital spectra is subjective and
prone to introducing artefacts. Therefore, a novel sample preparation method has been
developed which has allowed, for the first time, the application of these methodologies
to the analysis of wheat endosperm cell wall composition (Barron et al., in press).
Compositional differences were found between hard and soft milling wheats, which
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were confined to the cell walls of particular endosperm cell types. Such cell position-
dependent changes in composition had not been identified previously because of the
limitations of conventional chemical analysis using bulk samples, and were only
possible to observe by using microspectroscopy in conjunction with multivariate
statistical analysis. Assignment of the spectra indicated that these alterations were
related to the non-starch polysaccharide component of the cell walls, namely
arabinoxylans, which were suggestive of differences in arabinose substitution, which
have been related to the extractability of arabinoxylans in water. These same techniques
are being applied to the analysis of cell-wall composition during grain development and
to study the effect of environmental (heat and water) stress.

MATERIALS AND METHODS

Four wheat cultivars Spark, Rialto, Soissons and Beaver were grown in the UK in
polytunnels under two types of environmental conditions and were supplied by the Plant
Environment Laboratory (Reading, UK). The conditions corresponded to a typical
maritime summer "cool/wet" (ambient temperature and full irrigation until the end of
seed maturation) and "hot/dry", where the temperature was raised by 5-10°C above
ambient (but not exceeding 30°C, above which heat shock may occur) and with a
restricted water supply from 15 days after anthesis (i.e. the beginning of the linear phase
of seed development) to approximately 5% of field capacity. Grains were harvested at
14,18, 22, 26 and 30 days after anthesis, plus at full maturity.

Transverse thin sections (60 urn) of grain were cut using a Vibratome, sonicated in
70% (v/v) EtOH and then washed with 1% (w/v) SDS in 70% (v/v) EtOH, to leave only
the network of endosperm cell walls. Using a Bio-Rad imaging spectrometer this
network was spectroscopically mapped. The system consisted of an FTS-6000 step-
scanning FTIR spectrometer coupled to a UMA 600 microscope, equipped with a
Stingray focal plane array (FPA) detector. The imaging detector was a liquid-nitrogen-
cooled 128x128 MCT FPA. Using a 15x objective, the spatial area imaged in a single
spectral collection was 640x640 um, therefore each pixel corresponded to an area of 5
um x 5 um. The hyperspectral data cubes produced were then analysed using the ENVI
software (Research Systems Inc.), The spectra were baseline-corrected, normalised, and
subjected to a classification according to the height of the shoulder at 1041 cm"1. Spatial
regions were then classified according to their spectroscopic characteristics.

RESULTS

New information has been obtained on the effects of combined water and heat stress on
the composition and spatial distribution of non-starch polysaccharides in wheat
endosperm cell walls. Mean spectra for particular regions of interest have been
compared to reveal chemical differences (fig. 1).
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Figure 1. FT-1R microspectroscopy of transverse sections of grain of wheat cv Spark at
30 days after anthesis for the two different environmental conditions

These preliminary results indicate that growing conditions result in spatial differences in
the composition of arabinoxylans across the endosperm. Given that the endosperm cell
walls of wheat comprise about 80% arabinoxylans (Bacic and Stone, 1980), it is likely
that these changes will affect the mechanical properties of the cell walls and hence the
milling texture.

CONCLUSIONS

FT-ER has been used to define the microheterogeneity of arabinoxylans in endosperm
cell walls. These methods highlight how in situ analysis can yield new insights into
grain composition and how this may be altered by environmental conditions during
grain development.

Advances in detection and data handling methodologies used in combination with
microscopic techniques, such as those highlighted here, will undoubtedly reveal details
of spatial differences in the composition of tissues such as wheat grain which cannot be
determined using bulk analytical methodology. An important goal for the future is to
link this spatial, compositional information with the material properties, particularly
biomechanical properties which will influence, for example, grain fracture and
component separation during milling. In this way it will be possible to develop a more
precise biophysical description of the grain and hence predict its milling and baking
properties more effectively.
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ABSTRACT

The replacement of visual quality assessment by instrumental methods in cereals
processing poses many challenges and provides the opportunity for enhanced processing
information. The challenges range from simple to complex, yet the enhanced
information has the potential for increasing the value of grains, as processing methods
can be adjusted to optimize the processing potential. Advances in computer technology
are providing resources to meet these challenges.

A unique approach to the measurement of cereal kernel features by imaging methods
will be presented, hi contrast to many published reports where cereal kernels are
carefully placed to allow a pre-determined view of the kernel to be imaged, the
approach reported allows for a fully randomized kernel presentation. Imaging tools are
used to select or reject kernels based upon their orientation for subsequent
measurement.

Kernel features located on a specific face of the kernel can now be counted
correctly, since kernels presented for analysis with an incorrect orientation are rejected.
Random kernel placement allows a large population of kernels to be imaged, contrasting
with a small sample when manual orientation was required.

The detection of blackpoint on kernels of durum wheat will be used to illustrate how
this measurement approach can be used not only to determine the proportion of
blackpoint kernels, but also to illustrate the potential for enhanced information. The
amount of discoloured bran can be determined and this information could be used to the
advantage of the miller to predict semolina speckiness, and optimize the milling
process.

INTRODUCTION

The replacement of visual quality assessment by objective and consistent instrumental
methods in grain segregation poses many challenges and provides much opportunity.
The challenges range from simple to complex; the ability to detect and measure a well-
defined characteristic or to determine which face of a cereal grain is being observed.
The opportunity for characterization of new information about grain quality is
substantial and has the potential for increasing the value of grains through the matching
of specific grain characteristics to processing methods. Advances in computer
technology are providing resources to meet these challenges.

The presence of blackpoint on the surface of Canadian Amber Durum wheat
(CWAD) kernels has a negative impact upon value, as the darkened seed coat gives rise
to visible specks in the semolina or derived finished product derived. Currently, trained
inspectors using a binary decision process of "sound" or "blackpoint" visually identify
grain kernels. At some point, when about one half of the kernel is discoloured, the
definition changes from "blackpoint" to "smudge". The tolerance for these latter kernel
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types in grades of CWAD is substantially lower. The potential for an objective
measurement method for blackpoint determination providing more than just a yes / no
decision is clear. An objective measurement system would have the potential for
determining the quantity of discoloured seed coat and this information may be useful in
the prediction of speckiness in the finished product.

A unique approach to the measurement of wheat kernels with blackpoint is
presented. A multi-step process, combining two independent imaging methods was
used, hi contrast to many published reports where cereal kernels are carefully placed to
allow a pre-determined view of the kernel to be imaged, the approach reported allows
for a fully randomized kernel presentation. Imaging tools were used to select or reject
kernels based upon their orientation for subsequent measurement. Kernel features
located on a specific face of the kernel were counted correctly, since kernels presented
for analysis with an incorrect orientation were rejected. Random kernel placement
allows a large population of kernels to be imaged, contrasting with a small sample when
manual orientation was required. The detection of blackpoint on kernels of CWAD
wheat will be used to illustrate how this measurement approach can be used not only to
determine the proportion of blackpoint kernels, but also to illustrate the potential for
enhanced information. The amount of discoloured bran can be determined and this
information could be used to the advantage of the miller to predict semolina speckiness,
and optimize the milling process.

KERNEL PRESENTATION

Much of the published work on imaging cereal kernels relies on the manual placement
of kernels under a camera to ensure that an image is generated of the 'correct' kernel
face to facilitate measurement of the feature(s) of interest (see Symons and Fulcher
1988). This approach is tedious from an experimental perspective and impractical for an
operational one. A flatbed scanner was used for both transmitted and reflective scans
(Microtek ScanMaker 9600-XL) of CWAD kernels. Images were captured using both
conditions with the kernels either positioned crease down, or randomly dropped (15
cm), onto the scanner platen. Kernel total area is one measure that was used to compare
images containing the same kernels. Randomly dropped kernels gave a larger total area
than kernels positioned crease down in most samples for reflective scans (Fig. 1). This
was as anticipated, as it had been previously observed that thin kernels, which gave a
small profile (area) when orientated crease down, tended to fall over and subsequently
gave a larger profile area when dropped. Area data was highly correlated (r=0.999)
between reflective and transmissive (data not shown) scans. The differences between
random and orientated kernel total areas were small, and in most cases were not
statistically significant. It has been shown that kernel size influences milling yield
(Dexter and Symons, 1996) and therefore, there remains a practical impact of thin
kernels, which cannot be detected using two-dimensional imaging. Such kernels cannot
as yet be clearly identified from either the reflective, transmissive or features from both
image types.
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Figure 1. Total kernel area (pixels) for 5 replicates of 100 kernels (+ SE) imaged using
a flatbed scanner (reflective) at 100 dpi. The kernels were randomly dropped onto the
scanner platen (solid line) or manually placed crease to platen (broken line). All kernels
were singulated.

KERNEL ORIENTATION

Kernel orientation not only impacts measured kernel size (Fig. 1), but also which kernel
face is imaged. For some features, e.g. vitreous kernels, this has no impact (Symons, et
ai, 2003), while for others, e.g. blackpoint, which is primarily associated with the germ
region of the kernel, the surface imaged becomes critical. If an assumption is made that
kernels will orientate in a random fashion when dropped onto a surface, then the
challenge is to detect and determine which surface is being viewed in an image. The
crease was detected using inbuilt functions in the KS imaging library (Carl Zeiss,
Germany). Adaptive segmentation and contour detection functions delineate the seed
boundaries and the crease features in the image. Blobs with a 'line' in the middle along
the major axis represent the seeds in crease-down orientation. The KS function 'nparts'
can detect these 'regions within a region' features related to crease. Kernels in the
incorrect orientation for analysis can be rejected and the blackpoint kernels determined
from those in which the germ is visible.

Visual determination of blackpoint kernels in images of CWAD kernels closely
agrees with the machine vision determination (Tab. 1), confirming that the identification
of kernel orientation by the imaging method very closely approximates the visual
determination of kernel orientation, hi both cases, only kernels where the germ was
visible were used in the count to determine the percentage of kernels with
blackpoint.
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Sample

A
B
C
D
E
F
G

IA Bpt.

3.61
4.15
9.05
5.98
6.39
5.26
10.8

Visual

3.80
3.41
7.98
7.03
5.47
4.51
9.79

Inspection
Bpt. %
2.24
3.40
7.47
7.36
5.23
3.98
13.43

Table 1. Summary of blackpoint determination in 7 CWAD grade 3 samples using
three methods: IA Bpt. - Blackpoint determined by an automated imaging method;
Visual Bpt. - Blackpoint determined by a visual count of kernels in the images used for
IA; Inspection Bpt. - results of the samples from official inspection.

BLACKPOINT DETECTION

Five samples were prepared by mixing separated blackpoint kernels into fully vitreous
kernels at levels from 4 to 20%. This range reflects the levels of blackpoint allowed in
the various grades of CWAD wheat (CGC, 2003). Randomly dropped sets of
approximately 100 kernels were imaged 5 times in repeated or replicated trials.
Blackpoint was determined in each image by the imaging method and by a visual count
(Fig- 2).
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Figure 2. Blackpoint measured in 3 samples at each of 5 levels in prepared durum wheat
samples. Each bar represents the mean of 5 replicated (each sample dropped five times)
measures on each sample. Imaging method (vertical); Visual method (horizontal).

Both imaging and visual methods gave similar results for both trials. A high degree of
repeatability was observed, with most variability from different kernel positions during
replication (Tab. 2). A low error due to the imaging method was found (repeated
measures Tab. 2.). Why the results did not agree with the calculated blended levels of
blackpoint has yet to be determined.

The tolerance for blackpoint kernels increases with lower grades of wheat. Samples
of grade #3 CWAD were selected to ensure the presence of blackpoint damaged kernels.
Samples were selected representing a range of blackpoint levels found by grain
inspectors using the prescribed CGC method (CGC, 2003). These samples were imaged
using three replicates of approximately 100 kernels each. Blackpoint was determined in
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each image by both imaging and visual methods. Overall there was general agreement
with the inspection values (Table 1).

Bpt.
4

8

12

16

20

Repeated
IABpt.
4
2.0
3.2
4.0
4.6
5.0
5.8
9.0
9.0
11.6
10.2
12.0
14.0
14.0
16.6

SD.
0.0
.04
0.5
0.8
1.8
0.0
0.0
0.0
0.5
0.9
0.0
0.0
0.4
0.0
0.4

Replicated
IABpt.
4.5
3.0
3.2
5.8
5.6
5.8
6.6
8.0
8.8
11.0
11.4
9.8
13.8
14.2
14.2

SD.
1.6
0.0
1.3
1.41
2.7
2.0
2.5
1.1
1.3
2.8
2.3
2.0
2.1
0.5
3.1

Table 2. Variance in blackpoint determination for repeated and replicated images of
manually blended samples of durum wheat. SD - Standard Deviation

Differences between the three methods were clear when visual analysis of the images
was performed. It was not always clear whether a darkened region of the kernel was due
to blackpoint or some other effect. The general higher level of damage in the grade 3
samples added difficulty for both imaging and visual image assessment. This contrasted
to the manually blended samples where there was clear distinction between kernel
types.

CONCLUSION

The determination blackpoint damaged CWAD kernels is a strong candidate for
automated analysis. The analytical approach requires at least three clear image-
processing steps to ensure a valid result. There is a potential to use randomly oriented
kernels, as kernel orientation can be determined and only those kernels of the 'right'
orientation for analysis selected.

Blackpoint determination is highly reproducible when there is a clear distinction
between kernel types. In grain of a lower overall quality, the differentiation of kernel
types is less clear. While differences were found between automated measurement,
visual counting from the images and inspection analysis from the seeds, the overall
ranking of the samples was correct, showing that automated measurement has promise
given a better understanding of the factors that confound the machine vision process.
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SELLING THE SCIENCE - HOW TO ENSURE THAT GOOD
SCIENCE MAKES SUCCESSFUL PRODUCTS?

C. Huscroft

CSM Bakery Supplies Europe, Nienoord 13, 1112 XE Diemen, Box 349, 1000AH
Amsterdam, The Netherlands

ABSTRACT

In this presentation Mr. Huscroft will tackle the problem of making research both
satisfying for the scientific community and relevant to an increasingly technological
bakery industry. He will investigate the processes needed to link market and product
needs, from idea generation through to translation into the research programmes
needed to provide the desired product performance. He will also ask why, despite
the heavy reliance upon technology, many business managers still view on-going
research as an expense they can do without; and what we might do to change that
view.

INTRODUCTION

If we were to take a look at many great ideas and inventions, what is often never
seen, nor understood in the wider world, is the science or technology behind them.
Whereas this might not be an issue if it related solely to the view of an average
consumer, it could be a major hurdle if it were to pervade in industry. I think,
however, we all know that in many situations, this is unfortunately often the case. In
certain parts of businesses (and usually the more "commercial" parts) there is the
perception that science does not, or indeed cannot play a valuable role in the
development and success of new products - particularly in a traditional industry such
as ours. When that view is compounded by the idea that good marketing can
overcome any hurdle, then both science and industry will in the long-term lose out.

However, there is no point the scientific community simply complaining that
they don't get the deserved recognition for the science behind an invention, or that if
they do, this recognition doesn't meet with their expectations. Recognition by peers
is a worthy thing, but if scientific research is to prosper the wider commercial world
must see the benefits - ie at least some must be commercially relevant! If this isn't
the case, we can expect to see a further separation in the communities: scientists
becoming more and more frustrated and insular, and industry tending to ignore the
scientists as irrelevant since they appear not to produce anything to help our daily
lives, or, more importantly, to help our bottom lines!

In a world where research funding is becoming more and more difficult to find, it
is essential for science and industry to address their differing perceptions. How can
scientific research be made both interesting, demanding and fulfilling (to the
scientist), relevant to the non-scientist, and worth paying for by those who hold the
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commercial purse strings, and if only they knew better, really ought to wish to use
even more of it? How can we actually, "Sell the Science"?

If we were to look at a number of inventions over the years, both in the wider
world, and some closer to home in the area of cereals and breads, what do many
have in common? If indeed you were even aware of all of them, where many are
linked is that, for those that made it to the market for any length of time, none are in
existence today. However often they were based on excellent science (or technology
or engineering) and, I'm sure that if we were able to interview the scientists
concerned (or their peers) they would say that they did a good job, and that it was
good science. Perhaps there is also a timescale mismatch - are these failures often
ahead of their time? How do we get 3, 4, 5 year research programmes to match with
problems that industry needs to fix today?
Looking at successful products in the market are they based on what we might call
good science? Sometimes yes, sometimes maybe, but they are often better
remembered. Often it is simply a case of right product, right time - but we also need
the right science to give the right product.

What we need is to be able to make the link between the two — good science and
technology that leads to success in the market at the right time. Without this link, we
run the risk of researching into areas that are only of relevance to the scientists (and
a few of their peers) doing the work, and companies simply resorting to developing
products that are only based on satisfying consumer whims and fashion, that perhaps
aren't sound nutritionally or don't function technologically, but that can be well and
easily marketed. We need to better understand each other. How many cereal
scientists have worked in industry (and also the more commercial parts rather than
simply R&D), and vice versa? I guess the numbers are fairly small.

We all know that the companies who ultimately remain successful long-term, are
those that have a competitive advantage, and often this competitive edge comes from
product performance resulting from good scientific principles. It is therefore in all
our interests for scientific research to be strong, successful and to continue to grow.
For without an obvious outlet for much of their research, the scientific community
runs the risk of not having sufficient funding in the future. This is not only because
the number of revenue streams will continue to dry up as availability of money
decreases and competition for it increases, but the scientific community could well
become the cause of it's own demise. If it is tempted to look even further inwards in
search of ever-increasingly complex problems to solve, which can ultimately only be
understood and reviewed by an increasingly rare number of peers, then this will lead
to a self-fulfilling prophesy - some may say that we could be there already. Potential
sponsors conclude by simply reaffirming their long-held view that scientists appear
happy only when they produce an increasing quantity of (so-called) irrelevant
research (i.e. research whereby industry cannot see an obvious benefit to their
businesses when they need it), with science safe in the knowledge that industry
really never was capable of understanding their true worth. This downward spiral
will continue, therefore even fewer funding opportunities and so on. The science
community will lose in this circumstance...but so will industry.
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Industry will be driven down the road of spending money on simple product
developments, or line extensions, where they know that they can get a relatively
short-term return, and they will ultimately let their customers, and consumers down.
So, if science wants to help itself, and in so doing, help industry, then it needs to
understand it's customer, become a little sharper, and a little more commercial in it's
thinking. Thus, by working together show that medium- and long-term, both can
benefit from involvement with the other.

When we look at the baking industry today, the sheer scale of some of the
scientific research that underpins it is huge: the Chorleywood Bread Process,
biotechnology to control fermentation and provide tolerance, high performance
improvers, techniques for producing bakery products direct from freezer to oven,
long-life cake technology, techniques in wheat breeding to provide specific
attributes in processes three or four stages down the line, and a whole host of other
things too numerous to mention. Without them this industry would still be leaving
dough out overnight in a draughty corner to attract a few yeast spores and hoping for
the best! But, go to marketeers and try and explain this, then, quite rightly, they
aren't interested in the why or how, they only want to see the benefits, and
preferably today, not in three years' time!

So, not only is science not interesting to non-scientists, we've also got the
problem of trying to get these people to pay for something they're not interested in -
even though they do really need it!

What should we do? By we I mean you the scientists and us in industry? Where
could our needs and your skills overlap, and overlap profitably for both of us? You
have something that we need (whether some of my commercial colleagues realise it
or not) and we have something that you need - market vision, consumer and
customer understanding, marketing skills, and of course, funding! Surely together
we can find a "fit" whereby both parties get at least part of what they want, and "fit"
for industry means "relevance".

I don't want the science community suddenly becoming commercial - we've all
been party to that type of discussion - industry listening politely to ideas that
scientists think are highly relevant but in reality are out of touch and have no
commercial value. Nor do I want more and more businesses to throw money at
"interesting" science. That, even if it were possible, would not be a success since
both parties would ultimately feel that they had been cheated. What we need is
understanding and the science community must become relevant, or at least be seen
to become relevant by industry. This must not be just the technical people in
industry, but by those that own products, which in many businesses are the
marketeers.

Don't try and sell yourselves to business, this often comes across as simply being
out of touch. Learn how industry looks at taking its' businesses forward and
position yourselves to give it what it needs. Try to understand exactly what
businesses go through when determining their future product ranges. All go through
similar processes - looking at the market, consumer trends, customer or user
requirements and so on. What we all need to do is to capture understanding,
generate ideas, and then define how we should tackle our market, and then for the
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use of our technical people, define our performance targets. What's necessary is to
get from the marketeers, in their language, what are the "success factors" for them
i.e. what, in the market would be achieved if this product were successful i.e.
Product x would deliver function y etc. Together, we can then translate this into
basic technology or research needs to fulfill the required functions.

Nothing new in any of that you might say, but genuinely learn it well, and since
the more successful businesses plan many years out, you have the opportunity to
develop some
long-term partnerships by doing so. More and more today, companies are looking
outside to carry out their research work. Why? Firstly to have a serious research
programme requires a lot of people. People are expensive, the right skills are
necessary, people and their science skills aren't always flexible - what a business
needs one year, may not be the same the next. How to make this effective is a real
problem, and is where independent science can play a major role.

There are many excellent research groups in the area of cereal science - from one
or two individuals in the depth of the darkest university laboratory, to research
institutes, collaborative groups (academia, research institutes and industry), through
to commercial contract research organizations. This is science's opportunity. It
shouldn't try and sell itself to business, but make it easy for business to discover
science. All too often the perception of "irrelevance" is propagated by researchers /
institutes / scientific congresses such as this, advising companies about what they
should do - there is in most cases a real gap between what the researchers believe is
state-of-the-art, and what industry actually applies!

Without selling their professional souls to the devil, the scientific community
needs to understand that they may know a lot about a detailed subject but that world
is often very small. They should consider how research in one area can be applied,
as novel thinking, to tackle problems that have always used a more traditional
approach. They need to be able to adapt to the needs of industry, acknowledging that
some of their science could well have an application in a product on a supermarket
shelf - and being proud of it. This can sit comfortably alongside their more
traditional research.

So, how can the scientific community help? By being open to wide-ranging
debates with industry - listen, understand, but don't try and teach. Work with us to
determine how your skills can be applied, even in areas you may not see as "true"
science. As you start to do that, you will learn more about the commercial relevance
of (some) of your science and where it could be applied, and we in industry will
bring you into our world more and more. Used wisely, you could even be extending
your basic research knowledge while working with us.

As this partnership develops, and CSM have experience of many such
partnerships like these, the scientific community will be seen as more use to industry
(as I genuinely believe they are). The level of industry-relevant science will
improve - and they may even find that this "commercial" science actually breeds
real life into academic research.

You must however never forget that our focus is on using novel technology to
satisfy consumer (or customer) needs - in a final product. "Focus on reality" has to
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be the key phrase, but if you can deliver useful and usable results, on time, in
budget, for an increasingly technological bakery industry, you will have sold the
science. I might even see the day whereby my marketeers actually ask me to spend
more, not less on research.

Get to that stage, and we're all happy— even the scientist!



BREAD WITHOUT FLOUR "TONUS" - A HIGH-GRADE
PRODUCT FOR HEALTHY NUTRITION

V.M. Antonov, U. Staroverov, and D. Vorobjev

Moscow, 115191, p.o. 100, Russia

ABSTRACT

An essentially new kind of bread has appeared in Russia - bread not made from a flour,
but directly from grain which has been taken up to the stage of germination ("Tonus"
bread).
Stages of manufacturing: grain surface cleaning; then grain is taken up to a stage of
germination; then it is dispersed (groundgrinded) to obtain a grain dough mass;
followed by a traditional baking process is passed.
This bread is created with the purpose of maximal use of all nutrients in the wheat
grain.This bread contains a plenty of food fibre. Consumption of 250 g of "TONUS"
bread per day gives our body 40-45 g. of fibre. Daily norm of 50 g. is recommended.
"TONUS" bread has the highest content of irreplaceable amino acids, vitamins and
mineral substances in comparison with usual bread.
Clinical research of "TONUS" bread has shown, that its consumption: stimulates
peristalsis of the intestine; strengthens motor function in the bile - duct; removes waste
from an organism , (carcinogenic and toxic substances); stimulates blood creation and
normalizes structure of blood; stops development of oncological diseases; prevents and
treats diabetes; prevents atherosclerosis; reduces weight and body fat.
The manufacture of "TONUS" grain bread is easily introduced to classical baking, but
first it is necessary to obtain dough grain mass, using special equipment (husking and
dispersing machines).
The "Tonus - bread" firm transfers the technology of "TONUS" grain bread
manufacture, including patented special equipment and "know-how".

INTRODUCTION

All over the world the most valuable property for the individual is their health which
depends basically on their nutritional intake. A product with the following properties
would be ideal (from the point of view of healthy nutrition):
1. Provides the person with the necessary nutritious and biologically valuable
substances contained in an easily assimilated, balanced product.
2. It is ecologically pure, does not contain any preservatives or other unwelcome
substances.
3. Helps clear the body of unwanted and other harmful substances.

THE PRODUCT

Twenty years ago in Russia such a product was created. It is a bread made directly from
the whole grain which has reached the germination stage. This bread was created with
the purpose of making maximum use of all the nutrients present in the wheat grain. To
allow the preparation of the bread the grain is subjected to a thorough surface cleaning
and encouraged to germinate. After this the grain is broken up though grinding before
being mixed into a dough mass and then baked using traditional baking technology.
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The bread contains a large quantity of food fibres. Consumption of 250 g of "TONUS"
bread per day delivers 40-45 g. of fibres to the body. The daily norm of 50 g. is
recommended. According to data from the National Center of Hygiene of Ministry of
Health in Bulgaria the content of alimentary fibers in bread "Tonus" is 22%, in this
volume 13% comprises soluble food fibres and 9% non-soluble food fibres (FF) and
that is 20 times more then in many other commonly consumed breads. Thus, the
structure and the sizes of fibers are those that they allow to thoroughly clear all of the
surfaces of the gastro-intestinal tract. The blood is also cleared. Consuming "TONUS"
with other foods which contain a certain amount of carcinogenic and toxic substances
the FF present will absorb these substances and provide a constant maintenance of
cleanliness in the body. The remarkable properties the FF of "TONUS" come from the
fact that they have strong absorbing properties which allow them to remove already
deposited and chronic waste products. The food fibers of "TONUS" stimulate and
strengthen the peristalsis of the intestine and reduce the time of evacuation of the
intestines after receiving food to about 7-8 hours whereas after eating a modern refined
food it takes 26-27 hours and even longer (up to 3 days). Such long times for the
presence of excrement in the rectum can lead to many problems including the
development of pathogenic micro flora which cause various diseases of the gastro-
intestinal tract, including various forms of cancer.

THE RESEARCH

Experimental research carried out in Institute of Biophysics of the Siberian Branch of
the Russian Academy of Science using tests of less than lethal doses of fenilgidrazina
and sodium nitrite (known to be carcinogenic) with animals have revealed the anti-toxic
properties of "TONUS". As a result of feeding these animals with "TONUS" bread it
has been shown that "TONUS" blocks poisons and carcinogens not allowing them to be
absorbed in blood, even removing them from the body before the start of any malignant
processes. The significant value of "TONUS" bread lies with the fact that all most
valuable nutrients that are present in the original grain are activated when the grain
swells and germination prepares for the creation of new life, the sprouting process. In
this bread all morphological parts of the grain including the germ, the aluerone layer
and the bran layers are kept and these are the ones which are in a biologically active
state. These components include many of the minerals and vitamins required by
individual. " TONUS " is very rich in magnesium, zinc, selenium, iron, manganese,
copper, cobalt and silicon. These elements are well balanced and are in an easily
assimilated form because that is what is required to promote grain germination too.

" TONUS " is vitamin-rich in Bl, B2, B3 (RR), B6 and B12. Folic acid, pantothenic
acid, inositol, vitamin E - tochoferol are all in this bread. Biochemical research carried
out in the All-Union External Institute of Food Processing Industry and State Scientific
Research Institute of Baking Industry has shown that "TONUS" bread has the greatest
values for biologically valuable substances (Table 1). "TONUS" also has high quality
parameters for baking and consumer properties (Table 2).
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Parameters Bread "Tonus" Wholemeal bread Bread manufactured
from the first class flour

Protein, g
Amono acids
Lysine, mg
Metionine, mg
Triptophane, mg
Fat,g
Carbohydrates, g
Vitamins
Bi,mg
B2,mg
PP,mg
E,mg
Mineral substances
Calcium, mg
Magnium, mg
Phosphor, mg
Ferrum, mg
Energy contents KKal

8,2

320
183
123
1,4
43

0,4
0,24
3,3
27

34
141
350
3,9

7,6

229
138
97
1,2
44,1

0,28
0,15
1,6
3,3

23
86,9
97
2,2

7,4

155
107
72
1,1
51,3

0,16
0,09
0,07
1,4

17
19,2
83
1,7

187

Table 1. Bread chemical contents

Sort of bread

Bread "Tonus"
wholemeal bread

Humidity,
%
45,4
44,6

(per 100

Porositj
%
72
57

212

g of product)

', Acidity,
degrees
3,8
4,1

264

Specific Volume of
bread, ml/100 g
280
230

Table 2. Quality parameters of bread

The research carried out in the First Moscow Medical Institute by Mr. Sechenov, has
shown the high biological value of "TONUS" on the ratio of effectiveness of protein
(REP) - the internationally recognized parameter for estimating the biological value of a
food product. The REP of "TONUS" surpassed that of breads made from wholemeal
and flours of the second grade by 28 %. Research into the biological value of the
"TONUS" carried out in Institute of Biophysics of the Siberian Branch of the Russian
Academy of Science has revealed the extraordinary high ability of "TONUS" to
increase the formation of hemoglobin and erythrocytes in blood. On the basis of the
research carried out by the Russian Academies of Medical Science, the Krasnoyarsk
Regional Children's Hospital, the Tver Regional Clinical Hospital, the Diabetic Center
of Bulgaria and by the scientists from the different countries, impressive results have
been noted for the influence of "TONUS" on the well-being of the individual.

They have shown that regular consumption of "TONUS" bread:
- Stimulates peristalsis of the intestine and strengthens the motor function of the bile-
duct ways;
- Removes from unwanted dietary accumulations, carcinogenic, toxic substances and
any cholesterol surplus;
- Stimulates blood creation and normalizes the structure of the blood
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- Stops the development of oncologic diseases;
- Prevents and treats diabetes;
- Prevents atherosclerosis;
- Encourages the loss of fat weight.

RECOMMENDATIONS FOR CONSUMPTION

"TONUS" is recommended for consumption by the Ministry of Health of the Russian
Federation, the Institute of Nutrition of Russian Academy of Medical Science of the
Russian Federation and the Diabetic Center of Bulgaria. It is seen as a health-improving
product for all strata of the population including in the organized nourishing of
schoolboys and schoolgirls, and preschool children. The use of this bread is
recommended to senior persons with atherosclerosis and ischemic illnesses of the heart,
hypertension illness, diabetes, over-weight, gall stones and large intestine as a
prophylactic product. In general "TONUS " is seen as bread suitable for daily mass
consumption and as having wide-ranging health benefits prophylactic properties with an
extraordinary ability to aid the cleansing of the human body.

COMPARISION WITH OTHER BREADS

At present a lot of the "grain" breads have appeared based on flour and as additives (5-
30%) of various kinds and combinations of grains which may be flattened, crushed, etc.
All of these breads differ from "TONUS" in a number of different ways. First, because
they use flour they have a low biological value, and, secondly, the added grains have
not been activated through germination. Finally, they have not been broken up to help
with the assimilation of essential elements and qualitative food fibers. It is know that
whole integral grain cannot be readily assimilated by the human body.

AWARDS

The curative properties and high consumer qualities of "TONUS" bread have received
recognition at the international level. It has been awarded the Gold medal at the World
Fair in Plovdiv in 1999, the Supreme Award at the International exhibition " Inter-Eko "
in Sofia, a Gold medal at the international exhibition " Prodekspo-2001 " and at
"Russian food products - 2001 " in Moscow. At the world bakery exhibition IBA-2000
in Munich, "TONUS" bread was recognized as a unique world product. "TONUS"
bread is included in a nomination of" 100 best goods of Russia " and in "the Book of
records of the
planet".

BAKING

Baking of "TONUS" grain bread without flour is readily achieved using classical
breadmaking "know-how" of bread: including the processes of dough kneading,
dividing, proving and baking. However, it is necessary to use special equipment to
prepare the intial dough mass from the spouted grain. This special equipment consists of
two machines; one for de-husking and the other for disintegrating the grain. The de-
husking machine releases the grain and preserves the germ. The disintigrating machine
crushes the swollen grain ready for the production of the dough mass. Both the
technology and the special equipment for manufacturing of "TONUS" - bread without
flour - are patented.
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SUMMARY

In summary, we can note that a daily consumption of bread "TONUS" guarantees us:
• constant cleansing of the gastro-enteric path, the blood and other human organs
because of the high level of food fibres;
• maintenance of the body with a balanced, rich set of essential amino acids, minerals
and vitamins in readily assimilated forms.

In general, "TONUS" bread is an essential, daily food product and a valuable medicine
for achieving good.

OTHER ADVANTAGES

Some additional advantages of our technology to produce bread without flour include:
1. Around 96-97% of the grain is used providing economic advantages.
2. The cost of our bread is lower as our prime raw material (grain) is cheaper than flour.
3. It is much easier to store grain than flour.
4. Our technology eliminates the cost and complexity of grain transportation to milling
plants.
5. Using this technology we can solve the problems of health nutrition arising from Fast
Food chains.
6. There are endless opportunities to produce pastas, pizzas and other different products
from the grain mass.
7. The grain mass can be stored in frozen state.
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ABSTRACT

Wheat (variety Bussard, harvested in 2001) was milled on a MIAG mill according to a
standard milling procedure. The bran fraction was purified and arabinoxylan-degrading
enzymes were inactivated by boiling with 70% ethanoi. Water extractable arabinoxylans
(~1%) were extracted by water, proteins and starch removed enzymatically from the
extract by Alcalase 2.4L and Termamy 120 (both from Novozymes, Denmark),
respectively. 3.5 kg of pre-purified dried bran was subsequently treated at pH 11 and
40°C with 30 liters of 2% hydrogen peroxide supplemented with an antifoaming agent
(0.015%). After 4 hours, proteins were degraded at pH 8.5 and 25°C and by the addition
of Alcalase 2.4L for 12 hours. After boiling and concentrating the extract by
ultrafiltration soluble components were precipitated by ethanol at a final concentration
of 65%. The precipitate was collected, washed with 96% ethanol and air-dried. Residual
(3-glucans was removed by a combination of lichenase/p-glucosidase.

This pilot-scale procedure allows isolation of ca. 350 grams of
glucuronoarabinoxylans of high purity (-80%) from 3.5 kilograms of wheat bran within
1 week.

INTRODUCTION

Wheat bran, an abundant by-product of wheat flour processing, is a concentrated source
of dietary fiber and contains 45 to 50% of non-starch polysaccharides on a dry weight
basis. The main non-starch polysaccharides are arabinoxylans (65%), cellulose (22%)
and mixed linked (l-3),(l-4)-p-D-glucans (9%) (Maes and Delcour, 2001). Wheat bran
arabinoxylans comprise two types differing in their extractability at different pH-values:
Water-extractable arabino-xylans (WEAX) (1-5%) and alkali-extractable arabinoxylans
(AEAX) (95-99%). Chemically both consist of a linear xylan backbone of (1-4>P-D-
xylopyranosyl units to which a-L-arabinofuranosyl residues are attached through 02 or
03 or both 02 and 03 atoms of the xylose residues. Alkali-extractable arabinoxylans,
termed glucuronoarabinoxylans, consist additionally of glucuronic acid at the 02 atom
of some xylose residues. Feralic acid is esterified to the 05 atom of the arabinose
residues of the xylan core. Due to these structural features, arabinoxylans have a high
water binding capacity, form viscous aqueous solutions and can form gels (Meuser and
Suckow, 1986). So they can be used as fat replacer, as viscosity enhancer or foam
stabilizer (Izydorczyk and Biliaderis, 1992). A novel application might be the use as a
food supplement with special nutritional properties. The role arabino-xylans play in
human nutrition is largely unknown. It was concluded from in vitro and in vivo
experiments that they might behave like a soluble dietary fiber in the mammalian
digestive tract: they are supposed to be resistant to hydrolysis by human digestive
enzymes (Lu et al., 2000) and can be fermented by the microflora of the colon
producing SCFA (Pool-Zobcl et al., 2004). More human studies need to be conducted to
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explore the nutritional properties of purified arabinoxylans but are hampered by the lack
of availibility of these compounds.
Several authors have published on the small scale extraction of arabinoxylans from
wheat bran (Schooneveld-Bergmans et al, 1998; Cui et ah, 1999; Maes and Delcour.
2001). The aim of the present study was to develop a pilot-scale procedure for the
isolation of glucurono-arabinoxylans from wheat bran. Special attention had to be paid
to economic viability and ecological aspects had to be taken into account. Therefore,
chemicals of low price and lacking in toxicity had to be used. The novel procedure can
be easily transferred to a large scale production and allows the provision of larger
amounts of glucuronoarbinoxylans of wheat bran of high purity for technical or food
related applications.

EXPERIMENTAL

Grains of the wheat cultivar Bussard (harvested in 2001) were milled at the Federal
Centre for Nutrition and Food on a pilot plant (MIAG/Buehler AG, Switzerland). The
coarse bran fraction (mean particle diameter < 0.5 mm) was collected and further
purified and extracted in water-jacketed vessels made of high-grade steel, having a total
volume of 50 liters. The jacket was fed with tap water for a fast and efficient cooling of
the vessel contents. Low molecular weight contaminants were removed and
arabinoxylan-degrading enzymes inactivated by boiling the bran fraction with 70%
ethanol. After sieving and drying the bran particles, water-extractable arabinoxylans
were extracted with water at 40°C. Subsequently the bran particles were recovered by
sieving, washed with cold water and dried. For the extraction of
glucuronoarabinoxylans, purified and WEAX-free wheat bran was suspended in 2%
hydrogen peroxide adjusted with sodium hydroxide to pH 11 with addition of an anti-
foaming agent (Witafrol 7456 C, Sasol GmbH, Germany) to suppress foaming. The
suspension was kept for 4 h at 40°C under constant stirring. After cooling, residual
protein was digested by Alcalase 2.4L (Novozymes, Denmark) at pH 8. After heating
(10 min at 100°C) and cooling to room temperature the bran particles were sieved. The
filtrate was concentrated by ultrafiltration using a Labstak Module 38 on fluoro polymer
flat sheet membranes with a MWCO of 10 kDa (Danish Separation Systems AS,
Denmark) to 1/5 of its inital volume. 96% ethanol was added to the retentate with
stirring up to a final concentration of 65%. Precipitated material was recovered, washed
with 96% ethanol and with acetone and air-dried. P-glucans were removed
enzymatically by a combination of lichenase and P-glucosidase. After thermal
inactivation of the enzymes, and subsequent centrifugation, the supernatant was
dialyzed exhaustively with distilled water and freeze-dried. The molecular size of the
isolated arabinoxylans was monitored by high-performance size-exclusion
chromatography (HPSEC) using two ViscoGel GMPWXL Mixed Bed (7.8 x 300 mm)
columns in series (Viscothek GmbH, Germany), eluted at 35°C with 0.2 M lithium
nitrate at a flow rate of 0.6 ml/min. The average molecular weight and intrinsic viscosity
were determined using a triple detection system TDA 302, composed of a dual
refractometer/viscometer detector in combination with a right-angle laser light
scattering detector (Viscothek GmbH, Germany).

RESULTS

Extraction of glucuronoarabinoxylans from wheat bran with good yield and high purity
on a pilot-scale level was only feasible by using wheat bran prepurified before
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extraction. Prepurification of wheat bran by 70% ethanol removed low molecular
contaminants (fat, sugars, coloured components). Water-extractable arabinoxylans
(WEAX) were removed by extraction with water. The extractability of
glucuronoarabinoxylans was optimal with alkaline 2% hydrogen peroxide at pH 11 and
a temperature of 40°C. The addition of 0.015% (v/v) of an antifoaming agent prevented
excessive foaming which was caused by the degradation of hydrogen peroxide. Under
these conditions proteins were extracted together with arabinoxylans, but could be
removed by digestion using protease Alkalase 2.4L (Novozymes, Denmark) and
ultrafiltration. Purification of the extracts was performed by precipitation at 70% (v/v)
ethanol. The precipitate contained around 70 to 72% of arabinoxylans on a dry weight
basis. Co-precipitated mixed linked (l-3,l-4)-P-D-glucans could be removed
enzymatically providing a product of at least 80% purity based on the arabinoxylan
content. The following table lists the yield and composition of the purified
glucuronoarabinoxylans from wheat bran

Yielda

Protein
Starch
Pectin
P-Glucans
Arabinoxylans11

Arabinose
Xylose
Galactose
Glucose
X/A
Uronic acid
p-Coumaric acid [mg/lOOg]
t-Ferulic acid [mg/lOOg]
Molecular weight (kDa)

12.8
3.1
n.d.
n.d.
n.d.
81
47.2
45.0
1.4
n.d.
1.25
2.5
n.d.
n.d.
100-110

a Expressed as % dry wt of wheat bran (values represent mean values from 4 different
extractions. All values from each extraction were determined in duplicate)
b Arabinoxylan= 0.88x(% Xyl+%Ara); n.d. = not detectable

Table 1. Yield and composition (% dry wt) of glucuronoarabinoxylans from wheat bran

HPSEC analysis of purified glucuronoarabinoxylans from wheat bran showed a very
broad asymmetric and homogenous molecular weight distribution profile. The
molecular weight of the polysaccharide was calculated to 100 to 110 kDa. The
following Figure 1 shows the molecular weight distribution of P-glucan-free
glucuronoarabinoxylans from wheat bran.
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CONCLUSION

In conclusion a pilot-scale procedure for preparative isolation of
glucuronoarabinoxylans from wheat bran has been developed. It allows for the
production of around 350 grams of glucuronoarabinoxylanes having a purity of at least
70% (based on dry weight) from 3 kilograms of wheat bran within 1 week. It should be
easily adjusted to an industrial scale. The preparation can be performed with low priced
chemicals with inherent low toxicity. This newly developed extraction procedure for the
isolation of glucuronoarabinoxylans from an abundant and cheap wheat milling by-
product could open up new ways for marketing wheat bran and value-added products
isolated from it.
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ABSTRACT

It is well known that blue, red or purple coloured maize species exist. Less known, on
the contrary, is the fact that there are also coloured wheat species. While a lot of
information about the use of purple maize can be found in the literature, hardly anything
is known about purple wheat, and its physical/chemical and functional properties are
scarcely investigated. One thing that is known is that its colouring compounds belong to
the group of flavonoids and , in particular, to the class of anthocyanins.

In the present work, various milling fractions were produced from purple wheat,
which were then used for the production of bread, wafers and pasta in the following
trials. All food products were characterised fortheir sensory and chemical/physical
properties, hi summary the results have shown, that purple wheat was very well suitedto
the production of diverse food products and due to its special composition they offer
sensory and nutritional advantages compared to conventional wheat products. The range
of healthy cereal products could thus be further increased.

INTRODUCTION

Purple maize (maize morado) has always been used for the production of particular
foodstuffs, mainly in South America. In contrast, there is not much information about
the use of purple wheat, and its physical/chemical properties are scarcely investigated.
The colour of both raw materials is caused by secondary plant metabolites. Dedio et al.
(1972) found the anthocyanins cyanidin-3-glucoside(acylated), peonidin-3-glucoside
(acylated) in the purple coloured pericarp of wheat. Bolton (1991) detected malvidine
and delphinidine derivates in different wheat species with purple coloured grains.
Abdel-Aal and Hucl (1999, 2003) quantified the total amount of anthocyanins in blue
and purple coloured wheat grains (wholemeal: 15 mg/lOOg in the blue species and about
10 mg/lOOg in the purple species; bran fraction: almost 50 mg/lOOg in the blue species,
and about 25 mg/lOOg in the purple species). For the same species also the content of
carotenoids was determined, which was in the range of about 5 to 7 mg/kg in
wholemeal flour and 11 to 13 mg/kg in the bran fraction.

About the processing properties of purple wheat or its achieved products no research
could be found. The task of this present work was therefore to investigate the potential
of purple wheat in this respect.

MATERIALS AND METHODS

For this investigation two purple wheat species (internal coding PW1 and PW2)
(Triticum aestivum) of the SAATBAU LINZ Co., OOE Landes-Saatbaugenossenschaft
reg. GmbH, Austria were used. A quality wheat species "Saturnus" (Triticum aestivum)
from the same company was incorporated in all investigations for comparison. All
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wheat samples were grown in Austria and harvested in the year 2002.

ANALYTICAL METHODS

Dry substance determination was carried out according to ICC Standard method No.
110/1 (1996). Colour measurement: The colour measurements were carried out using a
spectral colour measurement equipment, LUCI 100, "Dr. Lange Co.", D. The
measurement gives colour values which are automatically converted into L*-, a*-, b*-
values. The determination of the total amount of anthocyanins was done spectro-
photometrically according to the method of Abdel-Aal and Hucl (1999). Evaluation was
carried out using a calibration line with cyanidin-3-glucoside as the standard substance.
The determination of the reducing power (ascorbic acid equivalents) was carried out
according to Oyaizu (1986). The determination of the total phenolic components (ferulic
acid equivalents) was carried out according to the method of Singleton et al. (1999).
Determination of the yellow pigment content was carried out according to TCC Standard
method No. 152(1996).

EXPERIMENTAL DESIGN

Production of flour fractions

Wholemeal flours from the three different raw materials were obtained using a pin mill.
The milling and fractionation trials were carried out in a pilot plant mill (Technical High
School for Food Technology, Wels, Austria). 400 kg of each wheat sample were
moistened to 16 % water content using a netting screw and milled according to a milling
diagram usual for wheat. All milling passages (5 coarse flour fractions B1-B5, 3
semolina fractions R1-R3 and 6 middling fractions C1-C6) were separately gathered.

Production of tin breads

For each trial 1000 g flour, 50 g fresh yeast, 18 g salt, 10 g oil, 0.01 g ascorbic acid and
20 g malt bakery improver were used. The amount of water was between 520 and 720 g
depending on the flour fraction. The ingredients were kneaded using a spiral kneader for
1 min at 1400 min-1. After a 10 min resting period the dough was divided, and after an
additional 10 min resting period the dough pieces were rounded by hand and put into
the baking tins. Subsequently fermentation was carried out within a fermentation
equipment for 20 min at 35 °C and 75 % RH. The tin breads were baked in the baking
oven at 220 °C and 30 min.

Production of noodles

After calculation of the amount of water for optimal dough moisture and the amount of
flour (about 500 g per trial) all ingredients were weighed and put into the kneading
machine. After 15 min of kneading the dough was transferred into the noodle
processing equipment (type P 3, La Monferrina Co., Italy) and then the extrusion
process was started. At the die the noodles were pre-dried by air and cut into noodles
(tagliatelle) of 30 cm length by a rotating knife. The cut noodles were dried at 42 °C and
60% RH for about 9 hours.
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RESULTS AND DISCUSSION

Properties of wholemeal flours and milling fractions

The milling properties of both purple wheat species did not differ from those of normal
soft wheat species. Also the composition of the main constituents was not really
different. However, significant differences could be found regarding the secondary plant
metabolites.

Table 1 shows the results of the investigation of wholemeal flour and selected
milling fractions of the three wheat species used. It can be seen, that the purple wheat
species show much higher values regarding total polyphenols, antioxidative potential
and anthocyanins. The values of the wholemeal flours and bran fractions are within the
range of the values found by Abdel-Aal and Hucl (1999, 2003). The anthocyanin values
of the milling fractions show that anthocyanins are mainly allocated in the outer grain
layers. This was also proven by the colour measurements, in particular by the a*-value
(note: the higher a positive a*-value the redder is the colour. Negative a*-values
indicate that the colour lies in the green range.). Correlation calculations between each
value (of all milling fractions) gave the following correlation coefficients: total phenol
content/reducing power r = 0.78, total phenol content/anthocyanin content r = 0.80,
anthocyanin content/reducing power r = 0.63.

The yellow pigment determination indicated that the purple wheat species PW2
showed a content of yellow pigment unusually high for soft wheat. HPLC investigations
(not detailed in this paper), showed that mainly the carotenoid lutein was present.

In contrast to the anthocyanins the yellow pigments are quite regularly distributed
within the grain, at least in PW2. This can also be derived from the b*-values of the
colour measurements. (Note: the higher a positive b*-value the yellower is the colour.
Negative b*-values indicate a blue colour).

The results show, that by milling and fractionation of purple wheat species not only
fractions with red or purple colour can be gained, but also fractions with yellow colour.
Fractions, which contain more outer layers are red to purple, whereas fractions that
contain more inner endosperm parts are yellowish and for PW2 clearly intensely yellow
coloured.

RAW
MATERIAL
Saturnus

Purple wheat
PW1

Purple wheat
PW2

PRODUCT

wholemeal flour
bran fraction
semolina R2
coarse flour Bl
middlings Cl
wholemeal flour
bran fraction
semolina R2
coarse flour Bl
middlings Cl
wholemeal flour
bran fraction
semolina R2
coarse flour Bl
middlings Cl

ASH"
(n=2)
1.7
-
0.4
0.6
0.9
2.0

0.4
0.4
0.4
1.9

0.5
0.4
0.4

TPPC2 '
(n=2)
108.5
207.3
56.4
73.9
57.7
103.1
246.6
50.7
51.4
52.8
130.0
275.5
57.7
52.3
57.3

RP3)

(n=2)
17.1
43.4
10.5
9.5
10.3
24.3
62.6
13.3
9.7
11.2
28.8
75.2
14.4
11.4
12.7

AC4 '
(n=2)
0.7
1,5
0,2
0,9
0.1
4.2
19.6
1.1
0.7
0.2
8.5
23.9
0.3
1.6
0.2

Yps>
(n=4)
0.35

0.25

0.22
0.43

_
-
0.28
0.96
-
0.92

0.99

a*
(n=3)
2.52
5.7
0.0
0.6
-0.1
3.42

5.1
-0.2
-0.1
-0.3
3.0
5.8
-0.9
-0.9
-O.,9

b*
(n=3)
7.5
15.3
10.4
10.4
9.5
9.79
10.0
9.0
7.6
8.7
12.3
10.4
13.0
11.2
12.,9

Table. 1. Properties of the milling fractions
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1} Ash content [% D M ]
2) Total polyphenolic content [mg ferulic acid -equivalent/100 g]
3) Reducing p o w e r [mg Ascorbic acid equivalent/100 g] .
4) Anthocyanins [mg C-3-G-equivalente/100 g]
5) Yel low pigment content [mg B-carotene/100 g D M ]

Production of tin breads

The colour values given in table 2 were derived from the bread crumb. The crumb
colour corresponded to the colour o f the flour fraction used. Breads from purple wheat
wholemeal flour gave a reddish crumb colour (high a*-value). Breads from the inner
grain parts of the purple wheat P W 2 showed a significant yellow crumb colour, visible
also as the high b*-values of these samples.

RAW
MATERIAL
Saturnus

Purple wheat
PW1

Purple wheat
PW2

used flour
fraction
wholemeal flour
semolina R2
coarse flour Bl
middlings Cl
wholemeal flour
semolina R2
coarse flour Bl
middlings Cl
wholemeal flour
semolina R2
coarse flour Bl
middlings Cl

TPPC2)

(n=2)
111.3
34.9
46.4
32.3
103.1
34.0
41.3
52.0
130.O
35.9
40.2
70.5

RA3>
(n=2)
17.1
15.6
13.3
9.6
24.3
12.7
12.9
12.1
28.8
15.3
14.3
23.3

a*6)

(n=3)
4.3
1.6
2.0
1.6
6.1
0.9
1.21
0.7
6.7
0.4
1.1
-0.1

b*7)

(n=3)
19.3
13.9
18.3
14.1
14.2
14.4
15.3
16.1
15.1
19.1
21.2
18.6

Table 2. Properties of tin breads

Production of noodles

Table 3 shows the results of the analysis of the different noodles. It could be seen that
from the semolina and middlings fractions of the purple wheat PW2 that noodles with
an intense yellow colour could be produced (the b*-values were about twice as high as
in the other two wheat species). Noodles produced from wholemeal flour or a mixture
of middlings fraction and 10 % bran fraction were intensely red coloured, which even
exceeded the colour of noodles produced from the corresponding purple wheat fraction
without bran addition. Red and yellow noodles packed together gave an optically
appealing product.

CONCLUSIONS

The research shows that milling fractions with different colours can be produced from
purple wheat. As these different colours could also be seen in the manufactured
foodstuffs, interesting sensory effects can be achieved by natural colouring.

Furthermore it is worth mentioning that the colouring components (anthocyanins and
carotinoids) also possess positive nutritional properties. In order to maintain their
positive effect, a regular consumption is required. This demand can easily be fulfilled
by basic food produced from purple wheat.
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flour fraction or TPPC2) RP3) AC4) a*15 b*^
RAW MATERIAL produced noodle (n=2) (n=2) (n=2) (n=3) (n=3)
Satumus

Purple wheat
PW2

Purple wheat
PW2

wholemeal flour
noodle from wholemeal flour
semolina R2
noodel from semolina R2
middlings Cl
noodle from middlings Cl
wholemeal flour
noodle from wholemeal flour
semolina R2
noodle from semolina R2
middlings Cl
noodle from middlings Cl
noodle from middlings Cl and
10 % bran fraction
wholemeal flour
noodle from wholemeal flour
semolina R2
noodle from semolina R2
middlings Cl
noodle from middlings Cl
noodle from middlings Cl and
10 % bran fraction

111.3
96.8
56.4
57.1
57.7
57.9
103.1
95.8
50.7
40.9
52.8
41.5
69.9

134.9
129.4
57.7
47.2
57.3
45.0
84.0

17.1
14.5
10.5
6.6
10.3
5.4
24.3
18.2
13.3
5.3
11.2
8.4
14.3

28.8
31.7
14.4
5.6
12.7
10.8
19.0

0.07
0.01
0.02
0.01
0.01
0.01
4.2
4.1
1.1
0.2
0.2
0.3
1.8

9.0
7.4
0.3
0.3
0.2
0.4
2.6

3.0
5.6
0.0
0.4
-0.1
0.5
2.5
4.4
-0.2
0.5
-0.3
0.5
4.1

3.4
4.6
-0.9
1.3
-0.9
1.1
5.4

7.5
11.2
10.4
12.7
9.5
13.6
7.5
5.1
9.0
12.8
8.7
13.5
6.2

9.8
6.5
13.0
22.7
12.9
23.9
10.5

Table 3. Properties of noodle
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ABSTRACT

Allium is known to have many medical properties such as antibiotic action, lowering of
blood glucose and plasma cholesterol levels, antihyperlipidemia, thrombolysis,
antiplatelet aggregation, prevention of rheumatic arthritis, and diuretic effects.
Breadmaking properties such as bread height and specific volume were improved in
bread from wheat flour blended with Welsh onion (A. fistulosum L.), Scallion (A.
chinense L.), and Leek {A. ampeloprasum L.) powders, respectively, that are high in
disulfides. Disulfides such as di-n-propyl disulfide (Pro2S2) and dimethyl disulfide
(Me2S2) are enzymatically produced in A. fistulosum L., A. chinense L. and A.
ampeloprasum L.. Breadmaking properties were also improved in bread prepared from
wheat flour blended with disulfide alone replacing each Allium powder, respectively.
Brabender Farinographs of Allium powder/wheat flour and disulfide/wheat flour
mixtures showed interesting properties in modifying the width of the tail. Size-
exclusion high performance liquid chromatography (SE-HPLC) of the wheat proteins in
the control and blended flours showed a profile of low, medium and high molecular
weight peaks. The area of the high molecular weight peak was larger in the Allium and
disulfide blended flours than in the control indicating this protein was important in the
observed improvement.

INTRODUCTION

Allium such as Welsh onion {A. fistulosum L.), scallion (A. chinense L.), and leek {A.
ampeloprasum L.) is known to have many medicinal properties such as antibiotic
action, lowering of blood glucose and plasma cholesterol levels, antihyperlipidemia,
thrombolysis, anti-platelet aggregation, prevention of rheumatic arthritis, and diuretic
effects (Whitaker, 1976). Allium is also known to contain characteristic volatiles that are
produced enzymatically when tissue is injured. Substrates for the production of these
volatiles are known to be alkyl cysteine sulfoxides, and are derivatives of the amino
acid cysteine. These derivatives give rise through several reactions to the sulphur-
containing volatiles of disulphides. Disulphides such as Di-n-propyl disulphide (PTO2S2)
and dimethyl disulphide (Me2S2) are enzymatically produced in Welsh onion, scallion,
and leek (Saghir et al, 1964). It is known that sulphur-containing amino acids and
peptides such as cysteine, cystine and glutathione act as redox agents in dough, and
improve the breadmaking properties (Eliasson and Larsson, 1993). Such molecules
would allow many SS/SH exchanges to occur between protein molecules and a small
peptide is more likely than an exchange between two protein molecules (Hamer and
Hoseney, 1998). The thiol-containing compounds are the most effective in this respect
(Eliasson and Larsson, 1993). From these results it could be supposed that Allium which
contained a small molecule disulphides may have important effects on the improvement
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of breadmaking properties (bread height and specific volume) through S-S formation of
gluten protein molecules by oxidation with disulphides. Improved breadmaking
properties were defined as good bread height and specific volume. We may obtain bread
having good characteristics for human health as well as good breadmaking properties.

MATERIALS AND METHODS

Materials

The Welsh onion, scallion and leek were farm-cultivated (Yahiro Sangyo Co. in Gifu,
Japan), and powders were prepared using a vacuum dehydrator with a balance chamber
drying system (Yahiro Sangyo). Disulphides in each powder were not determined. Di-n-
propyl disulphide (Pro2S2) ((CH3CH2CH2)2S2; MW 150.31) and di-methyl disulphide
(Mc2S2) ((CH3)2S2; MW 94.20) were purchased from Tokyo Kasei Kogyo Co. LTD. in
Tokyo, Japan.

Brabender Farinograph and breadmaking tests

Allium powder such as Welsh onion, scallion and leek was blended with wheat flour; the
substitution levels are indicated in Table 1. When disulphide, such as Pro2S2 and Me2S2

was blended, the substitution levels of Pro2S2 and Me2S2 are as indicated in Table 2.
Brabender Farinograph and breadmaking tests were performed according to Seguchi et
al., 1997. Flour (290g), compressed yeast (8.7g), sugar (14.5g), salt (2.9g), and water
(estimated from Farinograph at 500 Brabender Units) were mixed in a computer-
controlled National Automatic Bread Maker (SD-BT6, Matsushita Electric Ind. Co. in
Oosaka, Japan) with the first proof for 2 hr 20 min. at 30°C. The bread dough was taken
out from the Bread Maker and divided into 120-g pieces, rounded, moulded, and placed
in baking pans. The bread dough was further proved for 22 min. at 38°C, and was baked
at 210°C for 30 min. in a model DN-63 deck style oven (Yamato Scientific Co. in
Tokyo, Japan). Bread height (mm), weight (g), and volume (cm3) were measured, and
the crumb grain was evaluated visually.

Size-exclusion high-performance liquid chromatography (SE-HPLC) of proteins
from blended flour

Welsh onion (1%), scallion (5.0%) and leek (0.5%) powder, and Pro2S2 (0.1%) and
Me2S2 (6.3 mg%) were blended with wheat flour, respectively. Flour (300g) mixed with
202ml water was subjected to a Farinograph test for 30 min. at 30D and freeze dried.
Freeze dried powder (5.0g) was suspended in 50mL of 1% SDS (sodium dodecyl
sulphate) solution and shaken overnight. Extracted proteins were dialyzed against water
and freeze dried. For SE-HPLC analysis at 280nm, a Shimadzu liquid chromatograph
LC-3A connected to a Shodex Protein KW 803 column (5009010) was used (Seguchi et
al., 2001).

RESULTS AND DISCUSSION

Effect of Allium powder such as Welsh onion (A. Fistulosum L.), scallion (A. chinense
L.), and leek (A. ampeloprasum L.) on breadmaking properties
The effect of the Allium powder on breadmaking properties (bread height (mm) and
specific volume (cm3/g)) are indicated in Table 1. When 1% of the Welsh onion, 5% of
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scallion, and 0.5% leek powder were blended with wheat flour, respectively, maximum
bread height (mm) and specific volume (cm3/g) were obtained. When more than these
percentages of each powder were blended, the breadmaking properties of bread height
and specific volume decreased. From these results, it was concluded that components of
Allium are strongly related to the improvements of breadmaking properties. The
presence of disulphides in Allium would allow many SS/SH exchanges to occur during
the breadmaking process. Prc>2S2 and Me2S2 were blended with wheat flour, respectively
and the breadmaking properties were evaluated. Table 2 shows the effects of Prc>2S2 and
Me2S2 on the breadmaking properties. Bread height and specific volume gradually
increased with the increased addition of Pro2S2 and Me2S2 up to 0.086% and 6.3mg%,
respectively, followed by a decrease with further additions. Similar results in Tables 1
and 2 provided positive evidence, suggesting that the improvement of breadmaking
properties by Allium is likely caused by the naturally occurring disulphide Pro2S2 and
Me2S2.

Brabender Farinograph and SE-HPLC profiles of Allium powder/wheat flour and
disulphide/ wheat flour

Wheat flour (Fig. 1-A) shows that for the control wheat flour the BU value is almost
constant for 30 min., and the width of the tail is also the same. However, when 1%, 5%
and 0.5% of Welsh onion, scallion and leek powder was blended with the wheat flour,
respectively (Fig. 1-B), the width of the tail after 30 min was narrower. Interesting
mixing behaviour (later peak mixing time and higher BU value than control) (arrow
mark) was also observed and would be related to actual breadmaking values. In order to
ascertain the effect of the disulphides (Pro2S2 and MeaSa) on wheat flour dough
strength, Farinograph tests of these disulphides blended with wheat flour dough were
performed for 30 min. (Fig. 1-C). The results indicated that the blend of 0.1% Pro2S2

and 6.3mg% Me2S2 caused a later peak mixing time and higher BU value (arrow mark),
and afterward the curve gradually decreased and the width of the tail narrowed. From
these results, it was suggested that disulphides (Pro2S2 and Me2S2) recombine the dough
proteins via the interchange of disulphide bridges. For further investigation, proteins
from the flour dough were extracted with 1% SDS (sodium dodecyl sulphate) and
subjected to SE-HPLC. Figures 2-1-A, B and C indicate the SE-HPLC profiles of 1%
SDS-extracted wheat proteins. As previously reported (Seguchi et al., 2001), three main
protein peaks, High (HMW I), Medium (MMWII), and Low (LMW III) were observed
and the heights of the peaks were almost the same in flour (Fig. 2-1-A). However, the
SE-HPLC profile in which the proteins were extracted from the Allium powder/ wheat
flour blend, showed that the areas of these three peaks changed; the HMW I became
larger and the others became smaller compared with the proteins extracted from wheat
flour (Fig. 2-1-B), which suggested that MMW II and LMW III proteins were
rearranged by Allium powder and changed to HMW I proteins. The SDS-extracted
wheat flour proteins and the SDS-extracted proteins from Allium powders/wheat flour
were reduced using 1% 2-mercaptoethanol and eluted with the same 1% SDS solution
containing 1% 2-mercaptoethanol from the SE-HPLC column. Both elution profiles of
the proteins from wheat flour or Allium powder/wheat flour (Fig. 2-2-A and-B) were
almost the same. This showed that the increase in the area of the HMW I proteins from
Allium powder/wheat flour in the 1% SDS eluted column profile may possibly be
caused by the rearrangement of dough proteins by disulphide bonding. Next, the
disulphides (Pro2S2 (0.1%) and Me2S2 (6.3mg%)) /wheat flour blend was mixed in a
Farinograph bowl for 30 min., and flour proteins were extracted with 1% SDS and
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Welsh
onion

(%)

0.0

1.0

2.0

3.0

Height
(mm)

73.2,(3.34)

82.0b(5.42)

79.6b(1.49)

62.0c(0.43)

Specific
volume
(cm3/g)

3.12,(0.07)

3.85b(0.13)

3.33e(0.06)

2.42a(0.05)

Scallion

<%)

0.0

1.0

3.0

5.0

7.0

Height
(mm)

71.5,(1.40)

67.7k(2.40)

68.2b(1.70)

78.6c(1.90)

68.6b(2.70)

Specific
volume
(cn»3/g)

3.42.(0.05)

3.2U(0.12)

3.18b(0.04)

3.69s(0.15)

3.27j(0.04)

Leek

(%)

0.00

0.25

0.50

0.75

1.00

Height
(mm)

69.8,(1.75)

71.3,(1.62)

78.4b(3.63)

75.4C(2.38)

60.24(4.68)

Specific
volume
(cm3/g)

3.29,(0.71)

3.53.(0.32)

3.78b(0.02)

3.44,(0.09)

2.93c(0.22)

Table 1. Effect of allium powder on breadmaking properties

Pro2S2

(%)

0.000

0.050

0.086

0.100

0.150

0.172

0.200

0.345

Height
(mm)

72.9,(1.43)

79.2b(2.05)

83.9C(1.14)

81.5b,<:(2.70)

79.7b(2.07)

82.4b,c(3.07)

76.5^(1.31)

78.7b(2.S4)

Specific
volume
(cm3/g)

3.08,(0.07)

3.42t(0.11)

3.80C(0.13)

3.65d(0.12)

3.43b(0.07)

3.55b)d(0.06)

3.37b(0.O2)

3.37b(0.09)

Me2S2

(mg%)

0.00

1.60

3.10

6.30

12.5

25.0

50.0

100

Height
(mm)

74.9,(0.5)

76.5,(2.0)

75.4,(0.7)

85.8b(l.])

80.7,(2.5)

78.4,1(3.7)

66.0e(3.2)

60.2K3.1)

Specific
volume
(cnvVg)

3.45,(0.07)

3.67b(0.07)

3.55c(0.09)

4.0U(0.03)

3.89.(0.09)

3.40,(0.07)

2.84K0.03)

2.61g(0.08)

Table 2. Effect of Disulfide on breadmaking properties.
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Figure 1. Effects of Allium and disulfide on Brabender Farinogram profiles of wheat
flour. From top to bottom; wheat flour (A), 1% Allium/wheaX flour (B), and 0.1%
disulfide/wheat flour (C). Arrow shows peak times.

(1-A) <2-A)

(1-B) (2-B)

(l-Q (2-Q

Figure 2. Size-exclusion high-performance liquid chromatogram (SE-HPLC) profiles of
proteins extracted from wheat flour (A), 1% Allium/wheat flour (B), and 0.1%
disulfide/wheat flour (C). Proteins (l.Omg) were dissolved in l.OmL of 1.0% sodium
dodecyl sulfate (SDS) and eluted from column with same solution (1-A, B and C) and
proteins were reduced by boiling (5 min) in 1% SDS containing 1% 2-mercaptoethanol
and eluted with same solution (2-A, B and C).
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subjected to SE-HPLC equilibrated with 1% SDS (Fig. 2-1-C). The area of the HMW 1
was also larger than MMW II and LMW III when these disulphides were blended.
However, the areas of the three peaks became the same as when 1% SDS-extracted
proteins were reduced in 1% 2-mercaptoethanol solution. The results were almost the
same as the results of Allium powder/wheat flour, confirming the role of disulphides in
the rearrangement of dough protein.

CONCLUSION

Improvement of breadmaking properties by blending flour with Allium powder such as
Welsh onion (A. fistulosum L.), scallion (A. chinense L,), and leek (A. ampeloprasum L.)
may be caused by naturally occurring disulphides in Allium through sulphydryl-
disulphide- exchange reactions in wheat proteins. The Allium is generally known to
have beneficial effects on human health, and the improvement of breadmaking
properties by Allium suggests that it may have a possible use in breadmaking.
Regarding using Allium in bread, the unpleasant smell of raw Allium was lost and the
fresh taste of the bread treated with Allium powder was rather desirable.
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ABSTRACT

The incidence of coeliac disease, or other allergic reactions/intolerances to gluten is
increasing, largely due to improved diagnostic procedures and changes in eating
habits. The worldwide average of sufferers of coeliac disease has been predicted to
increase by a factor often over the next few years, resulting in a growing market for
gluten-free products. The replacement of gluten, particularly in a bread formulation,
presents a major technological challenge, as it is an essential structure-building
protein, which is necessary for formulating high quality breads.

Preliminary research at The National Food Centre involved the study of a number
of commercially available gluten-free breads. These were found to be of lower
quality than their gluten-containing counterparts. Current research has, therefore,
embraced the use of novel ingredients to improve the quality and sensory attributes
of gluten-free yeast bread formulations, and to study their effects on dough/batter
rheology and baking characteristics. Seven dairy powders (6.5-90% protein) were
incorporated into a wheat-starch based gluten-free bread formulation and their effects
were studied over a period of time. Powders with higher protein contents produced
breads with a less springy crumb (P<0.001), which resembled the crumb of wheat
bread. A formulation based on rice and potato starch was supplemented with fish
surimi (as a structure enhancer) at a 10% inclusion level (of starch weight). Three of
the four surimis produced loaves with higher (PO.001) volumes than the control, a
softer (PO.001) crust and crumb texture than the control, and were favourably
received by a sensory panel.

A central composite response surface design consisting of two predictor
variables, Hydroxy Propyl Methyl-Cellulose (HPMC) [ 0.5-2.5% flour weight basis
(fwb)] and water (70-95% fwb) was used to optimise a rice/potato starch based
gluten-free formulation. Specific volume and loaf height increased as water addition
increased (PO.01). Crumb firmness decreased as water levels increased (PO.01).
The number of cells/cm2 increased as, Hydroxy Propyl Methyl-Cellulose and water
increased (PO.01). From the data obtained, optimal ingredient levels were
determined. The optimised formulation contained 2.2%, Hydroxy Propyl Methyl-
Cellulose and 79% water (fwb) and measured responses compared favourably to
predicted values.

INTRODUCTION

The incidence of coeliac disease, or other allergic reactions/intolerances to gluten is
increasing, largely due to improved diagnostic procedures and changes in eating
habits. The worldwide average of sufferers of coeliac disease has been predicted to
increase by a factor often over the next few years, resulting in a growing market for
gluten-free products. The replacement of gluten, particularly in a bread formulation,
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presents a major technological challenge, as it is an essential structure-building
protein, which is necessary for formulating high quality breads. The objective of
these trials was to investigate a range of starch sources (rice, potato, wheat), protein
sources (dairy proteins, fish protein), and hydrocolloids
(hydroxypropylmethylcellulose [HPMC]), which may be used to develop gluten-free
breads with improved quality characteristics. Two types of bread were developed:
(z)wheat starch-based (Trial 1), and (ii) free from wheat starch (Trials 2 & 3).

MATERIALS/METHODS

Trial 1

The formulation (based on flour weight) was 100% wheat starch-based, gluten-free
flour, 87% water @ 35°C, 2.7% fresh yeast, 1% oil and 0.5% DATEM (a bread
improver). Seven dairy powders (Table 1) were added at 3, 6 and 9% of flour weight.
Breads were prepared by blending the liquid ingredients together. These were then
added to the dry ingredients and mixed for a total of 3.5 min in a 3 speed Hobart
mixer; 45Og of batter was scaled into lib tins and placed in a proofer for 45 min
(40°C, 80% RH). The batter was baked at 230°C for 25 min in a rotating oven. The
loaves were cooled to room temperature and placed in polyethylene bags until tested.

Trial 2

Fish surimi is a colourless, odourless, refined form of fish meat. It is high in protein
and has unique gel-forming properties due to the presence of water insoluble
myofibrillar proteins. A control (C) gluten-free dough was prepared using a
formulation based on rice flour (50%), potato starch (50%), skim milk powder
(10%), vegetable oil (6%), sugar (5%), fresh yeast (5%), salt (2%), xanthan gum
(0.3%), hydroxypropyl-methylcellulose (HPMC; 0.3%), and water (85%). This was
supplemented with fish surimi (as a potential structure enhancer) at a 10% inclusion
level (of starch weight). Frozen surimis from mackerel, blue whiting, red gurnard and
pollock were evaluated. A second control (CW) was prepared with an equal water
content (i.e. to take account of the amount of water supplied to the formulation by the
surimi) to the surimi doughs. The frozen surimis were tempered overnight at 4°C,
mixed with water and yeast to form a slurry, and added to the premixed dry
ingredients. The baking procedure was carried out as described in Trial 1.

Trial 3

The formulation (based on flour/starch weight) was 50% rice flour, 50% potato
starch, 10% skim milk powder, 6% vegetable oil, 5% fresh yeast, 5% sugar and 2%
salt. A central composite design, consisting of two variables, HPMC and water was
prepared. Analyses of breads from the 13 experimental treatments were performed
24 hours after baking. Assessment of error was derived from 5 replications of one
treatment combination. From the data obtained, optimal ingredient levels were
determined and eight baking trials were performed for both the evaluation of the
optimised formulation and for the short-term shelf life study on the optimised
formulation. In the study on the optimised formulation, two loaves from each
replicate were packaged in a 60% Ni/40% CO2 atmosphere and were tested on days
1, 4 and 7. The baking procedure was carried out as described in Trial 1.
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RESULTS

Trial 1

Inclusion of dairy powders (Table 1) had a variable effect on loaf volume (Fig. 1)
and there were significant differences both between the powders and between the
inclusion levels. Overall, inclusions of dairy powders reduced loaf volume by about
6%. Sodium caseinate (nac) and milk protein isolate (mpi) have a high water holding
capacity. With increasing levels of addition of these powders, the resulting batters
became visibly more viscous, i.e. less like a batter and more like a dough. These
breads had an appealing shape and were more similar in appearance to wheat breads.

The lightness of the gluten-free bread crust varied widely with L* values ranging
from 62 (3% smp inclusion) to 36 (9% nac inclusion). Breads containing the dairy
powders were generally darker when compared to their gluten-free controls (zero
dairy powder addition). The lower L* (i.e. darker colour) values were expected and
were due to Maillard browning and carmelisation which are influenced by the
distribution of water and the reaction of reducing sugars and amino acids.

Crumb colour (L*/b*) (white/yellow ratio) was influenced both by powder type
and by level of addition. Protein types swp, fms, sms (with the exception of the
lowest inclusion level) and smp resulted in crumb darkening compared with the
control gluten-free bread, while nac resulted in a whiter crumb. The moisture
contents of the gluten-free breads with the dairy powders were similar and all were in
the range 39 to 42%

Breads with the higher protein-content powder tended to have the firmest (least
soft) crumb compared to the control (0% inclusion, Fig. 2). Swp was an exception in
that it is a low protein high-lactose powder but still gave a firm crumb. However, it
was more similar both physically and texture-wise to that of ordinary wheat bread
than to the cake-like appearance of some gluten-free breads.

Sensory analysis took place over two sittings. The first (20 tasters) involved the
control gluten-free bread and four breads containing dairy powders (dwp, sms, smp,
mpi). The second (20 tasters) session embraced the same control bread and three
breads with dairy powders (swp, fms, nac). In the first session, three out of the four
gluten-free breads were given a higher acceptability score than the gluten-free
control. Bread containing smp was judged to be significantly more acceptable than
the other samples, hi the second session, a similar trend was observed, i.e. all breads
containing the dairy powders received higher acceptability scores than the control but
the effect was not statistically significant. The high protein-containing powders
increased the protein contents of the breads from ~2.4% (control) to -5.0% (breads
with nac and mpi).

Trial 2

The control gluten-free bread (CB) had the lightest crust colour of the six samples,
while the control bread with added water (CWB) had the lightest crumb colour. The
addition of extra water and/or fish surimi darkened crust colour. However, surimi
type per se did not influence crust or crumb colour. This was unexpected as the
freeze-dried blue whiting and mackerel surimis were darker than the pollock and
gurnard samples (Minolta L*/b*: 2.95, 2.96, 4.18 and 4.59 respectively). However,
the amount of surimi (on a dry matter basis) added was circa 2% of flour (rice flour +
potato starch) weight and may have been insufficient to dull the white appearance of
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the starches in the bread crumb. With the exception of the gurnard surimi breads
(GSB), the addition of surimi gave a softer crust and crumb than the control breads
(CB and CWB). The firming effect of gurnard surimi may be due to its high water
binding properties which result in more hydrogen bonding between the bread
starches and fish and dairy proteins, and also a higher level of starch retrogradation.
Water-holding capacity values for freeze dried surimi samples were 481 (gurnard),
382 (pollock), 326 (mackerel) and 306% (blue whiting). Overall staling patterns were
the same for the four surimi breads in that crust hardness value decreased and crumb
hardness values increased over days 1, 2 and 3 post-baking. BSB and MSB had much
higher loaf volumes than the other samples while GSB had the lowest volume. The
PSB, GSB and CB samples had the smallest gas cells and there was a negative
relationship between loaf volume and no. of gas cells cm"2. There was also a negative
correlation between loaf volume and crumb firmness. Paired comparison taste panel
tests for acceptability between the control and surimi bread samples indicated that
BSB samples were preferred to the control (15/5 preference ratio). Preference ratios
for the other comparisons were 11/9 (MSB vs CB), 10/10 (PSB vs CB) and 8/12
(GSB vs CB). These data indicate that the panellists preferred the samples with the
soft crust/crumb texture.

Trial 3

Specific volume and loaf height increased as water levels increased (P < 0.005).
However, breads with the highest specific volume had large gas cells in the crumb.
Crumb firmness decreased as water levels increased (P < 0.005, Fig. 3), and higher
levels of HPMC increased crumb firmness. The softening effect of high water levels
can be attributed to the higher specific volume and less dense crumb structure
reported in these breads. Crumb image analysis showed that the number of small
cells (0.05 - 4.00 mm2) increased as water and HPMC increased (P < 0.005).
However, at the higher levels of addition, the number of small cells decreased (Fig.
4). This may be due to the presence of large holes in breads with high water addition.
The number of large cells (> 4.00 mm2) decreased as both water (P < 0.05) and
HPMC increased. Optimisation was based on the generation of the best results for
these responses. Other responses included crumb colour (CIE L*), which increased
as HPMC increased (P < 0.05). As expected, crumb moisture increased as water
addition increased (P < 0.001). Higher levels of water deceased crust firmness (P <
0.05), which again may be attributed to the less dense crumb structure. The
optimised levels obtained were 2.21% HPMC and 79.05% water. Specific volume
and loaf height compared favourably to the predicted values. Crumb firmness values
were lower than those predicted. Crumb grain analysis revealed a lower number of
small cells and a higher number of large cells than those predicted. Textural changes
during the shelf life study are outlined in Table 2. Crumb firmness increased over
time, while crust firmness, crumb springiness and resilience decreased. A decrease in
springiness and the increase in chewiness indicate that the bread became more brittle
during storage. This characteristic was also exhibited by the tendency of the bread to
crumble when sliced on day 7. A decrease in crumb moisture occurred over the 7-day
testing period (Table 2). This is attributed to the equilibration of moisture between
crumb and crust. These changes were perceived in the tendency of the bread to
crumble when sliced on day 7.
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CONCLUSIONS

Dairy powders added to a gluten-free bread formulation improved both the textural
characteristics and the nutritional content of the breads without changing the
processing conditions. Powders with a high protein (smp, nac, mpi) content generally
gave breads with a lower loaf volume and increased crumb and crust hardness.
These breads had an appealing dark crust and white crumb appearance, and received
good acceptability scores in sensory tests. Supplementing the gluten-free formulation
with high protein dairy powders doubled the protein content of the breads.

Surimi may be used in wheat starch, gluten-free bread formulations as texture
improvers. Three of the surimis (gurnard surimi excepted) have potential as
crust/crumb softeners in gluten-free breads. Breads with blue whiting surimi were
preferred to the control in sensory tests.

Response surface methodology was used to optimise HPMC and water levels in a
wheat starch-free, gluten-free bread; the optimised levels of 2.2% HPMC and 79%
water yielded good quality bread. Water had a greater effect on the quality of the
gluten-free bread than HPMC. Increasing water significantly increased loaf specific
volume and height, and decreased crumb firmness. Crumb colour became lighter as
HPMC content increased. Both HPMC and water had significant effects on crumb
grain structure (the number of cells/cm2 increased as HPMC and water increased).
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Figure 3. Effect of HPMC and water addition on crumb firmness.
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Figure 4. Effect of HPMC and water addition on the number of cells/cm2
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Powder Type (abbreviation) Protein content (%)

Sweet whey powder # (swp) [PI] 6.5
Demineralised whey # (dwp) [P2] 11.0
Fresh milk solids (fins) [P3] 18.0
Spray dried milk solids (sms) [P4] 26.0
Spray dried skim milk (snip) [P5] 35.0
Sodium casein (nac) [P6] 89.0
Milk protein isolate (mpi) [P7] 90.0

Table 1. Type, abbreviation and protein content of the dairy powders used in Trial 1.

Parameter Day-1 Day-4 Day-7
Crumb firmness (g) 365 ± 65 514 ±89 565 ±105
Crust firmness (g) 539 ± 111 472 ±118 425 ± 75
Crumb springiness 0.81 ± 0.03 0.77 ± 0.03 0.75 ± 0.04
Crumb resilience 0.36 ±0.03 0.30 ±0.04 0.27 ±0.03
Crumb moisture (%) 47.50 ±0.22 46.60 ±0.33 45.99 ±0.56

Table 2. Crust and crumb characteristics, and crumb moisture for the optimised
gluten-free bread formulation over a 7-day testing period in Trial 3.

ACKNOWLEDGEMENT

This research was partly funded by grant aid from the Irish Department of
Agriculture and Food, under the Food Institutional Research Measure.



PARTX

BRINGING BENEFITS FOR INDUSTRY AND CONSUMERS



This page intentionally left blank 



SUSTAINABILITY WITH SANITY

A.G. Giesecke.

American Bakers Association, 13501 Street N W, Suite 1290, Washington DC 20005

ABSTRACT

Trends toward public access to operating information and demands for transparency in
business are challenging private sector companies such as bakers. So too are fast moving
trends for environmental responsibility which are being implemented through specific
national and international mandates and principles. Thus, operating standards have been
raised for public multinational firms under government oversight by the United States,
European Union and other nations.

Sustainable production and sustainable processes are laudable goals and significant
trends. Definition of "sustainable" is the subject of fierce international debate.
Government efforts are dramatically impacting the costs of the packaging industry and are
mandating recycling. Realities for companies are more expensive alternatives for
operations such as synthetic rather than petroleum machine lubricants. Increasing
ingredient costs result from agricultural subsidies, increasing labor costs, and sustainable
agricultural practices which oppose the use of agricultural chemicals and the cutting of
forests for crop land.

Implementation of the precautionary principle, not doing harm, is a significant trend.
Its application is forcing life-cycle analysis of products with economic tools dependent on
suppositions. Resulting government demands for chemical testing and record keeping are
impacting the costs for food additives, flavors and colors.

The purpose of regulations is to reduce risks to society. Regulations are not value
added for the business product but good management can reap benefits in efficiencies of
operation and balance the increased costs, conversely, poor implementation of requirements
can create a serious financial liability for a company. Governments and businesses must
struggle to balance the costs, risks and benefits.

The increasing demand for the transparency of financial and manufacturing operations
has driven business to make changes that are sound from two perspectives: business and
sustainability. One example of the trend for transparency is the implementation of the U.S.
Sarbanes-Oxley Act. Under this Act, the Securities and Exchange Commission
environmental, health and safety reporting requirements for audited financial statements are
being discussed and guidance is expected this year. Information on environmental
reporting is being developed by U.S. federal agencies and by the United Nations
Environment Program Global Reporting Initiative. This transparency is good because
reports accurately represent the elements of company operations that relate to sustainability
and provide financial markets and stockholders with information about the sound policies
of strong companies.

Sustainability and the precautionary principle overlain with the global politicization of
international trade negotiations certainly argue for the U.S. to change its international
posture from a presumption of domination to one of cooperation. Recent trade meetings in
the Americas have showcased the increasing sophistication of all countries in diplomatic
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exchanges. And, as is often the case, the U.S. political process seems to be slower at
making the stretch to globalization than have companies in the private sector. For
example, U.S. companies had preliminary joint venture agreements with companies in
Canada and Mexico two or three years before the North American Free Trade Agreement
was signed. Implementation of global trends will require governments and businesses to
operate in dimensions beyond their traditional internal foci.

INTRODUCTION

Trends toward public access to operating information and demands for transparency in
business are challenging private sector companies. So too are fast moving trends for
environmental responsibility which are being implemented through national and international
principles and mandates. Thus, operating standards have been raised for public multi-national
firms under government oversight by the United States, European Union and other nations.
This paper will identify predominant trends in the use of sustainability and the precautionary
principle and response by governments and businesses, particularly examples using the baking
industry.

SUSTAINABILITY AND THE PRECAUTIONARY PRINCIPLE

Sustainable production and sustainable processes are laudable goals and significant trends.
The definition of "sustainable" is the subject of fierce international debate about the use and
management of resources. The challenge is to use resources wisely so that renewable
resources, such as forests have time to renew and finite resources such as fossil fuels are used
as efficiently as possible. The management of the resources should ensure that the production
of waste is limited in the acquisition of the resources, disposition of the by-products of
production and disposition of the product at the end of its useful life.

Governments are increasingly reflecting the social goal of sustainability through
international and national mandates and regulations. The purpose of regulation is to reduce
risks to society. Successful governments implement requirements to direct behaviour in a
manner consistent with the values of the society. Regulations are not value added for the
business product but good management can reap benefits in efficiencies of operation and
balance the increased costs. Conversely, poor implementation of requirements can create a
serious financial liability for a company. Governments and businesses must struggle to
balance the costs, risks and benefits of their actions.

The precautionary principle is being used by governments to develop regulations that
reduce risk and influence the use and management of resources. The goal of the precautionary
principle is to avoid harm to human health and the environment. Unfortunately, prematurely
its application is forcing life-cycle analysis of products with economic tools dependent only on
suppositions. The regulations based on these weak economic analyses do not necessarily
reflect the best long term options.

Companies have moved independently, but in sync with these trends, driven by the need to
create efficiencies to face regulatory costs as well as increasing global competition.
Successful companies have implemented Total Quality Management and ISO 9000,
Environmental Management Systems and ISO 14000. Companies have cut costs and
increased productivity.
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Life cycle analysis has moved governments to demand chemical testing for impact on human
health and the environment and record keeping for production and shipment for a broad range
of substances which have been in common use a very long time, such as salt. The cost of
testing is increasing the costs for food additives, flavours and colours.

Realities for companies are more expensive alternatives for operations such as synthetic
rather than petroleum machine lubricants. Increasing ingredient costs result from agricultural
subsidies, increasing labour costs, and sustainable agricultural practices which oppose the use
of agricultural chemicals and the cutting of forests for crop land.

Government regulations are dramatically impacting the costs of the packaging industry and
are mandating recycling. Recycling can have a positive impact on costs. Baking companies
are able to direct to animal feeding operations ingredients and product that is not for human
consumption. The economically and environmentally sound goal is to have as little of this
waste as possible by controlling production to send product out the door, not to the floor and
to sell the product that is produced before it becomes stale and is returned to be used as animal
feed. Dry clean-up of ingredients, dough and product is important in facilitating sanitation and
directing material to animal feed rather than down the drain or to a landfill. In many facilities,
automation of the production process has reduced waste because the machines require precise
settings and do not tolerate leaks or spills.

Recycling is common for office paper and cardboard. Ingredients are often delivered in
totes and containers that can be returned and refilled. In some areas communities have
established an infrastructure that allows the recycling of plastic, glass and aluminum for re-use
as product or for energy production. Vehicle tires and batteries are usually recycled.
Recently Dell has begun to recycle computer components and some companies are in a
position to take advantage of the opportunity. To ameliorate increasing production costs some
companies have moved to build facilities that take advantage of energy from solar panels and
the co-generation of power.

Water is an important ingredient. Water is an increasingly costly and scarce resource.
Many companies purchase equipment which use wash water efficiently by using high pressure
and temperature or by filtering and re-use of the water. Water efficient baking pan washers
that have been available in Europe are being used increasingly in the United States. Water is
critical to meeting sanitation standards as concerns about allergens and increasingly robust
pathogens are intensifying. The appropriate use of water and effective rapid testing methods
are necessary. Cisterns may be built to catch rain water for watering outdoor landscapes or
keeping down dust on roads. Metering of energy and water use in the facility has improved
management of those costs.
The use of non-ozone depleting refrigerants is becoming common as government enforcement
in the United States forces companies to convert systems in advance of the regulatory national
and international timeframes.

The use of natural gas in vehicles is being mandated by governments and also being
adopted on a voluntary basis by companies where the infrastructure for supply exists. Natural
gas currently is considered less polluting than gasoline or diesel fuels. Baked foods are often
delivered by local trucks in urban environments and in some cities by natural gas powered
tracks. The use of public transportation and car pooling is regulated by government and
encouraged by companies through siting of their facilities to enable employees to commute in
an energy efficient manner. On the production side, natural gas is used most efficiently by
proper oven maintenance and low nitrogen oxide burners on boilers.
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Nuclear power has been identified as environmentally preferable in some countries, for
example France. Renewable energy is the subject of study but has far reaching environmental
impacts and does not appear to be viable to meet the demands of the world's growing
population. The mathematics to weigh the environmental costs and benefits of power
generation needs much more study before the most beneficial options are clear.

European Union initiatives to reduce greenhouse gases, like carbon dioxide from the
burning of fossil fuels, have taken a global turn. Governments and companies trying to meet
the reductions of the Kyoto Protocol or to be good citizens of the world will now be able to
count credits from emission projects anywhere in the world and therefore take reductions
where the costs are the lowest. Clearly it is less expensive to build technology into a new
facility even in a developing country than to retrofit an old facility. This will also move
environmentally sound technologies to developing countries.

TRANSPARENCY

The increasing demand for the transparency of financial and manufacturing operations has
driven business to make changes that are sound from two perspectives: business and
sustainability. One example of the trend for transparency is the implementation of the United
States Sarbanes-Oxley Act. Under this Act, the U.S. Securities and Exchange Commission
requires environmental, health and safety reporting for the audited financial statements of
publicly held companies. Information on environmental reporting is being developed by U.S.
federal agencies and by the United Nations Environment Program Global Reporting Initiative.
This transparency is good because reports accurately represent the elements of company
operations that relate to sustainability and liability, and provide financial markets and
stockholders with information about the sound policies of strong companies.

Transparency and government responsibility to the public to reduce risks has raised the
operating standards for public multi-national firms under government oversight by the United
States, European Union and other nations. The trend for higher operating standards has also
been fostered by demands from insurance companies and the increasing potential for litigation.
Many courts see their role as having evolved beyond conflict resolution to protecting the
public. Regulation through litigation is adding an additional layer to the challenges faced by
businesses.

Trade, global sourcing, global supply chains and automation are becoming critical to
corporate health. Governments are creating and maintaining structural impediments to
corporate health through the fostering of costly inflexible labour markets, budget deficits, high
taxes, burdensome regulations and the resulting trade and labour barriers. One ubiquitous
example is government subsidies for agriculture. Beyond the scope of this paper are
regulations that move from environmental to hygiene, food safety, food quality and other
issues related to food production and processing. Perhaps, government's social investments
should also be driven by principles of sustainability.

Social trends that continue to impact governments and companies are anti-globalism,
ethical conflicts and terrorism. These trends are not reflected in the subjects addressed in this
paper but are significant and should not be ignored.
Sustainability and the precautionary principle overlain with the global politicization of
international trade negotiations argue for the U.S. to change its international posture from a
presumption of domination to one of cooperation. Recent trade meetings in the Americas have
showcased the increasing sophistication of all countries in diplomatic exchanges. And, as is
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often the case, the U.S. political process seems to be slower at making the stretch to
globalization than have companies in the private sector. For example, U.S. companies had
preliminary joint venture agreements with companies in Canada and Mexico two and three
years before the North American Free Trade Agreement was signed. Implementation of
global trends will require governments and businesses to operate in dimensions beyond their
traditional internal foci.

CONCLUSION

Sustainability is a vision. The reality of what companies can do and what government can do
must be evaluated and implemented in such a way that companies maximize productivity and
governments meet their responsibility to protect human health and the environment. The
precautionary principle must be grounded in sound science to allow the development of new
and better technological solutions to the challenges of an increasing global population and
their expectation for an increased standard of living. Better tools are needed to do
environmental accounting that consider the life cycle of the product produced and the multi-
media environmental impact of proposed regulations.

Companies must face increasing operational and ingredient costs as a result of government
regulations to protect human health and the environment. Company response to these costs
must be multi-level from the modification of the building to be more resource efficient, to the
purchase of energy and water efficient machinery, to operations that maximize the use of
ingredients, water, and labour. The use of source reduction of packaging, energy
conservation, recycling, more environmentally friendly lubricants, refrigerants and fuels all
meet the goals of sustainability.
Companies must face certain economic realities quarterly that governments only face at
election time. Increasing costs, transparency of operations and public accountability have
raised the standards of operation for companies. To maintain viable global economy,
governments and corporations must work together to create and maintain a healthy economy
and to protect human health and the environment.



FIBRE BY THE SLICE: BRINGING CONSUMER VALUE AND
MARKET LEADERSHIP
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ABSTRACT

Bakers striving to maintain marketshare do so by developing products to meet changing
consumer requirements. For many, this means a shift in focus to cater for the growing
demand for functional and fortified breads.

Fibre, found in wholegrain breads, is a widely recognised functional ingredient, but
its perception of imparting poor taste, texture and appearance to breads has hampered its
popularity in the past. This is where resistant starch plays a vital role - delivering the health
benefits of fibre, namely its positive effect on glycemic response and digestive health, while
maintaining sensory appeal.

This paper will present several case studies where the advantages of resistant starch
have been tapped to provide clear differentiation and drive demand.

Wonder White, a leading brand on the Australian market for the last nine years, filled
the long-standing gap for good quality, high fibre white bread. Incorporating
Hi-maize™ resistant starch - referred to as 'the invisible dietary fibre' - into Wonder
White increased the fibre content of the bread without affecting its taste, softness or
whiteness.

- A new bread launched in February including Hi-maize, has already achieved listings in
every supermarket across Sweden.

- Flour millers, such as McSun in Korea, are differentiating white flour for general use by
adding Hi-maize.
Co-branding with Hi-maize allows bakers to individualise their products from standard

white breads and flours by helping consumers to understand the added advantages.
Consistent and tiered supporting communications on the proven health benefits of Hi-maize
endorses and strengthens the brand proposition.
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E. Chanliaud1. F. Balfourier2, F.X. Oury2, G. Charmet2, M. Beckert2, B. Duperrier'.S.
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ABSTRACT

A post-genomic program was initiated to study the potential improvement of the
micronutrient content of wheat and their bioavailability in derived food products. To do
so we chose an integrated approach most adapted to the European market and
consumers. We were interested in increasing the overall nutritional value of wheat and
wheat-based products by a synergy between plant breeding, production schemes and
adapted transformation processes. The originality was to take each and every step
within the cereal chain into consideration. The aimed targets were the vitamin (B
especially) and mineral concentration (Mg) and bioaccessibility.

The first objective of this inter-disciplinary project was to explore the genetic basis
of targeted nutritional wheat traits. Despite the impact of growing conditions on micro-
nutrient content we showed there is a strong potential for nutritional trait improvement
in European wheat by traditional breeding. Rare alleles have been identified by
systematic study of germplasm diversity. They are now used in the genetic identification
of relevant molecular markers, necessary for efficient introduction of nutritionally
correlated chromosome segments in a genetic base of good agronomic and end-use
criteria.

Wheat is rarely consumed as whole grain products and most of the time goes through
fractionation steps (e.g. milling) and transformation processes (e.g. bread-making)
Variability in cereal raw material micro-nutrients impact on the nutritional density of
final products. A strong interaction between process and variety was observed. New
fractionation processes, based on the mechanical properties of the aleurone layer, and
product concepts have been derived from this understanding.
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INTRODUCTION

The improvement of the nutritional value of a bread or cereal product is a complex task
requiring the optimisation of the micronutrient contents of wheat and their
bioavailability in derived food products. Digestive and metabolic aspects must also be
considered. The aim of the present project was to explore and valorise the intrinsic
nutritional qualities of wheat, especially mineral and micronutrient contents. We were
interested in increasing the whole nutritional value of wheat and wheat based products
by a multidisciplinary approach involving plant selection, agricultural strategies and
transformation processes. The originality of this approach was to take the interest of
each and every step of the cereal chain into consideration.

WHEAT NUTRITIONAL DIVERSITY

Increasing mineral content of wheat was our first objective. Indeed in Europe cereal
products are the first sources of magnesium and more generally vegetables are the main
sources of oligo-elements (Galan et al., 1997). However, a large part of the population
doesn't reach the recommended intakes because micronutrients such as minerals are not
only important for human nutrition but also for the plant physiology (Welch, 1986),
traditional breeding could significantly contribute to the increase of their levels in seeds.

In order to estimate the improvement potential of wheat nutritional value it was
necessary to quantify the variation in micronutrient content and characterise the
determinism of the observed differences. To define a representative sample of the wheat
diversity, a global framework analysis was carried out on 4000 Triticum aestivum
accessions of the INRA collection. The framework criteria were agro-morphological
parameters, genetic polymorphism as evaluated by neutral molecular markers (42 SSR
spread on the 3 homologous genomes) and N1R spectra. Changes in diversity related to
geographical and temporal trends were identified. According to these results two sub-
collections were established for the characterisation of the nutritional diversity: one
international collection (landraces or varieties from the beginning of commercial
breeding, coming from 50 different countries) and one collection representative of
French adapted varieties.

The values obtained for Zinc, Iron and Magnesium (Table 1) largely overlapped the
values found in the literature (Nahapetian and Bassiri, 1976; Davis et al., 1984;
Peterson et al., 1986) and confirmed a large difference in mineral composition within
varieties of wheat. No segregation of the mineral contents based on the geographical
origin of the seeds was revealed. The variability observed in the French adapted
cultivars was only slightly narrower than that in international accessions. For a breeding
objective this variability (up to 5-fold variation) is highly significant.

Mg (ppm)
Zn (ppm)
Fe (ppm)

180
Mean
1471
23
43

international wheats
Min-max
1012-2048
8-40
26-88

50 commercial
Mean
1220
24
26

French wheats
Min-max
997-1530
19-36
9-47

Table 1: Magnesium, Zinc and Iron contents of 230 wheat harvested in Clermont-
Ferrand in 2000. Mineral analysis was done by atomic absorption method (Lopez et ah,
1998)
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No competition was observed between the different nutrient contents. Good correlations
were found between minerals, especially between Magnesium and Zinc (R = 0.64) and
between minerals and other micronutrients such as B group vitamins (data not
presented). An improvement in the wheat nutritional quality could then be envisaged
without compromising any essential mineral targets.

The determinant of mineral content variability were of differing nature. First of all a
large number of the cultivars with high micronutrient content were poor yielding
genotypes. Indeed strong negative correlations were observed between most of the
minerals and yield. An encouraging consequence of this observation is that mineral
contents were significantly correlated with protein content and so with technological
value. This is a critical point for the economical viability of nutritional innovation.
Moreover for the same agronomic yield different mineral accumulation potential could
be found. This variation in mineral levels could be attributed to genetic and
environmental effects as well as their interaction. Multi-site experiments investigated
the relative influence of each of these effects. Accumulation of the three studied
minerals in wheat grain seems to be governed by different determinants (Table 2).

Magnesium Zinc Iron
Genotype +++ ++ NS
Environment +++ +++ +++
Interaction + ++ +++

Table 2 : Genetic and environmental effects and their interaction on wheat grain mineral
content. Experimental design of 51 adapted lines cultivated in 3 locations in 2002.
Genetic and environmental effects were estimated by analysis of variance, and genotype
x environment (GxE) interactions were estimated by calculating the Spearman rank
correlation for each pair of cultivation sites.

Characterisation of mineral content variations and their origins confirmed there is a
strong potential for improvement of the nutritional value in European wheat. More
specifically breeding for higher grain magnesium content should be successful
considering the wide biodiversity for this criterion and the small Genotype-Environment
interaction measured. Improving zinc content could be more difficult because of the
weaker genotype influence and the stronger GxE interaction. Conceivably improvement
in this domain could come indirectly from increasing the magnesium seed level due to
the strong positive correlation existing between the two minerals. Traditional breeding
for iron seed content appears almost impossible due to the strong GxE interaction and
consequently the low genotype effect on this criterion. This result underlines the
importance of alternative strategies such as transgenesis currently tried out (Goto et at.,
2001). This multi-local trial confirmed the strong environment impact on mineral seed
contents. Soil mineral composition and pH were particularly influential. Farming
practices can also influence the mineral density of a wheat cultivar. It was shown that
nitrogen fertilisation plays a role in micronutrient accumulation by the spikes and that it
is critical to control the plant maturation stage at which it is applied. Nutritional
potential could therefore be optimised by adapted growing conditions.

Traditional breeding could be able to produce varieties of nutritional interest while
maintaining good agronomic and technological value. Some crosses have already been
initiated between genotypes of interest and performing varieties. However, it would be
very costly and hazardous to initiate a breeding program without high throughput
screening methods. Infra Red assessment of some nutritionally relevant constituents is
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possible (e.g. carotenoids) but for the others development of molecular markers is of
uppermost importance. Rare alleles have been identified by systematic study of
germplasm diversity. They are now used in the genetic identification of relevant
molecular markers, necessary for efficient introduction of nutritionally correlated
chromosome segments in a genetic base of good agronomic and end-use criteria. In
parallel the existing potential of some of the cultivated varieties will be exploited,
especially some of the high quality wheat, rich in proteins and interesting in terms of
mineral and vitamin contents.

NUTRITIONAL VALUE OF FLOUR AND CEREAL FINISHED PRODUCTS

Wheat is rarely consumed as whole grain but rather after fractionation steps (e.g.
milling) and transformation processes (e.g. bread-making, extrusion etc.) It is therefore
important to ensure that any nutritional innovation at the wheat level is largely
maintained in the final products.

A significant part of the micronutrients are located in the aleurone layer. Its strong
adhesion to the pericarp explains why it is usually lost with the milling by-products. The
project demonstrated a large variability of aleurone layer recovery yield in white flours
as followed by specific histological markers of the aleurone layer (phytate or synapic
acid; McCallum and Walker, 1991). Values from 5 to 30 % of the aleurone layer
content were found depending on the variety tested. Moreover Hard wheat generally
exhibited better recovery yields than Soft ones. This result underlines the strong
importance of variety on milling behaviour and thus in determining the nutritional flour
quality. If the variety differences observed can be improved and exploited, modification
in the milling process could be a complementary solution to further increase the
micronutrient recovery. The challenge is then to recover the aleurone layer without the
pericarp, technologically detrimental to most food applications and possibly subject to
contamination. Several milling procedures, using polishing, grinding and milling, have
been tested and it has already been shown that the micronutrient recovery in flour can
be significantly improved (up to 50%).

This last study gives some insights into micronutrient release during the milling
process. The predominant mineral localisation in the aleurone cells also plays an
important and negative role in their bio-accessibility. It must be kept in mind that
cations are complexed with phytic acid and are enclosed within thick cell walls.
Increasing the bio-accessibility of minerals e.g. magnesium, requires both its release
from the phytic complexes and its diffusion through the aleurone cell walls. Decreasing
the size of aleurone cell containing particles (usually bran) improved cation availability.
On the other hand, decreasing the dough pH (sour-dough process), promoted the cation
release in the media. This phenomena was largely due to the activation of the
endogenous phytases (optimum pH= 5.5) also present in the aleurone layer. Indeed
moderate acidification of the dough in the absence of leaven and therefore of microbial
phytases resulted in the same level of phytate degradation than in the case of sour-
dough fermentation. It is therefore important to breed for improved mineral level but it
is also important to increase the endogenous phytase content. Bio-accessibility
differences were already observed between varieties and were confirmed in bread.

CONCLUSION

Improvement of mineral and, in particular, magnesium content of wheat grain was
shown to be possible by traditional plant selection and is in progress in our breeding
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stations. It was shown that significant bread quality improvement could be obtained by
choosing technologically and nutritionally suitable cereal genotypes provided this
potential is preserved or enhanced by the milling and baking processes. The next
objective would therefore be to define new concepts of cereal based products
compatible with consumer needs and wishes. The magnesium content of white bread,
according to the present results, could be enhanced 10 fold and its extensive bio-
accessibility ensured by adapted baking practices. Of course maximal magnesium
content would also be obtained with less refined flours.
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ABSTRACT

Post baking chilling of bread is an important part of the bread making process.
However, it is quite often underestimated in comparison to formulation, mixing or
baking. During post baking chilling, the bread matrix that switched from dough to
crumb during baking undergoes a solidification phase due to temperature decrease. The
heat transfer associated with the cooling kinetic is largely influenced by evaporative
cooling, especially at the beginning of the cooling process. This evaporative cooling
corresponds to a significant water loss. This work presents original numerical and
experimental results concerning the use of mist (water) spraying on the bread surface
during post baking chilling.

A numerical model has been developed with finite element software
(FEMLAB). It accommodates the coupled heat and mass transfer in the bread during
post baking chilling of French part-baked baguettes. Water diffusion in the crumb has
been modelled using specific moisture diffusivity previously determined
experimentally.The model was validated against experimental results.

The main results showed that spraying water on the surface of the bread can help
to limit the weight loss caused by evaporation but has a limited effect on the cooling
rate of the bread (in our conditions). Comparison with other techniques, such as
vacuum chilling, is discussed.

INTRODUCTION

Post baking chilling (PBC) is an important part of the bread making process;
nevertheless, it is quite often neglected in comparison to formulation, mixing or baking.
In the industry, PBC must be accomplished in well defined conditions. Packaging of the
bread before total chilling can result in condensation of moisture if the bread is
packaged that might affect shelf life. In the case of slicing, a certain firmness of the
bread is desired to avoid tearing and damage of the crumb. Bread can also be frozen
after PBC. The balance between the chilling (above 0°C) and the freezing processes
might have some important interaction with quality problems such as crust flaking.
Lastly, the control of the final weight of the bread remains an important parameter to
ensure that it will remain above a certain threshold. Post baking chilling involves two
coupled physical phenomena, namely pure convective heat transfer and evapourative
heat transfer. Nevertheless, it is known that the thermal convective heat transfer
coefficient and its counterpart, the mass transfer coefficient at surface of the bread, are
linked. Enhancing the convective heat transfer coefficient results in an increase of the
mass transfer coefficient. Weight loss by water evapouration during PBC can reach
several percent of the total mass of the product. Water evapourates mainly at the
beginning of PBC, when the difference in partial vapour pressure between the surface of
the bread and the air is large. The surface dehydration induces a moisture diffusion
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phenomena through the crust and in the crumb. Then a decay of water evapouration
occurs and the heat transfer is mainly governed by convective heat transfer at the end of
PBC. This work was initiated with the idea of developing post baking chilling concepts
that reduce the weight loss and eventually enhance the cooling rate. Water pulverization
is extensively used in the meat industry for carcass chilling (Kuitche et al. 1996). It
consists of spraying sterile water on the surface of the product so that water which
evapourates is the water supplied, and not the constitutive water of the product. The aim
of this work is to evaluate the interest of PBC using spraying on chilling rate and water
loss. A mathematical model that accommodates the coupled heat and mass transfer in a
cylindrical baguette was developed. A set of experiments was carried out to validate the
model. The model is used to understand the impact of water spraying on water
movement.

MATERIAL AND METHODS

French type baguette were produced from lOOg flour, 60 g water, 3g compressed yeast,
2.2 g salt and 0.7 g baking aid ("Les Grands Moulins de Paris"-France). Mixing was
carried out in a spiral mixer (VMI-France) with 3 min at low speed (40 rpm) and 9 min.
at high speed (60 rpm). The dough was divided into portions of 140 g, that had a rest
period of 15 mins at room temperature. Dough sticks were shaped (28 cm long, 3 cm
diameter) and were proved for lh30 at 27°C in a proving cabinet (Panimatic, Souppes-
sur-le Loing, France). Two cuts (Scarification) were made on the surface of the bread.
Baking lasts 12 min at 150°C (Sofinor, Bois-Grenier, France) which corresponds to part
baked bread conditions. The baguettes were ca. 6 cm in diameter. Chilling was carried
out in two different conditions. Conventional chilling (CC) was carried out by placing
the bread in a cabinet at 20°C and a relative humidity close to 100%. Water spray
chilling (WSC) was carried out by placing the bread in atmospheric air (20°C, 60% RH)
and by spraying water at 17°C onto the surface of the bread using a spray painting
system (Wagner, W100). The flow rate of the system was around 2g/s. The sequence
used to spray the product was adjusted by trial and error , with the aim of annealing
mass loss at the end of the chilling process without excess of moisture at surface of the
bread. This was obtained by spraying a tray of 5 breads with the following timing: one
spray every 30 s during the first 10 min of chilling, then one spray every minute from
10 to 15 min, then one spray every 2 minutes between 15 and 19 min and then no
additional spray for the end of chilling (nb: "one spray" = double passage of the
spraying system as shown in Figure 1 with 2s for each passage). Centre and surface
temperatures were logged using a data acquisition system (Datalog 20, AOIP, Evry,
France), the product being placed in a cabinet at 20 °C. Baguettes were weighed after
partial baking, and during and after chilling.
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Figure 1. Spraying of a tray of baguettes

Figure 2. Meshing used for the modelling

MODELLING

A mathematical model was developed with FEMLAB 2.3 software. An infinite
cylindrical geometry was assumed (see meshing in Figure 2). Fourier and Fick's
Equations (1) and (2) were taken into account. Eq. 3 presents the continuum of heat flux
at the surface of the product. The water vapour pressure in ambient air and at the
product surface is given by equations (4). The saturated water vapour pressure is given
by the Antoine law. The mass diffusion at surface is taken into account by eq. (5).
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Considering this modeling tool as a first approach, most parameters (except humidity at
surface of the product and water activity) were assumed as constant. Thermal
conductivity (0.08 W m'1 K"1), density (182 kg.m'3) specific heat (1930 J kg"1 K"1), mass
diffusivity (6 10"9 m2 s"1), water activity according to the product water content, and
emissivity (0.9) were taken from (Hamdami et al. 2003a; Hamdami et al. 2003b). The
convective heat transfer coefficient was calculated using adimensional numbers (Taine
and Petit, 2003) and was 6.6 W m"2 K'1. The mass convection coefficient used in eq. (5)
was estimated experimentally. The water activity at surface of the product was set to 1
for the case of WSC. Initial condition of the product was : temperature = 99°C and
water content = 0.96 kg water/kg dm.

RESULTS

Computed and experimental temperatures were in relatively good agreement. The
objective of this work was mainly to determine the impact of the chilling conditions
(CC, WSC) on the moisture profile inside the product during PBC. The boundary
condition for the heat transfer problem as presented in eq. 3 takes into account three
main phenomena, namely evapourative cooling (by water evapouration), pure
convective heat transfer and radiative heat transfer. Each of these phenomena
contributes to the cooling of bread. Evapourative cooling is predominant at the
beginning of chilling, whereas pure convection becomes the governing phenomena at
the end of chilling due to a low difference in vapour pressure between the surface of the
product and the air. The interaction between these parameters was evaluated by
computation tests. The computed total water loss was higher in the case of convection +
evapouration than in the case of convection+radiation+evapouration (4.9 g vs. 3.7 g).
Indeed, the rapid drop in the surface temperature obtained in the later case results in a
rapid drop of the vapour pressure at surface of the product and therefore in a reduction
of the total weight of water.

Spraying water on surface of the product has a significant impact on the
moisture profile during chilling as shown in Figures 3 and 4. In Figure 3, the
dehydration of the surface of the bread, induced moisture diffusion from the centre
toward the surface of the product. In Figure 4, the opposite phenomenon was observed.
Indeed, by assuming that the water activity at surface is equal to one, the moisture
diffusion phenomenon is reversed and moisture is diffusing from surface toward the
inner part of the bread. The surface condition of Figure 4 is giving 99,6 g H2O/100g MS
which corresponded to our previous evaluation to a water activity of 1. The benefit of
WSC in terms of chilling time remains unclear. Numerical results showed that no real
differences were visible; indeed, higher vapour pressure at the surface than at the centre
of the product tends to anneal the internal evapo-condensation heat transfer
phenomenon. This phenomenon has a strong interaction with the apparent thermal
conductivity and therefore with the cooling time. Experimental results showed a slight
advantage for WSC that was faster than CC. In fact, it is mainly the temperature
gradient between the surface and the centre of the product that was affected. This
gradient (experimental data) was ca. 17°C and 8°C for WSC and CC respectively after
500 s of cooling (was 6.4°C and 12°C at 1000s and 5.2°C and 7.9°C at 1500s). The two
chilling processes are thus very different even though both are driven by moisture
evapouration. CC is driven by an intense internal evapouration-condensation diffusion
that enhances the apparent thermal conductivity, whereas the WSC is driven by an
enhancement of the temperature gradient between the surface and centre that results in
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an increased conductive heat transfer (with minimal impact of evapouration-
condensation phenomenon).
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Figure 3. Evolution of the moisture profile vs. radius at selected times during
Conventional Chilling process
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CONCLUSION

Post baking chilling with water spraying (WSC) has been evaluated against
conventional air chilling (CC). WSC does not seem to significantly improve the chilling
rate, but can help to limit water losses. The mathematical model developed for this
study, though simple, allowed us to have an idea of the impact of water spraying on
internal moisture diffusion phenomenon. Stopping the evapouration of the endogenous
water of a bread during chilling can be an interesting way of controlling its final weight.
Nevertheless, it seems, that this action will have a minimal impact on the overall
chilling time from what we have seen in our conditions. Such a process will have in
contrast a significant impact on the internal water content profile, resulting in a much
more humid superficial zone (crust or future crust in the case of part baked bread). The
optimization of such a chilling methodology still requires research efforts. It could be of
interest to ensure acceptable or optimal moisture content in the case of partially baked
products that must undergo two baking (plus eventually a freezing - storage - thawing
process that contribute to surface dehydration of the product). Vacuum post baking
chilling is an alternative to conventional chilling processes. In this case, internal and
superficial evapouration (+ radiative heat transfer) are the governing phenomena
involved in the heat transfer, the evapouration being negligible. This technology also
permits to "inflate" the products if its cellular structure has an appropriate cohesiveness.
Besides its efficiency, significant surface dehydration is visible at surface of the vacuum
chilled products. Combining vacuum and spraying could be a track of innovation to
explore. The final target underlying behind these considerations remains the crust and
its quality attributes (color, crispiness, thickness, flavor, ...) which are the most visible
ones by the consumer and remain an important issue for industrial bakery products as
well as for conventional products.

NOMENCLATURE

flH water activity
Cp specific heat, J kg"1 K"1

D mass diffusivity, m2 s"1

h convective heat transfer coefficient, W m2 K"1

L latent heat of water vapourization, J kg"1

k :mass transfer convection coefficient, s m"1

n normal to the surface
Pv vapour pressure, Pa
RH relative humidity
t time, s
T temperature, K
w local water content, kg water/ kg dm

Greek Symbols
e emissivity
X thermal conductivity, W m"1 K"1

p density, kg m'3

a Stefan-Boltzmann constant, 5.67051 10"s W m"zK-2rr-4
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Subscripts
a ambient
dm dry mater
s surface
sat saturated
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ABSTRACT

In modern automated plant bakeries a large amount of data is collected on the operation
of the plant. When this data is combined with product quality data such as loaf colour,
appearance, consumer complaints, sales data etc. it has the potential to be used to
improve processing efficiency, final product quality, and product marketability.
However the huge volume of this data means it is often ignored as being too hard to
analyse in any meaningful way. Data mining, which is a combination of techniques that
produces information from large data sets, has the potential to be applied to this data to
extract useful information.

This paper describes our experience of applying data mining techniques to a plant
bakery in New Zealand. The process involved setting up the systems required to extract
data from the bakeries SCADA system, setting up sensors to automatically measure and
record quality parameters, cleaning the data to remove faulted or anomalous results and
then combining all the separate data blocks into one complete database for analysis.

Data were analysed at two levels. Firstly, selected data were analysed for simple
trends on an individual loaf basis which served to identify variability caused by divider
pockets, tin positioning etc. Secondly, data mining techniques such as various classifiers
and principal components were applied to the whole data set to find relationships
between process data and product quality.

INTRODUCTION

In modern automated plant bakeries a large amount of data is collected on the operation
of the plant. When this data is combined with product quality data, such as loaf colour,
appearance, consumer complaints and sales data, it may be used to improve processing
efficiency, final product quality and product marketability. However, the huge volume
of this data means it is often ignored as being too difficult to analyse in any meaningful
way. Data mining, which is a combination of techniques that produces information from
large data sets, can be used to extract useful information from this data.

Data mining is a relatively recent data analysis approach that uses techniques from
computer science, statistics and data visualisation to search for patterns and
relationships in large data sets. While finding its main application in the financial and
marketing worlds, the techniques have been applied in processing industries and, more
recently, in the baking industry (Rousu et al., 2003).

In this paper we describe a pilot scale data mining project that we carried out at a
plant bakery in New Zealand. A bakery was selected that had as much automation as
possible to allow automatic collection of data and long runs of one variety of product,
allowing the process to stabilise.
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MATERIALS AND METHODS

Bakery description

The bakery process consisted of two MDD mixers alternatively feeding a single divider,
check weigher, rounder and intermediate prover. The dough pieces were processed with
two separate moulders, each feeding opposite sides of 6 x 2 tin straps, creating two
parallel streams of dough/bread. The dough/bread was proved, baked and cooled in two
streams before being sorted into three streams for slicing. These changes from one to
two to three streams plus tin strap order reversal when entering and leaving the oven
meant it was impossible to track individual dough pieces/bread through the process.

Data collection

Data were collected at the bakery using four portable PCs with data acquisition
hardware and software and one data logger. The PCs recorded divider check weight,
proof height, loaf height, digital photos, and data from the PLC control system (Table
1). As not all the bakery's equipment was on the PLC system, some values were
recorded by other means (data logger, bakery paperwork and some manually). Due to
computer constraints, none of the mixer data (flour weight, water weight, water
temperature, flour temperature, total work input, mixer efficiency, mix time, recipe
number, divider dough temperature and divider level) could be recorded.

Property

Flour report
Dough temperature
Dough piece weight
Prover temperature, humidity
Proof height
Oven temperature (3 zones)
Cooler temperature, humidity (in/out)
Bread room humidity, exhaust temperature
Bread despatch temperature
Loaf height, top collapse
Loaf quality shape, colour, four piecing
Loaf quality score texture, holes, cores, temperature
Loaf weight
Outside temperature, humidity, pressure, wind

Measuring method

Manual
Manual
Check weigher
Data logger
Laser triangulation
PLC*
PLC
PLC
PLC
Rotary encoder
Manual from photo
Manual from loaf
Check weigher
Internet***

Time between
measurements
~ daily
30 mins
0.6 sees
5 mins
1.2 sees
1 min
1 min
1 min
1 min
1.2 sees
~2 mins"
30 mins
0.6 sees
1 hour

* PLC data was recorded every minute but the individual items were read sequentially
with 1 second between items to avoid overloading the data highway. The 48 properties
read included set points and counter values, and not all were used in the analysis.
** Photos were taken randomly every 125 loaves with at least 25 loaves between photos
(to allow the flash to recharge). Properties were manually scored from the photo.
*** Recorded at Auckland International Airport, obtained through Weather Underground
(wunderground.com).

Table 1. Bakery properties with measuring method and time between measurements
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The project ran for approximately two and a half months with data collection taking
place for four days each week. At the end of each week the files were uploaded from the
bakery to a computer network where scoring of the photos, data cleaning and processing
took place.

Data cleaning and preparation

Raw data from the various sources (PLC, data loggers, sensors) went through an
extensive process to delete outliers, fill in missing data and link them together with a
unique identifier. Data was split into tables representing various stages along the
production line (e.g. prover, oven or slicers). Averaging data over 1 minute intervals
provided tables with properties of clusters of dough pieces/loaves versus date and time
with values typically averaged over 100 values (6000 loaves/hr). Travelling times
between the different stages in the bread making process were determined (and assumed
constant throughout a day). Using these times (Table 2) the average values of properties
and parameters that the particular cluster of dough experienced during processing were
determined, producing a table with properties and parameters versus cluster identifier
(Table 3). This final data set was used for subsequent analysis.

ClusterlD
3710
3711
3712
3713

Table

Time Proverln
3:55:21 4:03:28
3:56:21 4:04:28
3:57:22 4:05:29
3:58:23 4:06:30

ProverOut Ovenln
5:02:13
5:03:14
5:04:15
5:05:16

5:04:30
5:05:31
5:06:32
5:07:33

2. Clusters tracked through the process

Cluster Recipe Div TProver RHProver Proof
ID ID Weight Height
9148
9150
9290
9291

2
2
2
2

816.5 40.3
813.0 40.5
808.8 41.9
810.4 41.6

87.5
87.4
76.2
75.4

157.0
159.4
179.8
178.5

OvenOut
5:26:43
5:27:43
5:28:44
5:29:45

Toven

229.2
229.4
225.6
225.6

Coolerln CoolerOut
5:29:58
5:30:58
5:31:59
5:33:00

TCooler

37.9
37.9
39.1
39.1

7:00:01
7:01:01
7:02:02
7:03:03

Slicersln
7:14:20
7:15:20
7:16:21
7:17:22

Loaf Top Slicer
Height Collapse Weight
108.9 1.9
121.3 2.7
131.2 5.1
131.5 4.8

715.2
715.0
702.6
702.4

Table 3. Properties and parameters versus cluster identifier

The use of standard process times to determine the stage the bread had reached in the
process meant that the data was only valid when the plant was running without
stoppages. This was determined by looking at the values of the dough piece/loaf
counters. Data were marked as invalid if the counter rate dropped significantly below
the standard production rate.

Selected data were extracted from the database using SQL queries. Extracted data
were then converted to the correct format for loading into the WEKA data mining
workbench (Witten and Frank, 2000).

ANALYSIS

Overview

The data were analysed in two ways. Firstly, each process step where individual dough
pieces or loaves were measured was looked at as an individual measurement. For each
of these, data patterns could be measured that reflected the performance of divider
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pockets, tin strap position, oven position, etc. Secondly, the data were averaged over 1-
minute intervals to give average conditions for each 1-minute block of dough/bread as it
passed through the plant.

Individual results analysis

Data on every dough/loaf were measured by the divider check weigher, and data on half
of the loaves were measured by the proof height and loaf height sensors. Because of the
way the conveyors operate in the bakery the gap between loaves was set by the
equipment. The divider drops five dough pieces on to the conveyor at a time, and there
is a small delay before the next five are dropped. By looking at the time between dough
pieces it was possible to determine the pocket a dough piece came from. A similar
situation existed for tin strap position at the proof height sensor, and oven position and
tin strap position at the loaf height sensor.

Figure 1 demonstrates how these data are used through visualisation. There is a clear
difference between the weights produced by the different divider pockets with pockets
1, 2 and 5 weighing heavier than 3 and 4. Plotting the data in this way provides a tool
for the engineer, allowing individual pocket weight to be adjusted. A similar approach
could be used for loaf height and top collapse. Both patterns shown indicate the effects
of position in the tin and the oven.

Data mining

The approach was to use classification and visualisation tools to look for patterns in the
data. More precisely, we were searching for relationships between process data and
product quality. Algorithms applied included neural networks, regression, nearest
neighbour, and decision trees.

The most interesting results of the analysis concerned top collapse (where the top
surface of a lidded loaf bows in). Top collapse is an issue in many bakeries and its cause
is not always clear. By dividing the top collapse data into categories (high, low) and
applying a tree classifier (J48, Witten and Frank, 2000), a relationship was found
(Figure 2) with proof height, prover humidity and cooler temperature (concerning about
1900 instances).

Two issues arise from analysing top collapse data. First, predicting is not always
accurate. In this case about 80% accurate. However, this may be sufficient for process
control. The second issue is that processing parameters that did not change much during
the trial cannot contribute to any model built for top collapse. Even though such a
parameter might be very important, this effect will not be visible in the data. An
example of this is oven temperature, which did not fluctuate but is likely to affect top
collapse.

Some other promising results were obtained, related to prediction of bread quality at
the end of the whole production process (e.g. fineness of crumb, presence/absence of
holes and streaks). The relationships involved temperature and humidity in prover, oven
and cooler. However, the whole study generally suffered from having an insufficient
quantity of data.
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Figure 2. Top collapse predicted from processing parameters using a tree classifier

CONCLUSION

Data mining can help identify relationships between bakery parameters. These
relationships can be used to improve process control or troubleshoot. Knowledge about
these relationships can also be used as a training tool for bakers and, if linked to other
quality data (e.g. customer feedback), can give another way to help satisfy customers.
However, a large amount of data is required to find robust relationships. In particular,
you can't predict relationships for which there is no evidence. To acquire the large
amount of data, automation of the whole data collection process is required.
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ABSTRACT

Tempting consumers to purchase baked goods has rarely been a difficult task. The aroma and
sight of a freshly baked cake or baguette fresh from the oven leaves many of us salivating.
However, little does the average consumer understand of the path or the technology that the
producer has used to provide such delights.

In order to maintain a flow of new products it is important that the knowledge about
the ingredients and processing is ever expanded. Research that is undertaken has many
outcomes and passing the results and the knowledge to the baking technologist is as important
as the research itself. This paper will expand on the ways that research has been passed on
using software for the benefits of both consumer and the baking industry. It will illustrate
how such software can be incorporated into a product development programme to save both
time and money for the producer and at the same time provide a wholesome, safe and
attractive product for the consumer. It will illustrate the way a company's own intranet can
be harnessed to provide a trouble-shooting tool for its workforce.

Our schoolchildren are both the consumers and technologists of the future and if they
are given the opportunity to understand, in a fun way, the rules about baking technology and
product development the benefits for our industry will continue to accrue. The paper will
illustrate how such software can be expanded for use in schools and the benefits that can be
brought to our industry.

INTRODUCTION

Tempting consumers to purchase baked goods has rarely been a difficult task. The aroma and
sight of a freshly baked cake or baguette fresh from the oven leaves many of us salivating.
However, little does the average consumer understand of the path or the technology that the
producer has used to provide such delights. We have a nursery rhyme here in the UK called
'Pat-a-Cake Bakers man'. It goes "Pat-a-Cake, Pat-a-Cake, Bakers man, bake me a cake as
fast as you can, pat it and prick it and mark it with B, put in the oven we'll have it for tea"
This rhyme has been around for centuries and you can see that the sentiment expressed in it
by the consumer - that of freshness and speed - has not changed much for the baker.
However what has changed is the way bakers consider the new product, the technology of
ingredients and processing and the desired shelf life - and by this I include 'freshness' and
consumer appeal as well as the safety of the product.

In this paper I want to discuss what software tools the product developers of today,
and indeed those of tomorrow, have at their disposal. I want to take the 'T' and expand it into
the Technology, Transfer of that Technology, Testing, Troubleshooting, and Teaching and
Training of baking technology with the use of software.

ALL OF THE 'T's

Technology — visualising what happens inside a product during its processing has until now
been in the realms of our imagination. We can see the results when we cut open the end
product but we cannot see how the raw materials evolved into that product as it underwent
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processing. The fundamental imaging research done by the Cereals Division team at CCFRA
and led by Martin Whitworth and Stan Cauvain (Whitworth and Alava, 2004) has illustrated
what happens in both the dough and the finished product, particularly in the cell or bubble
structure of the product as the product undergoes processing and then baking. Visualising the
inside of a product by non-invasive means by the use of X-Ray Tomography has enabled
cereal scientists and technologists to confirm or refute many of the theories about the
formation of holes in fermented products. In addition it illustrates indisputably what is
happening in the dough or batter in these two processing steps. The small movies created
using this technology have been transferred to CD-ROMs as teaching materials with notes.
Such material can be used for an in-house training programme or for training students in
further education colleges and universities. It is just one of the many explanatory topics
available in electronic format from CCFRA.

Testing - evaluating the end product quality gives us the confidence that we are producing
products with consistency from day to day. However subjective assessment of the product,
for example, scoring of breads, is open to variation over time. Differences in scoring occur
both between different assessors and with a single assessor as the product's characteristics
change incrementally. The C-Cell instrument with its unique software which analyses a slice
of a cellular structured product enables objective and consistent evaluation and a permanent
record of a fermented product. This system could not have been achieved without the
advances over the past 5 years in both camera and computing technologies (Whitworth et al.,
2004).

Technology transfer - computing technology has not yet reached the point of being able to
imagine or 'design' products for us. We can train computers to perform like humans e.g.
robotics on plants are used for depositing cherries on cakes. We can, to a certain extent, give
the computer eyes to see what is happening on the plant (laser sensors) and to see the results
of processing on the end product (image analysis). However, seeing and understanding are
two different things. The lateral thinking and the leaps of inspiration are still the domain of
the expert. We can take aspects of baking knowledge and design computer programs to use
that knowledge for our benefit. Such systems can then be used to assist the baker, the product
developer, or the novice to do their jobs more effectively and at the same time reinforce or
refresh their understanding (and that of an expert's) of the topic in question. Such programs
can make our lives easier and our bottom line finances healthier.

Baking is an interactive science - if you alter just one aspect of your product, whether that be
ingredient or processing step, the alteration can have consequences in more than one place.
The tremendous growth in the use of computers both at the desktop and on the plant needs
only passing reference - these are now our third hand, our extra eyes and our daily aide-
memoires. The growth in programs that cover the office functions has made tremendous
sums of money for the likes of Microsoft, IBM and others. Here the subjects covered have
been ones with common appeal to the population at large. However, the developers of
software which helps the baking technologist with the design or troubleshooting of the
product have had a much tougher time. The reasons for this are twofold. The first is that in
order to develop such a program the knowledge encoded must be accurate and
comprehensive. The number of true experts able to give that knowledge has been
diminishing. Secondly, the market for such software is much smaller than that for Microsoft
products such as Word or Excel. Consequently, given the high costs of development -
programmers are skilled people, just like baking technologists and command high salaries -
the programs themselves are, relatively speaking, more costly than Microsoft products. Many



'We'll have it for T 391

companies claim not to have the resources to fund software for product development. Not to
be deterred, CCFRA have pioneered and developed software of this nature over the past
fourteen years. The Cake Expert System has modules which help the technologist with
product design (BALANCE - for ensuring that the ingredient ratios are correct and will
perform successfully in processing), FAULT DoC for troubleshooting or enhancing the cake
when the product does not come up to scratch, and ERH CALC™ - its third version is
currently under development - designed to allow the technologist to quickly get a handle on
the water activity of a product and its mould-free shelf life. Such software can be used
without making up the product and so cuts down the number of test bakes, ensures the safety
of the product and leads the developer to the desired product in a shorter time scale. This has
true bottom line savings.

You may ask yourself what such systems can offer to the expert. Experts are knowledgeable
and busy people. However sometimes they may have the knowledge but not remember or be
able to retrieve it. Solutions proffered by a program may trigger thought processes which lead
to a different solution. The ability to hold and use all the knowledge at the time when the
problems occur is a very rare gift even in the best experts. If the knowledge has been
included in a computer program - provided it has been validated and even though it is defined
within certain bounds - it can be made available for all to use. Access can be rapid, and the
subjects can be viewed from different angles. For instance, we re-visited our first knowledge
system, about bread technology, after some ten years. This time, instead of one bread type,
the current Bread Advisor can cope with fourteen generic fermented product types made from
any of the main five processing methods. The processing methods include mechanical dough
development, no-time dough making, sponge and dough, flour brew and bulk fermentation.
The products include lidded sliced pan breads, freestanding hearth breads, batons, rolls and
hamburger buns.

The system has at its heart a model of the breadmaking process - this is very similar no matter
what process you use. The rules are in general the same, e.g. if you do not mix the dough
properly for the process, you will not develop the gluten network necessary to hold onto the
gas produced by the yeast. The 'local' conditions for the product and the process are applied
on top of this centre model. Consequently we work to a 'product profile' which contains the
bounds for each of the processing steps for the product being made. Once this profile is in
place then it can be viewed from both ends of the spectrum - ' what do I need' versus 'what
have I got'. Using the system you can say, for example, 'What if I increase the mixing time,
what will happen to my product?' It will tell you what will happen to the product as it
approaches the upper limit for an acceptable mix time. To novice bakers this can be a
valuable on-the-job tool. They can experiment at the PC with no danger to either product or
plant.

Troubleshooting - the product quality may leave our customers cold. Imagine you have a loaf
with an overhanging top. Let us assume you want to get rid of it and improve the quality so
that the product not only looks better but will fit inside the bag designed for it. Using the
Bread Advisor a baker could describe the quality defects to the system, could quickly call up
images specific to the product, and at the click of the mouse could get displayed the primary
causes responsible for the quality defects. These would be ranked in order of likelihood and
are the basis for a 'suspects' list. In some cases the primary causes, e.g. 'excess gas
production', will have contributing factors and these can be added to the suspects list. So, in
this example of wings/ears/handles (overhanging top), yeast level and its activity, proof
temperature and time, and other ingredients such as salt or sugar (which can slow gas
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production and if missing can mean that gassing increases) are all placed in the frame. The
baker can then go away armed with the suspects list to eliminate them and determine the
cause or causes of the fault, hi this example the baker could check out proof and get some
feedback and try out a 'what if about the level of yeast.

The information gathered in doing this expands the users own knowledge and in effect brings
their attention to a wider range of causes. In some cases the system might flag a processing
step as a suspect, in others it could be the ingredients which need more attention. At the end
of the day the system gives you the suspects and the tools to track down and eliminate them
from your investigation.

As a bonus a program like this can be used in a structured way in a classroom environment.
The tutor might set a series of questions relevant to the fermented product topic being studied.
The student could then use the system to help to determine the answers, e.g. what causes a
wild break and shred and how might it be cured? The student would select this fault for the
bread type and process method, get the suspects list and investigate each in turn, looking at
the guideline parameter ranges for any processing steps or ingredients flagged as possible
causes. Finally the student could investigate directional changes which might be made to the
ingredients or the processing steps to cure the fault and could try out the ideas suggested in
the training bakery thus re-enforcing the theory with the practice.

Computing technology has now moved into the Internet age. We search for solutions to many
of our baking problems on the Web. There are many useful techniques, equations and
methods used in our industry which, if made available over the Internet and available via our
mobile phones, would make many of our lives easier. We have just launched a Baking
Technology Toolkit. Currently this contains two tools - one for mixing and one for raising
agents. Imagine carrying a mobile with WAP technology or a PDA with access to wireless
technology in the plant. You are in the plant away from your desktop and you want to work
out what temperature the water should be to achieve a certain end of mix temperature, or you
want to work out the implications of increasing the proof temperature right now. On your
mobile or PDA you have access to a program via your browser which can furnish you with
the answers. These possibilities are now within our grasp.

Computing software has now enabled us to develop programs which can be run from a CD-
ROM on the desktop PC or via the Internet to the back-end program on a server. Both the
mixing tool and raising agent tools have been designed for both purposes and we are currently
exploring how best to set up the Internet access side from our own website.

Continuing the theme of Troubleshooting - the lack of skilled operators has led the baking
industry to seek untrained operatives to produce these tempting products. This coupled with
the need to produce a consistent 'branded' product to retain and expand market share has led
the fast food chains to fast-track the training programme for their operatives. Software can be
used in a supportive way to help the hard-pressed restaurant managers to ensure that their
workforce is correctly producing the product. One such chain, Pizza Hut, plans to use a
software troubleshooting program on their company intranet as a vehicle for their restaurant
staff to find out why the product has failed to reach the high quality expected. Using just 7
steps the operative can check out any problem connected with a baked Pizza and its dough
and quickly get the corrective action to restore product quality to its high standard. The
benefits to these industries are consistent brand image and returning customers — a concept
treasured by many in our industry. Another example is a 'Hot X Bun' advisor developed for
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use in an in-store bakery in a UK supermarket chain. Here troubleshooting software helped
the baker produce what was advertised as 'the best hot X bun in the world'!

Teaching and training - the knowledge used to develop software such as the Cake Expert
System can be re-cycled and used for other purposes. The British Nutrition Foundation
(Young, 2002) commissioned a simpler version of the system for use in the UK's schools. Of
course the look and feel of the program had to cater for the school users' understanding of the
technology of cake making along with the nutritional aspects of the end product. In order to
get over the message about how changing a product's ingredients to achieve a healthy-eating
cake had effects on the structure and success of the product, the rules about balancing a cake's
ingredients were linked with the nutritional quality of the finished product. The school child
could use the medium of computing to design their healthy-eating cake in the computer lab
before taking the recipe into the kitchen to produce. This program was given free to every
secondary school in the UK and the CDT teachers can use it as a teaching aid.

For the baking scientist or baker in employment who wants to learn more about the
technology of baking the traditional options grow narrower as throughout the world the
colleges teaching baking get fewer by the day. Organisations in the UK such as the Bakery
Training Council (soon to be absorbed into the Sector Skills Council encompassing the wider
categories of Food (Meat, Dairy etc.)), have developed CD-ROMs for the baker to use as
learning resources. One contains learning materials for the National Vocational Level 1
qualification and is, in effect, a book on a computer, to be read as a series of workbooks with
'Activities' to be undertaken in the workplace. A second CD-ROM provides the novice baker
with a series of learning resources - e.g. references for books, magazines, URLs of useful
websites, videos and CD-ROMs along with details for useful Professional Organisations. The
emphasis is shifted towards providing 'learning' materials rather than providing the 'teaching'
that some Distance Learning packages offer.

CONCLUSIONS

The software I've described in this paper have both indirect and direct savings for the
consumer. The indirect ones come from the use by technologists of product design tools such
as the Cake Expert System and the Bread Advisor where the ideas for new products or
processes can be investigated and fine-tuned at the PC. This makes the time to market for
new products much shorter and more cost effective and products can be developed more
cheaply. The direct benefits come from ensuring the safety of the product and give
confidence to the consumer for the product with its 'use-by' date. Likewise in enjoying
products such as pizzas or hot cross buns the consumer benefits from a consistent good
quality brand standard product. The consumers of tomorrow - our schoolchildren - can learn
how interactive developing a baked product can be and, who knows, we may be able to tempt
them to become cereal scientists too!

The 'Pat-a-Cake bakers man' of the nursery rhyme of yester-year was proud to please his
customers using his hands and his experience. The benefits for our industry of embracing
software progams and techniques are limitless - from more effective product design,
investigation of quality defects to ensuring the safety of our products and maintaining the
quality standard set for a product. A key role for cereal scientists and technologists in such
developments is the provision of sound and validated knowledge for software developments.
By combining these skills with those of the IT programmer we can help our 'Pat-a-Cake
bakers man' to quickly provide those products demanded by the consumer.



394 'We'll have it for T'

REFERENCES

Whitworth, M.B.and Alava, J.M (2004) Non-destructive imaging of bread and cake structure
during baking, Proceedings of 12th ICC Cereal and Bread Congress, Woodhead Publishing
Ltd, Cambridge, UK
Whitworth, M.B., Cauvain, S.P. and Cliffe, D. (2004) Measurement of bread cell structure by
image analysis, Proceedings of 12th ICC Cereal and Bread Congress, Woodhead Publishing
Ltd, Cambridge, UK
Young, L.S. (2002) Using Computers in Design in the Food Industry, Proceedings of BNF
National Nutrition Education Conference, Liverpool, UK



A COMPARISON OF VISUAL ASSESSMENT AND DIGITAL
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ABSTRACT

Bread is inherently irregular in conformation and it is not straightforward to quantify its
physical structure. With digital image analysis, meaningful features of textured surfaces
can be obtained using spectral and fractal methods. The objective of this work was to
compare some bread crumb features obtained using fractal analysis with visual
characteristics obtained by panellists. Ten trained panellists were asked to rate 140
bread-crumb images (520 X 520 pixels) on number of cells, uniformity, and orientation,
using continuous line scales. Several methods to estimate fractal dimension of surface
intensity were programmed in Matlab 6.1. The images that were rated as moderately to
highly orientated by panellists presented a high textural orientation in their power
spectra in the range of 90-135 degrees. The number of cells (visual) was better
correlated to the fractal dimension by the method of relative differential box-counting
(R=0.863) followed by the method of fractional Brownian motion (R=0.750). The range
of coarsest to finest crumb corresponded to a fractal dimension of 2.36 to 2.54. The
degree of crumb uniformity (visual) showed good correlation to the mass fractal
dimension of the pore space (R=0.853) followed by the frequency domain method
(R=0.747). In summary, the fractal texture analysis is a suitable method to assess the
grain quality of bread and to characterise such uneven structures including pores,
heterogeneity, and apparently replicating structures.

INTRODUCTION

By definition, a truly fractal object has self-similarity or morphological characteristics
that are scale invariant (Peleg, 1993). Fractal functions represent a good model for
describing the rough, crenulated and crumpled 3-D surfaces typical of natural scenes.
The characterisation of surface irregularity has been applied so far to a great diversity of
phenomena and materials, such as fracture surfaces, wear and erosion, corrosion (Russ,
2002), soil structure (Anderson et al., 1996), fabric appearance (Hu et al., 2002), among
others. Quevedo et al. (2002) characterised surface roughness of several food materials
including some fruits and vegetables, bloomed chocolate and gelatinised starch
granules.

Bread, like many other porous systems, is inherently irregular in conformation and it
is not straightforward to quantify its physical structure and quality. Among other
important factors, the quality of a white bread loaf is related to its crumb cell structure.
Kamman (1970) indicated that close examination of different slices reveals considerable
variation in the cell size even within a single sample. Relatively large cells characterise
what is called an "open" cell structure (coarse grain), and, conversely, small cells create
a "close" cell structure. However, it is possible to have a uniformly open grain, a
uniformly close grain (uniform or homogeneous grain in both cases), or a combination
of variously-sized cells (not uniform or heterogeneous grain). Since the traditional
method for evaluating crumb grain for bread scoring is time consuming (panel training)
and still subjective, the aim of this work was to correlate some crumb grain features
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visually rated by panellists with features obtained by using digital fractal and texture
analysis.

MATERIALS AND METHODS

Image analysis

Forty loaves of bread were sliced transversely using an electric slicer to obtain 15-mm
thick slices. They were scanned on both sides using a flatbed scanner (HP ScanJet
5470c) with 350 dpi of resolution. The images were saved in RGB TIFF format. One
hundred and forty images were chosen from the complete set so that a wide range of
crumb qualities was considered. The centre of each slice was cropped to a square of 520
x 520 pixels (representing 40 x 40 mm2 of the slice area) and converted to grey-level
image (8 bits). Five methods to estimate fractal dimension (FD) of intensity surface, two
spectral texture techniques and three features from grey-level co-occurrence matrices
were written and run in Matlab 6.12. Brief descriptions of the methods and their sources
are shown in Table 1.

Method (Source) Description
Fractional Brownian Textures possessing the property of self-similarity can be analysed using
motion (FDFBM) statistically self-similar stochastic fractals.
(Chan, 1995)
Frequency domain The degree of homogeneity of an image is indicated by the slope of the plot
(FD t iT) (Pentland, 1984) energy of power spectrum (Fourier transform) versus horizontal and

vertical frequencies.
Relative differential box- The FDRDBC is estimated from the power-law scaling equation. Cubic boxes
counting (FDRDBC) of different size are mounted into columns and intercepted with the
(Jin et al., 1995) intensity surface of the image.
Morphological After image binarisation using the fuzzy method, the difference in pore-
Method (FDM) background interface area between dilated and eroded images Sc are
(Hu et al., 2002) calculated for different structuring elements (s = 1 to 7).
Mass fractal (FDMF) TO estimate FDMF> the pore space of a binary image is filled with
(Anderson et al., 1996) progressively larger boxes, or pore m-pixels.
Fourier power spectrum Because the angular distribution of values in the Fourier power spectrum F2

(Weszka et al, 1976) is sensitive to the directionality of the texture i n / averages of F2 taken over
wedge-shaped regions were computed for the angles with center in 0, 45,
90, 135 (± 22.5).

Relative orientation (f6) The major and the secondary peaks (high energy) of the Fourier power
(Liu & Jernigan, 1990) spectrum are found and their orientations calculated.
Co-occurrence matrices These matrices contain elements that are counts of the number of pixel
(Haralick etal., 1973) pairs for specific grey levels with distance = 1 pixel and in four directions.

Features computed from the averaged matrices were variance, correlation
and fi2.

Table 1. Algorithms used for computing fractal dimension and other digital textural
parameters.

Sensory evaluation

A panel often assessors was trained in descriptive analysis of bread crumb images and
the use of scales with reference standards. Continuous scales were employed to record
the visual sensory rates of the images using the following three descriptors: (i) Fineness:
defined as the visual estimation of the amount of gas cells; the continuous scale
presented 8 equally-spaced points. The reference standards from coarsest to finest grain
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of the Porentabclle scale (Dallman, 1969) were anchored to each point over the scale; ii)
Degree of uniformity: which refers to the degree of homogeneity of the pore sizes. This
attribute was rated on a continuous category scale with the following unipolar intensity
adjectives: poorly, slightly, moderately, very and highly uniform; and iii) Orientation:
the degree of orientation of the crumb structure was rated on a continuous category
scale containing the words: not oriented, moderately oriented and very oriented. For
both degree of uniformity and orientation, reference standard images were attached to
the extremes of the scales.

An incomplete block experimental design was devised for the three descriptors used.
Sets of 14 images were evaluated per session and assigned randomly to the panellists in
different sessions so that all the results were the average of 5 replicates. The stepwise
regression option of SAS (v.8.02) was used to select the best predictors of the sensory
responses.

RESULTS AND DISCUSSION

The FD dynamic ranges were variable according to the algorithm used. The
morphological (FDM) and the pore mass fractal (FD^) methods presented the highest
dynamic ranges of fractal dimension: [1.939, 2.426] and [2.523, 3.754]. The ranges for
the fractional Brownian motion (FDFBM), frequency domain (FDFPT), and relative
differential box-counting (FDRDBC) methods were [2.442, 2.589], [2.559, 2.742], and
[2.361,2.541], respectively.

Pentland (1984) stated that FD correlates quite well with human perception of
smoothness versus roughness of surfaces and is the most accurate method to be related
with those properties. The FD increases as the intensity surface of the bread-crumb
image becomes rougher. In other words, for bread-crumb images, the finer or more
homogeneous the bread-crumb, the higher the FD. Fig. 1 (A and B) shows the
relationship between these visually-determined sensory properties and the FD values.
Because human perception of sensory signals involves non-linear processing of sensory
information by a massive network of neurons (Gao et al., 1999), it was expected that
second-order terms were required in predicting fineness and uniformity of crumb
structure.

The relative differential box-counting method appeared to correlate very well with
the panellists' perception of grain fineness (Fig. 1A). Table 2 shows the best three
models to predict fineness. The polynomial model (2) was found statistically better in
predictive terms (PO.01) than the simple linear model (1). However, the inclusion of
the stepwise-selected feature f̂  (a measure of image correlation) in model (3) improved
significantly (P<0.01) the predictive capacity of model (2). This is because i\2 is a
measure of the linear dependencies of grey level values in an image, It will be higher for
an image with large areas of similar intensities than for an image with noisier,
uncorrelated scenes (Haralick et al., 1973).

The mass fractal dimension was shown to be a good predictor of degree of
uniformity of the crumb grain (Fig. IB). If the pore space is predominantly formed of
small discrete pores (homogeneous grain), only small boxes will fit in the pore space
rather than large boxes. One sample may have greater porosity than another, but if the
pore space is more heterogeneous it will tend to have a smaller FDMF value.
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Figure 1. Fineness (A) and degree of uniformity (B) of bread crumb structure assessed
by panellists compared to fractal dimension values.
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The best three models to predict grain uniformity are shown in Table 2. Once more,
this property is predicted significantly better by the second order polynomial model (5)
than by its linear counterpart (model 4). Although the addition of the term FDFFI

(model 6) resulted significantly (P<0.01) in an enhanced model, the terms of model (5)
appear to be sufficient for the prediction as its r-value did not increase substantially
(from 0.901 to 0.905).

In the case of bread-crumb orientation, the features from the Fourier power spectrum
and f6 (Table 1) could not predict the panellists' perception. But it was found that 70%
of the images considered as moderately to very oriented showed a high orientation
between the angles [90, 135] and 67% of the images rated as not or nearly not oriented
(1.0 - 1.3 on the continuous scale) presented high energies in the wedges of the
spectrum with centres 0 and 90 (i.e. x and y axes).

Regression models Rajj
Fineness (F)

(1) F =-89.26 T 38.76 FDRDQC 0.878
(2) F = -1206.15 + 954.54 FDRDBC - 187.68 FDRDBC2 0.903
(3) F =-1102.77 +883.41 FDROBC-176.21 FDRDBC2 + 87.28 f12 0.933

Uniformity (U)
(4) U = -6.3 8 + 3.24 FDMF 0.873
(5) U = -29.05 - 18.29 FD^ - 2.48 FDMF 2 0.901
(6) U = - 2 9 . 6 3 - 1 5 . 5 2 F D M F - 2 . 7 1 F D M F 2 + 1.38(FDM FXFDF F T) 0.905

Table 2. Multiple regression models that best predict visual responses showing adjusted
coefficients of correlation (P<0.01)

CONCLUSIONS

The high correlation between FD and visual appearance of the bread-crumb images
clearly validates the usefulness of the fractal approach for the study of bread grain
structure and quality. The FD obtained with the box-counting method and the feature fi2
can be used to determine the grain fineness (model 3), while the pore mass FD is the
best predictor of grain uniformity (model 5). Finally, no model to predict grain
orientation could be ascertained from the textural features used here, although results
showed that a high orientation of the image power spectrum between the angles [90,
135] may be strongly perceived by the panellists.
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ABSTRACT
The presence of acrylamide in a number of fried and oven prepared foods was published
recently and has caused world-wide food safety concerns. Acrylamide is a well-known
neurotoxin and considered as a probable carcinogen for animals and humans. Its presence
was especially demonstrated in food products of plant origin, including baked or fried
potato products and bakery products.

Previous studies have shown that acrylamide is formed from L-asparagine at food
processing temperatures exceeding 120cC. Hence, in bread products acrylamide is mainly
found in the crust at levels of up to 230 ppb. In the crumb hardly any acrylamide was
detectable because the temperature does not exceed 100 °C during baking. Furthermore, the
choice of the flour, the addition of sugar, and the baking temperature affected the formation
of acrylamide in the crust. As expected, the addition of L-asparagine to the dough strongly
stimulated acrylamide formation.

Since acrylamide is formed from L-asparagine, the idea occurred to convert L-
asparagine in dough before the actual baking process in order to prevent acrylamide
formation. For that purpose, a gene coding for asparaginase was cloned from the food-
grade organism Aspergillus niger and expressed in its native host. The resulting strain was
fermented, and the asparaginase was subsequently purified and added to dough. This
resulted in a significant reduction in acrylamide level in bread crusts. In Dutch honey cake,
for example, a reduction of more than 95% was obtained.

INTRODUCTION

In April 2002, the Swedish National Food administration and a research group of the
University of Stockholm discovered the presence of significant levels of acrylamide in
carbohydrate-rich foods, heated to high temperatures. Bergmark et al. (1997) reported the
first link between the formation of acrylamide and the heating of vegetable material, and
showed the presence of acrylamide in tobacco smoke. Since acrylamide is known to be a
potentially carcinogenic compound and a very potent neurotoxin, this has lead to
worldwide food-safety concerns.
Johnson et al. (1986) described the effect of high acrylamide levels in feed on rats and
found that this compound is an extremely toxic compound. The used dosages were,
however, much higher than the daily intake in humans and the harmfulness for man is
therefore still unclear. To get better insight in the effects of food-borne acrylamide on
human health, the EU has committed 4.2 million euro for basic research for the next 3
years.
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Studies of Mottram et al. (2002) showed that acrylamide is formed from sugars and free
amino acids, almost exclusively asparagine, in food preparation processes exceeding 120
CC and highest acrylamide formation was demonstrated around 170 °C. Free asparagine is
abundantly present in potatoes and in lesser amounts in cereal-based flour. On the Internet a
lot of information on acrylamide levels in potato and flour based products is available. The
variation in acrylamide levels in similar products is high, probably as a result of the applied
food production process. Generally, the acrylamide levels in potato products (French fries,
potato crisps) were considerably higher than in bread products. The official limit for
acrylamide in the United Kingdom is 10 ng/kg and this value is based on the migration of
acrylamide into food from plastics and other packaging material. The detected levels in
heated food based on potato and flour considerably exceed this limit.
Currently, it is advised to reduce acrylamide formation by using low sugar dosages and
adjusting the temperature profile during the baking process. In this paper an alternative
method is presented, namely the incorporation of the enzyme asparaginase (L-asparagine
aminohydrolase, EC 3.5.1.1) into dough. It was found that addition of this enzyme
(partially) prevents the formation of acrylamide during the baking of bread and Dutch
honey cake. Apparently, asparaginase is capable of converting the acrylamide precursor L-
asparagine into L-aspartate by enzymatic deamination of L-asparagine also in the complex
matrix of the dough system prior to the final baking process.

CHEMICALS AND APPLIED TECHNIQUES

Asparaginase samples

Commercial asparaginases from Escherichia coli and Erwinia chrysanthemii were obtained
from Sigma. Asparaginase from the food-grade Aspergillus niger was obtained by cloning a
gene encoding for a putative asparaginase and expression of this gene in its native host
under control of a strong promoter. The resulting strain was fermented, and the
asparaginase was subsequently purified by ultrafiltration and added to dough.

Preparation of Batard breads

To test the effect of asparaginase, a batard type bread was prepared by mixing 2000 g flour,
1040 ml water, 44 g fresh Konings yeast ® (DSM-Bakery Ingredients), 136 mg ascorbic
acid and the indicated amounts of asparaginase, expressed in ppms in relation to the amount
of flour. The dough was proofed for 15 minutes at 32 °C, rounded by hand, proofed for 15
minutes, rounded, and moulded, followed by a final proof for 75 minutes. Hereafter,
incisions were made, followed by baking in an oven at 240 °C during 30 minutes.

Preparation of Dutch honey cake

Preparation of Dutch honey cake took place in two phases. In the first phase a pre-batter
was made as follows: 4 kg Koekzoet® (Atlanta Dethmers B.V., Holland) and 500 g
fragmented Dutch honey cake was added to two liters of water and heated until a
temperature of 116 °C is reached. 5 kg rye flour was added and this is mixed until the batter
is smooth. Hereafter, the dough is stored at room temperature for 1 - 2 days.
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Per 2750 g of this pre-batter the following ingredients were added: 500 g Koekzoet®, 27,5
g sifted Dutch honey cook spices, 22 g sifted Karam® Baking powder , 16,5 g Vulkaan®
Baking powder (all of Atlanta Dethmers). Furthermore, various amounts of Aspergillus
niger asparaginase were added. After mixing, 3250 g batter was weighted out and wetted
on the outside and panned in a cake pan. Hereafter, the batter was incubated at 30 °C for
105 minutes. Hereafter, the batter was baked at 180 °C for 60 minutes.

Sampling and Analysis

Samples of the outside layer (the outer 2 rnm) ("crust") and the inner site ("crumb") were
analyzed on the presence of acrylamide. A part of the crust was selected that showed an
average brown color, not too dark and not too white. After the sample was dried and
grinded, water and an internal standard (acrylamide 1,2,3-13C3) was added and subsequently
mixed and centrifuged. The clear layer was transferred to a sample preparation column. The
acrylamide was eluted with ethylacetate. This eluate was gently concentrated under
nitrogen to 500 u l The solution was analysed by gas chromatography (Hewlett Packard
6890) using a CPWAX 57CB (25 m, 0.32 mm, 1.2 um) column and detection was
performed by mass spectrometry (MSD). Detection was performed using on-line chemical
ionisation mass spectrometry in positive ion mode, using methane as ionisation gas. The
characteristic ions m/z 72 (acrylamide) and m/z (13C3 acrylamide) were monitored for
quantification.

RESULTS

Only in the bread crust the presence of acrylamide was demonstrated, acrylamide was not
detectable in bread crumb (< 30 ppb).
With the aim to investigate the effectivity of asparaginases derived from various
microorganisms, their effects on acrylamide level were investigated in batard breads (Table
1).

1
2
3
4

Origin
Asparaginase
-
Erwinia
E. coli
A. niger

of Asparaginase
dosage
0
2.0
1.0
0.1 ml*

Acrylamide (ppb)
in crust
74
51
60
60

* : added as culture ultrafiltrate

Table 1. Effects of several types of asparaginases on acrylamide formation in bread crust.

Despite that the absolute decrease looks small, the reduction was calculated to be
statistically significant. From the above table it is concluded that the use of several types of
asparaginases, including the novel Aspergillus asparaginase, decreased the level of
acrylamide formed in the crust.
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Since the formation of acrylamide is the result of the Maillard reaction between sugar and
L-asparagine, the effects of the addition of sucrose, L-asparagine and asparaginase were
investigated (Table 2).

Treatment
Flour
type

Added
sucrose
(g/kg
flour)

Added
asparagme
(PPm)

Aspergillus . . ., . , . ,
. Acrylamide Acrylamide

niger . J . ,J ..
* . m crust reduction

asparaginase
(ml)*

1

1

2

3

4

5

n.r.

normal

whole
wheat

normal

normal

normal

normal

0

0

250

250

250

250

, not relevant
added as culture ultrafiltrate

0

0

0

0

600

600

0

0

0

1.0

0

1.0

74

227

220

110

847

97

n.r.

n.r.

n.r.

50

n.r.

89

Table 2. Effects of sugar, L-asparaginc, the choice of flour and addition of A. niger L-
asparaginase on the acrylamide level in bread crusts.

The presence of sugar clearly stimulated the formation of acrylamide. If in addition
asparagine was added, this effect was even more pronounced. Also the choice of the flour
used for baking affected the acrylamide level in the crust. However, when A. niger
asparaginase was added to this sugar-rich dough system, the acrylamide level in the crust of
the bread was significantly reduced. Surprisingly, for the loaves relatively rich in
acrylamide, the acrylamide reduction was much more whilst using the same amount of
asparaginase yielded from A. niger. Table 3 summarizes the effect of different dosages of
A. niger asparaginase on the level of acrylamide in the crumb and crust of Dutch honey
cake.

Added asparaginase (ml)

Reference

1

2.5

Acrylamide in

Crust

1077

75

158

sample (ppb)

Crumb

3411

172

92

Acrylamide reduction (%)

Crust

93

95

Crumb

95

2.5

Table 3. The effect of various A. niger dosages on the acrylamide content in Dutch honey
cake.
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The addition of 1 ml culture ultrafiltrate containing Aspergillus niger asparaginase reduced
the acrylamide content to 5% compared to Dutch honey cakes that were not treated.
Furthermore in Dutch honey cake a high level of acrylamide is found in the crumb. In all
bread experiments, the amount of acrylamide in the crumb was below the detection limit of
acrylamide analysis (<30 ppb), even when asparagine or sugar was added.

CONCLUSIONS

In bakery applications, a variety of enzymes is used in the dough matrix, for instance for
gluten development and dough firmness, emulsification, bleaching, etc. Asparaginase can
have a valuable contribution among these enzymes by preventing the formation of the
suspected harmful compound acrylamide during the baking process. In bread crumb it was
demonstrated in the past that the temperature generally does not exceed 100 °C and, as
expected, no acrylamide was detected. In bread crusts, an acrylamide reduction was
observed of at least 20%, and when L-asparagine was added to the dough, the relative
reduction was about 90%. In Dutch honey cake the reduction was even higher, namely
95%. The observation that A. niger asparaginase was relatively more effective when
significant amounts of L-asparagine were added, can be explained by the high KM value of
the enzyme, namely 2.4 mM. It is expected that by using an asparaginase with a lower KM
value, the enzyme will be more effective during the preparation of products that contain
relatively lower amounts of L-asparagine. The application potential of asparaginase will
depend on the findings concerning its real harmfulness for man and the official limits that
will be dictated by the regulatory authorities.

REFERENCES

Bergmark, E, Calleman, C.J., He, C.J., and Costa L.J. (1997) Hemoglobin Adducts of
Acrylamide and Acrylonitrile in laboratory workers, smokers and non-smokers. Chemical
Research in Toxicology 10: 78-84.
Johnson, K.A., Gorzinsky, S.J., Bodner, K.M., Campbell, R.A., Wolf, C.H., Friedman,
M.A. and Mast, R.W. (1986) Chronic Toxicity and Oncogenicity Studies on Acrylamide
Incorporated in the Drinking Water of Fischer 344 rats. Toxicology and Applied
Pharmacology 85: 154-168.
Mottram, S.D., Wedzicha, B.L. and Dodson, A.T. (2002) Acrylamide is formed in the
Maillard Reaction. Nature 419: 448-449.



WHOLE GRAIN KNOWLEDGE AND ENVIRONMENTAL
INFLUENCES AMONG HEALTH CLUB MEMBERS

L. Marquart1, M. Cray1, T. Burgess Champoux1 and J. Sobal2

'Dept. Food Science & Nutrition, U. Minnesota, St. Paul, MN 55108, USA
2Dept. Nutritional Sciences, Cornell U. Ithaca, NY 14853, USA

ABSTRACT

Considerable epidemiological and clinical data suggest whole grain (WG) intake reduces
risk for certain chronic diseases. Public policy guidelines encourage greater WG intake.
However, WG consumption remains below recommended levels and consumer
understanding is minimal. There is a need to understand how consumers think about WG in
order to effectively research, educate and market WG foods.

A 21-item self-administered questionnaire was developed based upon the Social
Cognitive Theory and previous research. The survey included: demographics, exercise
habits, knowledge and classification of WG and influence of environmental factors. A total
of 103 respondents, 64% female, from a local health club completed the survey. All
respondents except for one were regular exercisers.

In terms of WG knowledge, most did not know how to identify a WG food, the
recommended number of servings nor potential health benefits related to chronic disease.
When asked "what makes a food a WG", the most common responses were that it was
unprocessed or the entire grain was used. Respondents indicated that people likely to
consume WG were health conscious and more educated. Occasions where some
respondents felt it would be difficult to eat WG included fast food restaurants, eating on the
run, and for snacks.

This research suggests consumers have limited WG knowledge, emphasize processing
methods in the identification of WG foods and have some understanding of situations
where WG might be consumed. Additional behavioural research is needed to clarify
consumer issues related to WG consumption.

INTRODUCTION

Significant scientific evidence suggests whole grains reduce risk for various chronic
diseases including heart disease (Jacobs et al, 1998; Liu et al, 1999; Anderson, 2003),
some cancers (Jacobs et al, 1998; Chatenaud et al, 1998), type 2 diabetes (Meyer et al,
2000; Liu et al. 2000; Fung et al, 2002; Murtaugh et al, 2003) and all-cause mortality
(Jacobs et al., 1999; Jacobs et al., 2001; Liu et al., 2003). The Healthy People 2010 Goals
for Americans include the objective to "Increase the proportion of persons aged 2 and older
who consume at least 6 daily servings of grain products, with at least 3 being whole grains"
(USDA, DHHS, 2000). At present, few in the U.S. are meeting the whole grain portion of
this objective. Data from the United States Department of Agriculture (USDA) 1994-96
Continuing Survey of Food Intakes by Individuals (CSFII), indicated that just 10% of those
20 to 59 years of age were consuming 3 or more servings of whole grains daily (Kantor et
al., 2001). Likewise, intake of whole grains among U.S. children and adolescents was
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found to be low with just 9% of those 2-19 years of age consuming 3 or more servings of
whole grains daily (Harnack et al., 2003).

There is a need to investigate and understand consumers' knowledge, attitudes and
behavior regarding intake of whole grain foods (Adams and Engstrom, 2000; Kennedy and
Davis, 2000; Reicks, 2001). Research can provide a clearer understanding about the
individual along with social, environmental, and behavioural factors that influence the
intake of whole grain foods. These factors may be addressed by the development of
consumer friendly criteria for the identification of whole grain foods to facilitate purchase,
strategies for consumers to incorporate whole grain foods into their daily diets, and
compelling messages that promote increased consumption. Consumer research is
necessary for education, marketing, product development, and multi-component whole
grain interventions (Marquart et al., 2002).

METHODS

A 21-item self-administered questionnaire was developed based on the Social Cognitive
Theory (Bandura, 1986; Baranowski, et al., 2002) and previous research (Sobal and
Cassidy, 1987; 1990). The survey included: items regarding demographic information,
current exercise habits, knowledge, perceptions and classification of whole grains, and
influence of social and environmental factors on whole grain intake. The survey was pilot
tested with 25 nutrition, liberal arts, and dance students. Several questions were revised to
broaden the scope of the survey, modify format, and improve clarity. The first three survey
questions were used to determine demographic characteristics regarding respondents' age,
sex, and ethnic background. The next four questions assessed respondents' exercise habits,
i.e. the type, frequency, duration, and intensity of exercise. In order to assess general whole
grain knowledge, and thus potential behavioural capability, a series of knowledge-related
questions were posed. To assess familiarity and/or use of whole grain foods, members were
asked if they had ever heard of the term "whole grain foods', and how often they may have
used that term. To examine how these concepts are concretely represented, participants
were asked to name three foods that were whole grain. To further clarify participants'
conceptualization of whole grain they were asked to name three refined grain foods.
Participants were asked what makes a food a whole grain food. This strategy of asking
subjects to name foods that were or were not part of a given food category has been used to
conceptualize diet foods (Sobal and Cassidy, 1987), and examine perceptions of dieting and
fattening foods (Sobal and Cassidy, 1990). To assess the influence of social, environmental
and temporal influences, members were asked what kinds of people are and are not likely to
eat whole grain foods. They were also asked where and when people were and were not
likely to eat whole grain foods. In order to examine individual knowledge, participants
were asked about the recommended number of whole grain servings per day and about the
benefits of consuming whole grains. Lastly, members were asked how they identified
whole grain products.

Data were collected in a large athletic club in a suburb of Minneapolis, MN by placing
an acrylic ballot box in a high traffic area on a display table next to the self-administered
surveys along with consent forms. A poster was mounted on an easel adjacent to the table
that detailed the nature and aims of the study. Both the poster and consent forms invited
club members to fill out the survey with contact information provided in the event the
respondents had questions or concerns. Those members who chose to respond signed the
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consent form, completed self-administered the survey, and placed them in the secure ballot
box.

Data were entered into a computer and analyzed using the internal statistical package of
the Microsoft Excel program. Frequencies, or means and standard deviations were
calculated for age, sex, ethnic background, and the type, frequency, duration and intensity
of exercise. Codes for meanings were developed from themes emerging from the data. The
initial coding was reviewed by the researchers to obtain consensus regarding any
ambiguities or discrepancies in the interpretation of data.

RESULTS

A total of 103 respondents completed the whole grain survey. They tended to be female
(64%), Caucasian (98%), and between 31-70 years of age (74%). All respondents except
one were regular exercisers; most exercised between 3-5 times per week for at least 30
minutes per session. The self-reported rating of intensity level for exercise typically ranged
from moderate to intense. Eighty percent of respondents engaged in both cardiovascular
and weight training exercise, and about half of these individuals included some type of
flexibility training.

Familiarity with the term "Whole Grain"

When asked, "Have you ever heard of the term 'whole grain foods'?", only two
respondents answered negatively. However, when asked how often they used this term
themselves, the responses varied widely, from often to never. The most common responses
were sometimes (37%) or rarely (37%).

Familiarity with whole grain foods

When asked to name three foods that were whole grain, the most frequent responses
included 'brown rice' (22%), 'some breads' (20%), and 'oatmeal' (19%). About 70%
mentioned bread, and 27% said cereals. Specific terms were used to describe whole grain
breads 'whole wheat' (15%), whole grain (12%), and 100% whole wheat (7%). There were
considerably fewer responses naming foods other than breads or cereals, and interestingly,
beans (6%) were named as a whole grain food six times. When asked to name three foods
that were not whole grains, top responses included 'white bread' (39%), 'white rice' (17%),
and, 'fruit' (15%). Other frequent answers were non-grain foods such as 'pasta' (14%)
'beef (10%), 'meat' (9%), 'vegetables' (9%), and 'ice cream' (9%).

Meaning of whole grain

When asked, "What makes a food a whole grain?," respondents frequently mentioned
'unprocessed grain' (16%), 'entire grain used' (14%), or 'grain left intact, not processed'
(12%). The majority of respondents demonstrated an understanding that the term 'whole
grain' was associated with a less processed and/or refined flour, cereal or product.
However, there was limited awareness that most whole grain foods were, in fact, processed,
and so it appeared that confusion existed between the characteristics of processed foods and
whole grain foods.
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Social and environmental situations

When asked, "What kinds of people are most likely to eat whole grains?", respondents
referred to 'health-conscious' (34%), 'healthy' (12%) and, intelligent or well-educated
(12%) people, who tended to be proactive regarding their health. They were thought to be
most successful in their efforts to consume whole grain foods in their homes, or in
environments such as health food stores or particular restaurants where their nutritional
wants could be addressed in a specialized manner.

When asked, "What kinds of people are NOT likely to eat a whole grain food?",
respondents mentioned 'children' (11%), people who want 'convenience foods/fast foods'
(10%), those who don't know the 'benefits' (10%), are 'not health conscious' (9%), and
'uneducated' (9%) and 'careless' (6%) about their diets. Associations were made between
refined grain products and people who practice unhealthful lifestyles, such as a lack of
exercise (5%) and, 'don't care about their diets' (6%).

When asked, "When are people most likely to eat whole grains?", 'at breakfast' (43%)
was by far the most frequent response. Numerous replies indicated that respondents
believed there was a greater likelihood of whole grain consumption during specific
mealtimes iunch' (10%), 'dinner (8%), and also when individuals had sufficient time to
prepare (6%) whole grain foods at home and learn about their benefits (5%). When asked,
"When are people NOT likely to eat whole grains?", responses were related to snacking
(17%) eating 'on the run, or in a hurry' (15%), and at 'fast food restaurants' (10%).
Interestingly, some specific meals, such as 'lunch' or 'dinner', were mentioned both as
times people would be likely to eat whole grains, and as times that people would not be
likely to eat whole grain foods.

When asked, "Where are people most likely to eat whole grains?", the most frequent
response was 'at home' (71%). Other responses reflected healthful food environments
including: 'health food stores' (11%), 'bread stores' (4%), 'vegetarian restaurants' (2%)
and, health food stores (2%). When asked, "Where are people NOT likely to eat whole
grains?", responses primarily reflected environments away from home, with specific
mention of 'restaurants' (43%), 'fast food restaurants' (25%) and 'at someone else's house'

Knowledge of whole grains

When asked, "What is the recommended number of servings of whole grains the average
person should get per day?", answers varied widely, ranging from only 1 to 11 servings
while 15% said 3 servings per day, 11% 6-11 servings and 8% 6 servings. There was no
consensus among participants regarding the recommended daily number of whole grain
servings.

When asked, "What are the benefits of consuming whole grains?", comments were
focused on the singular effects of fibre (31%), and on regularity and digestive health (25%).
There was much less knowledge and appreciation for the disease-fighting properties of
whole grains. For example, only 5% mentioned cancer, and only 1% mentioned diabetes.
Equal numbers of respondents mentioned concepts like 'better metabolism', 'more energy',
and 'big muscles'. It is clear that beyond the beneficial effects of fibre, which is only one
constituent of whole grains, the respondents demonstrated little knowledge of the potential
benefits of whole grain consumption.



410 Whole grain knowledge and environmental influences

The final survey question was, "How do you identify a whole grain product?" The most
common responses centred on label reading (55%) and scrutinizing the package (30%), but
many responses mentioned color or other appearance-related qualities that often act as
confounders (14%). Many of the respondents' other strategies not related to label reading
were generally invalid as dependable means of whole grain identification.

DISCUSSION

The results of this study suggest participants were familiar with the term whole grains, but
only sometimes or rarely used these words. Breads and cereals were most commonly
identified as whole grain foods while processing terms tended to be used in their
description. The most likely social and environmental situations for whole grain
consumption as perceived by participants was at home, for breakfast and use by health
conscious individuals. The perceived benefits of whole grain foods focused on fibre and
digestive function, rather than on the role of chronic disease reduction.

Means of identifying whole grain products mentioned by respondents included many
comments regarding label reading and scrutiny. This could be an effective strategy
providing one had sufficient knowledge of what to look for on the label. However, even
individuals with relatively extensive experience with whole grains are often confused in
regard to identifying whole grain products using food labels (Croy et al., 2004). For
example, appearance and colour were mentioned, but colouring agents are frequently used
to give the appearance of whole grain attributes, while avoiding the attendant changes in
texture and other characteristics that consumers may find unattractive. The word 'wheat'
was also mentioned by participants in this study, and often a term misconstrued by
consumers to mean whole grain.
Respondents' impressions of non-whole grain eaters were those generally uninformed or
who lacked an interest in health and wellness, or alternatively, people who simply did not
or could not go out of their way to seek out whole grain alternatives. Much was said about
the prevalence of refined grains and less-than-healthy food choices in the marketplace,
especially in fast food settings and other environments where people would be forced to eat
'on the run', or 'at work'. The consensus seemed to be that to consume whole grain foods,
at least on a regular basis, required not only awareness, but also much additional effort. It
was felt that one could not simply wait for whole grains to come to the marketplace, home
or restaurant. Individual effort was believed to be required at all of these points.
Consumption of whole grains was largely felt to be dependent upon forethought, planning
and execution of well-planned nutritional strategies.

Study limitations include a small volunteer sample that is not representative of the
general U.S. population, as they were primarily Caucasian, above average in education,
income level and health-consciousness. However, this preliminary research provides further
direction for exploring consumer understanding of whole grain foods. Additional studies
are currently being conducted to more fully understand what people think about whole
grains, and when, where, and with whom they are eaten.
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ABSTRACT

Wheat flour is one of the main ingredients responsible for quality in flour
confectionery goods including short dough biscuits and ginger bread. Quality of wheat
flour used for production of these items is determined by state standard. At the same
time there are numerous groups of confectionery items each of which has characteristic
requirements or quality indices. Flour quality criteria are not estimated independently
of initial flour quality and recipe of baked goods.

It is well known that application of special microadditives - improvers with
differing principles of action is an effective method for flour quality correction.
Application of enzyme preparations is a suitable direction for correction of flour
quality for different groups of flour confectionery goods. Advantages of their
application are confirmed by the fact that enzymes are natural additives having specific
influence on the components of flour and dough for directed control of biscuit and
gingerbread quality..

The following investigations have been carried out to develop biochemical
methods of flour quality correction:

• Researching the influence of wheat flour properties on rheological properties of
dough for biscuits and ginger bread;

• Researching the influence of different flour properties on the quality of biscuits and
ginger bread;

• Establishing the of interactions between flour quality, dough properties and flour
confectionery of good quality;

• Investigating the influence of the enzyme protease on flour quality , dough
properties and quality of biscuits and ginger bread.

It was determined that quality of short dough biscuits and ginger bread significantly
depends on flour properties . For achievement of good and uniform biscuit quality, the
most important indices were water absorption, dispersion composition, quantity and
quality of wet gluten for wheat flour.
Relationships between flour quality and rheological dough properties for biscuits,
which allow prediction of their final quality, were obtained.
Protease enzyme preparations improve biscuit quality as hemicellulase increase the
quality of ginger bread independently of initial flour properties.
Technological solutions for wheat flour correction via protease and hemicellulase
application for biscuits and ginger bread production were developed.
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INTRODUCTION

Wheat flour represents the product of processing wheat grain and is a most important
raw material for various branches of the food manufacturing industry, including the
baking industry, the confectionery industry, the pasta products industry and others.
Utilization of flour in the above industries has made it possible to accumulate certain
experience in the evaluation of its properties , particularly those properties that provide
the highest quality of products manufactured in the respective industries. The
requirements that are set forth for wheat flour, which is used in the baking industry are
determined by the USSR State Standards GOST 26574-85 entitled "Baking Wheat
Flour. Specifications." In order to manufacture flour confectionery items, one uses
baking wheat flour that is prepared according to GOST 26574-85, which provides for
the following indicators of quality: colour, aroma, flavour, content of mineral impurity,
humidity, ash content, whiteness, grinding fineness, the content and the quality of the
wet gluten, the magnetic metal impurity, the presence of insect-pests and the content of
general impurity. Among the above listed indicators of quality of the wheat flour, the
following are considered as having technological importance: the content and the
quality of the gluten, the fineness of the grinding, and the humidity.

As in other branches of the food manufacturing industry, the confectionery industry
is called upon to satisfy the population's requirements for foodstuffs. The purpose of
this research consists of developing technological solutions for correcting the properties
of the wheat flour that should be taken for manufacturing short dough biscuits and
ginger bread), that on the basis of studying the connection between wheat flour
qualityand the properties of the dough on the one hand with subsequent introduction of
corrections into the properties of the wheat flour by making use of the enzyme
preparations of protease and hemicellulase.
In order to achieve the purpose that has been set, the following tasks were set:

• a research of the properties of the base wheat flour;
• a study of the effect of wheat flour properties upon the rheological

properties of the ginger bread dough and the dough for sugar biscuits and
upon their quality;

• a study of the impact of dosage and duration of enzyme action , in
particularproteolytic and hemicellulase action upon the properties of the
wheat flour;

• a study of the impact of dosage and duration of enzyme action, in
particular proteolytic and hemicellulase action upon the properties of the
dough and the quality of the biscuits and the ginger bread.

MATERIALS AND METHODS

In the course of the research 27 samples of flour were used that were provided by the
open-type joint stock company "Moscow Factory of Bread Products". Samples No 1 - 3
were manufactured from durum wheat varieties (T.durum), sample No. 4 was made
from soft-grain wheat (T.Aestivum) and while samples No 5 to 27 had been
manufactured from hard-grain wheat (T.Aestivum) varieties.

In order to evaluate the properties of the flour, the following indicators were used:
• quantity of wet gluten (%) according to the State Standards GOST

27839-88;
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• quality of the gluten as gluten deformation index on instrument 1DK-3,
units;

• Falling Number value (s) according to the State Standards GOST 27676-
88;

• weighted average size of the particles (mkm) as obtained at the
instrument granulometer GUI-1;

• water absorption ability, that is, the ability of the wheat flour to keep
alkaline water (percent), by the method of centrifugation;

• P/L ratio of the Alveogram curve;
• viscosity of the water-fiour mix as determined by the instrument

"Amylotest-AT-97";
• dynamics of the changes in the viscosity of the water-flour suspension

during the process of the incubation for a period of 20 min under the
temperature of (22+2)°C, by the parameter \\i as obtained at the
instrument "Amylotest-AT-97".

Dough rheology was determined by the instrument "Structurometer-1" that measures
the relative plasticity and the relative firmness of the dough, as well as its adhesive
properties.
The ginger bread was prepared after the recipe of the "Simferopolskiye", while the short
dough biscuits were prepared according to the traditional technology, following the
recipe of the "Neva."
Correction of the properties of the wheat flour for biscuits and ginger bread was carried
out with Neutrase 1.5 BG, an enzyme preparation with proteolytic action, and enzyme
preparation of hemicellulase Pentopan 500 BG that had been provided by the
"Novozymes A/S" company (Denmark).

In order for us to determine the dependence of the properties of the ginger bread and
biscuits upon the properties of the wheat flour, the following were chosen as the
variable factors of the process:

Xi - the \]i parameter of the flour testogram curve, N/s;
X2 - the P/L ratio of the flour Alveogram, alveograph ;
X3 - the water absorption ability of flour, %.

In order to determine the dependence of the quality of the manufactured ginger bread
and biscuits on the properties of the ginger bread dough, the following were chosen as
the variable factors of the process:

X4 - the relative plasticity, %.
Complex characteristic were used for assessment of ginger bread and biscuit quality:

Y5 - the "quality index", units.
The "quality index", is an indicator that was specially developed for a comprehensive
appraisal of the quality of the manufactured ginger breadand incorporates both
organoleptic and physical-chemical quality indicators.
The following indicators and criteria for the evaluation of the quality of the ginger bread
were identified: the organoleptic evaluation includes the appraisal of the flavour, aroma,
colour and the regularity of the shape, the state of the surface; the physical-chemical
indicators include the water absorption and the specific mass.
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(1)
(2)
(3), where:

I1R1 = InRii + I12R12 + I13R13 + I14R14 + I15R15;
I2R2 = I21R21 + I22R22;
Q - quality index;
R - indicator significance ratio;
I1R1 - organoleptic evaluation (0,7);
I2R2 - physical-chemical indicators (0,3);
I11R11 - taste (0,3);
I12R12 - aroma (0,25);
I13Ri3- colour (0,15);
I14R14 - regularity of shape (0,2);
I15R15 - performance of surface (0,1);
I21R21 - swelling (0,5);
I22R22 - specific volume (0,5).

For the ginger bread and the sugar biscuits the following values of the "quality index",
depending on the characteristics were established: good quality — more than 3,11;
satisfactory quality - between 2,39 and 3,11; unsatisfactory quality — less than 2,39.
In order to determine the influence of proteolytical enzyme on flour quality, the
following variable factors of the process were chosen:

X5 - dosage of protease (0,015-0,090 AU/1 kg flour) or hemicellulase (54-324
FXU/1 kg flour):

Xe - duration of action of the enzyme protease preparation (0-120 min).
The properties of wheat flour evaluated by parameter optimization:

Yi- the water absorption ability of the wheat flour, %;
Y2 - the hydration ability of the wheat flour gluten, %;
Y3 - the gluten deformation index, units of special instruments IDK-3.

The rheological properties of dough for short dough biscuits and ginger bread were
evaluated by parameter optimization:

Y4 - the relative plasticity of the dough, %.

RESULTS AND ANALYSIS

The results of research on the dependence upon the relative plasticity of the dough with
regard to the "quality index" of the ginger bread that was cooked with the use being
made of different samples of the wheat flour are shown in Figures 1 and 2.
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Figure 1. Dependence of the "quality index" of ginger bread (A) and short dough
biscuits (B) upon the relative plasticity of the dough
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The results that have been obtained show that the relative plasticity produced a certain
effect upon the parameter under research - the "quality index" of the ginger bread and
the short dough biscuits.
The dependence of the "quality index" of ginger bread upon the relative plasticity of the
dough was characterized by a function of the second order with the extreme values
being located at point (97,5; 3,25). It has been established that there exists an area of the
relative plasticity of dough between 96,4 % and 98,5 %, within this range of the curve it
is possibleto manufacture ginger bread of good quality.
The dependence of the "quality index" of the biscuits upon the relative plasticity of the
dough was described by an ascending function of the first order.The effect produced
upon the "quality index" of the ginger bread and the biscuits by the following properties
of the wheat flour: the \\i parameter of the flour testogram curve, the P/L ratio of the
flour Alveogram and the water absorption ability of the flour was studied. A graphic
interpretation of the obtained data is shown in Figures 2-3.
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Figure 2. Dependence of the "quality index" of the ginger bread upon the properties of
the wheat flour (Xi- \\i parameter of the testogram; X2 - the P/L ratio of the fAlveogram;
X3- the water absorption ability of flour)

The results showed that the properties of the wheat flour under research produced an
effect upon the "quality index" of the ginger bread and the biscuits. The degree and the
character of the effect depended upon the initial properties of the wheat flour.The
dependence of the "quality index" of ginger bread upon the v|/ parameter of the
testogram curve was described by a function of the second order. The greatest values of
the "quality index" was reached under the least significant alteration in the viscosity of
the water-flour suspension, as evaluated from the flour testogram. The dependence of
the "quality index" of the ginger bread upon the P/L ratio of the Aalveogram curve was
described by a function of the second order. When this factor was increased from 2.8 to
3.35 units, an improvement in the quality of biscuit was registered, while subsequent
increase in the X3 factor from 3,.5 to 5.56 units resulted in a decrease of the quality
index.The dependence of the "quality index" of the ginger bread upon the water
absorption ability of the wheat flour was described by a function of the second order.
When the X3 factor was increased from 56.3 % to 85% %, an increase of the values of
the Y5 parameter was registered, while with subsequent increase of the X3 factor from
92.3 % to 94.8 % an insignificant decrease of the gingerbread quality was observed.



420 Biochemical correction of flour properties for biscuits and ginger bread

The dependence of the studied parameter (Y5) upon the factors under research (Xi, X2,
X3) was characterized by the same vector and by the same extreme values of the
"quality index", one that corresponded to a value of 3.26 + 0.01 units.
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Figure 3. Dependence of the "quality index" of short dough biscuits upon the properties
of the wheat flour (Xi - y parameter of the testogram curve; X2 - the P/L ratio of
theAlveogram; X3 - the water absorbing ability)

The dependence of the "quality index" of short dough biscuits upon the v|/ parameter of
the flour testogram curve was described by a function of the second order. When this
factor was increased to the value of 0.217 N/s, a decrease in the value of the Y5
parameter was registered, while with subsequent increases in the testogram parameter
an increase in biscuit quality was observed. This phenomenon suggests that the greatest
value of the "quality indices" for biscuits are recorded as a result of the greatest
alteration in the viscosity of the water-flour suspension, as shown by the testogram
curve.The dependence of the "quality index" of biscuits upon the P/L ratio of the flour
Alveogram was characterized by an ascending function of the first order. The
dependence of the "quality index" of biscuits upon the flour water absorbing ability
was described by a descending function of the first order.

The effects of the enzyme preparations of protease and hemicellulase upon flour
properties were established - the water absorption ability, the hydration ability of the
gluten, the resistance of the gluten to compressive strain and are represented graphically
in Figures 4 and 5.

An analysis of the data demonstrates that the use of the enzyme protease preparation
in the amount of 10 to 60 ppmlour produced an effect upon the properties of the wheat
flour. The water absorption ability of the wheat flour was decreased by 6 %, the
hydration ability of the flour gluten went up by 13 % to 29 %, while the deformation
gluten index (compressibility as according to instrument IDK-3) went down by 5% to
60 %. The greatest alterations in the properties of the wheat flour were registered at the
point when the maximum dosage of protease was introduced. Alsoand when the tested
dough was given a rest of 120 min.
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Figure 4. Dependence of flour properties (Y[- the water absorption ability; Y2 - the
hydration ability of gluten; Y3 - the deformation gluten index) from the protease
dosages (X5, ppm) and duration of the action (X^, min)

Figure 5. Dependence of flour properties (Y\- the water absorption ability; Y2 — the
hydration ability of gluten; Y3 - the deformation gluten index) from hemicellulase
dosages (X5, ppm) and duration of the action (X6, min)

Application of hemicellulase in the dosage of 54 to 324 FXU/kg of flour increased
water absorption ability of flour by 12%, the hydration ability of the flour gluten by 8-
26%, gluten deformation index — by 5-35% as compared with control without enzyme
adding. The possibility of using an enzyme protease and hemicellulase for correction of
wheat flour properties was thus demonstrated.

The effect of the protease upon the relative plasticity of the dough and upon the
"quality index" of the biscuits and of the ginger bread was studied. A graphic
interpretation of the obtained data is represented in Figures 6 and 7.
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Figure 6. Dependence of dough relative plasticity and "quality index" for short dough
biscuits from the protease dosages (X5, ppm) and duration of the action (X6, min)

When the dosage of the protease was increased from to 10-60 ppm ( of flour and the
duration of the action of the enzyme preparation was increased from 30 min to 150 min,
a stabilization of dough properties and quality of biscuits was observed (as compared to
the control). The least change in the properties of the biscuit dough and in the quality of
biscuits were registered in cases when the enzyme protease was introduced in the
amount of 60 ppm and when its action lasted for 150 minutes. The relative plasticity of
the dough went down by 1.1 %, while the "quality index" went down by 5 percent.

Figure 7. Dependence of the dough relative plasticity and "quality index" for ginger
bread from the hemicellulase dosages (X5, ppm) and duration of the action (X$, min)

An analysis of the data has shown that the use of hemicellulase in amounts from 54 to
324 FXU/kg of flour produced an effect upon the properties of dough and upon the
quality of ginger bread.The properties of the dough and the quality of ginger bread from
the control flour sample were changed to a significant degree as therest period was
increased to 150 min: the relative plasticity of the dough decreased by 2.0-12%, while
the "quality index" went down by 16 %. Addition of hemicellulase changed the
rheological properties of ginger bread and it quality: plasticity decreased by 6% and
"index quality" increased by 5-13% depending upon the amount of enzyme and
duration of dough rest.
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Figure 8. Influence of flour correction by 0.090 AU/kg flour protease on short dough
biscuit quality (1- control, 2- + protease)

Figure 8 shows the positive effect of biochemical correction of wheat flour properties
by adding protease. Initial quality of flour is characterized as follows: wet gluten - 29
%, deformation gluten index - 40 units IDK (strong gluten).

Figure 9. Influence of flour correction by 324 FXU/kg flour hemicellulase on ginger
bread quality (1- control; 2- + hemicellulase)

Figure 9 shows the application of hemicellulase for biochemical correction of a wheat
flour with the following properties: content of wet gluten 25% and deformation gluten
index - 80 units IDK (weak gluten) resulted in an increase in volume, better developed
texture and more regular shape.

CONCLUSION

Thus, the initial properties of the wheat flour produce a significant effect upon the
quality of the ginger bread and of the short dough biscuits. The application of enzyme
preparations of hemicellulase and protease represent a justified technological solution to
alter the properties of the wheat flour, the dough rheology and the quality of ginger
bread and short dough biscuits independencly of flour properties.Biochemical
correction of flour properties and type of enzymes for use depend upon the initial
characteristics of wheat flour: water absorption ability, amount of wet gluten, its quality,
in particular, gluten deformation index.
The positive results of the enzyme protease on short dough plasticity and quality of
biscuits were estimated in case of processing flour with strong parameters (deformation
gluten index less then 75 IDK-3 units). Improvement of rheological properties and
quality of ginger bread by the hemicellulase application was achieved under flour
application with low content of wet gluten (23-25%) having weak properties (more then
90-100 IDK units).
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INTRODUCTION

Biscuit manufacture is a mass production process employing travelling ovens and a high
degree of automation. Two of the principal production costs involved are depreciation
on the production line and wastage arising from product which is out of specification.
Costs could be significantly reduced if it were possible to establish baking regimes that
would allow throughput to be increased and greater process control to be achieved. The
principle objective of this project was to evaluate the impact of oven heating regimes on
the processes that convert dough into biscuits and hence derive a physical model that
could be used to optimise heating regimes for commercial use.

METHODS

A special test oven was constructed to simulate conditions encountered commercially to
deliver known heat input to the biscuit dough. The baking chamber was designed to
accommodate just one biscuit at a time and was bound by a curtain of hot air
maintaining the interior temperature. This allowed easy access to position and remove
dough pieces and also permitted a video camera to be located to record images of the
dough piece from the side while the biscuit was baking. A hole in the roof of the baking
chamber allowed a second camera to observe the dough piece from above. Air
temperature, velocity and humidity were all variables that could be controlled
independently. In a typical oven the temperature of radiating surfaces is not a single
variable, as there may be many different surfaces having line of sight on the biscuit
(oven walls, heating tubes, radiant elements), each having a different temperature and
subtending a different solid angle at the biscuit. It was not possible to reproduce every
type of radiating regime, but the presence of a radiant ring, independently controllable,
allowed a wide range of such regimes to be realised, hi particular, it permitted the ratio
of convective to radiant heat flux to be varied. Band temperature could not be
controlled directly during the bake, but some idea of its effects were obtained by pre-
heating the band to a set temperature before the biscuit was placed in the oven.

A short dough recipe was selected as a 'standard' formulation representing the
largest sector of the commercial market, and also being relevant to chocolate covered
products such as countlines. Measurements on the finished biscuit reflected those used
typically in commercial quality control practice and included colour, moisture content,
weight and dimensions. During baking, the temperature of the dough and heat flux
were measured, not as direct indicators of biscuit quality, but to gain a greater
understanding of how the dough piece was behaving under different conditions. A key
feature of this project, however, was the extensive use of on-line measurements during
trials with the test oven. Assessment was not confined to the finished biscuits. Rather,
they were monitored continuously throughout the bake using video, on-line weighing
and, in selected cases, thermocouples embedded in the dough. This approach brought
two major advantages. Firstly, all stages of the baking process could be closely
monitored - the manner in which the dough expanded during the early stages could be
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captured, for example. Secondly, it meant that just one actual bake yielded information
on a whole range of bake times.

Baking trials within this study were divided into three phases. The first phase of the
trial work was concerned with validation and refinement of the test rig. This involved
baking biscuits, to ensure that the oven environment being generated was capable of
producing a "real" biscuit. The temperatures logged were compared with those from a
number of commercial ovens to verify that the range obtained was similar to that in
commercial use - and in particular, that the rig was capable of delivering sufficient heat
to the dough piece to match commercial conditions.

During the second phase, trials involved baking biscuits under 148 sets of oven
conditions to provide the results from which response surfaces could be constructed and
deductions made. The combinations of oven conditions were known from phase one to
produce 'acceptable' biscuits, acceptability being defined in terms of colour, baking loss
and bake time. The effect of oven conditions on biscuit dimensions was recorded.

The third phase of trials applied more refined quality measurements to biscuits that,
according to the model developed in the previous phase, were equivalent. The tests
used were image analysis, to compare the external and internal colour of a biscuit that
had been broken open, and texture measurement. Crust formation was also investigated
during this phase of the project using penetrometry measurements on hot biscuits
immediately ex oven. The behaviour of these biscuits in the early stages of cooling was
also of interest, since this was relevant to how easily the biscuits could be stripped from
the oven band.

RESULTS

From the model for baking loss it was possible to obtain response surfaces which
described how the baking loss was expected to vary as the input variables were
changed. These demonstrated that the most powerful influences on baking loss were air
temperature and time (Figure 1). Air velocity had the next largest effect, while radiant
temperature only had a small impact.

Baking loss 12-

Baking loss (%)

Air temperature (°Q
Time(s)

Figure 1. The effect of time and aire temperature on baking loss
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The most important factors affecting colour development were found to be air
temperature, radiant temperature and bake time. Air velocity was of less importance.
The most critical factors affecting final biscuit dimensions were the dough piece
dimensions. At low air temperature (less than 170°C), colour was relatively independent
of bake time. Under a highly radiant regime, both baking loss and colour were relatively
independent of air velocity. Under harsh bake conditions, the response surfaces sloped
more steeply. The product was therefore more sensitive to deviations in conditions, and
greater oven control was required.

Humidity in the oven had very little effect on the product within the range explored.
It was felt that such changes as do arise in industrial ovens from adjustments in
extraction were more likely to be due to side effects on other aspects of the oven
environment than on humidity per se.

The equations in the model showed a high degree of similarity between air velocity
and bake time — with regard to both baking loss and colour, an increase in one was
counterbalanced by a decrease in the other. This relationship did not exist between air
temperature and time, nor between radiant temperature and time, since an increase in
either temperature had a preferential effect on colour as opposed to baking loss.

Early in the bake, the dough piece puffed into a dome, before falling back to the
final biscuit shape. Figure 2 shows a sequence of video frames illustrating this effect.
The rate of puffing was higher under harsh baking conditions, but this did not appear to
affect materially either the maximum height attained or the final product texture.
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Figure 2. Video frames of a biscuit baking shown at different bake times

The models showed that the "same" biscuit (in terms of moisture and colour) could be
baked by many different combinations of oven conditions and time. Sophisticated
product assessments, including texture, image analysis on the biscuit interior, and
informal sensory, established that such biscuits could really be regarded as being truly
equivalent. Only very minor differences were found. Table 1 shows a set of different
oven conditions that were found to produce biscuits of very similar quality.
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Air
temperature
•(°Q
165
170
175
180
185

Radiant
temperature
(°C)
270
330
280
200
185

Air
velocity
(ms1)
1.80
1.75
1.70
1.65
1.60

Time (s)

360
360
360
360
360

Baking
loss (%)

12.1
12.1
12.2
12.3
11.8

Moisture
(%)

2.0
1.9
1.9
1.8
2.1

Colour L*

60.1
60.2
60.3
60.3
60.1

Table 1. An example of a set of baking conditions producing the 'same' biscuit

From monitoring the rate of crust formation on biscuits immediately out of the oven it
was noted that crust strength developed over about 5 minutes, after which it remained
constant. A long slow bake gave a crust that set faster than a short harsh bake, but the
final strength was the same in each case. The rate of setting might be important for
stripping biscuits from the band without damage.

Heat flux measurements were derived from the responses of metal discs. Baking loss
and colour could be modelled in terms of these responses, though with less confidence
than was the case using the full set of oven conditions.

CONCLUSIONS

This project investigated the effects of different oven regimes on baking biscuits with
regard both to the internal processes occurring and the final product characteristics. The
models developed provided a tool for fine-tuning the baking process.

From quantitative predictions if was possible to identify the following "rules of thumb":
• To obtain biscuits of lower moisture content at constant colour either reduce the air

temperature and increase air velocity (turbulence), or increase the bake time and
reduce the air temperature.

• To obtain biscuits of darker colour at constant moisture content increase the air
temperature and reduce air velocity (turbulence), or reduce the bake time and
increase the air temperature.

• To obtain a faster throughput with constant product characteristics increase the air
velocity (turbulence) and reduce the bake time.

Application of the techniques described in this study led to an increase in throughput of
15% on a commercial biscuit line.
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ABSTRACT

Lipases possessing 1,3-specific activity towards triglycerides to generate free fatty acids
have been used for a number of years for their effects on dough and bread properties. A
new lipase developed by modern technology to have a different action to the 1,3 specific
forms had become available commercially and claimed to have broader specificity, acting
on polar lipids as well as triglycerides. Its action on endogenous lipids in flour and other
bakery ingredients are claimed to generate by-products that possess interfacial properties
similar to commonly used food grade emulsifiers. The new lipase therefore offers the
opportunity to create surface active materials in situ and possibly to reduce or replace the
use of added emulsifiers in bakery products. Emulsifiers are essential for processing
doughs and batters and to improve product and keeping quality of bakery products.

The lecture will cover studies performed with the new lipase in cake production using
commercial heat-treated flours obtained from a number of different suppliers. Initially the
enzyme was examined in a model system and then in a standard high-ratio cake recipe for
pilot-scale studies. The enzyme was either added directly to the batter during mixing or
added to the liquid egg, 30 min prior to mixing the batter. Addition of the enzyme increased
the viscosity of cake batter in proportion to the amount used. Interfacial measurements
showed that the surfactants formed by the enzyme lowered the surface tension and the
interfacial viscosity. Baking trials with heat-treated flours showed significant
improvements in cake volume and crumb shelf-life properties.

INTRODUCTION

A new lipase developed by modem technology to have a different action to the 1,3 specific
forms had become commercially available and claimed to have broader specificity, acting
on polar lipids as well as triglycerides. Its action on endogenous lipids in flour and other
bakery ingredients is claimed to generate by-products that possess interfacial properties
similar to commonly used food grade emulsifiers. The new lipase therefore offers the
opportunity to create surface-active materials in situ and possibly to reduce or replace the
use of added emulsifiers in bakery products. Emulsifiers are essential for processing doughs
and batters and to improve both product and keeping quality of bakery products. The idea
of adding lipase to a wheat flour system to form surface-active materials in situ has been
tested. Studies were performed with the new lipase in cake production using commercial
heat-treated flours, obtained from a number of different suppliers. The practical effect of
adding lipase to a high ratio cake formulation were examined.
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METHODS

Initially the enzyme was examined in a model batter system to characterise the activity of
the enzyme and then in a standard high-ratio cake recipe for pilot scale bake studies. The
lipase used was a powder, blended with wheat starch, with a reported activity of 25 KLU/g
(kilo lipase units). The enzyme portion of the powder had good water solubility at the levels
used in this study. No proteolytic or hemicellulase side activities were detected, but a small
amount of a-amylase activity, possibly from the starch carrier, was found. The surface
tension measurements were performed using a Camtel Sciences CIT 100 surface
tensiometer fitted with a Wilhelmy plate (filter paper) with the following dimensions: width
20mm, thickness 0.20mm. The surface rheology measurements were taken using a Camtel
Sciences CIR 100 interfacial rheometer fitted with a platinum/iridium ring 13mm in
diameter. The ring was forced to oscillate at a strain amplitude of 5000uRadians and at a
frequency of 3Hz. The interfacial film was monitored over a period of 30 min. at 22°C for
both tension and rheology measurements. Bulk viscosity and viscoelastic measurements
were performed on a Rheometric Scientific ARES rheometer, fitted with parallel plates
(50mm dia. and gap of lmm) at a frequency of lHz. Firmness measurements were
performed using a Stable Micro Systems TA-TX texture analyser.

Unit cakes were made by baking batters prepared from the following ingredient ratios:
cake flour 100, sugar 115, water 55, high ratio cake fat 60, skimmed milk powder 7, liquid
whole egg 80, salt 2.5, baking powder 3.75, glycerol 8 and variable amounts of lipase.
Lipase F was either combined with flour in a pre-mix or conditioned with all other
ingredients at 20-22cC, or added to the liquid egg as a solution 30min before mixing the
batter in a Hobart NCM40 to a density of 0.85 g/ml. The batter was scaled at 300g into
400g bread tins and baked at 190°C in a Bone Reel oven for 50min. Cakes were cooled to
ambient and wrapped and sealed in MXXT moisture impermeable film.

RESULTS

The surface tension values of the aqueous phase from the batters shown in Table 1 are all
low compared with water, indicating significant amounts of surface-active materials in all
batters. Addition of lipase caused the surface tension to fall a little lower (significant, p 0.5
for 90ppm), indicating the presence of either more surface-active material or material that
was more surface-active than that in the control batter. These results suggest that the
enzyme was producing surface-active material by its action on the native flour lipids or the
added fat or both. There was also an increase in the free fatty acids with lipase addition
(Table 1), another indication that lipase action was taking place.

Samples
Water
Control
Batter +
Batter +

60ppm
90ppm

LF
LF

Surface tension
70.6
31.7
31.1
30.1

(mN/m) Free

0.75
1.16
1.23

fatty acids (% oleic acid)

Table 1. Surface tension of the air/aqueous interface of Flour 1 after 30min and free fatty
acid content of same batter.



430 New lipase functionality in bakery products

The influence of lipase on the mixing time of the batter of 4 of the flours studied, Figure 1,
shows that the time to achieve the target batter density decreased with use of the enzyme
compared with the control. The process of aeration depends on both the number and size of
the air bubbles trapped in the batter. Surface-active materials help to stabilise the air
bubbles by forming a film around the bubbles and preventing coalescence. The results
indicate that the action of the lipase was either helping to aerate the batter more quickly by
reducing the surface tension of the system or by improving the stability of the trapped
bubbles.

The effect of the new lipase on the viscosity of the cake batter was studied at two levels,
60 and 90ppm on flour weight by applying increasing amounts of shear with the rheometer,
Figure 2. At low shear conditions, the enzyme addition increased the batter viscosity with
increasing concentration. This would suggest that the surface-active materials formed by
the action of the enzyme were modifying biopolymer water relationships, perhaps by
increasing hydration and swelling of the wheat flour proteins. At higher shear rates the
difference in viscosity between the batters disappears.

Enzyma leval (ppm)

Figure 1. Effect of lipase on batter mixing time

10 100
Shear rale (Ms)

Figure 2. Effect of lipase on batter viscosity

Lipase addition to cake batters produced a significant increase (p, 0.5) in cake volume with
additions from 0 to 60ppm to the heat-treated flours, Figure 3. The volume increase ranged
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from +5 to 9% of the control. Further addition of the enzyme had no significant effect over
the 60ppm addition. Since all batters were mixed to the same density (0.85 g/ml), the
greater cake volume achieved with lipase F suggest that the gas bubbles were able to
expand more, compared with the control. This may be a result of the additional surface-
active materials produced by the enzyme being able to stabilise the additional mterfacial
area created by the expanding bubbles. Also, the interfacial films with mixed surfactant
systems are known to possess greater resistance to rupture (Larsson, 1978). It may be that
the surfactants produced by the enzyme help to form a better blend of emulsifiers, in
combination with those present in the recipe and produce interfacial films that expand more
before final rupture during baking. Addition of the enzyme to the whole egg 30min prior to
mixing did not have a significant effect on cake volume.

0 60 90

Lipase (ppm)

Figure 3. Effect of lipase F addition on the volume of high ratio cakes

Cakes undergo changes during storage that affect their eating quality. Two such factors,
namely the crumb firmness and the moisture at the centre of the cake crumb were
monitored over a period of 14 days at 20°C. There was a sharp loss in moisture from the
crumb in the first week followed by a more gradual decline in the second week as the
potential for diffusion was reduced, Figure 4. The addition of lipase F to the batters had a
small effect on the initial moisture but no significant effect on the moisture migration.
Cakes made with the six flours showed a softer crumb at day 1 for enzyme treated cakes
and this was maintained until day 14, Figure 5. The results were significant for flours 1, 4,
5, 6 and 7 (p, 0.5) but for flour 3 the difference was not significant. The effect of water
migration was not important in determining the firmness because the control cakes were not
drier than the enzyme treated cakes. The softer crumb may be related to changes in cellular
texture with thinner cell walls and finer cells or an intrinsic effect (Guy, 1983) within the
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crumb brought about by the surfactants created by the lipase acting on the starch and egg
gel phases.

6 8 10
Time, (days)

Figure 4. Changes in crumb moisture with lipase addition during storage trials (Flour 4)
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21509
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Figure 5. Firmness of cakes made using Flour 5 with lipase addition

CONCLUSIONS

Interfacial measurements showed that the surfactants formed by lipase F lowered the
surface tension and interfacial viscosity, probably by replacing proteins at the air/liquid
interface. The mixing time required to aerate the cake batter to a target density was
reduced compared with the control and lipase F use also increased the viscosity of the cake
batter in proportion to the amount used. Baking studies with commercial flours showed
improvements in cake volume and softening of the crumb that gave benefits over 14 days
storage at 20°C.
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ABSTRACT

Numerous types of mechanical testing are used to characterize the texture of porous
bakery confectionery products, such as wafers, biscuits, crackers, etc. However, the use
of mechanical testing methods for texture evaluation in "on-line" production is limited
due to the inevitable destruction of the product. Therefore, there is the necessity to find
new methods for contact-free textural measurements and studying how they can be used
for quality control. At Kaunas University of Technology methods and low frequency (5-
35 kHz) acoustic devices for contact-free measurement have been developed. The
objectives of this study were to use the acoustic spectrometer for texture analysis of
wafers, biscuits and crackers and to compare results from acoustic investigation with
those of mechanical testing using a Texture Analyser TA.XT2 (Stable Micro Systems
Ltd, UK). The structural and mechanical properties of the products tested were
estimated according to amplitude of a penetrated acoustic signal (Ap) at the optimal
frequency for the different products. Parallel analysis of the maximum breaking force
(F) and deformation properties of these products was carried out by penetration test
(stainless steel spherical probe with 6.25 mm diameter and crisp fracture support rig).
The results showed good repeatability for Ap measurements, with coefficients of
variation of less than 0.3%. A high correlation between Ap and F values was found:
correlation coefficients of 0.86, 0.83 and 0.91% were observed for wafers, biscuits and
crackers, respectively.

The results show that the acoustic method gives information complementing the
traditional methods for texture measurements. Being of a non-destructive character
acoustic methodology can be recommended for both laboratory and industrial
applications.

INTRODUCTION

Texture is very important for the quality of porous bakery confectionery products, such
as wafers, biscuits, crackers, etc. Numerous types of mechanical testing have been used
to characterize the texture of porous food products (Andersson et ai, 1973; Van Hecke
et ah, 1995, Dobraszczyk and Vincent, 1999). In general, the main objective of these
methods is to study the mechanical behavior of a product under loading. The data from
these experiments correlates well with the sensory results and are used in industrial
laboratories. However, the use of mechanical testing methods for texture evaluation in
on-line production is limited due to the inevitable destruction of the product. Therefore,
there is the necessity of finding new methods for contact-free textural measurements
and studying how they can be used for quality control.

At present, acoustic methods of investigation of food product properties are
becoming more and more popular, hi food science, acoustic emission techniques have



Texture analysis of cookies by acoustic method 435

been used as an objective texture measurement of brittle food products (Christensen and
Vickers, 1981; Vickers, 1987; Dacremont 1995; Al Chakra et al., 1996). Sound
emission has mainly been used to understand and measure sensory properties of foods
(i.e., crispiness, crunchiness) and establish relationships between emitted sound and
structural characteristics of brittle food products.

At Kaunas University of Technology a method using low frequency (5-35 kHz)
acoustic devices for contact-free textural measurement of wafers has been developed
(Juodeikiene et al., 1995). The essence of this method lies in transmission of an acoustic
signal through the material and measuring the absorption of this signal. Two
components are necessary for the application of the acoustic method for other porous
food product analysis. New technical and methodological solutions must be developed
and, in addition, the use of correlations between the acoustic signal parameters and
textural properties must be studied.

The objectives of this study were to use the acoustic spectrometer for texture
analysis of wafers, biscuits and crackers and to compare results from acoustic
investigation with those of mechanical testing using a Texture Analyser TA.XT2.
Therefore, this work focuses on the creation and development of effective on-line
process control methods for the food industry.

MATERIALS AND METHODS

Food samples

Various kinds of cookies were used in this study: two types of wafers (produced by
Lithuanian companies "Vilniaus duona" and "Esade & Co"), two types of biscuits
(produced by Lithuanian company "Vilniaus pergale" using different recipes) and three
types of crackers ("Tuc", "Tuc with paprika". "Petit beurre", produced by different
companies). Wafers were used as the model system.

Analysis techniques

Using acoustic method the structural and mechanical properties of porous food products
were estimated according to the magnitude of the amplitude of a penetrated acoustic
signal (AP). The investigations were carried out using an acoustic spectrometer, which
can measure over a wide range of frequencies (5-35 kHz). The plan of the acoustic

spectrometer is shown in Figure 1.
Parallel texture tests were carried out by a mechanical method using a Texture Analyser
TA.XT2 (Stable Micro Systems Ltd, UK). Conditions used for penetration tests:
stainless steel spherical probe with 6.25 mm diameter, load cell 25 kg, test speed 0.5
mm/s, distance 5 mm, trigger value 0.2 N, sampling rate 500 pps. The recorded force-
time curve allows the maximum breaking force (Fmax), area under the curve to describe
the work applied when breaking a sample (Area) and apparent fractal dimension (fd) to
be analysed. The apparent fractal dimension to characterize the jaggedness of force-time
curves was calculated by a self-written basic-program according to the algorithm of
Richardson (Peleg, 1997). Test results were mathematically processed by Multiple
Range Tests carried out with Statgraphics Plus 5.0 using Fisher's least significant
difference (LSD) procedure at 95.0% confidence level.
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Figure 1. Plan of the acoustic spectrometer: 1 - computer; 2 - sine wave generator; 3 -
pulse generator; 4 — frequency converter; 5 — frequency meter; 6 — transmitting acoustic
aerial; 7 - power supply; 8 - receiving acoustic aerial; 9 - power supply; 10 -
oscilloscope; 11 - digital voltmeter; 12 -tested sample.

RESULTS AND DISCUSSION

While applying the acoustic method to a new object of investigation, it is important to
check the accuracy and reliability of the measurements obtained. As is evident from
previous research, this is highly influenced by the frequency of the applied acoustic
signal. The values of the acoustic signal (AP) after it had penetrated the sample were
measured in the frequency range 4.95 - 35.71 kHz, graded into 63 measurement points.
The optimal frequency was chosen at the point where the standard deviation and
coefficient of variation values were minimal. The selected optimal frequencies of
acoustic signal for the investigation of wafers, biscuits and crackers are presented in
Table 1. The results showed good repeatability for Ap measurements, with coefficients
of variation of less than 0.5%. Further investigations were carried out at the optimal
frequency.

Products

Biscuits

Crackers

Wafers

Optimal frequency,
kHz
18.62

18.62

20.16

Standard deviation

0.004

0.025

0.021

Variation
coefficient

0.118

0.128

0.487

Table 1. The optimal frequencies for the acoustic analysis of porous food products

The results of acoustic investigations processed by Multiple Range Tests showed that
all types of cookies tested, all types within crackers and wafers can be distinguished by
AP, but types within biscuits cannot be distinguished (Fig.2A). The data obtained by
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mechanical method showed that all types and also all types within biscuits, crackers and
wafers can be distinguished by Fmax and fd, types within crackers cannot be
distinguished by Area (Fig.2B-D). It is worth mentioning the tendency that the acoustic
method was more precise at lower Fmax values of a given product.

The relationships within the texture parameters and the relationships between the
texture parameters and Ap were apparent. For different types of products the correlation
between the two methods is satisfactory (between AP and Fmax, Area, and fd values
correlation coefficients of 0.88 - 0.93, 0.73 - 0.91 and 0.87 - 0.89 were observed,
respectively). The results show that the developed acoustic method gives information
comparable with mechanical method of food product texture investigation.
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Figure 2. The changes in amplitude values of penetrated acoustic signal (A) and texture
parameters: Fmax (B), Area (C), fd (D) for different types of biscuits (1-2), crackers (3-5)
and wafers (6-7).

CONCLUSIONS

Good correlations between penetrated acoustic signal and the mechanical properties
(mechanical strength, jaggedness) of porous food products, measured by a mechanical
method, was obtained. This allowed calibration curves for the determination of texture
parameters to be derived and to create a simple contact-free method to test and to
control the quality of porous food products. As the acoustic technique is of a non-
destructive character it can be successfully used as an on-line process control tool for
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the investigation of the textural properties and quality of porous food products. The
method can be recommended for both laboratory and industrial application.
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ABSTRACT

A model for describing biscuit checking has been constructed at Loughborough. Using
the Finite Element Method (FEM), and relying on constitutive data determined from
speckle interferometry and more traditional methods, we have shown that at low relative
humidities the rim of a biscuit post-baking expands and the centre contracts generating
conditions under which a crack is likely to propagate. The expansion is caused by
uptake of moisture at the rim, which is initially dry after baking, and the contraction is
due to loss of moisture from the moister centre. The finite element predictions were
validated by actual measurements of strains in freshly baked biscuits using speckle
interferometry.

INTRODUCTION

For almost a century biscuit manufacturers have sought to avoid "checking", a
phenomenon that involves the appearance of small hairline cracks in biscuits after
baking and which significantly increases fragility and product degradation. These
cracks extend from the centre towards the periphery making the whole structure weak
and increasing the possibility that the biscuit may split into pieces if it experiences even
a very small shock (Dunn and Bailey, 1928). It has been reported (Dunn and Bailey,
1928; Manley, 1983; Williams and Wrigley, 1995; Kim and Okos, 1999) that the real
cause of this problem are the moisture gradients within the freshly baked biscuits. Using
whole-field, high accuracy strain measurements, such as speckle interferometry,
together with FEM results showing the elevated stress levels due to moisture variations,
we confirm in this paper that it is these moisture gradients that lead directly to biscuit
checking.

EXPERIMENTAL PROCEDURE

Previously we have shown that speckle interferometry can be a powerful method for
examining strain development on the surface of foodstuffs, and in particular biscuits
(Saleem et ah, 2003). Additionally we have performed a detailed experimental
investigation of the moisture dependence of the material properties of rich tea style
biscuits (Saleem et al,. 2004). In the following sections we use these data to examine
biscuits that are particularly susceptible to checking, and examine in detail the
mechanical causes that lead to crack propagation. To this end, a recipe has been
identified at Campden & Chorleywood Food Research Association (Chipping
Campden, UK) that produces biscuits that check with almost 100% reliability during the
post baking process and the material properties and the strain behaviour as a function of
time were determined. Details of the procedures can be found in recent publications
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(Saleem et al,. 2003', 2004), and we limit our discussion in this paper to the results of
our modelling.

MODELLING BISCUIT CHECKING

The modelling of biscuit checking was performed through a two stage process, 1) a
diffusion analysis to describe the moisture distribution over time, followed by 2) a stress
analysis to predict the strain and stress distributions that result from the transient
moisture distribution. Finally one may predict the generation of cracks by using a
suitable failure criterion. Most importantly the two analyses need to be coupled so that
the output of first analysis can be used as an input to the second analysis. Using
LUSAS, a commercially available FE package and making use of the necessary material
moisture dependent coefficients (diffusion, hygroscopic and Young's modulus)
measured previously (Saleem et al, 2004), the transient moisture diffusion through the
biscuit was determined. Effectively this results in dilatory strains building up in the
biscuit, however a full analysis requires that the biscuit satisfy equilibrium and
compatibility constraints before one can predict the stresses in the biscuit. This is done
in a full stress analysis that combines the hygroscopic expansion coefficient and
Young's modulus to predict the stresses as a function of position.

Displacement and strain distribution

The moisture distribution as a function of time for a freshly baked biscuit exposed to a
26%RH and 21.2°C environment obtained from the semi-coupled diffusion stress
analysis is shown in Fig. 1. One can see that initially the moisture is contained
preferentially in the central region of the biscuit. However as the analysis proceeds
moisture diffuses from the high moisture regions to the low moisture areas. This result
is typical; the biscuit reaches a final moisture content in equilibrium with the humidity
of the atmosphere, as one would expect. This moisture diffusion results in
displacements in the biscuit as it adjusts to locally gaining or losing water. Fig. 2 shows
the displacement fields predicted by the analysis, superimposed on the initial state.
Clearly, one sees an evolution in the expansion in the biscuit. Finally, we see that the
centre of the biscuit has suffered a contraction; the moisture content in this area is
initially relatively high and so moisture is lost from this region. Near the edge, the
converse applies. Figures 1 and 2 demonstrate how changes in moisture can lead to
relatively large changes in the dimension of the biscuit, but that these changes are not
homogenous; they apply locally depending on the initial and final moisture conditions.
This can be seen in the strain measurement experimental results in Fig. 3. In Fig. 3a we
see that low initial moisture content in the biscuit results in an expansion, but that in the
centre, there is a contraction due to moisture loss. However, Fig. 3b, shows that if the
relative humidity in the atmosphere is higher than the equilibrium relative humidity at
the peak moisture content in the biscuit, one tends to see expansion only, with little
evidence of contraction.
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Figure 1. Moisture distribution as a function of time for a freshly baked biscuit
exposed to 26%RH & 21.2°C environment obtained from semi-coupled diffusion
stress analysis.
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Figure 2. Undeformed and deformed meshes showing the contraction of the centre
and expansion of the edge when biscuit exposed to 26%RH & 21.2°C environment
(Actual deformations have been amplified by a factor of 30).
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Figure 3a. Strain map at crack initiation
for a biscuit exposed to 33.8% RH and
23.5°C environment obtained after 8
hours using speckle interferometry

Figure 3b. Strain map for a biscuit
exposed to 43.9% RH and 23.2°C
environment obtained after 12 hours
using speckle interferometry
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Figure 4. Finite element prediction of the maximum principal stress after 8 hours for a
biscuit sample exposed to 26%RH AND 21.2C environment.
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Checking

Following baking, the biscuits were taken from the oven, placed in a humidity chamber,
allowed to cool for 6 minutes and then the strain distribution measured using speckle
interferometry. Of interest was whether cracking in the biscuit could be a function of the
relative humidity in the atmosphere. Our results showed that the biscuit samples
checked in 26%RH and 22.2°C and 33.8%RH and 23.0°C environments but there was
no evidence of checking in a 43.9%RH and 23.2°C environment, i.e., when biscuits
were allowed to relax in a high humidity environment no checking was observed. These
results were compared to the predictions of our semi-coupled model, in combination
with a suitable failure criterion. We assume that the failure will occur when the
maximum principal stress reaches the stress at failure in simple tension (Rankine
criterion). The maximum principal stress plot obtained from the semi-coupled diffusion
stress analysis for a biscuit exposed to 26%RH and 21.2°C environment is shown in Fig.
4. One can see a region of elevated stress near to the centre of the biscuit. In biscuits
where the relative humidity of the atmosphere is high enough that the moisture is
absorbed throughout the biscuit, one finds that the predicted stress is insufficient to
cause cracking. However, where the relative humidity is low enough to allow both
absorption and desorption to occur, the requirements to meet compatibility results in
stresses that exceed the failure strength of the material.

CONCLUSIONS

A Finite Element model of biscuit checking was constructed, making use of key
moisture-dependent material properties measured previously. This analysis was
compared to experimental measurements of the strain distribution evolution as moisture
diffused through a biscuit post-baking. The comparison showed that checking should be
expected when the variation in moisture content is large and the relative humidity of the
atmosphere is equivalent to a final moisture content in the biscuit between the initial
maximum and minimum moisture levels.
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ABSTRACT

Wheat breeders currently use predictive quality tests to assess the bread-making
potential of a new variety within the context of the Home-Grown Cereals Authority's
UK Recommended List. This testing regime targets general suitability for UK bread-
making processes and does not consider the key quality characteristics required for a
product such as puff pastry. In the past traditional, subjective measurements have been
used to define baked product quality and as a consequence have limited the usefulness
of correlations between raw material and final product quality.

A project, involving a consortium of wheat breeders plus end-users and research
institutes, has led to the development of a range of doubled haploid (DH) lines from
selected parent wheat varieties. These DH populations will be used to carry out
Quantitative Trait Loci analysis to map genes to wheat functionality i.e. phenotypic data
for specific baked products, representing the major end-uses for high quality UK-grown
wheat. Central to a successful outcome of this research project is the development of
objective measures of final baked product quality. The key quality parameters, agreed
by the consortium, for puff pastry will be outlined and the performance of methods
developed to measure these objectively will be demonstrated.

INTRODUCTION

The puff pastry work described here is part of a larger project which aims to develop
genetic maps for four baked products: white Chorleywood Bread Process (CBP),
wholemeal CBP, white no-time Spiral mix bread and puff pastry. Current wheat variety
assessment procedures measure the performance of a new cultivar in two standard
breadmaking processes (white CBP and white no-time, Spiral mix dough) and assume
that this process will select varieties with adequate flour quality attributes for puff
pastry production.

Work by Payne et al. 1987 identified the importance of HMW-glutenin subunit
composition on breadmaking quality and estimated that this accounted for 30-50% of
the genetic variation in quality in UK wheat within a Chorleywood Bread Process
(CBP). This discovery provided a major step forward in wheat breeding allowing early
selection of lines with breadmaking potential by breeders. However, the remaining
variation in white CBP bread quality has yet to be identified and mapped plus there is
no information in the public domain for puff pastry products. Techniques such as
Quantitative Trait Loci (QTL) analysis provide the opportunity to identify novel genes
which are responsible for differences in processing quality and thus the potential for
marker assisted selection for particular quality attributes (phenotypic traits) in specific
baked products. The development of robust and objective measures which differentiate
specific aspects of quality in each baked product are key to the success of the mapping
process. One additional benefit of the identification of markers for puff pastry-quality
attributes is the potential to segregate samples at grain intake on the basis of their
suitability for this process.
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This paper describes studies to develop objective measures for a standard puff pastry
product.

MATERIALS AND METHODS

The overall project depends on input from various sectors within the wheat chain: wheat
breeders, end-users (millers and bakers), cereal specialists in science and technology,
genetics and molecular biology. Those directly related to the puff pastry studies
discussed in this paper are summarised below.

Wheat samples

Breeder partners have created three doubled haploid (DH) breeding populations, each of
-100 lines. These populations are currently in field production and will be available for
end-use assessment from harvest 2004.

Puff pastry assessment methodology

The recipe and processing conditions were selected to optimise discrimination in size
and appearance of baked pastry pieces produced from 10cm2 squares of processed
dough. Detailed studies by Telloke in 1991 investigated the effects of ingredients and
process variables on puff pastry quality. At this time the key quality attributes of final
baked pastry measured were: product height, product shrinkage, evenness of lift, colour,
surface appearance and pastry firmness. The number of layers and the distance between
layers in the pastry product is also considered important. In Telloke's work in 1991 a
scanning electron microscope was used to examine the laminations in baked puff pastry
products. Recently imaging systems, which have been developed to examine the cross-
sectional structure of breadcrumb, have been used to examine laminated pastry products
(Noll and Kuhn, 1997; Whitworth et al, 2004).

In order to create useful genetic linkages to the various components of puff pastry
quality, methods used to measure "quality" of final product should be: clearly defined,
objective and measurable in a repeatable manner; able to discriminate adequately
between perceived differences in final product quality; relevant and approved by
industry. The project consortium considered that that the key measurements for puff
pastry were: product dimensions, product cell structure, puff pastry texture/firmness and
pastry laminations and the following instruments were investigated:
> product dimensions - direct measurement and C-Cell (Calibre Control International,

Warrington, UK)
~P product cell structure by C-Cell
^ puff pastry texture using an SMS TA-XT2 (Stable Micro Systems, Godalming, UK)
> pastry laminations SMS TA-XT2 or C-Cell.
In order to test the ability of these key attributes to discriminate between pastry of
differing quality and the variability of test results, experiments were carried out to
produce standard puff pastry squares using the following variations:

2 flours of differing quality:- control-commercial bread flour and commercial,
low protein, biscuit flour each flour mixed in duplicate.
2 process variations:- 4-book fold-1 extra book fold to produce excess
lamination and replacement of pastry margarine with softer butter fat.
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RESULTS

The traditional method of measuring product height (mm) and base area (mm2) using a
ruler provided a rapid and simple method of recording product dimensions (data not
shown). The measurements provided good discrimination between products of differing
quality. Measurement of product width and height was also possible using C-Cell but
the length dimension was lost in the slicing process. Therefore, the former method is
preferred.

Consistency in sample preparation was found to be critical to the measurements
made using C-Cell. A 40mm slice was taken from the centre of the product and the
image taken of the central section. Under standard operating conditions the instrument
produces many measurements which are not relevant to the puff pastry product. Cell
wall thickness was considered to be one measurement of potential interest, but the
measurement did not discriminate adequately between test samples (data not shown).
Figure 1 presents the average number of cells within each puff pastry product. The C-
Cell images superimposed on this graph clearly indicate differences between puff pastry
products in terms of internal product appearance. For example, puff pastry pieces
produced with a weak biscuit flour have fewer small cells, tend to be dominated by
large open layers and may show a "pillow effect" as seen in the final image. In contrast,
the product that includes an extra book fold (4-book fold) has created extra lamination
but due to decreased product size has actually resulted in a reduction in cell numbers.
Thus, cell numbers determined by C-Cell appear to provide some useful information,
the value of which is improved by including average cell size. In an attempt to optimise
C-Cell measurements for the puff pastry products produced within this work, further
work will be carried out to investigate whether manipulation of the data will enable C-
Cell to more closely mimic the subjective baker's assessment. This will include removal
of the influence of edge effects and segregation of key areas in the product where
different structure may occur e.g a dense layer on the base of a baked puff pastry
product is undesirable. Figure 2 shows a typical segregation of cells for a well-expanded
product. During this data manipulation the possibility of measuring pastry lamination
will also be explored.

An SMS Texture Analyser TA-XT2 was used with a 16mm cylinder probe to test
puff pastry texture. The pastry piece was supported on a platform and the centre of the
pastry piece was pierced with the probe. SMS Texture Analyser methodology is
commonly used to assess firmness/ crispness in baked products. Figure 3 shows typical
SMS TA-XT2 force-time curves for puff pastry made with strong bread and weak
biscuit flour (these graphs relate to images 5 and 6 on Figure 1). Peaks indicate
resistance to force and troughs holes in the product. Measurement of distance at
maximum force and area under the trace provide a means of differentiating samples on
the basis of firmness.

An SMS Texture Analyser TA-XT2 equipped with a 1.6mm needle probe was used
to measure pastry laminations by counting the peaks and troughs on the force-time trace
which exceeded 7g force. Results for the test puff pastry products are shown in Figure
4. Within a single product type, significant variation in lamination level is observed.
This may be expected due to variation within the product (see C-cell images for
examples of differences between edge and centre of product) and can be minimised by
specification of a test point within product. However, this approach would reduce the
number of tests carried out on each product. Work by Bhatti and Hall (2002)
recommends that, due to the variability of texture within foods, around 10 replicate
measurements are taken for brittle foods. The 4-book fold product would be expected to
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exhibit an increased number of layers by this method. This is clearly not the case and
this suggests that the technique is not sensitive enough to measure subtle differences
between puff pastry products. The C-Cell approach identified above will be explored to
provide a solution to this.

Control Bread Flour Biscuit Flour 4 Book Fold Butler Control Bread Flour Biscuit Flour

Sample

Figure 1. Effect of flour quality and process variation on the number of cells in puff
pastry products (mean +/- 1 standard deviation shown) measured by C-Cell. Typical C-
Cell images are provided for each test variation.

Figure 2. Suggested segmentation of C-Cell image to optimise value of cell size data.
(Solid lines intended to take out influence of edge effects, dotted line intended to
separate dense area of compressed cells from well-expanded upper layers.
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tiim(s)

Figure 3 Typical puff pastry texture force-time curves measured using an SMS TA-XT2
with a 16mm cylinder probe for a) strong bread flour and b) weak biscuit flour.
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Figure 4. Effect of flour quality and process variation on number of laminations
measured by SMS TA-XT2 with a 1.6mm needle probe. Up to 10 individual results are
shown for each product.
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CONCLUSIONS

The project aims to standardise methodology to measure the key quality attributes of
puff pastry. Product dimensions (measurement by ruler), product cell structure (C-Cell),
overall product firmness (SMS TA-XT2 with a cylinder probe) methods have been
standardised for use. Work is continuing to optimise methodology for measuring the
number of layers in puff pastry products. Well-defined, objective methods should
enable genetic linkages to puff pastry attributes to be identified for the first time.
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THE ICING ON THE CAKE - DIGITAL COLOUR AND
APPEARANCE FOR BAKED GOODS
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ABSTRACT

Manufacturers of bakery products require accurate, reliable methods of specification to
ensure consistent product appearance, particularly with key brands often being
manufactured across multiple sites. Photographs of the acceptable range of appearance
are often used as standards, distributed among production sites. However, agreement of
the tolerance and production of suitable product examples is time consuming, the
reproduction accuracy is often unsatisfactory and photographs are not durable, requiring
the process to be repeated periodically.

Digital imaging systems can be used to capture images that become permanent,
durable digital standards that can be distributed electronically, providing an invaluable
communication tool for manufacturers, suppliers and customers. A calibrated imaging
method is described. Products are illuminated at a standard colour temperature and a
reference chart is used to calibrate a camera against an international standard colour
scale, producing images that can be used for accurate product specification.

Tolerance limits can be generated digitally to show the permissible colour variation
around the standard, for use in specification, product development, sensory evaluation
and consumer trials. Objective comparisons can be made between the calibrated images
and instrumental measurements of production samples. The digital images also enable
uniformity of colour to be assessed. For example, comparisons can easily be made
between different regions of products such as biscuits, cakes and bread, and the
percentage of components such as chocolate chips or coverage can be calculated.

INTRODUCTION

Manufacturers of bakery products require accurate, reliable methods of specification to
ensure consistent product appearance. Tolerances need to be set to show permissible
colour variation around the standard. The uniformity of the product is important and the
distribution and percentage of components visible on the surface of the product
therefore needs to be assessed.

This paper discusses how calibrated digital imaging systems can provide both visual
and objective methods of assessing appearance, setting tolerances, and calculating
colour differences and the percentage of components.

CURRENT METHODS

Product development and the creation of standards are discussed between the specifier
and the manufacturers. These standards and the tolerance limits have to be
communicated between the retailer and the manufacturer at each of the production sites.
Tristimulus colorimeters are widely used for measurement of food colour (Joshi, 2002),
but only provide reflectance measurements, not the appearance. The samples being
measured also have to have a smooth, consistent surface for repeatable values to be
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produced. The product is often destroyed from its natural appearance to obtain the
consistent sample necessary for repeatable measurements.

Imaging methods are currently used and provide a better representation of the
overall appearance of foods. However current imaging systems do not provide standard
illumination meeting international specification, characterised digital cameras or
calibrated monitors necessary for accurate colour display.

Typically, specification of overall appearance is achieved by taking photographs of
the ideal standard together with the upper and lower limits of acceptable appearance (for
example, the degree of bake). The photographs are distributed among the different
production sites.

The quality of the appearance of the standards and the durability of the photographs
is not good and production of reliable copies is difficult and expensive to achieve.
Agreement of the tolerances is time consuming, as physical samples representing the
tolerances have to be produced. Often the surface characteristics vary between the
standard and the tolerance samples so it is difficult to visualise the tolerances set.

DIGITAL IMAGING AND DIGIEYE

Digital imaging provides an improvement on photographic standards, enabling rapid
electronic communication of standards between manufacturers and customers, a
permanent, durable record of appearance, and the ability to make copies without
deterioration. Images can also be manipulated digitally to assess the effect of variations
in product colour without the need for costly manufacture of actual examples spanning
the full range of quality. Hutchings et al. (2002) described a method for calibrating a
digital imaging system, enabling these benefits to be achieved. The method was
incorporated in an instrument known as DigiEye (Luo et al., 2001). The application of
this system for baked product specification is described.

The system

The system comprises a characterised digital camera, which takes an image of the
product within a controlled lighting environment, an illumination cabinet (Fig.l). The
software controls the camera so the image is displayed on a calibrated monitor. The
cabinet has different modes of illumination, which allows the user to obtain true
representative images. The cabinet has consistent, even illumination equivalent to the
international standard for daylight defined at 6500K (D65 defined by Commission
Internationale de l'Eclairage). The illumination can be varied from diffuse to various
angled illumination, from 45 degrees down to 5 degrees.

Figure 1. Digital Imaging System
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The camera is characterised by using a reference chart of 240 colours (ColorChecker
DC, GretagMacbeth, New Windsor, NY), Fig 2, measured on a reference instrument,
then converting to an international colour scale (Commission Internationale de
1'Eclairage XYZ values for D65). The image of the ColorChecker chart is captured in
the controlled lighting environment and then the reference colour XYZ values are
mapped to the RGB of the camera.

•&>

t

Sir

Figure 2. Reference Chart

The monitor is calibrated with a colorimeter in a darkened room, as any light from the
environment will affect the colour displayed on the screen. The white point of the
monitor is set to the illuminant used in the viewing environment and a series of colours
with known colour values are displayed and measured. There are several methods
available for carrying out this calibration (Berns. 1996)

Figure 3. Monitor calibration

It is also possible to profile printers (Fig. 4) so that accurate hard copies of the images
can be printed. To generate the profile, a range of colours are printed, measured and
mapped to their true values (Johnson, 1996). Separate profiles can be generated for
each combination of printers, paper and ink.
By using these methods, a system has been developed which enables baked products to
be seen accurately on screen and true colour values to be obtained. Profiled printers can
print images so accurate, low cost printouts can be produced on demand.

Figure 4. Printer profiling
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Setting the standard

It is important to obtain images that are representative of the true appearance of the
product. Once the method of illumination has been decided for the product, the images
can be stored to provide a permanent record. The image is stored in standard formats;
Bitmap, JPEG, or TIFF and so can be exported to other packages or sent electronically
to the customer.

Setting the tolerances

Once the standard has been created then duplicate images of the standard can be made.
The copies can then be re-coloured with a lighter or darker colour under operator
control (Fig. 5), without having to manufacture the product. The images can be sent
electronically to the retailer for approval therefore making a time consuming and costly
process very efficient. Images of the standard and tolerance limits can be printed on a
profiled printer on demand, therefore providing a low cost solution to send to each of
the manufacturing sites.

Light Limit Standard Dark Limit

Figure 5. Tolerance limits for product colour

This same method of re-colouring can be used by the retailer and marketing department
of a food company to decide the colour they would want the product to be and then the
image can be given to the development department to see if they can manufacture it.

Calculating non uniformity

The system can measure the colour of very small areas, down to a single pixel.
Therefore a standard and batch can be imaged and colour differences calculated using
international equations (CIELab, CMC or DE2000). A small area within the product
can be compared to another area. The images can be archived or sent to the retailer
together with numeric values calculated for the colour difference seen.

The percentage of visible components of the product can be calculated, such as the
percentage of chocolate chips within a biscuit (Fig 6), the amount of fruit in a cereal bar,
or the relative proportions of light and dark regions in a cream cracker. The colours of
each of the components can be individually measured.
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Figure 6. Assessment of components in a product

CONCLUSION

Digital imaging systems allow permanent records to be kept of both images and
numeric values. They give both a visual and objective solution to colour and
appearance assessment therefore reducing time and costs. They also provide an
invaluable electronic communication tool for manufacturers, suppliers and customers.
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ABSTRACT

Many aspects of bread and cake structure develop during proof and baking. However, it
has hitherto been difficult to study these processes directly due to the delicate nature of
the products and the hostile environment of the oven. The non-destructive methods of
X-ray computed tomography (CT) and magnetic resonance imaging (MSI) were used to
study changes in product structure during proof and baking. For proof, doughs were
placed in a scanner in a humidified box. For baking, a dedicated oven was constructed,
consisting of an insulated glass chamber located within the scanner, heated by air
conveyed from a remote, thermostatically controlled heater. The methods have also
been used to study cooling of products after baking, and thawing of frozen products.
Scans were made at intervals of time during processing, enabling dynamic processes to
be studied. The effects of flour properties, recipe and process variations were studied.
Processes observed in bread included inward progression of dough expansion and
setting, oven spring, formation and breaking of the crust, and compression and collapse
of peripheral structures. For cakes, processes included convection in low viscosity
batters, evidence of a foam to sponge conversion towards the end of baking, and
formation of elongated tunnel holes in muffins. CT provided a clear visualisation of
changes in bubble structure and MRI was better suited to study of thawing processes.

INTRODUCTION

Many aspects of bread and cake structure develop during baking. However, it has
hitherto been difficult to study these processes directly due to the delicate nature of the
products and the hostile environment of the oven. Non-destructive imaging of proving
or thawing bread doughs has previously been carried out by X-ray computed
tomography (CT) (Whitworth and Alava, 1999) and by magnetic resonance imaging
(MRI) (LeBail et al, 2001; Takano et al, 2002; van Duynhoven et al, 2003).
Applications of these methods to study changes in the structure of bread and cake
products during baking are presented.

METHODS

A special oven was constructed for use with whole body CT and MRI scanners,
consisting of an insulated glass baking chamber located inside the scanner and heated
by air blown through an external duct heater (Figure 1). For baking temperatures
greater than about 200°C, an additional hot air gun enabled the required temperature to
be attained more quickly. Additional thermocouples were used to record oven and
product temperatures during experiments.
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Duct heater

Thermocouples
Baking chamber

— Scanner

Figure 1. Apparatus used to bake products in CT and MRI scanners

X-ray CT measurements were made using a Lightspeed Plus whole-body scanner (GE
Medical Systems), operated by Alliance Medical Ltd. A 250mm diameter baking
chamber was used, with an insulation thickness of 60 to 120mm. MRI measurements
were made at the Herchel Smith Laboratory for Medicinal Chemistry, Cambridge using
a lm bore whole-body magnet, a 350mm diameter gradient set and a 240mm diameter
radio frequency probe, with a 200mm diameter baking chamber and a thinner, high-
performance insulation system.

For experiments on bread, 800g loaves were produced by the Chorleywood Bread
Process. Single-piece moulded doughs were placed in pans constructed from 0.625mm
thick, laser-cut sheets of alumina, proved to constant height in a humidified polystyrene
box suitable for CT scanning, as described by Whitworth and Alava (1999), and baked
in the oven at a temperature of 230°C for 30 minutes. Measurements were also made
for loaves par-baked in advance at 150°C for 40 minutes, frozen and then baked off in
the scanner at 220°C for 30 minutes. For cake experiments, batters were mixed to a
specified density in a Hobart mixer. High ratio yellow cakes were baked in waxed
cardboard pans (Pillo-Pak, Eerbeek, The Netherlands) on a pre-heated ceramic tray at a
temperature of 180°C for 45 minutes. Muffins were prepared using a pre-mix
(Supersoft muffin mix, Dawn Foods Ltd., Evesham) and baked in cardboard-reinforced
paper cases placed on the ceramic tray at 180°C for 25 minutes.

RESULTS

Figure 2 shows CT scans of bread dough during final proof and baking. A spiral
structure was visible, created by the single-piece moulding process. During proof, the
dough expanded uniformly to fill the pan. The density and X-ray absorbance decreased,
but the image brightness has been adjusted to enable the structure to be seen. An
initially formed crust broke early during baking (A) as the dough expanded. Expansion
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was initially fastest near the surface, due to increased temperature. The zone of
maximum expansion moved inwards during baking, visible as a region of reduced
density. Internal expansion compressed outlying regions against the pan walls, and
some bubbles collapsed to form dense structures (e.g. B, C). Similar, smaller structures
(D) formed spontaneously within the 1 minute scan interval. These were aligned
circumferentially, perpendicular to the expansion, and may represent collapse of
structures initially too small to resolve. Expansion near the top of the dough was
initially accommodated by oven spring, until the crust became firm enough to resist
further expansion, after which the dough was instead compressed against the crust,
forming a dense line (E).

Figure 2. CT scans of bread proof and baking.

Figure 3. MRI scans of par-baked, frozen loaf during bake-off.
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Figure 3 shows MRI scans of a par-baked loaf during bake-off from frozen. The central
frozen structure has a low proton mobility, resulting in a low signal strength. During
baking, the progression of the thawing front into the loaf could be clearly seen.

Figure 4. CT scans of cake baking. Temperatures are shown in °C.

Figure 4 shows CT scans of a yellow cake during baking, and an image of the final cake
taken with a C-Cell instrument (Calibre Control International, Warrington, U.K.).
Temperatures are shown at selected points, measured with thermocouples mounted in a
parallel plane 20mm from the imaged plane. The batter density decreased during
baking, causing a reduction in X-ray absorbance. Initially, heat transfer from the edges
caused convection, and large, buoyant bubbles such as those marked A, B and C rose at
the sides. This ceased after about 20 minutes, at a batter temperature of approximately
70°C, after which a vertical temperature gradient was instead established. After 20
minutes, the absorbance decreased at the base and walls of the pan (D) and initiated an
upwardly moving zone of low density (E), which approximately coincided with a 90-
95°C isotherm and reached the top of the cake at the end of baking. Interconnection
between large bubbles was sometimes visible as the zone reached them and it is thought
that this may therefore correspond to the conversion from a foam to a sponge structure.

Figure 5 shows CT scans of a muffin during baking. Unlike yellow cakes, no
convection was seen and large bubbles did not float to the surface but instead grew
upwards to form elongated tunnel holes that are a characteristic feature of muffin
structure. Growth of the holes occurred at the boundary between a central region of
high absorbance and an outer region of lower absorbance. It is thought that the latter
region represents a set, high viscosity structure, preventing movement of bubbles and
that the former is a region of lower viscosity batter, within which they can grow.
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Figure 5. CT scans of a muffin during baking, and a C-Cell image of the final product.

CONCLUSIONS

X-ray computed tomography and magnetic resonance imaging have been used to
measure bread and cake structure non-destructively during final proof and baking. A
special oven was constructed, suitable for use inside whole-body medical imaging
scanners. CT provided information on bubble structure and product density and MRI
provided information on water mobility and thawing fronts. For bread, expansion
progressed from the surface to the centre causing oven spring, formation of a break and
compression of structures against the underside of the crust. For yellow cakes,
convection was observed, followed by the upward movement of a low density zone that
may correspond to the point of foam to sponge conversion. For muffins, no convection
was seen and large bubbles instead grew to form tunnel holes.
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ABSTRACT

Starch in the grains of wheat, barley and rye is deposited in two sizes of granules, type
A (flattened and about 25 microns in diameter) and type B (spherical and about 6
microns in diameter). The proportion of starch in the different size classes has important
effects on processing properties, particularly in wheat. A-type granules make a greater
contribution to malting yield and also to recovered starch in starch-gluten separation. B-
type granules make a greater contribution to water absorption, as they have a greater
surfacervolume ratio, so where water uptake is desirable (e.g., bread or Udon noodles), a
high content of small granules (high B-granule content) may be preferred and where it is
undesirable (e.g., pasta or dry biscuits) a high content of large granules is desirable.

Species vary in the median diameter of A granules and there is intraspecific
variation in the proportion of starch in the two size classes. Both A-granule size and B-
granule content are under complex genetic control, with some effects of environment, in
both tetraploid (durum) and hexaploid (bread- and biscuit-making) wheats. Molecular
genetics studies are in progress to identify regions of chromosome associated with
variation in B-granule content in selected populations of hexaploid wheat.
Collaborations are in development with partners in several countries to investigate
granule size variation in genetic populations of hexaploid wheat, durum wheat and also
diploid (einkorn) wheat. The outcomes will include not only improved product quality
at reduced cost but also understanding of the mechanisms behind variation in starch
granule size.

INTRODUCTION

In most starch-containing plant species, the starch granule size distribution has a single
mode, but in the Triticeae (wheat, barley and rye) there is a bimodal size distribution.
Each amyloplast of a wheat, barley or rye endosperm contains one large A granule (>
10 urn diameter) and many B granules (< 10 um diameter). The proportion of starch in
the different size classes has important effects on various aspects of processing quality
and value. Starch-gluten manufacturers sought a reduction in B-granule content to
maximize starch recovery during wheat processing. Increased B-granule content
resulted in increased water absorption in reconstituted doughs, as expected from water
adsorption onto granule surfaces (Yun et ah, 2001). Biscuit manufacturing is therefore
likely to benefit from reduced B-granule content and hence reduced baking times of
certain types of biscuit. A-type granules are more readily hydrolysed than B-type during
malting of barley (and presumably of wheat and rye when they are malted) and the
residual B granules impair the efficiency of the processing stages. Thus maltsters would
prefer to minimize B-granule content.

For other purposes, however, it may be desirable to shift the balance toward the
small granules. Correlative studies of a range of wheat germplasm showed that
increased content of small A and large B granules (6 to 19 um diameter) was associated
with greater dough extensibility (Sebecic and Sebecic, 1995) and that a greater content
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of small A granules (10 to 20 um) increased loaf volume (Sahlstrom et al., 1998).
Higher B-granule content was associated with greater starch swelling power, which is
desirable for Udon-type noodles (Konik-Rose et al., 2001). This association with
swelling power was confirmed in reconstituted flour (Yun et al., 2001). An elevated
content of small B granules (< 6 um) was associated with reduced dough strength
(Sebecic and Sebecic, 1995) and this may account for an earlier report that increased B-
granule content reduced bread volume (Hoseney et al., 1971).

Some workers also recognise a third smaller size class, C-type (Bechtel et al., 1990;
Bechtel and Wilson, 2003). Because of the difficulties of resolving the boundary
between B-type and C-type granules, both classes are considered as "B-type" for the
purposes of this paper.

Three questions may then be asked about granule size. First, what determines A-
granule size? Second, what initiates B granules? Third, what determines final B-granule
content?

METHODOLOGY

The starch must first be extracted from the grain or flour sample and cleaned of
interfering substances such as proteins and cell wall fragments. Protein may be removed
mechanically, chemically or enzymically. Mechanical methods are based on the
principle of working the gluten into a dough in an excess of water, freeing the great
majority of starch granules into suspension. Chemical methods are based on destroying
protein structure with chemicals such as sodium metabisulphite, while enzymic methods
use amylase-free proteases.

The starch is then further cleaned by sedimentation (often assisted by
centrifugation). Some authors described the need to scrape coloured, non-starchy
materials from the surface of the sedimented starch. This introduced an additional
handling step and required care on the part of the experimenter, so was perhaps best
suited when sample sizes were large and numbers were small. Centrifugation through
50% w/w cesium chloride (density of 1.60 g/mL) effectively strips the proteins and cell
wall fragments from the starch, obviating the need for scraping anything from the
surface of the cake. Sodium dodecyl sulphate can then be used to wash the nucleic acids
and some surface proteins and lipids from the starch granules, but contact time must be
limited as this detergent also enhances the leakage of amylose from the granules.
Residual detergent is then rinsed away by centrifuging the sample through water and
then the sample can be preserved either dry or in ethanol.

Three methods have been widely used for studies on starch granule size distribution:
image analysis, the Coulter counter, and laser-diffraction. Image analysis based on light-
or electron-microscope images can be highly detailed but the throughput is limited and
it is time-consuming to convert the counts to volume or mass (e.g., Baum and Bailey,
1987; Bechtel et al., 1990). Coulter counters were initially used for analysis of large
numbers of granules (e.g., Morrison and Scott, 1986) but the instrument's lower limit of
resolution, about 3 urn diameter, was not adequate to resolve many small starch
granules. Laser-diffraction analysers, such as those produced by Malvern and Beckman-
Coulter, provide rapid determination of particle sizes across a range greatly exceeding
known starch granule sizes (e.g., Stoddard, 1999). Counters and laser-diffraction
analysers have the further advantage that they can determine the fraction of starch
volume (and hence mass) present in a particular size class and it is easier to relate
functionality to mass relationships rather than number relationships.
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VARIATION BETWEEN SPECIES

Wheats and their relatives may be divided into four classes, based on their starch
granule size distribution (Stoddard, 1999; Stoddard and Sarker, 2000). Common
hexaploid wheat and durum (tetraploid) wheat had similar distributions, with the
commonest size class of A granules about 24 um diameter and the commonest B
granules about 6 um. Variation in A-granule diameter in the hexaploids was small and
on the limits of detection by most instruments. Surveys of 40-60 hexaploids identified a
range in B-granule content of about 2-fold (Dengate and Meredith, 1984) and a larger
survey of 600 lines increased the range to 3-fold, from 17 to 50 % of starch (Stoddard,
1999).

Some tetraploid lines had relatively small A granules, with a modal diameter around
15 um, and A-granule diameter among the tetraploids showed some independence from
B-granule content (Stoddard, 2003). Diploid wheats (einkorn) also had relatively small
A granules. The A-type granules of these diploids and tetraploids fall into the range
associated with particularly strong improvements in bread-making quality, outlined
above, and thus this group represents a potentially valuable resource for genetic
improvement of bread-making wheats. Recent analyses have identified significant
variation in A-granule diameter in this group, so it is possible to design genetic
experiments to identify factors affecting granule size.

Most members of genus Aegilops, along with rye and triticale, had a similar granule
size distribution to the hexaploid wheats, with the distinction that there were many more
large A granules > 30 |̂ m in diameter. Minimum B-granule content in this group was
10%. Recurrent selection of ryes (Stoddard, unpublished) pushed the B-granule content
of 4 lines below 10%.

Two species of Aegilops, namely Ae. crassa and Ae. peregrina, had the large A
granules of the genus but showed no evidence of B-type granules (Stoddard and Sarker,
2000). Both species are polyploid but their diploid progenitors have normal B-granule
contents. Chromosome addition lines of Ae. peregrina into common wheat had
significant but small reductions in B-granule content (Stoddard, unpublished).

GENETIC ASPECTS OF VARIATION

Genetic experiments have been conducted in order to identify the causes of variation in
granule size. Methods of quantitative genetics demonstrated that the granule size
distribution of a wheat endosperm was determined by its own genotype, not that of the
parent plant (Stoddard, 2000). Further experiments showed that all types of gene action
(additive, dominance, epistasis and cytoplasmic) had significant effects on B-granule
content in five crosses of common wheat and two of durum wheat (Stoddard, 2003).
Examination of a different set of crosses at the whole-plant level confirmed that
additivity was the most important form of gene action, which is important for handling
the trait in a plant breeding programme (Stoddard, 2003).

Methods of molecular genetic analysis have also been applied to granule-size traits
and have highlighted some important interactions with the environment (Table 1). The
first such study was on barley and identified that the most important quantitative trait
locus (QTL) affecting B-granule content was in the same region of chromosome 2H as
one affecting heading date (Borem et ah, 1999). This is not surprising, as late-heading
lines may still be filling grains when weather turns warm and dry, which reduces starch
synthesis (Bhullar and Jenner, 1985). In wheat, one QTL affecting B-granule content in
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one population was associated with coleoptile and leaf growth and the major QTL in
another population was near a dwarfing gene (Batey et al., 2001). In a third population,
the most important QTL was not linked with other growth-habit characters but was in
the same region as many starch-determining genes (Igrejas et al., 2002). Clearly, if we
wish to manipulate starch granule size, it is important to be able to do so directly, rather
than by affecting the plant's adaptation to its environment. Blumenthal et al. (1994)
showed earlier that cultivars differ in their response to a heat shock, some producing a
higher B-granule content but most producing a lower one. The stability of QTLs across
environments is an area of increasing interest in QTL studies and will be particularly
important in finding markers that affect starch granule size. The author is participating
in studies which aim to identify environmentally stable QTLs for granule size.

Chromosome Wheat genome Barley
A B C H

~1 % small A1

2 %B; dwarfing8 %B; heading date
4 %B; leaf growth3 %B : B sphericity
5 A diameter
7 % small A1

": Batey et al., 2001;': Igrejas et al, 2002 Borem et al., 1999 "

Table 1. Chromosome locations of quantitative trait loci affecting starch granule size.

CONCLUSIONS
A-granule diameter shows strong consistency within most species, suggesting that it
might be an intrinsic factor with little chance for modification. Nevertheless, tetraploid
wheats with smaller A-granule diameter than most and, more recently, diploid wheats
with a larger A-granule diameter than most, have been identified. These materials will
allow identification of chromosome regions and biochemical pathways determining this
trait. Meanwhile, it makes it possible, in a pragmatic way, to start attempting to
manipulate A-granule diameter in the agriculturally important wheats in directions that
will improve product quality and profitability.

The cultivated species have not provided material that takes us closer to an
understanding of the the factors leading to initiation of B granules. The two tetraploid
Aegilops species, however, provide us material that is leading us closer to this answer.

Final B-granule content is apparently determined by several genes. Some of these
directly, affecting the number of B granules initiated and how large they grow, as shown
by the existence of considerable variation in the trait in materials that are well adapted
to their environment. Other genes act indirectly, affecting the adaptation of the genotype
to the environment, and these must be considered so that in the process of selecting new
cultivars with improved starch granule characteristics, the breeder does not select for
poor adaptation.
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FACTORS AFFECTING THE SHAPE OF EXTRUDED PRODUCTS

R.C.E. Guv

Campden & Chorleywood Food Research Association, Chipping Campden, GL55 6LD,
UK

ABSTRACT

Extmsion cooking is a continuous process in which raw materials are mixed and
processed within a screw system before being shaped at a die. In most processes, high
temperatures and shearing forces transform the raw materials into a melt fluid. Studies
at CCFRA with cereals such as wheat, rice, maize, barley and oats, have shown that the
same general model applies for all these materials.

Several factors determine the shape of product made by cutting an extrudate as it
emerges from a die. The die cross-section gives a rough guide to the outline of the
product and the die entrance and channel, down which the fluid is pumped to emerge
from the die exit, exerts strain on the constituents of the fluid.

This paper will examine the effects of the cereal polymers as they are transformed
from their physical form in the raw material into developed fluids, suitable for
expanding into products. It will show how these changes affect the shape of extrudates
cut at the die.

The studies will show how the powerful elastoviscous properties of starch fluids can
dominate shape formation, but are influenced by the presence of proteins and bran,
acting as fillers in the starch continuum. In addition, the strong effect of gas bubble
formation in the fluid during expansion will be revealed and related to shape.

INTRODUCTION

Extrusion cooking is a continuous process in which raw materials are mixed and
processed within a screw system before being shaped at a die. For products made by
direct expansion, their shape is determined by the die phenomena and the cutting unit.
In pellet or half-product processes, the unexpanded extrudate is also shaped by the die
phenomena and cutter. Later it is dried and expanded by rapid heating to achieve its
final form but this usually follows the shape of the pellet, so that even in this process the
final shape in largely determined by the extrusion phenomena. Therefore, it is important
to understand the physical nature of the material being developed on the screws and
how it affects structure formation as the cooked material is extruded from the dies. In
most extrusion cooking processes, high temperatures and large shearing forces
transform native raw materials containing biopolymers into viscoelastic melt fluids.
Studies at CCFRA with cereals such as wheat, rice, maize, barley and oats have shown
that the same general model applies for all these materials.

A product, made by cutting an extrudate as it emerges from a die, has several factors
that determine its shape. The die cross-section gives a rough guide to the outline of the
product but the nature of the fluid and the strain applied to it in the entrance region of
the die, by geometry and mass flow rates are also important. In addition there will be
further factors acting sequentially that apply after the melt fluid has reached the die exit,
related to the release of water vapour, bubble expansion, rupture and shrinkage during
cooling.
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EXPERIMENTAL STUDIES AT CCFRA

At CCFRA we have concentrated on the nature and behaviour of biopolymer melts
formed from cereals and other starch-rich food raw materials. The research has been
based on a twin screw APV extruder MPF50 with many variations on the screws and
processing variables.

For fundamental work described herein, extrusion cooking was performed with
circular dies using screw arrangements to produce either, unexpanded half-products, or
expanded extrudates. Processing changes included flow rates (5-15g/s), screw speeds
(200-45 Orpm), temperature (60-190°C), die diameters (2-6mm) and die channel lengths
(0 to 20mm). Raw materials included wheat starch, wheat flour, and wheat wholemeal
and maize grits. This lecture selects data from our studies to illustrate the complex set of
phenomena that determine shape in an extrudate. It describes the nature of the fluid that
is created on the screws and how energy is stored in the molecules during the extrusion
to be released again as it leaves the die.

EXTRUDING STARCH, FLOUR AND BRAN

The basic constituents of cereals are starch, protein and bran. In wheat flours, they occur
in proportions of about 42:7:1 in white flour and 5.5:1.2:10 in wholemeal. If they are
extruded with low levels of water their physical structures may change depending on the
process temperatures.

In the first series of extrusion trials with wheat starch, four variables were run to
examine the effect on the extrudate of the development of the melted form of starch. For
a constant screw design and die diameter of 6mm, the feed rate was varied from 6-
12g/s, the moisture from 25-35% w/w, the screw speed from 200-300rpm and the land
length of the die from 0-20mm. The barrel was run to 120°C in the cooking zone and a
cooling section in the last 250mm to control the exit temperature below 100°C.

THE APPEARANCE OF DIE SWELL

Moisture had the largest effect on the process because of its large plasticising and
lubricating effects on the starch granules (Fig. 1). Wheat flour extruded at 35% moisture
at 200rpm and temperatures of 60-65°C was compacted into a solid mass forming a
cylindrical extrudate the same diameter as the die, exhibiting plug flow. As the moisture
was reduced the mass temperature rose from 65°C to 90°C and some starch melted and
die swell appeared and increased at lower moisture levels. This effect was increased by
raising the screw speed, which also increases the mass temperatures by a few degrees.

The effects of feed rate and land length were not as large and only the extremes of
land length showed a significant difference. At temperatures < 100 °C, the melt fluid
remains dense at approximately 1.4 g/ml and there is no expansion due to gas bubbles.
The increase in diameter of the extrudate is solely due to a die swell phenomenon
caused by relaxation of stored elastic energy in the large amorphous polymers.

The starch was examined before and after extrusion to determine the degree of cook
using a paste viscosity method developed at CCFRA, calibrated with a Differential
Scanning Calorimeter. The degree of cook increased with reductions in moisture and
screw speed but was not affected by feed rate. There was a small increase with land
length probably due to higher operating die pressures.
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Figure 1. Die swell De/D0 versus starch concentration and screw speed

The relationship between the increasing degree of cook and die swell (Fig. 2)
appears to level off to a plateau value as the degree of cook approaches 60% amorphous
starch. It was not possible to obtain higher levels of cook in the experiment with a single
6mm die while controlling the temperature below 100°C.

20 3D 40
Degree of cook

Figure 2. Die swell De/D0 versus degree of cook

EFFECTS OF FILLERS ON DIE SWELL

A comparison was made with fully cooked wheat starch, flour and wholemeal using two
4mm dies (Table 1). DSC graphs were used to confirm that they had lost all their
crystalline structures. These samples were found to have slightly higher values of DJD0

for the pure starch samples than those with 60% degree of cook, but significantly lower
values of De/Do for the flour samples, which contained approximately 11% protein in
place of some of the starch. The presence of protein in these samples reduced the die
swell in the same way that carbon black reduces die swell in the extrusion of synthetic
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plastics polymers. The same phenomenon was observed with a reduction in DJD0 for
wholemeal samples, which contained bran and proteins as fillers.

Variable Starch Flour Wholemeal
D e /D 0

Density, g/ml
2.2 1.5
1.38 1.37

1.35
1.37

Table 1: Die swell ratios for fully cooked starch and flour extrudates

EFFECTS OF BUBBLES ON DIE SWELL

hi studies at CCFRA for cereal starches and flours data were collected from every run
with test materials. Standard dimensional measurements were made on extrudates cut at
lg/min for their lengths and diameters. Other analyses were made to assess the cellular
structures, by counting the cells in cut surfaces with a stereo microscope, or more
recently with the C-Cell unit (Calibre Instruments Ltd).

Comparison 1 was made for samples of the same cellular texture, plotting
diameter/length (D/L) *100 versus product specific volume, which is related to
increasing dispersion of starch from the granules.
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Figure 3. Ratio of diameter to length for expanded extrudates cut at unit mass with
similar cell numbers from wheat and maize extrusions

There was a remarkable change in the D/L ratio *100 from 1 in the lower levels of
expansion where the degree of cook was < 100%. However, as the expansion increased
and the starch became well cooked with a specific volume of 4ml/g and for further
expansions up to 8ml/g in the extrudate, it became constant at about 45. This indicated
that after a certain point, the die swell effect that was creating anisotropy in the
expansion of the extrudates became, fairly constant. This point is where all the starch is
amorphous and some dispersion of starch granules has taken place.
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Comparison 2 was made for samples that had been formed under similar processing
conditions to give well-expanded extrudates in the plateau region of D/L versus specific
volume graph (Figure 3) but where variations in bubble numbers occurred due to
processing or additives.

As the numbers of bubbles increased, the L/D ratio began to fall (Fig. 4) and the
expansion became less anisotropic to give longer and thinner shape for the extrudates.
Growth in the bubble population removed the directional effect of the elastic recovery
responsible for die swell and gave a shape more closely related to the die's cross-
section. The graph for the wholemeal extrudates was lower than the white flour because
the recipe always contained the bran particles, which acted, as nucleants in the base
flour.

— White flour Wholemeal

4 6 8
Ln(cel! numbers/unitvolume)

12

Figure 4. Ratio L/D for expanded extrudates versus Ln (cell number/unit volume)

CONCLUSIONS

Several important factors that affect the shape of an extrudate exert their influence
through the die swell of cereal extrudates. They may include the physical form of starch,
which becomes elastic as the crystallites melt. The maximum die swell is obtained with
pure starch that has been extruded through small dies under a large strain.

The addition of other biopolymers such as proteins, or other polysaccharides reduces
die swell by their presence in the starch melt, possibly acting to release stored energy.

The presence of bubbles in the starch melt also reduces die swell and gives a more
anisotropic expansion as their numbers increase. This is probably due to a dissipation of
the directional effect of the die by the expanding bubbles.
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ABSTRACT

The effects of extrusion conditions, including feed rate (20-32 kg h"1), feed moisture content
(14-22%), screw speed (180-320 rpm), and barrel temperature (100-140°C) on the
physicochemical properties [(density, expansion, water absorption index (WAI), and water
solubility index (WSI)] and sensory characteristics (hardness and crispness) of expanded
maize, rice and wheat snacks were investigated and compared. Increasing feed rate results in
extrudates with a lower density, greater expansion, and greater hardness. Increasing feed
moisture content results in extrudates with a higher density, lower expansion, greater hardness
and lower crispness. The effect of feed moisture on WAI and WSI varies with the flour type
used. Increasing feed moisture results in maize extrudate with lower WAI and lower WSI;
rice extrudate with higher WAI and lower WST; wheat extrudate with lower WAI and higher
WSI. Higher barrel temperature increased expansion, WST and crispness but reduced density,
WAI, and hardness of extrudates. Screw speed had little effect on the physicochemical
properties and sensory characteristics of extrudates. Maize extrudate has the greatest
expansion and lowest density. Rice extrudate has the greatest crispness whereas wheat
extrudate is the hardest.

INTRODUCTION

Extrusion cooking as a continuous cooking, mixing, and forming process, is a versatile, low
cost, and very efficient technology in food processing. During extrusion cooking, the raw
materials undergo many chemical and structural transformations, such as starch gelatinization,
protein denaturation, complex formation between amylose and lipids, and degradation
reactions of vitamins, pigments, etc. Extrusion cooking has been used increasingly in the
production of food and food ingredients such as breakfast cereals, baby foods, flat breads,
snacks, meat and cheese analogues, and modified starches etc. (Anderson et al., 1969).

Despite increased use of extrusion processing, extrusion is still a complicated process that
has yet to be mastered. Maize, rice, and wheat flours are the three main types of starch widely
used in the extrusion industry. There have been many studies on the effect of extrusion
variables on the physicochemical properties of individual snack product (Anderson et al.,
1969; Mercier and Feillet, 1975; Harper, 1979), but very limited publications on the
comparison of different types of snack products are available. The purpose of this research
was to investigate and compare the effects of extrusion conditions on the physicochemical and
textural properties of extruded maize, rice, and wheat snack products with a twin-screw
extruder.
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MATERIALS AND METHODS

Materials

Maize, rice, and wheat flour were supplied by Smiths Flour Mills (Worksop, UK). The
typical composition of the flours is shown in Table 1.

Composition (g/lOOg)
Protein
Moisture
Fat
Carbohydrate

Sugars
Starch

Fibre

Maize
5.9
12.9
1.4
79.1
1.3
77.8
1.4

Rice
7.6
12.3
1.2
77.4
0.5
76.9
0.7

Wheat
7.4
12.6
1.3
78.2
0.9
77.3
0.9

Table 1. Typical composition of flours

Extrusion

A Werner & Pflederer Continua 37 co-rotating twin-screw extruder (Stuttgart, Germany) with
L/D ratio of 27:1 and screw diameter of 37.4 mm was used. The extruder was equipped with
a pre-calibrated Rospen twin-screw volumetric feeder (Gloucestershire, UK) and a Watson-
Marlow 505 DI pump (Cornwall, UK) which was used to control the solid feed and water
inputs respectively. A Sheik MKII model heating unit (Dorset, UK) using circulating oil was
also connected to the extruder to control the barrel temperature. Two circular dies with 4 mm
diameter were used.

The extrudates were cooled to room temperature and sealed in polyethylene bags after
extrusion until measurements were taken.

Experiment design

The centre composite RSM design (Table 2) was used to show interactions of feed rate, feed
moisture, screw speed and temperature on the extrudate in 21 runs, of which five were for the
centre point, and sixteen were for non-centre point.

Levels
Variables

Feed rate (kg h"1), Xi
Feed moisture (%), X2

Screw speed (rpm), X3

Temperature (°C), X4

-a1

15.9
11.27

132.3

86.4

-1

20
14

180

100

0

26
18

250

120

1

32
22

320

140

a

36.1
24.73

367.7

153.6

'a =1.682

Table 2. Coded levels for the response surface design

An AVONA test was carried out using Design Expert 6.0 (State-Ease Inc., Minneapolis, USA)
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to determine the significance at different levels (0.1%, 1%, and 5%).

Analysis of Expansion

Sectional expansion, the ratio of diameter of extrudate and the diameter of die, was used to
express the expansion of extrudate (Alvarez-Martinez et al., 1988). Six samples were used
for each extrudate to calculate the average.

Water solubility index (WSI)

The WSI was measured using a technique developed for cereals (Anderson et al., 1969). The
ground extrudate was suspended in water at room temperature for 30 min, gently stirred
during this period, and then centrifuged at 3000 * g for 15 min. The supernatant was
decanted into an evaporating dish of known weight. The WSI is the weight of dry solids in
the supernatant expressed as a percentage of the original weight of sample.

Hardness of extrudate

The texture characteristics of extrudate were measured using a Stable Micro System TA-XT2
texture analyser (Surrey, UK) fitted with a 2mm cylinder probe. A force-time curve was
recorded and analysed by Texture Exponent 32 (Surrey, UK) to calculate the peak force,
which represents hardness of extrudate. Ten randomly collected samples of each extrudate
were measured and an average taken.

RESULTS AND DISCUSSIONS

Expansion

The effects of feed moisture on extrudate expansion are shown in Figure 1. The feed moisture
was found to have a significant effect on the expansion of extrudate. Increased feed moisture
led to a sharp decrease of expansion value of all types of extrudate.

6 n

§ 5

1 4
3 -

Expansion of extrudate

14.0 16.0 18.0 20.0 22.0

Feed moisture (%)

-•-maize

^»^rice

- * - wheat

Figure 1. The effect of feed moisture on the expansion of extrudate



Effects of extrusion conditions on physicochemical properties 477

The maize extrudate has the highest expansion value at all feed moisture levels with the wheat
extrudate having the lowest. The maize extrudate has the sharpest decrease in expansion
value as the feed moisture increases.

Harmann and Harper (1973) postulated two factors in governing expansion: (a) dough
viscosity, and (b) elastic force (die swell) in the extrudate. The elastic forces will be dominant
at low temperature and low moisture content. The bubble growth, which is driven by the
pressure difference between the interior of the growing bubble and atmospheric pressure,
resisted primarily by the viscosity of the bubble wall, dominate the expansion at high
moisture content and high temperature (Panmanabhan and Bhattachayrya, 1989). Feed
moisture has been found to be the main factor affecting extrudate expansion (Faubion and
Hoseney, 1982; Launay and Lisch, 1983), which is consistent with this work.

Expansion of extrudate decreases as the amylopectin content of material increases
(Huang, 2001). It was documented that rice flour has higher amylopectin content than maize
and wheat flours (Huang, 2001). Thus the expansion value of maize extrudate is greater than
that of rice extrudate. Wheat flour was reported to require high temperatures to achieve a
significant expansion during extrusion cooking (Chaing and Johnson, 1977) and the
maximum expansion of wheat starch was achieved at 170°C (Seib and Stearns, 1972),
although its amylopectin content is similar to that of maize flour.

The differences of expansion value between different types of extrudate were due to the
difference in amylopectin content between maize, rice, and wheat flours. Expansion of
extrudate decreases as the amylopectin content of material increases (Huang, 2001). Wheat
flour was reported to require high temperatures to achieve a significant expansion during
extrusion cooking (Chaing and Johnson, 1977) and the maximum expansion of wheat starch
was achieved at 170°C (Seib and Stearns, 1972), although its amylopectin content is similar to
that of maize flour.

WSI

The effects of temperature on WSI of extrudate are shown in Figure 2. Increasing barrel
temperature significantly increased the WSI of all types of extrudate. The maize extrudate
has the highest WSI value and sharpest increase with the increasing temperature, whereas
wheat extrudate has the lowest WSI value. These observations are consistent with previous
studies (Anderson et al, 1969; Mercier and Feillet, 1975).

The WSI, often used as an indicator of degradation of molecular components, measures
the degree of starch conversion during extrusion, which is the amount of soluble
polysaccharide released from the starch component after extrusion.

Gelatinisation, the conversion of raw starch to a cooked and digestible material by the
application of water and heat, is one of the important effects that extrusion has on the starch
component of foods. Water is absorbed and bound to the starch molecule with a resulting
change in the starch granule structure. Barrel temperature and feed moisture are found to
exert the greatest effect on gelatinisation. Mercier and Feillet (1975) reported that soluble
starch increased with increasing extrusion temperature and decreasing feed moisture.

The higher amylopectin content of rice flour (Tomas, et al, 1997; Huang, 2001) would
explain that the WSI value of rice extrudate was lower than that of maize extrudate. For
wheat flour, the starch conversion would not be complete at the temperature range of this
experiment (Chiang and Johnson, 1977; Seib and Steams, 1972) thus a low WSI value was
observed.
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Figure 2. The effect of temperature on the WSI of extrudate.

Hardness of extrudate

The effect of feed moisture on hardness of extrudate is shown in Figure 3. Feed moisture was
found to have a significant effect on extrudate hardness. Increasing feed moisture content
significantly increased the hardness of the extrudate. The hardness of wheat extrudate was
greater than that of maize and rice extrudate.

Hardness of extrudate
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Figure 3. The effect of feed moisture on the hardness of extrudate.

During the extrusion process, the elastic swell effect and bubble growth effect both contribute
to the structure change of starch (Panmanabhan and Bhattachayrya, 1989). The degree of
starch gelatinisation and extrudate expansion was found to be negatively correlated to the feed
moisture. The reduced starch conversion and compressed bubble growth would result in a



Effects of extrusion conditions on physicochemical properties 479

dense product and increased hardness of extrudate, as we observed in this work.
The hardness is the average force required for a probe to penetrate the extrudate.

Previous studies also reported that the hardness of extrudate increased as the feed moisture
content increased (Liu et al., 2000). This might be due to reduced expansion caused by the
increase in moisture content. The greater in hardness of wheat extrudate has been attributed
to the existence of gluten in wheat (Harper, 1979).

CONCLUSION

The physicochemical properties and sensory characteristics of extrudate in a twin-screw
extrusion process were dependent on process variables and differ between different types of
flour materials. Based on the product requirements and extrusion conditions, a suitable
material or mixture of materials could be chosen to fulfil the application in extrusion
processing.
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STRUCTURAL BASIS OF THE CRISPY PROPERTIES OF
CEREAL PRODUCTS

H. Chanvrier, L. Chaunier, P. Colonna, G. Delia Valle and D. Lourdin

INRA, URPOI, Nantes, Rue de la Geraudiere, BP 71627, France

ABSTRACT

The crispy characteristics of com flour products, corn flakes for instance, are an
essential quality criterion for consumers. Physically, they result from numerous
fractures occurring during mastication. These sensory perceptions of crispness were
recently proven to be strongly related to acoustical and mechanical properties, by an
accurate instrumental evaluation.

Therefore, these properties of crispy, expanded products could be investigated at
different levels, according to two approaches: (i) considering the behaviour of the
whole product, corn flakes, and (ii) manufacturing model products with maize
components. In both cases, products may be considered as large particle solid foams,
with bubbles and cell walls composed of dense material, which is, at the microscopic
level, a blend of separate biopolymeric phases.

Dense model materials were manufactured by extrusion and thermal moulding.
Their bending properties were measured and their morphology evaluated by confocal
scanning light microscopy (CSLM), which provided evidence of the essential role of
the starch/zein phase separation for ductile/fragile transition. The morphology is
governed by processing variables such as temperature, by elongation and shear
viscosities of the molten corn flour, as shown by the use of dynamic mechanical thermal
analysis (DMTA) and a capillary rheometer with pre-shearing.

These materials were then expanded by direct extrusion and microwave heating in
order to generate different cellular structures as shown by the distribution and the size of
the bubbles, determined by 3D image analysis. These results confirm the contribution
of structural levels to mechanical behaviour of these products and suggest a hypothesis
for their fracture mechanism under applied stress.

Part of this study was achieved under the framework of the AQS program from the
French Ministry of Research in which partners are gratefully acknowledged, as well as
Region Pays de Loire for financial support of H. Chanvrier's PhD thesis.

INTRODUCTION

The crispy characteristics of cereal products, ready-to-eat breakfast cereals for instance,
are essential quality criteria for consumers. Physically, they result from numerous
fractures occurring during mastication. In order to determine which structural factors are
implied in the crispness and to bring structural basis to this problem, corn flakes, as an
example of crispy products, have been studied at different scales. Com flakes can be
considered as solid foams, with bubbles surrounded by cell walls composed of dense
materials, which consist in a blend of biopolymeric components. Three approaches are
used by considering different scales : (i) the behaviour of the product by studying the
mechanical and acoustic properties in relation to sensory properties of com flakes
(Vickers and Christensen, 1980), (ii) the factors influencing the structure of expanded
products (Carwalho and Mitchell, 2000), (iii) model blends in a dense state,
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characterized by their mechanical properties in relation to their structure (Attenburrow
et al., 1992). At each stage, the influence of process is taken into account.

MATERIALS AND METHODS

Sensory evaluation

Thirteen commercial corn flakes brands, purchased in a local store, were tasted by a
panel of thirteen assessors, trained in quantitative descriptive analysis of corn flakes
texture. The sensory profile data was subjected to a Canonical Variate Analysis (CVA)
of the product effect.

Acoustic-mechanical testing

Testing was performed on an Instron machine (crosshead speed: 10 mm/min) by
crushing bed flakes (20 mm thick, about 12 g of standard corn flakes) in a Kramer
compression cell with an acquisition of acoustical emission signals. A three-point
bending test was used for the dense materials.

Viscosity measurements

Viscosity measurements were performed on corn flour (26% moisture content) on a
capillary rheometer with pre-shearing, Rheoplast® at 116°C (100 rpm for 15s and 200 rpm
for 30s) in a 2 mm gap Couette geometry. Pressure measurements were made with different
die geometry (L/D 0, 8,16); Bagley corrections and Rabinovitsch analysis were used.

Dense samples preparation

Dense model samples were obtained on a lab scale extruder (Rheoscam type, Scamia,
France) at 120°C (SME=300 J/g, MC=26%, wb). Thermomoulding was used to obtain
starch-zein blends with high zein concentrations (>20 %).

Dynamic thermomechanical analysis

Measurements were performed on a DMTA MK IV (Rheometric Scientific, USA).
Samples (22 x 10 x 1 mm3) were tested in the dual cantilever bending mode at 0.2 Hz,
0.05 % strain, from 20°C to 120°C at 3°C/min.

Structure analysis

Confocal scanning light microscopy was used to study the blends morphology by
observing the stained proteins (with fuschin acid) of the samples in the epifluoresence
mode with the green laser (543 nm) (1 urn resolution).

PHYSICAL PROPERTIES AND SENSORY EVALUATION OF CORN FLAKES

Mechanical properties and acoustic emission

During complete compression in Kramer cell, flakes are first re-distributed in the bed;
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slight energy is dissipated. Second, the compression behaviour is related to the fracture
of the flakes. The apparent energy release occurring during these two phases is related
to the density of the corn flakes bed (Fig.l), suggesting that it can be considered as a
solid foam.
For the objective evaluation of crunchiness, mechanical properties and acoustic
emission are complementary. The acoustic emission is the result of the fractures
occurring in the corn flakes submitted to an applied stress. Temporal analysis and
particularly, the ratio between higher amplitude peak (>5000, Np+) and lower amplitude
peak (<2000, Np-), can discriminate corn flakes depending on their ability to emit
sounds when they break (Fig.2).

Sensory evaluation in relation to the physical properties

The first dimension of CVA (Principal Component 1) obtained by sensory evaluation
accounts for 90.3% of the variation. Superimposition with the CVA sensory attributes
map made it possible to discriminate brittle, airy, crackly and light samples from
samples evaluated as sticky, doughy and cohesive. This suggests defining PCI as
"crispness" (Chaunier et al., 2004). Although only a fair correlation was obtained,
apparent energy vs. PCI trend showed lower values of apparent energy for an aerated,
light sensory perception of crispness (Fig.3). PCI vs. Np+/Np- showed that higher
amplitude acoustic emissions were obtained for cohesive samples (Fig.2). Crispness is
associated with the failure of the cell walls, which depends on the microstructure of the
foams and on the cell walls properties. Therefore, the process of texture creation has to
be studied in detail. Tn analogy to the behaviour of solid foams, scattering may be
related to the intrinsic properties of corn flakes, i.e., the cell walls constituted of dense
materials, and the shape and size of corn flakes, affected by expansion during
processing.

INFLUENCE OF PROCESSING : FLOW PROPERTIES AND EXPANSION

Among various processes for flakes manufacturing, extrusion has certainly been most
studied. During extrusion, texture acquisition is due to the expansion occurring at the
die outlet. After nucleation, growth of the bubbles depends (i) on the gas production
creating a driving force and (ii) on a resistant force due to the viscoelasticity of the
molten phase, which evolves during cooling until it reaches a temperature higher than
glass transition temperature. The viscosity increase becomes too sharp for allowing
further expansion. Protein effects on expansion have not been studied extensively. In
this study, proteins were found to have a decreasing effect on expansion. Knowledge of
the molten corn flour behaviour, essential to understand the characteristics of the
products, can be determined with a capillary rheometer. Compared to the viscosity of
corn starch (Vergnes et al., 1987), only a slight decrease of corn flour viscosity with
temperature was observed. Due to starch transformation, mechanical treatment strongly
influences shear viscosity, but the influence of proteins is slight, as suggested by the
limited effect of zein addition on corn flour viscosity (Fig.4). Since bubbles growth
mechanisms may not be inferred, difference of expansion behaviour may be attributed
either to bubble nucleation, or cessation, both phenomena for which the knowledge of
material structure is essential.
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DENSE MODEL BLENDS PROPERTIES
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Fig. 5 presents E' and tan 8 of starch, starch-zein (the main storage protein of corn)
blends and corn flour. Main relaxation was observed for each sample at 100°C for 12%
MC, which is associated with glass transition. This result suggests that protein content
does not influence matrix solidification after expansion. Typical stress-strain curves of
the dense materials distinguished the ductile behaviour of starch, even though in the
glassy state (Attenburrow et al., 1992) from the brittle behaviour of the starch-zein
blends and the corn flour (Chanvrier et al., 2004). Zein displayed a brittle behaviour
with a slight plastic deformation. All the blends from 5 to 50% zein content are fragile,
and apparent rupture energy dramatically varies with zein content (Fig.6). This different
mechanical behaviour is not explained by different Tg - Talent, as shown by DMTA
results. Brittleness is relevant to the morphology, as shown by starch-zein blends
microstructures (Fig.7). Phase separation between starch and zein aggregates is
observed. Beyond 15% zein, size of aggregates increases and the two phases become
co-continuous to reach a continuous phase of zein at 50% zein content. Protein
aggregation and phase separation were also observed in extruded corn flour. The most
fragile blends present a morphology of co-continuous phases with large contact surface
between the components, suggesting weak adhesion between starch and zein.
Mechanical behaviour of the cell walls is thus strongly influenced by the phase
morphology, created during processing. All these structural features are then implied in
the mechanisms of crispness. Moreover, it may provide the molten matrix with
nucleation sites, at the interface between starch and zein, likely to favour overall
expansion and homogeneity of cellular structure.

- 1

• - . " - . . '

V"

Figure 7. CSLM observation of processed starch-zein blends and corn flour
(159.4 x 159.4 | W )

CONCLUSION

The crispy properties of low hydrated corn flour products, like corn flakes, were studied
at different scales. Sensory perceptions associated with crispness could be related to
physical properties of the products, which depend on the structural mechanisms of
failure during compression (apparent energy, sound amplitude...) influenced by
distribution of cells in the flakes and cell wall characteristics. Expansion of cereals
foams and investigation of cell wall properties emphasize the importance of protein
content. At the cell wall scale, the role of the morphology of the different phases and
their adhesion were found to be essential to the energy released during deformation and
failure. Thermomechanical processing (flaking, extrusion) thus influences final product
texture through the design of blend morphology and expansion conditions for final
texture acquisition.
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ABSTRACT

Hull-less barley (HB) genotypes may have zero amylose (ZA), waxy, 'normal' amylose
(N) and high amylose (HA) starch, and elevated levels of beta-glucans (BG) and
arabinoxylans (AX). Accordingly, HB has potential to modify food texture and impart
health benefits.

We report the effects on spaghetti colour and texture of enriching durum wheat
semolina with HB roller milling fractions. ZA, N, and HA starch genotypes were
pearled to various degrees and roller milled. BG and AX partitioned among milling
fractions, being lowest in flour and highest in a fibre-rich fraction (FRF). FRF BG and
AX contents ranged up to 18% and 8.5%, respectively. Spaghetti was enriched with
20% and 40% HB flour, and separately with sufficient FRF to increase spaghetti BG by
2%.

Colour of HB flour-enriched spaghetti improved (brighter, less red, more yellow)
with pearling. Compared to 100% semolina spaghetti, colour remained inferior at the
highest pearling level, but was acceptable. Texture was less firm regardless of starch
type, due to gluten dilution. Colour of FRF-enriched spaghetti also was visually inferior
to 100% semolina spaghetti, but ZA and HA FRF-enriched spaghetti colour was
acceptable. Firmness of FRF-enriched spaghetti was equal to or better than 100%
semolina spaghetti for all HB genotypes, confirming the potential of HB FRF as a
functional pasta ingredient.

INTRODUCTION

Hull-less barley (HB) cultivars are available with zero amylose (ZA) , waxy (WX),
'normal' (NA) amylose and high amylose (HA) starch, elevated levels of beta-glucans
(BG) and arabinoxylans (AX), and other important nutrients (Izydorczyk et al., 2003
and references therein). Unique starch characteristics and potential health benefits have
aroused considerable interest in using HB and HB fractions as food ingredients. Roller
milling HB with high levels of BG can be challenging; HB flour yield is inversely
related to BG content (Bhatty, 1999). Izydorczyk et al. (2003) reported a simple roller
milling procedure that readily separates HB into flour and a fibre-rich fraction (FRF).
Here we investigate the potential of HB flour and FRF produced by their procedure as
ingredients in pasta.

MATERIALS AND METHODS

Barley and durum wheat genotypes

Dr. Brian Rossnagel, Crop Development Centre, University of Saskatchewan,
Saskatoon supplied Canadian HB varieties Falcon (NA) and CDC Alamo (ZA), and the
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experimental line CDC-92-55-06-48 (HA). Dr. John Clarke, Agriculture and Agri-Food
Canada, Swift Current, Saskatchewan supplied AC Avonlea, a Canadian durum wheat
variety.
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Figure 1. Short roller mill flow for barley. B = break; R = reduction; S = sizing; SD =
shorts duster; FRF = fibre-rich fraction. Numbers on roll symbols indicate corrugations
per cm. Numbers on sieves indicate aperture in um. SD screen has 140 um aperture.

MiUing

HB genotypes were conditioned to 14.5% moisture and roller milled by a short flow
without pearling, and following 15% and 30% pearling, according to Izydorczyk et al.
(2003) (Fig. 1). AC Avonlea durum wheat was milled into semolina as described by
Dexter et al. (1990).

Analytical tests, spaghetti preparation, and spaghetti quality evaluation

Starch and BG contents were determined with Megazyme International enzyme kits
according to AACC (2000) Approved Methods 32-23 and 76-13, respectively. AX was
determined according to Douglas (1981). Amylose of defatted starch was determined by
potentiometric titration (Schoch, 1964). Semolina was enriched at designated levels
with HB flour and FRF, processed by the micro-procedure of Matsuo et al. (1972), and
dried at 70°C (Dexter et al., 1981). Flour protein (Dumas) was determined, and pasta
was evaluated for colour and texture, by standard Canadian Grain Commission
procedures (CGC, 2003).

RESULTS AND DISCUSSION

Composition of HB, HB flour and FRF

HA HB contained the highest levels of BG and AX (Table 1). Flour yields ranked
inversely to BG content (Table 2), in agreement with Bhatty (1999). HA HB exhibited
the lowest flour yield, NA HB a yield about 15% higher, while ZA HB gave
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intermediate yield. Flour yield (whole barley basis) decreased with increasing pearling.
BG and AX contents were substantially lower in flour than in whole HB. BG content in
flour increased marginally as pearling level increased. Pearling removes the aleurone
layer, which is rich in AX and protein, accounting for the significant decrease in AX
and protein in HB flour as pearling level increased.

Starch type
High amylose
Normal amylose
Zero amylose

Amylose, %
42
24
0

BG, %
8.1
3.9
7.1

Table 1. Hull-less barley properties (dry matter basis).

Starch type

High amylose

Normal

Zero amylose

%
pearled

0
15
30
0
15
30
0
15
30

Flour yield,
%
55
47
41
72
65
57
64
57
47

Starch,
%
n.d.
71.6
n.d.
n.d.
82.1
n.d.
n.d.
76.3
n.d.

BG,
%
5.0
5.1
5.8
2.7
2.7
2.8
3.3
3.4
3.7

AX,
%
3.6
2.8
2.4
1.8
1.5
1.3
1.6
1.1
0.9

AX,%
4.8
3.8
3.8

Protein,
%N X 5.7

14.3
13.2
11.7
11.2
10.0
8.8
14.9
13.3
11.0

Table 2. HB flour yield and flour composition at various pearling levels (dry matter
basis).

FRF yield exhibited an inverse relationship to flour yield, being lowest for NA HB and
highest for HA HB. FRF yield decreased as pearling level increased (not shown).
Composition of FRF from 15% pearled HB is summarized in Table 3. AX levels were
concentrated in FRF, and present in comparable amounts for all genotypes. BG was also
concentrated in FRF, with particularly high amounts present for ZA and HA genotypes.

Starch type

High amylose
Normal
Zero amylose

% pearled

15
15
15

FRF yield,
%
27
12
21

Starch,
%

50.9
57.7
49.4

BG,
%

17.3
10.3
18.3

AX,
%
8.6
8.3
7.3

Protein,
%NX5.7

14.6
13.3
15.0

Table 3. Yield and composition of FRF from pearled HB (analytical values on dry
matter basis).

Properties of pasta from HB flour-semolina blends

Quality data for HB flour-semolina blends for HA HB are shown in Table 4, with
representative results for the other genotypes. There were no major problems preparing
spaghetti from HB flour-semolina blends, although higher water absorption was
required. Canadian durum wheat cultivars are selected on the basis of pasta colour
characteristics that appeal to discriminating consumers. Accordingly, it was predictable
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that spaghetti colour was adversely affected, particularly at 40% HB flour addition.
There were differences in spaghetti colour among HB genotypes, but all showed similar
trends. Pearling HB before milling improved spaghetti brightness (L*), reduced redness
(a*) and improved yellowness (b*). Forty percent addition of HA HB flour, which had
the highest BG content, increased BG content of the pasta by well over 2%. Although
clearly inferior to 100% semolina spaghetti, when flour from 15% or 30% pearled HB
was added, colour was reasonably satisfactory, and might be acceptable to health
conscious consumers.

Sample

Semolina
High amylose

Normal amylose

Zero amylose

Absorp-
tion,

30
36
37
37
40
42
42
32
34
36
37

HB
added,

0
20
20
20
40
40
40
20
40
20
40

%
pearled

—
0
15
30
0
15
30
15
15
15
15

L*

76.6
63.4
69.7
71.3
54.9
64.6
67.2
73.1
70.1
71.3
67.8

a*

2.7
9.4
6.1
5.1
13.2
9.0
7.6
4.3
6.2
5.4
8.0

b*

63.3
49.0
53.5
54.7
40.9
47.0
47.2
53.3
45.8
52.2
45.5

Firm-
ness,

g
1028
932
948
941
745
719
704
1032
920
905
719

Table 4. Colour and firmness of spaghetti produced from HB flour-semolina blends.

Gluten protein content is the primary factor associated with cooked spaghetti firmness
(Matsuo et al., 1972). When the NA flour was added at the 20% level, spaghetti firmness
was not significantly different from that of the 100% semolina control and only
moderately lower at 40% addition (Table 4). The addition of ZA HB flour was most
deleterious to cooked spaghetti firmness, corroborating Dexter and Matsuo (1979) who
showed that at constant protein content, low amylose in starch is detrimental to pasta
firmness. HA HB flour addition gave intermediate pasta firmness values, despite
expectation that high amylose in starch would be advantageous to pasta firmness
(Dexter and Matsuo, 1979). Our results show that amylose content in HB starch is not
the sole contributor to cooked spaghetti firmness, and that BG and/or AX and/or HB
protein may also contribute.

Properties of pasta from FRF-semolina blends

Sufficient FRF was added to increase spaghetti BG content by 2%. FRF decreased
brightness and yellowness and increased redness (Table 5), and increased speckiness
(not shown). Knuckles et al. (1997) reported similar results for a BG-rich HB fraction.
The greatest effect on colour was observed for the NA HB genotype because almost
twice as much FRF was required to achieve comparable BG enrichment than for the
other HB genotypes. The colour for the HA and ZA HB FRF blends were reasonably
satisfactory, and might be acceptable to health conscious consumers. Cooked spaghetti
firmness was not significantly influenced by adding FRF, despite dilution of wheat
gluten, providing additional evidence that BG and/or AX and/or HB protein contribute
positively to cooked spaghetti firmness
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Sample Absorpt
ion,

30
36
36
34

FRF added,
%

0
11
20
11

%
pearled

—
15
15
15

L*

76.6
67.9
61.1
68.4

A*

2.7
6.8
10.6
6.5

B*

63.3
50.7
45.8
52.1

Firmness,
g

1028
1073
1053
1102

Semolina
High amylose
Normal amylose
Zero amylose

Table 5. Colour and firmness of spaghetti produced from HB FRF-semolina blends.

CONCLUSIONS

After milling, BG and AX concentrate mainly in FRF, but are also present in significant
amounts in HB flour. When HB replaced semolina at 40%, colour was adversely
affected. When barley was pearled 15% before milling, colour of HB flour-semolina
blends was reasonably acceptable, and might be acceptable to health-conscious
consumers. Replacing 40% of semolina with HA or NA HB flour made spaghetti
slightly less firm, whereas replacement by ZA HB flour made spaghetti substantially
less firm. Addition of FRF did not impact spaghetti firmness. Colour was adversely
affected by FRF, but when sufficient HA or ZA HB FRF was added to increase BG
content by 2%, colour was reasonably acceptable, and might meet the expectations of
health-conscious consumers.
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ABSTRACT

Australia has established an enviable reputation as a major supplier of wheats well suited to
the popular wheat-based foods consumed throughout Asia and the Middle East. However, it
is only in relatively recent times that Australia has made inroads into the export market for
durum.

Durum has been produced in Australia for over thirty years, but only in relatively small
quantities sufficient to supply the needs of the domestic market, and one or two small regular
export buyers. Australian grain producers have studied the prices which can often be obtained
for quality durum, and despite the possibility of greater volatility in this much smaller market
than that for bread wheats, they are keen to try their skills, and to take on the established
players.

Australia's hot dry harvesting conditions are ideally suited to the production of grain of high
physical quality and appearance which is so important in the durum trade. However the need
to also achieve grain protein levels in excess of 12.5% has to date limited production to two
production areas in northern NSW and South Australia.

The quality of wheat currently being produced from these regions, the impact of the
environment on that quality, and the industry's attempts to expand production and make
further inroads into European and Mediterranean markets will be discussed.

SUMMARY

Australia has established an enviable reputation as a major supplier of wheats well
suited to the popular wheat-based foods consumed throughout Asia and the Middle
East. However, it is only in relatively recent times that Australia has made inroads into
the export market for durum.

Durum has been produced in Australia for over thirty years, but only in relatively
small quantities sufficient to supply the needs of the domestic market, and one or two
small regular export buyers. Australian grain producers have studied the prices that can
often be obtained for quality durum, and despite the possibility of greater volatility in
this much smaller market than that for bread wheats, they are keen to try their skills, and
to take on the established players.

Australia's hot dry harvesting conditions are ideally suited to the production of grain
of high physical quality and appearance that is so important in the durum trade.
However the need to also achieve grain protein levels in excess of 12.5% has to date
limited production to two production areas in northern NSW and South Australia.

The quality of wheat currently being produced from these regions, the impact of the
environment on that quality, and the industry's attempts to expand production and make
further inroads into European and Mediterranean markets are discussed.
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BACKGROUND

Annual World durum production currently averages between 30-36 million tonnes, and
with only 6-7 million tonnes traded annually, this variability in production contributes
substantially to volatility in prices. The World trade in durum is concentrated amongst a
small group of exporters with Canada the clear leader, accounting for over 50% of the
total tonnage traded, followed by the USA 16%, the European Union 10%, Mexico 9%,
Turkey 6%, with Syria and Australia the minor players at only 4%.

Durum importers are far more diverse, but with the North African region, and
notably Algeria, Tunisia, Morocco and Libya, accounting for almost 50 % of world
imports. On the production side, we are currently seeing large increases in production in
the USA, North Africa and Australia, whereas Canadian, Syrian and Mexican
production is stable. The modest increase in EU imports is being offset by a dramatic
decline in import demand into North Africa, the world's major durum importing region.

THE AUSTRALIAN SITUATION

Australia has been a minor producer of durum for some 40 years, with production
initially concentrated around the Tamworth area of northern NSW, where the country's
first durum mill was situated. All durum production was consumed domestically,
largely in the form of canned spaghetti by the Heinz Company. This low-key beginning
was to have a marked influence on the quality direction of the Australian crop, with the
particular rigours of the canning environment demanding high gluten strength, and this
has been continued to the present day.

During the 1970's, the former Australian Wheat Board supplied small quantities of
durum to Kuwait Flour Mills as part of an overall supply agreement, and exports did not
expand beyond this until the late 80's, when production increases resulted in larger
exportable surpluses. This was greatly enhanced by the formation of an active durum
growers association in NSW that actively promoted the crop amongst growers and
supported research leading to the development of a series of closely related new
varieties.

A parallel development then followed in South Australia, with growers producing
durum under contract for the San Remo pasta company in Adelaide. However the very
different growing conditions in South Australia demanded a suite of varieties with
different agronomic adaptation, and this has continued through to the present day,
where there is currently only one variety in common amongst the leading four varieties
grown in the two production areas. This is a common theme throughout the Australian
wheat industry, where the range of environments often result in completely different
suites of varieties being grown and delivered into the same marketing class in the
various production regions.

Product Expansion

Attractive prices, a desire by growers to diversify, and in the last five years or so, an
active campaign by AWB to promote durum, has resulted in a steady increase in
production from only 50,000 tonnes in 1994/95 to approaching 800,000 tonnes in
2001/02. Adverse seasonal conditions have impacted on this, with floods in 2000/01
and drought in 2002/03 temporarily halting progress, but it is anticipated that Australian
durum production will top 1 million tonnes in the very near future.
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Export expansion

Increased production created the need to find new markets, and in the four-year period
from 1994/5 to 1998/89 sales were made to Italy, Libya, Morocco, Turkey, Spain and
Dubai. The strong interest from Italian buyers, attracted by Australian durum's
cleanliness, low moisture, and excellent semolina yield, colour and gluten strength, was
particularly rewarding, paving the way for stronger market promotion. As production
continued to increase to an industry high of 750,000 tonnes in 2001/02, so additional
export markets were sought. Italy still accounted for over 50% of total exports, but
other significant sales were made to South Africa, Tunisia and Algeria, consolidating
Australia's position as a supplier of quality product.

Quality of Australian durum

Australian durum is graded primarily according to protein content, and screenings
levels, and a typical outcome of this is shown in Table 1 which compares the quality of
the DR1, DR2 and DR3 grades from the current crop in NSW. Typically DR1 and DR2
are considered premium quality grades differentiated largely on protein content. DR3
has less stringent quality requirements and its final quality tends to vary more from
season to season than the higher quality grades.

Grade
Season
Test Weight (Kg/hi)
Grain Protein (1 l%mb)(%)
Grain Moisture (%)
Screenings (2.00mm)(%)
Hard Vitreous Kernels (%)
1000 Kernel Weight (g)
Semolina extraction (%)
Yellow pigment (um/g)
Semolina colour (Minolta b*)

DR1
03/04
83.0
15.0
10.1
2.4
93.0
42.9
65.5
14.1
32.1

DR2
03/04
84.0
12.2
10.0
2.0

78.0
42.6
63.6
13.3
31.1

DR3
03/04
82.5
14.8
9.9
5.5

75.3
37.2
65.0
13.3
31.6

Table 1. - NSW Crop 2003/04 - Grade comparison

A key determinant of durum quality and market value is vitreous kernel count, or HVK.
Traditionally there has not been a reliable method of assessment available at receival for
this visual/physical characteristic of the grain. There has been much debate within the
Australian durum industry regarding implementation of HVK assessment at receival,
and some recent work conducted by BRI Australia, with cooperation and support from
across the industry including the Grains Research and Development Corporation -
GRDC, grain handlers GrainCorp and Ausbulk and AWB Ltd has resulted in the
development of an NIR calibration which will be evaluated at receival during the
coming harvest. Furthermore, AWB's technical staff, and instrument manufacturers,
are working to develop instrumental methods for accurately determining vitreousity in
durum using image analysis, and hopefully we will have some developments to report
in this area in the near future.
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Quality challenges

The overall quality of Australia's durum is high, and it is also relatively consistent
between seasons as shown in Table 2, which compares DR1 from NSW grown over the
last three seasons. However, it also has some shortcomings, the most obvious one being
the significant differences in quality that are apparent in the grain produced from the
two major production areas. As mentioned above, this is partially a function of the
different varietal composition of the grain delivered in the two areas, but there is also an
environmental factor, contributing to marked differences in gluten strength and yellow
pigment levels, with the south Australian crop being both much tougher and less
extensible, and lower in yellow pigment than the NSW crop, notwithstanding the
similar ancestry of the popular varieties in the two regions. The reasons for this G x E
interaction are not well understood, and are one of the major challenges facing the
nation's durum breeders.

Grade
Season
Test Weight (Kg/hi)
Grain Protein (1 l%mb)(%)
Grain Moisture (%)
Screenings (2.00mm)(%)
Hard Vitreous Kernels (%)
1000 Kernel Weight (g)
Semolina extraction (%)
Yellow pigment (um/g)
Semolina colour (Minolta b*)

DR1
03/04
83.0
15.0
10.1
2.4
93.0
42.9
65.5
14.1
32.1

DR1
03/04
81.0
14.5
9.3
3.5

94.0
41.4
60.9
14.2
31.6

DR1
03/04
81.5
13.8
10.5
3.2
93.3
40.6
58.2
13.8
28.9

Table 2. NSW DR1 Crop-2001/02-2003/04 Seasonal Comparison

THE FUTURE

AWB National Pool is looking at ways of not only encouraging an increase in
production of durum, but more importantly, stabilizing the quality of that production.
Whilst there may be an ongoing, and possibly insurmountable problem in the traditional
dry land production areas, a move toward growing durum under irrigation is under
consideration.

There are substantial areas of irrigated land in the Riverina area of southern NSW
that have traditionally been used to produce rice, often in a rotation with wheat.
However major restrictions on water availability has placed a question mark over the
long-term viability of flood-irrigated rice, hence the interest in irrigated durum. Durum
is still a premium crop, it requires much less water than rice to produce, and most
importantly from a grain quality standpoint, irrigation provides a real opportunity to
control nitrogen uptake, and hence grain protein. Trials with current varieties under a
range of treatment regimes are planned for the coming season, the results of which
should pave the way for the future.
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ABSTRACT

During the past years more and more attention has been paid to producing macaroni
dough with high quality. Traditional pasta is produced only from different qualities of
wheat flour, but the use of leguminous flour and pseudocereals as well as maize starch
in producing pasta products is something new in the literature. There are several
possibilities for improving the quality of the products: to change the technology or
application of additives such as emulsifiers as well as enzymes.

For developing a pasta structure the enzyme transglutaminase can be used as well.
Transglutarninase is a protein-glutamine y-glutamyl-transferase enzyme, which
catalyses acyl-transfer reactions, introducing covalent crosslinks in proteins. Crosslinks
are formed between lysine residues and glutamine residues producing an £-(y-Glu)-Lys
bond, without reducing the nutritional value of the lysine residue. Transglutaminase is
finding increasing use in a wide variety of foods, particularly since large quantities of
microbial transglutaminase became commercially available.

The application of transglutaminase has great importance in the development of
pasta products:

* pasta products can be produced from pseudocereals,
* the quality of pasta products from T. durum can be produced from T.

aestivum flour
* production of pasta products from T. durum with higher cooking quality
* cholesterol free products,
* hypoallergenic products from T. aestivum flour with treatment of

transglutaminase enzyme.

We would like to give same new results about the use of transglutaminase enzymes in
different pasta systems from T. aestivum, T. durum and pseudocereals
pasta systems. We would like to introduce new details about the relationship between
the cooking features of the products, the amount of enzymes applied, the influence of
the enzyme on the protein structure and the change in the molecular weight
distribution.

INTRODUCTION

Traditional pasta is produced only from different qualities of wheat flour, but the use of
leguminous flour and pseudocereals as well as maize starch in producing pasta products
is something new in the literature. There are several possibilities for improving the
quality of the non-traditional products: to change the technology or application of
additives such as emulsifiers as well as enzymes. For developing a pasta structure the
enzyme transglutaminase can be used as well. Transglutaminase protein-glutaminey-
glutamyl-transferase (EC.2.3.2.13) catalyses acyl-transfer reactions, introducing
covalent crosslinks in proteins. Crosslinks are formed between lysine residues and
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glutamine residues producing an s-(y-Glu)-Lys bond, without reducing the nutritional
value of the lysine residue (Gerrard et al. ,2001).

The application of transglutaminase has a great importance in the development of
pasta products: pasta products can be produced from pseudocereals, the cooking quality
of non-traditional pasta products from T. durum can be produced from T. aestivum
flour, production of pasta products from T. durum with higher cooking quality,
cholesterol free products, hypoallergenic products from T. aestivum flour with treatment
of transglutaminase enzyme.

The aim of this study was to produce pasta products in model systems from T,
aestivum, T. durum and pseudocereals pasta systems with the application of the enzyme
ACTIVA®STG-M (Ajinomoto Co. USA). We examined the influence of the amount of
applied enzyme on the cooking properties and the protein structure.

MATERIALS

The pseudocereals Amaranthus cruenthus, grown in Austria, and Quinoa Real
(originated from Ecuador) seeds, and wheat flour flour (T. aestivum, originated from
Del Gabona Malomipari Rt, Szeged and T. durum originated from Diamant Malom Kft,
Hungary) were used in the experiments. The characteristics of raw materials are listed in
Table 1.

Fraction D r y m a t t e r> [%DM1 Protein, [% DM ] Fat, [% DM]

T. aestivum 88.35±0.78 17.02 ±0.32 1.78±0.32
T. durum 89.42±0.50 15.23 ±0.46 2.45±0.82
Amaranth flour 87.52±0.32 13.29±0.54 7.63±0.32
Quinoa flour 86.38±0.78 7.64±0.30 1.22±0.40

a Composition of raw materials was determined according Karacsonyi (1970).

Table 1. Composition of raw materialsa

Preparation of macaroni samples
The amount of wheat flour and water was calculated to obtain 40 % moisture in the
dough. The amount of enzyme applied was 10-80 mg/kg (related to the amount of
flour). The enzyme applied was ACT1VA®STG-M (water-soluble form). From the
water-soluble enzyme a solution was made with distilled water and then added to the
flour. Pasta products were produced using a NUDELMEISTER 8495 (Germany). The
500-g wheat flour, water with the enzyme was stirred for 10 min in the
NUDELMEISTER 8495. To determine the influence of enzyme 30-180 minutes at
24°C temperature. The machine produced macaroni, The products were dried at 39 °C
and at 87 % relative humidity for 24 hours.

METHODS

Method of cooking test (amount of water uptake, cooking loss) was made according to
Karacsonyi (1970). The sensory assessment was performed according to the Hungarian
Standard (1986).
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Protein Fractionation Procedures

All pasta samples were ground to flour size particles (200-450 urn) in a Lab Mill 1QC-
114-type grinder (Labor MIM, Hungary). Protein extraction was carried out according
to methods of Barba de la Rosa et al, 1992 for the pseudocereals samples, and Feillet et
al, 1977 in the case of the wheat pasta products. The proportion of soluble fraction was
determined by micro-Kjeldahl method. The molecular weight distributions of the
fractions were examined by SDS-PAGE-electrophoresis according to Kovacs et al.
(2003).

All experiments and determinations were performed in triplicate. ANOVA
ANALYSIS was used for examining the data of cooking values and amount of soluble
protein fractions at probability level according to P = 0.05 .

RESULTS AND DISCUSSION

Figure 1. shows the molecular weight distribution of the soluble protein fractions and
Figure 2. presents the pasta properties of the pasta systems from amaranth flour with the
addition of TG Enzyme.

St Glutenin St Albumin+Globulin

94 !>4
67 07
43 43

30 30 '

20 20

14 14

kDa N 0 20 40 60 180 kDa N 0 20 40 60 180

N = flour, 0,20,40, 60 180: time of enzyme treatment, min

Figure 1. Molecular weight distribution in soluble protein fraction from amaranth flour
made with 200mg/kg ACTIVA®STG-M

Pseudocereals flour contains a low prolamin type protein and without additives it is
impossible to develop a structured product. The results show that by the use of TG
Enzyme pasta with a good structure can be developed. With the influence of TG
Enzyme a great difference in the amounts and molecular weight distributions of soluble
albumin + globulin and glutelin fractions could be detected. With the use of enzyme a
stabilisation could be detected in the development of the structure after 60 minutes with
the use of 200 mg/kg enzyme, but the addition of 20-50 mg/kg enzyme resulted in a
structure with lower quality after 2-3 hours. The addition of enzyme resulted in a
protein network in the products with a higher proportion of high molecular weight
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protein subunits. The use of enzyme in the amount of 200mg/kg - 50 mg/kg resulted in
products with good cooking quality.

flour 130
mg

100 50 mg33 mg 20 mg
mg

® Cooking loss,%

TG enzyme
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Q Total score

@ Albumin + globulin, %*

© Water uptake,%

Figure 2. Characteristic features of the amaranth pasta products made by addition of
TG Enzymes

Glutenin, %* (related to total
protein )

Gliadin

*»*» r..*

Glutenin

94

67

43
30

20 •

14

kDa St flour

-*••

10 20 30 40 50 60 70 80
mg, enzyme

94

67

43
30

20

14

kDa St flour 10 20 30 40 SO 60 70 80
mg, enzyme

Figure 3. The molecular weight distribution of gluten protein fractions of pasta products
with TG Enzyme T. aestivum flour

Figure 3. shows the molecular weight distribution of the soluble protein fractions in T.
aestivum wheat flour systems, the pasta properties are presented in Figure 4.

We could not find great differences of the proportion of and the change in molecular
weight distribution of salt soluble fraction of the wheat flour fractions, but we could
detect difference in the amount and molecular weight distribution of gluten proteins.
Pasta on wheat basis produced with the TG-Enzyme i.e. ACTIVA®STGM have shown
excellent quality parameters. Pasta produced from wheat flour (T. aestivum) without
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additives (like eggs) have shown a lower quality level. Pasta products with a
supplement of 40 mg/kg enzyme TG (based on flour) have shown excellent sensory
results. The TG-Enzyme has influenced and changed the molecular weight distribution
of the soluble protein fractions. The TG-Enzyme could integrate LMW fractions into
the developed protein structure. The cooking time from pasta products produced with
TG-Enzymes is longer than products without this enzyme (22 -26 min). For improving
the cooking quality of pasta products from T. durum 10-30 mg/ TG-Enzyme is
sufficient.

flour Qmg 10 mg 20 mg 30 mg 40 mg 50 mg 60 mg 70 mg 80 mg TG enzyme

E3Salt soluble (*re|atec| 53 Cooking loss,% El Sensory assessment
SGIiadin,%* to total •Glutenin,%* BWater uptake, %

protein)

Figure 4. Pasta properties made with 10-80 mg/kg transglutaminase enzyme from 71.
aestivum flour

CONCLUSION

Pasta produced with the TG-Enzyme i.e. ACTIVA®STGM has shown excellent quality
parameters. The TG-Enzyme has influenced and changed the molecular weight
distribution of the soluble protein fractions. (The proportion of HMW protein subunits
were higher in the soluble fraction, the enzyme treatment resulted biopolymers on the
start of gel slabs). The TG-Enzyme could integrate LMW fractions into the developed
protein structure. The use of enzyme resulted in pasta products with high cooking
quality from different raw materials.
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ABSTRACT

The use of non-conventional raw materials in pasta can result in good quality products
by using technologies that explore the ftmctional properties of the raw material
components, such as starch, by adding high protein flours capable of forming a structure
similar to that of gluten or by using additives. Some additives react with proteins to
form a network, while others react with the starch, preventing starch losses to the
cooking water and therefore decreasing stickiness after cooking. Using Response
Surface Methodology (RSM), studies were carried out to evaluate the effects of the
addition of pre-gelatinized flour, dehydrated egg white and monoglycerides on the
characteristics of rice pasta manufactured by the conventional process. The samples
obtained were assessed according to their cooking characteristics and the parameters:
firmness, stickiness, resistance to breakdown and extensibility. Statistically significant
and predictable regression models were found for cooking loss, firmness and
extensibility. All the ingredients studied influenced the quality of the final product. By
increasing the amount of pre-gelatinized flour and egg white, the firmness and the
extensibility of the pasta were improved. Neverthless, since pasta containing amounts
of pre-gelatinized flour greater than 40% tended to be sticky, the use of about 40% pre-
gelatinized flour is recommended. The main actions of the monoglycerides were in
reductions of cooking loss and of pasta stickiness after cooking.

INTRODUCTION

The use of non-conventional raw materials in pasta can result in good quality products
by using technologies that explore the functional properties of the starch or by adding
high protein flours capable of forming a structure similar to that of gluten. The use of
additives which form complexes with amylose prevents starch losses to the cooking
water and therefore decreases pasta stickiness (Pagani, 1986).

The aim of this work was to determine the influence of adding pre-gelatinized flour,
dehydrated egg white and monoglycerides on the textural characteristics of rice pasta,
manufactured by the conventional process.

MATERIALS AND METHODS

Different percentages of rice flour, pre-gelatinized rice flour, dehydrated egg white and
monoglycerides were first mixed for 5 minutes. Water (41.25%) and colourant (0.04%)
were then added and blended for another 15 minutes. All the percentages were based on
the total amount of flour. The mixture was then extruded asfettucini and cut in a pilot-
scale extruder. The product was then dried using a high temperature process in a static
dryer.
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Experiments were conducted according to a rotatable central composite Response
Surface Methodology (RSM) with 3 factors or independent variables (N). The design
consisted of a total of 18 experiments (2N + 2N + 4) with 8 star points, 6 axial points
and 4 central points. The tests were conducted in a randomized order. The independent
variables and their levels are shown in Table 1. For each test, the following dependent
variables were evaluated: cooking time, weight increase, volume increase and cooking
loss according to AACC 66-50 (AACC, 2000). Firmness, stickiness and elasticity were
evaluated using a texturometer TA-XT2i with probes A/LKB-F, HDP/PFS and A/SPR,
respectively.

VARIABLES/LEVELS ^o A 6 +1 +a
Xl= Amount of pre-gelatinized flour (%
X2= Amount of monoglycerides (%)
X3= Amount of dehydrated egg white

31.6%
0%
0%

35%
0.4%
1.3%

40%
1%
3.2%

45%
1.6%
5.1%

48.4%
2.0%
6.4%

Table 1. Independent variables and their levels

Using the statistical software Statistica, the average responses of each of the 18
experiments were treated by a multiple regression analysis in the Response Surface
Methodology to develop mathematical models of the second order. The analysis of
variance (F test) was applied to evaluate the adequacy of the fitted models. Regression
and lack-of-fit significances were observed according to the F test as well as the
determination coefficient (R2). The effect of the independent variables in the responses
evaluated was determined by three-dimensional plots, in which one of the independent
variables was fixed at the central point.

RESULTS AND DISCUSSION

Averages of the experimental results of the cooking characteristics and the texture
parameters are shown on Table 2. The regression equations expressing the parameters as
functions of the experimental variables and their determination coefficients are shown in
Figures 1 to 4.

The dependent variables weight and volume increases did not present significant
regression models, indicating that the ingredients used in the different formulations of
rice pasta had no influence on these variables. The results found for weight increase
were lower than the values of 160 to 180% recommended by Krugcr et al. (1996) for
wheat pasta but they were closer to those found by Tsao et al. (1976) for rice pasta
manufactured by cooking extrusion after being cooked for 10 minutes (135%).

According to Barros Neto et al. (1996) the higher the determination coefficient (R2),
the better the fit of the model to the observed experimental results obtained. For the
variable cooking time, the low R2 (52.05%) may be explained by the methodology used
(AACC 66-50, 2000) in which the degree of cooking was assessed every 30 seconds.
The calculated model (yi = 8.6 + 0.38xi) was significant at 5% and showed no lack-of-
fit, indicating that it could be used as a tendency, or rather, independent of the other
variables, cooking time increasing with increases in the amount of pre-gelatinized rice
flour.
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TEST

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

INDEPEND.
VARIABLES

XI

-1

1

-1

1

-1

1

-1

1

-a

+a

0

0

0

0

0

0

0

0

X2

•1

-1

1

1

-1

-1

1

1

0

0

-a

+u

0

0

0

0

0

0

X3

-1

-1

-1

-1

1

1

1

1

0

0

0

0

-a

+a

0

0

0

0

COOK.
TIME
(mln)

8.5

9.0

8.0

9.5

8.0

9.0

9.0

9.5

8.0

9.0

8.5

8.5

8.5

8.5

8.5

8.5

8.5

8.0

COOK.
LOSS

(%)

13.99 (0.18)

13.24(0.48)

10.57 (0.15)

13.24(0.37)

12.28 (0.16)

14.62 (0.92)

9.11 (0.78)

10.43 (0.45)

8.40 (0.22)

12.69 (0.29)

17.38(0.20)

10.21 (0.63)

10.83 (0.78)

10.74(0.74)

10.65 (0.33)

10.37 (0.15)

10.73(0.53)

12.24(0.33)

WEIGHT
INCREASE

<%)

135.7 (2.5)

135.8 (2.0)

136.7 (0.4)

129.4(3.1)

125.7(1.2)

134.5 (2.7)

141.0 (4.2)

142.0 (5.0)

139.1 (0.7)

129.8 (3.2)

133.4 (3.8)

141.6 (3.9)

141.9 (3.2)

123.1 (2.8)

138.4(1.3)

135.5 (0.7)

135.3 (2.7)

122.9 (1.9)

DEPENDENT VARIABLES

VOL.
INCREASE

(%)

150(0)

175 (0)

150(0)

150(0)

150(0)

167 (14)

175 (0)

175 (0)

175(0)

158 (14)

167 (14)

167 (14)

175 (0)

150 (0)

175 (0)

158 (14)

175 (0)

150(0)

FIRMNESS
(gl)

210.09(12.64)

228.59(11.64)

185.11(9.85)

179.70(13.85)

235.94(15.72)

293.12(26.82)

218.57(18.09)

271.12 (32.56)

254.96 (37.35)

276.36 (24.61)

245.24(11.50)

199.24(12.58)

200.15 (14.85)

294.14(14.51)

232.68 (19.25)

250.06 (24.37)

251.15 (16.88)

235.66 (8.92)

STICKNESS
(SO

95.00 (7.98)

80.11 (10.27)

74.89 (6.78)

57.42 (5.30)

79.22 (8.87)

97.04(10.39)

57.22 (5.30)

80.44 (7.25)

80.87 (7.11)

76.14(9.61)

108.68 (3.67)

61.61 (2.86)

81.39(1.88)

78.38 (2.61)

75.57 (9.86)

82.90 (8.75)

78.12(7.45)

73.41 (3.91)

ELASTICITY
Resistance to

break (̂ f)
25.38 (4.36)

27.11(3.94)

18.92(2.08)

23.74 (3.95)

23.98 (3.65)

31.69(2.95)

30.25(1.48)

33.04(3.02)

25.03 (1.07)

41.87(2.57)

28.11 (2.49)

27.92 (2.85)

18.89(1.66)

37.50 (4.45)

23.56 (2.61)

22.21 (4.37)

23.49(3.12)

23.30(1.43)

Extensibility
(mm)

9.52(1.22)

13.86(1.60)

7.48 (0.99)

9.08(1.64)

9.46 (0.66)

15.04 (1.66)

13.08(0.49)

15.68(1.36)

11.29(1.64)

15.98(0.70)

11.74 (1.38)

11.68 (0.68)

8.83 (0.63)

14.29 (0.97)

10.21 (0.89)

10.38 (1.27)

8.67(0.12)

8.92 (0.91)

Xl=% of prc-gclatinized flour, X2=% of monoglycerides; X3~% of dehydrated egg white. Standard deviation in parentheses

Table 2. Average experimental results for cooking characteristics and texture

When the minimum amount of pre-gelatinized flour and the maximum amount of
monoglycerides were used, a minimal cooking loss was obtained (Figure 1). This
relationship could be explained by the water solubility of the gelatinized starch and by
the formation of a complex between the monoglycerides and the amylose, decreasing the
soluble solids loss to the cooking water by the non-conventional pasta (Pagani, 1986).
The values for cooking loss found were lower than those obtained by Tsao et al. (1976)
for rice pasta manufactured by cooking extrusion (19.9% and 22.9% for cooking times
of 5 and 10 minutes, respectively) and by Wang et al. (1999) for pea pasta, also using
extrusion cooking (20.5% after 10 minutes of cooking). According to Hummel (1966)
cooking losses of up to 6% are typical for good quality pastas.
The model obtained for firmness (Figure 2) shows the importance of pre-gelatinized
flour, as explained by Pagani (1986) who reported that in non-conventional pasta the
gelatinized starch reacts as an adhesive, forming a cohesive network similar to gluten.
The addition of dehydrated egg white also showed a positive effect on the firmness of
the pasta because it coagulates easily when heated, forming a network during cooking.

As for the parameter cooking loss, the proposed model for stickiness showed the
influence of monoglycerides in this parameter of texture. This relationship is explained
by Pagani (1986) by the formation of complexes between the monoglycerides and the
amylose fraction. D'Egidio and Nardi (1996) showed correlation (r = -0.94) between
stickiness and the total organic matter present in the rinsing water of wheat pasta after
cooking. These authors also found that the starch, responsible for the stickiness, was the
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5»

MODEL: yi = 10.93 + 0.93XJ - 1.67x2 + 1.09x2
z
;

R2 = 82.48%

Figure 1. Effect of pre-gelatinized flour and monoglycendes on cooking loss.
The variable X3 was fixed at 0 (amount of dehydrated egg white = 3.2%).

MODEL: yi = 245.36 + 11.64xi - 13.96x2 - 11.33x2
2 + 27.35x3 +

12.08xix3; R
2 = 89.00%

Figure 2. Effect of pre-gelatinized flour and dehydrated egg white on
the firmness of rice pasta. The variable X2 was fixed at 0 (amount of
monoglycerides = 1.0%).
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main component of the organic matter. Considering the formulation of the rice pasta
studied and the characteristics of its components, starch is certainly the main component
of the soluble solids present in the cooking water. Thus the interaction between the
monoglycerides and the starch fraction can justify the decrease in stickiness when the
amounts of this ingredient are increased, as suggested by the model presented in Figure
3.

The regression model developed for the resistance to break cannot be used for
prediction due to a significant lack-of-fit. The model for extensibility was significant
and predictable, showing the influence of the three variables studied. One of the
possible graphics is presented in Figure 4.

MODEL: yj = 78.80 - 11.76x2 + 9.18x!X3;

R2 = 91.42%

Figure 3. Effect of pre-gelatinized flour and monoglycerides on the stickiness of rice pasta. The
variable X3 was fixed at 0 (amount of dehydrated egg white = 3.2%).
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c ^

MODEL: y; = 9.59 + 1.61xi +1.27x!2 + 0.59x2
2 + 1.65x3 + 0.53x3

2 0.72x^2 + 1.39x2x3; R
2 = 94.72%

Figure 4. Effect of pre-gelatinized flour and dehydrated egg white on the extensibility of rice
pasta. The variable X2 was fixed at 0 (amount of monoglycerides = 1.0%).

CONCLUSIONS

All the ingredients studied showed some influence on the quality of the rice pasta. The
importance of both pre-gelatinized flour and dehydrated egg white was evident in the
assessment of the parameters firmness and extensibility, which were improved as the
amounts of these ingredients increased. For these parameters, the optimized formulation
should contain pre-gelatinized flour and dehydrated egg white in the direction of the
maximum amounts of these ingredients (48.4% and 6.4%). Nevertheless, pasta with
amounts of pre-gelatinized flour higher than 40% was sticky during processing. Thus,
amounts close to the central point (40%) are recommended for operational purposes.
With respect to the addition of monoglycerides, the main action was in the reduction of
stickiness and cooking losses.

For the parameters cooking loss and extensibility, the optimized formulation should
contain dehydrated egg white and monoglycerides in the direction of the maximum
amounts of these ingredients (6.4% and 2.0% respectively).

REFERENCES

AACC. AMERICAN ASSOCIATION OF CEREAL CHEMISTS (2000) Approved
Methods, 10th ed., St. Paul: AACC.
Barros Neto, B.; Scarminio, I.S.; Bruns, R.E. (1996) Planejamento e Otimizacao de
Experimentos, 2a edicao, 299p, Campinas: Editora da Universidade Estadual de
Campinas.
D'Egidio, M.G.; Nardi, S. (1996) Textural measurement of cooked spaghetti, hi: Pasta
and Noodle Technology (edited by, J.E. Kruger; R.B. Matsuo; J.W. Dick). Pp. 133-156.
St. Paul: American Association of Cereal Chemists.
Hummel, C. (1966) Macaroni products. 287p, London: Food Trade Press.



510 Rice pasta formulation for a conventional pasta manufacturing process

Kruger, J.E.; Matsuo, R.B.; Dick, J.W. (1996) Pasta and Noodle Technology. 356p. St.
Paul: American Association of Cereal Chemists.
Pagani, M.A. (1986) Pasta products from non conventional raw materials. In: Pasta and
Extrusion Cooked Foods - Some Technological and Nutritional Aspects (edited by C.
Mercier & C. Cantarelli). Pp. 52-68. London: Elsevier Applied Science Publishers.
Tsao, T.; Beetner, G.; Lorenz, K.; Frey, A. (1976) Extrusion processing of instant rice
spaghetti. Lebensmittel Wissenschaft Technologie, 9, 96-98.
Wang, N.; Bhirud, P.R.; Sosulski, F.W.; Tyler, R.T. (1999) Pasta-like product from pea
flour by twin-screw extrusion. Journal of Food Science, 64, 1671-1678.



INFLUENCE OF KANSUI FORMULATION ON ORIENTAL NOODLE

TEXTURE

D.W. Hatcher and M.J. Anderson

Grain Research Laboratory, Canadian Grain Commission, Winnipeg, Canada, R3C 3G8

ABSTRACT

Yellow alkaline noodles are a major component of the diet of most Asian consumers.
There are wide differences in the type of flour and the protein content utilized to produce
this product throughout the region. While considerable research has investigated the key
flour quality requirements essential to make acceptable noodles, minimal research has been
directed towards the impact of alkaline formulation. There are significant differences in the
ingredients and ratios used not only between countries, but also within a country. Previous
research has been confined to studying the impact of these different formulations on the
resulting colour of the noodles.

This study employed a RSM design to investigate the influence of the sodium and
potassium carbonate ratio, the amount of alkaline reagent added and the influence of salt on
noodle quality parameters. Noodles were produced using patent (60% extraction) and
straight grade flours derived from two different Canadian wheat classes; Canada Western
Red Spring (CWRS) and Canada Prairie Spring White (CPSW).

Noodle color and cooked texture parameters; resistance to compression, recovery, stress
relaxation and assorted texture profile analysis attributes of the noodles are reported.
Significant differences in the texture parameters were noted based upon formulation with
the 5% alkaline solution of 1:9 sodiunrpotassium carbonates displaying the most noticeable
deterioration of noodle resistance to compression and recovery. Salt at the 3% level in any
formulation resulted in a decline in most texture parameters.

INTRODUCTION

Yellow alkaline noodles (YAN) are a major component of the diet of most Asian
consumers. A strong correlation has been demonstrated between alkaline noodle texture
and protein content and quality (Miskelly and Moss, 1985, Shelke et al, 1990). Alkaline
noodles are normally prepared from flours having a 9.5-13.5 % protein content, although
higher levels are occasionally used to meet regional preferences. The nature and type of
alkaline salts used in production is also variable. Sodium and potassium carbonates in
different ratios are common, although sodium hydroxide is also employed. The alkaline
salts are dissolved in water, referred to as kansui, to normally achieve a 1-3 % w/w level
with the flour. The introduction of the alkali elevates the pH to 9-11 resulting in a
toughening of the proteins, a unique aroma and the development of a yellow colour as
normally colourless flavanoids undergo a chromophoric shift. Depending upon the country
it is also common for noodle manufacturers to introduce a small amount of sodium chloride
in the noodle dough. Previous research has been primarily directed at establishing the
impact of the different alkali formulations on noodle colour (Kruger et a!., 1994, Moss et
a.l, 1986). As the preference of consumers for various texture characteristics in YAN is
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regional in nature, it is of interest to determine the influence of various alkaline
formulations on these noodle characteristics.

MATERIALS AND METHODS

Flour was prepared from two different Canadian wheat classes; Canada Western Red
Spring (CWRS) and Canada Prairie Spring White (CPSW) which are commonly used in
Asia for YAN production. The influence of kansui formulation on YAN characteristics was
examined using flours prepared at two extraction levels (straight grade, 74% and patent,
60%). Due to the limited space, only CPSW noodle data prepared from straight grade flour
are presented. The trends observed were found to be consistent across both wheat classes
and flour types. The experimental design for the evaluation of the factors incorporated two
alkaline addition levels (1 and 5%), two sodium to potassium carbonate formulations (9:1
and 1:9) with two levels of sodium chloride (0 and 3%).

Noodles were prepared and tested according to the methods of Kruger ct al (1994).
Noodles were prepared (n=3) from each flour and formulation using a randomized design.
The noodles were optimally cooked (loss of central core), rinsed for one minute under
distilled water (20°C) and drained by shaking gently on a strainer. The noodles were stored
in sealed plastic containers for 10 min prior to undergoing texture analysis. Texture
parameters were determined as the mean of five replications for each of the three
randomized noodle preparations. Noodle bite was determined by maximum cutting stress
(MCS) and chewiness by resistance to compression (RTC) and recovery (Oh et al., 1983).
The stress relaxation test (Sopaniwyk, 1990) involved loading the noodles to 2 g/mm2 and
holding until the force decreased by 15%.

RESULTS AND DISCUSSION

Adjustments to the water absorption were required to obtain a proper crumb mixture prior
to sheeting The concentration of kansui and salt influenced the amount of water added but
the kansui formulation did not. This is consistent with work reported elsewhere (Miskelly,
1996). No discernible pattern in energy requirements for noodle processing was found.

Colour of raw YAN influences consumer acceptance of the product at the marketplace.
The differences resulting from kansui formulation were minor (not shown). Addition of salt
generally produced a darker, redder and less yellow noodle. Addition of higher levels of
kansui resulted in brighter noodles. Neither the amount of kansui nor the formulation
influenced redness or yellowness in a predictable manner. This concurs with the conclusion
of Kruger et al., (1992).

Noodle texture is the final criteria for consumer acceptance. Noodle bite (MCS) on the
front teeth is one of the first perceptions of the consumer. Kansui formulation at the 1%
level did not influence MCS, however, increasing the concentration of alkali significantly
reduced (p<0.05) noodle bite (Fig.l). Addition of sodium chloride to noodles prepared
with either formulation of carbonates at the 1% or 5% level significantly (p<0.05) reduced
noodle bite. Levels of kansui greater than 1% produced noodles that were unacceptably
soft.
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Figure 1. The influence of sodium:potassium carbonate formulations and concentration on
cooked CPSW noodle bite in the presence or absence of 3% sodium chloride.

Resistance to compression (RTC) is a measure of the chewiness of the noodles. No
significant impact due to kansui formulation was detected on chewiness at a 1%
concentration (Fig.2). Increasing the alkali concentration to 5% resulted in a large
significant decrease (p<0.05) in noodle chewiness for all kansui formulations. It was noted
that the decline in RTC for the 1:9 sodium:potassium carbonate noodles was significantly
greater than that observed for the corresponding 9:1 noodles. Addition of salt to any kansui
formulation or concentration only resulted in a significant decline in noodle chewiness for
those noodles prepared using the 1:9 formulation at the 5 % level. Noodles prepared with
5% 1:9 kansui solution, would be considered to be unacceptably soft and inelastic.
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Figure 2. The influence of sodiunrpotassium carbonate formulations and concentration on
cooked CPSW noodle chewiness in the presence or absence of 3% sodium chloride.
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Stress relaxation is an excellent method to compare the influence of the different alkaline
formulations on the noodles' structural matrix. A shorter time period indicates the inability
of the noodle matrix to resist deformation. A significant decline (p<0.05) was observed at
the 1% concentration level when the ratio of alkali salts was changed (Fig. 3). At the
elevated alkali concentration a further decline in relaxation time was observed, although the
ranking of formulations reversed. In all cases the addition of salt had a significant negative
impact on cooked noodle relaxation time.
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Figure 3. The influence of sodium:potassium carbonate formulations and concentration on
cooked CPSW noodle relaxation time in the presence or absence of 3% sodium chloride.

CONCLUSIONS

The effect of the various kansui formulas on various parameters of YAN quality was
measured using two different wheat classes and two flours of different extraction rates. The
observed trends were consistent for both wheat classes and flour types. Generally, the
amount of kansui and salt affected parameters more than did the kansui formulation itself.
When 5% kansui was added, either with or without salt, unacceptably soft and inelastic
noodles resulted. This effect was influenced slightly by kansui formulation.
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ABSTRACT

Pasta is a popular food and various testing instruments have been developed to evaluate
its texture. Local consumer preference for pasta texture varies, and it is necessary to
correlate instrumental techniques with these preferences. However, with increasing
international trade in durum grain and pasta, standardised methods are becoming more
important. The firmness of cooked pasta is an important measure and there is no
comparative information about how the different instrumental methods to measure
firmness relate. This study aimed to (1) compare different instrumental methods (texture
analyser, TA.XT2/, viscoelastograph and the GRL tenderness tester) to measure the
texture of 30 spaghetti samples (2) to compare results of three laboratories using the
same test to measure two aspects of texture, specifically firmness and stickiness. Each
of the samples were evaluated for pasta quality in three different laboratories using in-
house procedures (cook time, TA.XT2;1 firmness and in two labs stickiness and TPA
analysis and in one lab. viscoelastograph and GRL cooking quality parameter [CQP]).
This study has found close agreement between CQP, viscoelastograph and TA.XT2/ to
measure cooked spaghetti firmness but not so for stickiness. However, even using the
same instrument to measure firmness (TA,XT2i) there were differences in the ranking
of samples that fell between the extremes and in discrimination. We attribute these
differences to variations in the cooking method, sample presentation and instrument
settings used by the three labs. Optimum conditions need to be defined and
standardised, followed by inter-laboratory evaluation to produce a consistent method
that could be used internationally.

INTRODUCTION

Sensory analysis using highly trained panellists is considered the ultimate tool for
measurement of the cooking quality of pasta products but is time consuming and
impractical. In response to these constraints, various testing instruments have been
developed to evaluate the texture (firmness) of pasta. The Instron Universal Testing
Machine is well established for the measurement of pasta firmness and this method has
been adapted to the more recent texture analyser, TAXT2z. Matsuo and Irvine (1971)
described an apparatus for measuring the cooking score (CQP) of spaghetti, with larger
numbers indicating better cooking quality. The viscoelastograph developed by Institute
National de la Recherche Agronomique, (Feillet et al 1977) has also been used to assess
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cooking quality of pasta. However, there is little comparative information about how the
different instrumental methods to measure the firmness of cooked pasta relate. The
purpose of this study was to compare different instrumental methods to measure the
texture of a wide variety of spaghetti samples and compare results of three laboratories
using the same test to measure firmness.

MATERIALS AND METHODS

Sample set

Thirty commercial spaghetti samples distributed amongst three labs (Tamworth
Agriculture Institute, Australia (TAI), Canadian Grain Commission, Grain Research
Laboratory, Canada (GRL) and Agriculture and Agri-Food Canada, Cereal Research
Centre, Canada (CRC)) for instrumental texture analysis.

Methods used to assess pasta quality

Each laboratory used its own procedure to cook pasta to optimum cooking time (OCT)
and to measure firmness (using a TA.XT2/) with key differences shown in Table 1. For
firmness, the height of the first peak (peak force) analogous to the maximum cutting
force (Smewing 1997) was determined. A viscoelastograph to measure the relative
recovery (%Rr) according to a modified method (Kovacs et al 1995) and the apparatus
of Matsuo and Irvine was used according to Dexter and Matsuo 1977.

RESULTS AND DISCUSSION

Texture measurements such as firmness and cooking time are affected by cooked
diameter (Oh et al., 1983). To minimise this effect, samples with diameters to meet a
practical range of 1.5-1.9 mm were selected. The range in OCT between pasta across
laboratories was 9.17-16.25 min with reasonable agreement between labs (r~0.76-0.95).
The greatest differences in OCT were found between TAI and GRL because GRL
defines OCT as time when the centre core disappears plus 15 seconds whereas TAI and
CRC do not add the extra 15 sec of cooking.

Lab

TAI
CRC
GRL

Cook
method

A
B
C

Load cell
mass (kg)

5
25
25

No strands/
Length (cm)

5 x 7
4 x 6
10x2.5

Rig Type

A/LKB-F
TA-47
Custom

Test speed
(mm/sec)

1.0
0.8
0.2

Blade distance
stopping short
of base plate
(mm)
Stop 0.3
Stop 0.5
Stop 0.1

A= Cook pasta (lOg) to OCT, drain, cover with 250ml water for 2 min, drain, cover for
1 min then test (3 cooks/sample); B= Cook pasta (15g) to OCT, rinse 130ml water,
drain, test three lots of four strands from the one cook; C = Cook pasta (9g) to
OCT+15sec, drain, rinse (five times), test five lots of 10 strands from the one cook.

Table 1. Instrumental settings used for TA.XT2/ firmness test according to laboratory.
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Cooked firmness

Different absolute values for firmness as measured by peak force were obtained from
each lab (Fig. 1). The GRL values were much higher while the range in values between
TAI and CRC were similar. GRL cuts 10 strands, uses a low test speed and cuts further
into the sample, all of which explain the higher peak force. The LSD statistic for TAI
was lowest, reflecting greater precision of the firmness test using their method.
Firmness was highly correlated (r = 0.85-0.93) among labs. This is reflected in the
similarity of ranks for peak force and high rank correlation coefficients (Table 2). For
example, TAI ranked the firmest four samples as BiLo (1), Vetta (2), Delverde (3) and
Farmland (4) compared to GRL which gave ranks for these samples of 2, 5, 6 and 3 and
CRC ranks of 3, 4, 2 and 1, respectively. Similarly, the least firm four samples
according to TAI were Granaro (30), Prairie Harvest (29), Delezie di Claudio (28) and
Guacci (27) compared to GRL ranks for these samples of 30, 26, 29 and 25 and for
CRC ranks of 30, 28, 29 and 27. Each lab uses its own method that may not represent
the optimum conditions for maximum sample discrimination, reproducibility and ease
of operation. If inter-laboratory comparisons of pasta texture are to be possible,
standardisation of the cooking procedure, sample presentation to the texture analyser
and instrument settings must be uniform. Further work is underway to optimise these
steps through AACC.

Firmness-TAI
Firmness-GRL
Firmness-CRC
CQP
Visco-%Rr

F-TAI
1.00
0.82
0.86
0.78
0.69

F-GRL

1.00
0.91
0.95
0.81

F-CRC

1.00
0.89
0.78

CQP

1.00
0.84

%Rr

1.00

Table 2. Rank correlation matrix.

Other measures of firmness

Other measures of pasta texture were obtained using CQP and viscoelastograph. A wide
range in CQP (16-61) and Rr (15-64) was obtained. CQP was highly correlated with
peak force (r ~ 0.83-0.94) and this is reflected in the high correspondence in ranks with
peak force (Table 2) with the top five ranked CQP samples within the top 10 and the
bottom five ranked CQP within the bottom six ranked by peak force.

The viscoelastograph compresses the pasta with a constant load and changes in
thickness during and after loading and the capacity to return to the initial form are
recorded. The instrument is useful in measuring the elasticity of cooked pasta (Kovacs
et ah, 1995). Rr was highly correlated with peak force (r -0.7-0.8) and produced good
correspondence in ranks with peak force (Table 2). CQP more closely matched the
ranks of peak force. The data suggests that the viscoelastograph seems to measure
different aspects of texture that would account for some of the differences in ranks.
Each test differed in its ability to discriminate samples. We estimated this by comparing
the ratio of the range in the measurement to the LSD statistic for the test. The most
discriminating test was the TAI peak force (ratio=16). All the other tests gave ratios 4-6,
indicating similar discriminating ability.



Instrumental techniques to discriminate the cooking quality of spaghetti

1400i

519

1200-

1000-

g 800-

a. 600-

H

S 400-

200-

Q T3
i_] 5
.JL. .2

DTAIBGRL aCRC

II
3 Si 5 I3 =

S 1
8 § 6 " ° "

O ° I •< .9 g o 5

Is s

Figure 1. TAXT2; peak force measurements on 30 pasta samples according to
laboratory

CONCLUSIONS

This study has found close agreement between three different instrumental methods to
measure the firmness of cooked spaghetti (CQP, viscoelastograph and TA.XT2/) in
terms of high correlations and excellent ranking. However, even using the same
instrument to measure firmness (TA.XT2i) there were differences in the ranks for
samples that fell between the extremes in firmness and in discrimination. We attribute
these differences to variations in the cooking method, the sample presentation and
instrument settings used by the three labs. There is a need to further investigate the
impact of specific cooking and testing variables on the firmness of cooked pasta to
optimise discrimination, and to reduce error in order to produce a standardized method
applicable for wide usage. We are currently researching this aspect.
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UK NIR GRAIN NETWORK - COOPERATIVE CONTROL OF NIR
CALIBRATIONS USED FOR ANALYSIS OF WHEAT AND

BARLEY

M. Albertini

UK NIR Grain Network, 11 Hargrave Road, Maidenhead, SL6 6JR, UK

The UK NIR Grain Network is a cooperation between companies from various sectors
of the UK grain industry to share the costs and effort involved in developing,
maintaining and checking analytical performance of near infrared (NIR) calibrations
used for testing wheat and barley for moisture and protein/nitrogen. This helps give
confidence in analytical results when trading between Network members as well as
meeting criteria for achieving competence in various assurance schemes. There are now
around 125 NIR instruments in the Network, having started with 11 in 1994.

The poster gives a brief history of the Network and how it operates in order to meet
the requirements of the members.

Confirming performance of calibrations is vital at harvest time and information on
how this is carried out and a summary of typical results obtained is given.

Monitoring individual instrument performance throughout the trading period (this is
all year for many members) is also of vital importance. Results are given that show the
performance of instruments.

FUNDAMENTAL COMPARISONS OF GLUTEN-FREE AND
WHEAT BASED DOUGHS, BATTERS AND BREADS

E. K. Arendt1 M. M. Moore1'2, T. J. Schober1'2, and P. Dockery3

'Department of Food and Nutritional Sciences University College Cork, Ireland
2National Food Biotechnology Centre University College Cork, Ireland
3Department of Anatomy, University College Cork, Ireland

Studies were conducted with two newly developed gluten-free bread recipes. One was
based on corn starch, brown rice, soya and buckwheat flour while the other contained
brown rice flour, skim milk powder, whole egg, potato and corn starch and soya flour.
The hydrocolloids used were xanthan gum and xanthan plus konjac gum, respectively.
Wheat bread and gluten-free bread made from commercial flour mix were included for
comparison reasons.

Baking tests showed that wheat and also the bread made from the commercial flour
mix yielded significant higher loaf volumes (P<0.01). All the gluten-free breads were
brittle after 2 days of storage, detectable by the occurrence of fracture and the decrease
in springiness (P<0.01), cohesiveness (P<0.01) and resilience (P<0.01) derived from
texture profile analysis.

However, these changes were generally less pronounced for the dairy-based gluten-
free bread, indicating a better keeping quality. Confocal laser-scanning microscopy
showed the dairy-based gluten-free breadcrumb to contain network like structures
resembling the gluten network in wheat breadcrumb. It was concluded that the
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formation of a continuous protein phase is critical for an improved keeping quality of
gluten-free bread.

INFLUENCE OF LACTIC ACID BACTERIA ON THE QUALITY
OF GLUTEN-FREE BATTER AND BREAD

E. K. Arendt1, M. M. Moore12, B. Juga13, T. J. Schober1'2, P. Dockery4

and H. M. Ulmer1'2

'Department of Food and Nutritional Sciences, University College Cork, Ireland.
2National Food Biotechnology Centre, University College Cork, Ireland.
3General Food Technology and Food Microbiology, University of Hohenheim,
Germany.
4 Department of Anatomy, University College Cork, Ireland.

Gluten-free breads tend to show quick staling and flat aroma. For wheat bread these
disadvantages can be improved by the application of sourdough. The objective of this
study was to determine the influence of a range of lactic acid bacteria on the quality of
gluten-free bread. Three different lactic acid bacteria strains were evaluated for their
effects on the quality and the Theological characteristics of gluten-free batters and
breads.

Crumb hardness, detectable by texture profile analysis, increased significantly for all
breads over 5 days (P<0.05). At day 5, two strains yielded significantly softer bread
than the non-acidified control (P<0.05) whereas the chemically acidified control was
significantly the firmest (P<0.05). Sensory results showed that gluten-free sourdough
breads could be distinguished from the non-acidified control bread (P<0.05) and were
preferred. It was concluded that it is possible to produce sourdough from a gluten-free
base and sourdough improves the quality of gluten-free bread.

SUPPLEMENTATION OF DURUM WHEAT FLOUR WITH
BARLEY FLOUR FOR BALADY BREAD AND PASTA

PRODUCTION 1 - BALADY BREAD

H.K. Ashour' and S.Y. El-Faham2

Food Technology Inist., Agriculture Research Centre , Ministry Of Agriculture And
Land Reclamation ,Giza, Egypt.
2Food Technology Dept., Food Technology & Nutrition Division, National Research
Centre, Dokki, Cairo, Egypt.

Effect of supplementation of durum wheat flour by naked barley flour at the levels of
10, 20, 30 and 40 %, on the chemical composition of blends i.e. protein, total
carbohydrates, ether extract, gluten , ash and a-glucan. Rheological properties of dough,
sensory evaluation of loaves and biological responses were evaluated. Protein, ash,
fibre, ether extract and total a-glucan contents were increased but total carbohydrates



Poster abstracts 525

and gluten were decreased as the percentage of barley flour replacing rate was
increased. Addition of barley flour up to 20 % had no effect on rheological properties
but more addition had a deteriorative effect on dough properties although stability time
was increased. The resistance to extension reduced when 20 % barley flour was added
but this flour was still suitable for baking paternal requirements. Increased barley flour
up to 30 and 40 % resulted in a unsuitable properties for baking paternal requirements
(BPR). Serum lipids in rats were investigated for hyperlipidemia , body weight gain,
food intake and feed efficiency ratio (FER). Significant differences were shown. The
lowest level of total cholesterol, total lipids and triglycerides were shown for rats fed
balady bread made from 60 % durum flour + 40 % barley flour followed by 70 %
durum flour + 30 % barley. The organoleyptic properties showed significant differences
at levels of 30 and 40 % barley while the overall score was decreased as affected with
increasing barley in the blend. At levels of 10 and 20 % barley no significance
differences in overall score were noticed as compared with a control which made from
72 % wheat flour.

PREDICTION OF THE MILLING VALUE OF COMMON WHEAT
USING AN INSTRUMENTALLY CONTROLLED MICRO MILL

C. Bar L'Helgouach \ V. T. Martin u 2, M. Chaurand 2 and J.Abecassis2

'ARVALIS - Institut du vegetal, Laboratoire Qualite des Cereales, 16 rue Nicolas
Fortin, 75013 Paris, France
2UMR Ingenierie des Agropolymeres et Technologies Emergentes, 1NRA, 2 place
Viala, 34060 Montpellier Cedex 01, France

With the support of AFSA (French Association of the Small Grain Cereal Breeders),
ANMF (National Association of French Flour-milling), Danone Vitapole, Tripette and
Renaud - Chopin and ULICE.

The objective of the study was to predict the milling value of wheat from milling a
reduced quantity of grains (200 grams) on a micro-mill instrumentally controlled to be
able to measure the grinding energy.

A special milling diagram was developed with the micro-mill including 2 break
stages on fluted rolls and 2 reduction stages (coarse and fine semolina) on smooth rolls.

Comparison of the results obtained with a reference mill (SIRAGA, ENSMIC-Paris)
equipped with 4 break rolls, 4 sizing rolls and 6 reduction rolls showed that the micro-
mill is able to predict wheat milling behaviour. Results showed strong correlations
between quantities of flour obtained on the reference mill and on the micro-mill (r2 =
0,91). The bran finishing, measured by the ash content of the large bran (r2 = 0,90) is
also well predicted with the micro-mill.

The grinding energy K' (U/kg of flour produced) determined only at the first grain
crushing stage also exhibited interesting correlations to predict break flour yield (r2 =
0,87) and coarse semolina production (r2 = 0,82) itself predictive of the quantity of
reduction flour in reference milling.

This diagram developed on the micro-mill and the measurement of K' open
interesting prospects to develop a predictive test of the milling value of wheat.
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WHEAT BREAD ENRICHMENT BY DIETARY FIBRE:
A NEW SOLUTION WITH A MULTI-ENZYME

BAKING IMPROVER

L.Basinskiene and S.Garmuviene

Kaunas University of Technology, LT-50015 Kaunas, Lithuania

Currently increasing attention is given to human diet enriched by dietary fibre. One of
the main sources of dietary fibre is cereals and cereal products. However, bread
enrichment by dietary fibre causes quality problems in these products. Consequently it
is very important to find new technological solutions and to use some additives which
are able to improve crumb texture and to prolong the shelf life of bakery goods.

The objectives of this study were to create a multi-enzyme improver which could be
used in baking wheat bread enriched by grain bran. Different fungal enzyme
preparations of a-amylase, glucoamylase, [5-xylanase and cellulase (produced by the
Lithuanian company Biosinteze) and their compositions were tested on the model
systems of wheat flour with 10% rye or wheat bran. The compositions chosen varied in
terms of different quantities of the enzymes tested.

The experiments showed that the influence of the enzymes on the quality of the
wheat bread enriched by grain bran depends on their type and amount in the recipe. It
has been noticed that (3-xylanase improved crumb structure and prolonged bread shelf
life. Cellulase increased the bread volume and crumb porosity, but in higher amounts
deteriorated the dough handling properties and bread staling process. The best bread
quality was obtained with a multi-enzyme composition of 360 activity unit (AU) P-
xylanase, 90 AU cellulase, 150 AU glucoamylase and 32 AU a-amylase: bread volume
increased by 8.2%, porosity decreased by3.4%, crumb hardness after five days was 10%
less compared with the control bread. The multi-enzyme composition had greater effect
on the quality improvement of wheat bread with rye bran.

IDENTIFICATION OF VARIETY AND QUALITY TYPE BY
PROTEIN ANALYSIS USING CAPILLARY ELECTROPHORESIS

I.L. Batev. S. Uthayakumaran, and C.W. Wrigley

Food Science Australia and Value Added Wheat CRC Ltd, North Ryde, NSW 1670,
Australia.

The analysis of grain composition provides valuable opportunities for the identification
of variety and/or quality type, because grain protein is readily extractable, and suitable
methods of extraction and fractionation can detect marker proteins that are indicative of
variety and/or quality attributes.

The determination of quality type is a major need for a breeder, at an early stage of
the selection process, so that progeny of poor quality can be discarded, avoiding the cost
of further propagation. The breeder also needs to verify that the same genotypes are
being sown and, at the time of registration, how readily a new variety can be
distinguished from existing varieties.
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Different methods of protein fractionation have been investigated to select the most
promising methods for identifying variety and quality type. Micro-gel electrophoresis of
gliadins at pH3 suits the need for variety verification, providing rapid run time (-17
minutes), and taking advantage of the modest capital cost of the equipment and the
modest requirements of operator expertise. Capillary electrophoresis is selected as being
best, for the rapid (automatic) identification of individual samples, and for identification
of large numbers of samples. For use out of the laboratory, the "lab-on-a-chip" versions
of capillary electrophoresis are the most promising, but considerable development is
needed to achieve the promising ideal.

Genetic potential for dough properties are best determined as the composition of
high- and low-molecular-weight subunits of glutenin by capillary electrophoresis. The
role of SDS-gel electrophoresis for this purpose is still valid, provided the appropriate
skills are available for performance and interpretation.

STUDY OF THE IN VIVO AND IN VITRO POLYMERISATION OF
POLYPEPTIDES OF GLUTEN COMPLEX: CHANGES IN

GLIADIN COMPONENTS DURING RIPENING OF WHEAT

O. Baticz1.1. Kiraly2, T. Abonyi1, A. Guoth1, Sz. Gergely1, S. Tomoskozi1 A. Salgo
and R. Lasztity1

'Department of Biochemistry and Food Technology, Budapest University of
Technology and Economics, H-1521 Budapest, POB 91, Hungary
department of Plant Physiology, Eotvos Lorand University, H-1518 Budapest, POB
120, Hungary

As a result of intensive investigation of gluten proteins a large number of correlations
were revealed between polypeptide composition and rheological properties of gluten
complex and also bread-making value of wheat. The bread-making quality of wheat
flours depends essentially on the ripening process when the genetic potential of
cultivars is enforced. The protein content and its composition are the main parameters,
which need to be investigated if the order and degree of the synthesis of different
protein fractions is to be elucidated. In particular, the production of HMW and LMW
glutenin subunits and the gliadins which form substrates for the polymerisation of
HMW and LMW glutenin i.e the gluten macropolymer (GMP) network are of specific
interest.

The aim of research project to be realized in our laboratory is to study the
development and interactions of gluten polypeptides during grain ripening and in vitro
under different conditions.

The results of the first part of our investigations are presented here. In the
framework of this poster the gliadin components were studied during the ripening in
wheat cultivars of different bread-making quality grown in Hungary. Qualitative and
quantitative evaluation of electrophoretic pattern and NER spectra and RP-HPLC data
will be presented focusing on wheat storage proteins.
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FASTING GLUCOSE, INSULIN AND THYROID STIMULATING
HORMONE (TSH) OF WOMEN AND MEN AFTER

CONSUMPTION OF DIETS WITH THREE LEVELS OF 0-

GLUCAN FROM BARLEY.

K.M. Behall. D J . Scholfield and J.G. Hallfrisch

USDA-ARS-BHNRC-DHPL, BARC-East, Beltsville MD USA

Barley has high amounts of soluble fibre but has not been utilized extensively in the US
diet. This study investigated whether consumption of barley would reduce fasting
glycaemic parameters.

After institutional review and approval, moderately hypercholesterolemic subjects (9
post-menopausal women, 9 prc-menopausal women, and 7 men) consumed controlled
"Step one diets" for 17 weeks. After a 2 week adaptation period, whole grain foods
containing 0, 3, or 6 g soluble fibre/day from barley were included in the "Step one"
menus. Subjects consumed these diets for 5 weeks each in a Latin square design
experiment. Significant reductions in blood lipids have previously been reported.

Compared to pre-study concentrations, glucose was higher after the wheat/rice diet
and lower after the diets containing barley although the changes were not significantly
different. Uric acid concentrations after the three whole grain diets increased relative to
baseline but concentrations did not differ between the three treatment diets differing in
beta glucan content. Insulin concentrations were lowest in the post-menopausal women
and did not vary with diet. Compared to pre-study concentrations, men and pre-
menopausal women had higher insulin concentrations after the diets containing barley.
TSH concentrations were lowest in the men, and highest in the post-menopausal
women. Variations in TSH observed after the diets were not associated with the whole
grain or barley content. Although statistically significant differences in insulin and THS
were observed between diets or groups, these differences may be too small to be
physiologically significant.

Consumption of a high whole grain diet, with or without barley, did not appreciably
change fasting glycaemic parameters.

NATURAL IMPROVER FOR BREAD BASED ON "BIOLACT"

N. Belc1, E. Iorga1, M. Popa2, D. Duta1, M. Toma3and V. Coman3

'institute of Food Bioresources, 6 Dinu Vintila Str., 021102, Bucharest 2, Romani
2University Of Agricultural Sciences And Veterinary Medecine, 61 Marasti, Bucharest
IRomania
3Sc Dobrogea Grup Sa, 1 Celulozei, Constanta, Romania

The natural improver for bread has as its main ingredient a type of Romanian
sourdough, BIOLACT. BIOLACT is a semi-prepared lactic bacteria fermented
product, dried and milled. It was obtained from wheat and corn flours by fermentation
at 37°C.
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To obtain BIOLACT as a starter an extract is used, obtained by lactic fermentation of
wheat bran. This kind of extract is often used to sour home-cooked food. This starter is
currently produced by the milling companies. It can be found on the market.

BIOLACT can be used alone in dough processing to reduce the time of traditional
technology. It is a yellow-beige powder, with a characteristic flavour. The moisture
content is up to 10% and the acidity is over 15 degrees. Added in dough, BIOLACT,
has increased the taste of bread and improved the structure.

The natural improver for bread contains BIOLACT, amylolytic enzymes and vital
glutenin general, the improver has increased bread quality of in terms of sensory
properties, physico-chemical indicators, shelf-life, etc.

The improver was also tested in terms of its ability to prevent Bacillus mesentericus
developing on bread, especially, during summer time in Romania, when the
temperatures are often over 30°C. The results showed that under the same conditions
the Control bread became infected with Bacillus mesentericus in comparison with the
samples containing BIOLACT improver.

AUTOMATED VARIETAL IDENTIFICATION USING LAB-ON-A-

CHIP TECHNOLOGY

D.G.Bhandari1, S. Church2, A. Borthwick2 and M.A. Jensen3

'Campden & Chorleywood Food Research Association, Station Road, Chipping
Campden, Gloucestershire, GL55 6LD, UK
2Nonlinear Dynamics Ltd, Newcastle Upon Tyne, NE1 3 JA, UK
3Agilent Technologies, Wilmington, Delaware 19808-1644, USA
Accurate identification of wheat varieties is important for the cereals industry for the
maintenance and testing of grain quality and to meet market requirements. Acid -
polyacrylamide gel electrophoresis (PAGE) is widely used for checking wheat identity.
However, this technique is highly dependent on skilled operators to prepare and run
gels, and interpret band patterns. The safety hazard presented by the toxicity of the
acrylamide monomer is also a major concern. CCFRA, in collaboration with Agilent
Technologies and Nonlinear Dynamics Ltd, is addressing these issues by developing an
effective automated system for analysing wheat grains using lab-on-a-chip" technology
and effective pattern-matching software. Recently, Nonlinear Dynamics Ltd has
successfully applied its Phoretix ID software for varietal selection system developed for
use with gliadin patterns resolved by acid-PAGE,to "lab on a chip" output. Work is in
progress to exploit these developments further, in order to produce a rapid and accurate
method for automated varietal discrimination. This is will be achieved through:

1. optimising wheat protein analysis on the Agilent 2100 Bioanalyzer, featuring
disposable micro-fluidic Protein 200 Plus LabChips®

2. ensuring correct alignment of profiles for accurate matching
3. generating a specific Library of varietal band profiles
4. validating the pattern-matching performance of the integrated system.
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EARLY PROTEIN PREDICTION BY FT-NIR SENSING OF
GROWING WHEAT

D.G. Bhandari1, S.I. Millar1 and J.C. Richmond2

]Campden & Chorleywood Food Research Association, Station Road, Chipping
Campden, Gloucestershire, GL55 6LD, UK
~Bruker Optics Ltd, Coventry, CV4 9GH, UK2-

At present, farmers find it difficult to target nitrogen fertiliser input to breadmaking
wheat to meet market requirements for maximum economic return. Incorrect nitrogen
input could lead to wastage and may contribute to environmental pollution through
nitrate leaching. A four-year study, employing Fourier Transform (FT)-NIR technology,
aims to produce a rapid on-farm method for determining late nitrogen requirements for
wheat crops. Such a system could allow accurate decision-making for the application of
late foliar urea fertiliser.

The portable Matrix-I FT-NIR (Bruker Optics Ltd), featuring an integrating sphere
sampling assembly, is being used to develop calibrations for protein and moisture
contents for growing crop and harvested wheat grain. Growing trials from 2002 and
2003 are being used to develop protocols for sample preparation, prior to NIR
measurements, that are both rapid and practical for the farmer. Samples include a wide
range of both hard and soft wheat varieties, grown over several sites.

The results to date show that the Matrix-T produces good spectral data from crudely
chopped, heterogeneous, immature crop material. Calibrations have been derived using
both fresh and microwave-dried immature wheat. Although differences in calibration
performance were observed between the two trial years, the results indicate that there is
potential for using immature crop NIR spectral data for predicting harvest protein
content.

CONFECTIONERY BASED ON POPPED AMARANTHUS
CRUENTUS SEED

M. Bodroza-Solarov , B. Filipcev, O. Simurina and J. Mastilovic

Faculty of Technology, Center for Cereal Technology, Novi Sad, 21000, Serbia and
Montenegro

Amaranthus emeritus, an ancient crop originating from America, can be used as a high
protein grain. Grain of Amaranthus sp. has properties similar to the cereal grains and
can be expanded similarly to corn.

This paper describes a processing method and parameters of product quality.
A.cruentus seed were popped on an aluminium hot plate at 180-220 ° C for 10 sec.
Expanded seeds were mixed with barley malt and dry roasted germ in a "Diosna"
duplicator at 85 rr /min for 5 min. After that, the mass was laminated with " Stoliatice
mignon CIM" laminator, and frozen at -20°C for 3 min, and shaped in the form of small
balls each weighting 5 g .

Produced confectionery was packed using two different packing material
(polyamide/polyethylene and polypropylene) and kept at two different temperatures
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(+2° C,+ 22° C). Sensory evaluation of Amaranthus cruentus confectionery showed that
the product has a specific taste and pleasant aroma.

The popped Amaranthus cruenthus seed adds high quality proteins to the product.
Products based on seeds of Amaranthus cruentus are intended for people suffering from
coeliac disease, anaemia and diabetes.

IMPROVEMENT OF WHEAT FLOUR FUNCTIONALITY BY
GLUCOSE OXIDASE

P. Caballcro1, A. Bonet2, CM. Rosell2and M. Gomez

'Departamento de Ingenieria Agricola y Forestal, Tecnologia de los Alimentos,
E.T.S.Ingenierias Agrarias, Universidad de Valiadolid, 34004 Palcncia, Spain.
2Instituto de Agroquimica y Tecnologia de Alimentos (IATA-CSIC), PO Box 73.
46100-Burjasot, Valencia, Spain

Wheat flour quality is greatly dependent on the quality of storage proteins due to their
ability to form gluten, a network that enables the carbon dioxide released to be held
during proving to be held.
Sometimes these proteins need an additional reinforcement due to the harsh effect of the
breadmaking process; that could be accomplished using additives like emulsifiers with
strengthening effect. However these additives are not directly acting on the protein
structure.

This paper will describe the effect of different concentrations of glucose oxidase on
the functionality of wheat proteins measured by high performance capillary
electrophoresis (HPCE) and by assessing the quality of the resulting gluten, hi the
presence of different amounts of glucose oxidase, bread dough rheology and
fermentative properties will be determined by the Consistograph and
Rheofermentometer respectively. The effect of glucose oxidase on the technological
quality of wheat bread will be presented.

The protein electropherograms show the effect of the glucose oxidase on the
different fractions of wheat storage proteins. On dough behaviour, glucose oxidase
increased dough resistance and reduced the extensibility, and only low enzyme
concentrations improved dough proving. Bread characteristics also showed an
improvement when low enzyme concentrations were used.
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BUBBLE BEHAVIOUR IN BRAN-ENRICHED BREADS

G. M. Campbell1, M. Ross2 and L. Motoi2

'Satake Centre for Grain Process Engineering, Department of Chemical Engineering,
UMIST, Manchester, UK
2New Zealand Institute for Crop and Food Research, Lincoln, New Zealand

Encouraging people to improve their health by eating more bran, in the form of
wholemeal or high-fibre bread, is compromised by the unattractive effects that bran has
on the structure and texture of the final product. Bran in bread interacts with bubbles so
as to produce a coarser, firmer texture and lower loaf volume which are less appealing
to consumers. The key to encouraging great consumption of bran-enriched bread is to
create more visually and texturally appealing products, and this requires an
understanding of the mechanisms of action of bran in bread. At least a dozen
contributing mechanisms have been identified in the literature, of which the major ones
are: dilution of the gluten; lowering of the starch gelatinisation temperature, due to
increased water availability, such that the loaf sets earlier and at a lower volume during
baking; and mechanical rupture of bubbles by the bran particles. Wheat and oat bran
interact with bubbles via different mechanisms, the former more during baking, the
latter primarily during proving. Particle size has major effects on dough water
absorption and loaf volume and texture, and also on the physiological benefits of the
bran to the consumer.

INFLUENCE OF GROWING CONDITIONS ON THE
TECHNOLOGICAL PERFORMANCE OF SOFT WHEAT

M. Carcea, S. Salvatorelli, V. Turfani andF. Mellara

National Institute of Research on Food and Nutrition (INRAN), Via Ardeatina 546,
00178 Roma, Italy

It is well known that growing conditions can affect milling performance and baking
quality of soft wheat. Organic foods which originate in a production system that avoids
use of synthetic fertilizers and pesticides are gaining popularity among consumers who
see them as being healthier and more ecological than conventional products

Within the frame of a study aimed at assessing quality differences between
organically produced and conventional cereals, 6 soft wheat cultivars widely grown in
Italy were cultivated in the same environment according to a conventional and an
organic protocol. Quality parameters of grains such as moisture, test weight, protein
content, ash and Falling Number were determined. Kernels were then tempered
according to their hardness and moisture and milled in a MLU 202 experimental mill.
Milling performance was evaluated by measuring flour yield and flour particle-size
distribution. Quality of flours was assessed by determining damaged starch content,
particle size distribution, moisture, ash, protein content, Alveograph and Farinograph
parameters. Flours from 3 cultivars were used to bake loaves of bread under
standardized conditions. Bread volume and texture were also determined.
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LEVERAGING THE POWER OF NIR FOR THE
CEREALS INDUSTRY

M.L. Charlton and C. Piotrowski

Allied Technical Centre/Central Laboratories Ltd, Maidenhead, Berkshire, SL6 4UF

The analysis of cereals, flour and associated coproducts using Near Infra red technology
has been with us for a while, using both filter and scanning technologies, and utilising
Near Infra red transmission (NIT) and reflectance (NIR),

Using the Infratec family of instruments, which utilises NIT, a well-established
network has been developed using a common suite of calibrations linked back to a
master instrument. These calibrations have proven themselves highly successful over
time for looking at parameters such as moisture and protein. The modern miller,
however, is under constant market pressure to reduce costs. One obvious way is to try to
get more from NIR technology.

Traditional methods of analysis associated with the flour industry are just that!
The techniques used to analyse flour have remained relatively unchanged for the last 30
years. The methodology is labour intensive, operator dependent, time-consuming and
therefore expensive to perform. It is in this area that with the right equipment and
calibrations, there is potential for considerable savings to be made.

Near Infrared Reflectance spectroscopy (NTRS) is a technique that has been
applied to other areas of the Agricultural Industry for many years with a high degree of
success. The challenge for two companies within Associated British Foods (ABF) -
Allied Technical Centre and Central Laboratories was to see if this technique could be
used on flours etc. to replace some or all, of the existing traditional techniques and give
the miller not only the saving he is looking for but, more importantly, accurate results
for his products almost instantaneously.

2000 samples of commercially produced and laboratory Bilhler milled flours
were scanned using a FOSS6500 NIR spectrophotometer. Data was taken over the range
400 to 2498 nm although when calibrations were produced the working range was 1100
to 2498 nm. The samples were taken from the 2000 to the 2003 harvests and comprised
of Wholemeal flour, White bread flour and White biscuit flour. These samples were
analysed for: Oven moisture; Dumas protein; Ash; Water absorption; Starch damage;
Hagberg Falling No; Dough resistance; Dough extensibility and Kent Jones colour
grade. All analyses were carried out using UKAS accredited methods.

The calibrations (SpecMan™ Milling) were released in January 2003 and
encompass wheat (whole and ground), flour, dried vital gluten and wheatfeed.
SpecMan Milling has been demonstrated to, and is in use by Plant Breeders, Flour
Millers and Bakers.
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EVALUATION BY IMAGE ANALYSIS OF BREAD CRUMB
STRUCTURE

F. Colucci and M.G. D'Egidio

Experimental Institute for Cereal Research, Via Cassia, 176, Rome00191, Italy

Image analysis is a powerful technique for quantitative, objective measurement of raw
material and product appearance. Several imaging techniques can be used to analyse
and control many aspects correlated with quality. The structure of bread crumb is an
important factor determining the quality of the final product and consumer acceptance.
At the present time, the evaluation of the bread crumb structure is performed mainly on
the basis of subjective evaluation: Mohs' scale is still used to evaluate the structure of
bread crumb by visual inspection of 8 different photos of bread slices.
Image analysis technique was applied to Mohs' scale in order to obtain measures of
bread crumb structure. Bread crumb structure features can be measured correctly by
image analysi; pores can be counted and classified according to geometric parameters
(i.e. area, diameter, shape factor).

The detection of pore features will be used not only to evaluate quality of crumb
structure but also to classify different types of bread; this is a useful tool in order to
control the quality of commercial bakery products and to classify objectively the
features of bakery products produced in a particular region (PDO - Protected
Designation of Origin - and PGI - Protected Geographical Indication) or by a traditional
method (TSG - Traditional Speciality Guaranteed).

GENETIC VARIABILITY OF ARGENTINEAN WHEAT STORAGE
PROTEINS (TRITICUM AESTIVUM) AND QUALITY

M.B.Cuniberti', L.Riberi1, L.Vanzetti3, M.M.Nisi3, B.Masiero2 and M.Helguera3

'Wheat and Soybean Quality Lab., INT A, C.C 21, 2580 Marcos Juarez, Argentina.
2Biometric Section, INTA Marcos Juarez. Argentina.
3Biotechnology Lab., INTA Marcos Juarez. Argentina.

To estimate the genetic basis of quality in hexaploid wheats from Argentina a one-year
experiment with 200 genotypes was carried out. This material was analysed for their
composition at seven storage protein loci/patterns including puroindolines A-B, CNN-
CSD-gliadin patterns, high molecular weight glutenin (HMWG) loci GluAl, GluBl,
GluDl and 1BL/1RS translocation. Most of the evaluated loci/patterns showed two
alleles/variants (except HMWG). Genotypes were grown in three locations. Quality
evaluation was carried out using seven technological tests (14 parameters): grain protein
(GP), gluten content (GC), Zeleny sedimentation test (ZT), Mixograph development
time (MDT); Alveograph parameters of dough strength and tenacity (W and P),
swelling index (G), extensibility (L), ratio P/L, elasticity index (Ie); Farinograph
parameters of development time (FDT), stability (FE), quality number (FQ), and bread
volume (BV). Analysis of variance components was implemented to understand the
effect of storage proteins in the variation of quality parameters. Location explained most
of the variation in GP (80%) and GC (74%) parameters with high interaction with



Poster abstracts 535

environment. Puroindolines played an important role explaining 61-49-45% of variation
in alveogram P, W and Ie. Presence of CNN or CS H-gliadins patterns explained 20-
18% of variation in farinogram FE and FQ. HMWG and 1B/1R components explained
limited variation with values under 15%. The variation unexplained by genetic
components ranged from 1-48%. A second analysis considering only bread wheats
showed D-gliadins patterns to have similar influence as in the previous analysis, but an
increase in the role of HMWGs: GluDl explained 33-31-21% of the variation in MDT,
Ie and P/L; GluBl explained 45-21-19-15% of the variation in L, G, ZT and W. GluAl
showed values under 15% explaining 12-10-8% of the variation in L, FDT, P and
1B/1R explained 16% of variation in ZT. A third analysis considering bread wheats
with identical HMWG but differing in 1B/1R translocation, showed a significant effect
on ZT (P=0.021) and MDT (P=0.037).

THE MAILLARD REACTION IN WHEAT
MOLECULAR BREEDING AND BREAD SAFETY ISSUES

L. De Bry

G.C.T.A. Bvba - Waverstraat 52 - B-2860 Sint-Katelijne-Waver - Belgium

So far, if GMOs have clear benefits for fanners and industry (for instance herbicide
resistance, corn starch for ethanol and fuel purposes) clear-cut food advantages for
consumers remain to be developed.

The Maillard reaction may be a potential solution for alleviating natural consumer
concerns about GMOs, while at the same time paving the way for novel health benefits.
When progress in one technology raises fears of unknown foods, then usually, a
solution can be found in progress in another technology.

Although little known in plant biotechnology circles, the Maillard reaction, a
complex and non-enzymic pathway well known in physical chemistry circles, was both
the exothermic reaction that triggered the origins of Life, and an absolute prerequisite
for the development of agriculture.

Presenting our results of technology transfer across these two distinct disciplines has
a double aim: on the one hand to inform wheat and bread scientists about nutritional
implications of the Maillard reaction in traditional plant breeding, and on the other hand
to point attention of plant molecular breeders to the Maillard reaction as a simple, cheap
and efficient solution for ensuring the safety and enhanced benefits of bread and foods
which could be derived from tomorrow's next generation of transgenic wheat and other
GM crops.

Thus, the Maillard reaction is once again a prerequisite for tomorrow's agriculture.
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THE INFLUENCE OF ENZYMES, GUMS AND PROTEINS ON
WATER ABSORPTION, LOAF VOLUME AND SHELF LIFE

OF BREAD

S. de Kock2 and C. September1

'Department of Biotechnology and Food Technology, Technikon, Pretoria, Pretoria,
0001, South Africa
2Department of Food Technology, Technikon Witwatersrand, Doornfontein,
Johannesburg, 2028, South Africa

Water absorption can be defined as the level of water addition required to provide an
optimum dough for processing. Water absorption in bread is of great concern to both
the consumer and the manufacturer. Consumers judge the freshness of bread by means
of the 'squeeze test', a combination of compression with good recovery. Increased water
absorption will give a softer, fresher appearance to the consumer, and for the
manufacturer, it will maximise yields. Achieving high water absorption and good loaf
volumes, without adversely affecting bread quality, has always been a major goal for
bread manufacturers.

The aim of this study was to investigate the effect of enzymes (lipase and
pentosanase), gums (guar gum and k-carrageenan) and proteins (calcium casemate and
whey) on water absorption, loaf volume and mould growth.

These additives were added in three different concentrations in order to determine
what the optimum concentration would be. Water absorption was measured by
Farinograph and Consistograph, and bread was baked according to the Chorleywood
Bread Process. Loaf volumes were measured by rapeseed displacement and mould
growth was determined visually.

It was found that pentosanase (90ppm) gave the best results in terms of water
absorption, loaf volume and shelf life. Whey (0.8%) had the worst effect on loaf
volume, and calcium casemate (0.4%) gave the worst shelf life with regards to mould
growth.

PROTEIN REDOX STATUS IN RELATION TO THE QUALITY OF
DURUM WHEAT VARIETIES GROWN UNDER HEAT STRESS

CONDITIONS

E. De Stefanis, D. Sgrulletta and S. Pucciarmati

Experimental Institute for Cereal Research, Via Cassia 176, 00191 Rome, Italy

Based on current insights, heat stress during grain development has been identified as
one of the more significant environmental factors affecting wheat yield and quality.
Concerning protein quality, in particular, recent research has confirmed that temperature
can lower the degree of polymerization in higher molecular weight protein fractions
probably as a consequence of protein redox status changes. Considering the important
role of storage protein on end-product quality, in this paper we have assessed the effects
of heat stress on the quality of all products in the durum wheat chain and have focused
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our attention on sulfhydryl-disulfide contents to identify possible relationships with
heat-stress induced changes.

Four Italian durum wheat varieties were grown under two different temperature
regimes: normal field temperature (control samples, C) and high temperature (8-11°
higher, stressed samples, HS) induced during grain filling.

Results indicated that heat stress produced a significantly lower amount of S-S
bonds compared to control samples while SH did not showconsistent change. SH/SS
ratio was also altered by producing higher valuesin HS than in C samples. Heat stress
treatment also significantly influenced all gluten quality parameters: data indicated that
heat had a major detrimental effect on Alveograph L and produced a significant P/L
ratio rise. Positive and significant relationships were observed between P and S-S
content of total proteins (r= 0.74*) and between the previous measure and Alveograph
W (r=0.80**) and SDS sedimentation test (r=0.81**).

RAPID ASSESSMENT AND PREDICTION OF WHEAT BAKING
QUALITY USING THE TWO-GRAM MIXOGRAPH AND

MULTIVARIATE STATISTICAL ANALYSIS

BJ. Dobraszczvk1. B.P.Salmanowicz2, B.Lugowska3 and J.Chelkowski2

'The University of Reading, School of Food Biosciences, Reading RG6 6AP, UK
2Institute of Plant Genetics, Polish Academy of Sciences, 60479 Poznafi, Poland
3Danko Hodowla Roslin Sp.z.o.o., Choryn, Poland.

A computerised 2-g direct drive Mixograph was used to study the mixing characteristics
of flours milled from a range of breadmaking cultivars obtained from 5 separate
locations around the U.K., providing 95 flour samples, and 19 spring and 36 winter
wheat varieties of various quality groups from the 2002 harvest in Poland. Fifteen
parameters were extracted from each Mixograph trace using the Mixsmart software
programme, and correlated with baking volume and flour quality parameters, including
glutenin sub-unit composition by SDS-PAGE, using partial least squares multiple
regression statistical analysis to give a prediction of baking volume. Sample site effects
were shown to have a considerable influence on the prediction of baking volume.
Excellent predictions of baking volume were obtained from flours from individual
locations, giving R2 values between 0.805 to 0.995. Similarly, when Mixograph and
baking volume data for each cultivar were averaged over all 5 sites, a very high
correlation was obtained (R2 = 0.999). Preparation of flour samples using rapid, small-
scale milling procedures (Brabender Quadrumat Junior mill and Perten 3100 hammer
mill) did not have any adverse effect on the predictions of baking volume. The gluten
quality score (Glu-1 score) based on their high molecular weight glutenin subunit
composition did not give a good prediction of baking volume.
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BIAXIAL INFLATION RHEOLOGY AND THE MOLECULAR
MODELLING OF FAILURE IN BUBBLE EXPANSION OF

BREADMAKING DOUGHS

B.JJDobraszczyk', G.H.McKinley2 and T.Ng2

School of Food Biosciences, The University of Reading, Reading, RG6 6AP, U.K.
2Hatsopoulos Microfluids Lab, Massachussetts Institute of Technology, Cambridge,
MA 02139, USA

Baking is about the growth and stability of bubbles during their expansion in fermenting
doughs. Bubble growth and stability during baking expansion is governed by the
Theological properties of gluten, which in turn is determined by the molecular structure
and interactions of the gluten polymers. Recent studies on synthetic polymer melts have
shown that their rheological properties are highly sensitive to changes in molecular
structure, such as the presence of long-chain branches and entanglements. Branched
polymer melts in extensional flow show strain hardening, which is important for
stability in large deformation polymer processes such as film blowing and filament
stretching. Gluten has been shown to exhibit extensional strain hardening, which has
been shown to be directly related to bubble stability during baking expansion.

The Pom-Pom model of McLeish and Larson (1998) has been used to model the
molecular dynamics of branched polymer melts, and accurately predicts strain
hardening under extensional flow and strain softening in shear. A branched structure is
assumed for HMW glutenin polymers, and their rheology is represented by the Pom-
Pom model, and related to the critical strain at which instability occurs in extension.
The onset of instability occurs at increasingly higher strain hardening and with
increasing chain branching and strain rates. This indicates that dough bubble wall
stability is related to the mode and rate of deformation, and the degree of branching.

The failure of dough bubble walls during biaxial inflation is modeled using the
Considere criterion for instability in extension of polymers. It is assumed that due to the
strain hardening qualities of dough, the sample undergoes uniform deformation such
that thickness of the bubble wall is uniform throughout the sample. This regime
continues until a critical point where sample necks and ultimately leads to rupture. In bi-
axial inflation tests, previous researchers have recognized a lower bound criteria is
reached at the point where pressure reaches a maximum value. In this work an upper
bound from an elastic strain energy consideration is identified. The criterion is a
modified form of the Considere criterion and implies that uniform thickness extension is
no longer possible when the traction force surrounding an annular element of dough
reaches a maximum value. We analyze the rheological response of dough in bi-axial
tests using two constitutive approaches. Firstly, in a two mode quasi-linear model,
glutenin and gliadin are respectively represented by Maxwell elements with large and
small relaxation times. The model predicts exponential strain hardening provided the
Deborah number of the glutenin is above 0.5. The necking strain increases
monotonically for 0 < De <1, for De > 1 the model predicts an unbounded regime of
uniform deformation. Secondly, in the reptation theory approach, the highly branched
nature of glutenin network is represented by the Tom-Pom model. The onset of necking
occurs at increasing strain with increasing strain rates until the Deborah number
characterizing the stretching process reaches one. After that, the necking strain
decreases and tends towards a Neo-Hookean limit.
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A COMPARISON OF WHEAT QUALITY AND RHEOLOGICAL
PARAMETERS FOR ITALIAN SOFT WHEAT FLOURS

B-LDobraszczyk1 and M. Carcea2

1 School of Food Biosciences, The University of Reading RG6 6AP, UK
2Unit of Studies on Cereals, National Institute for Food and Nutrition Research
(INRAN), Via Ardeatina 546, 00178 Roma, Italy

A number of soft wheat flours were obtained from 10 popular Italian cultivars grown in
21 locations in Italy. Grains were tempered for 24-48 hrs according to their hardness
and moisture content and milled in a Buhler MLU 202 mill. Wheat quality parameters
(extraction rate, moisture, test weight, protein, Falling Number, Zeleny index and
hardness) were obtained according to standard methods in the Unit for Studies on
Cereals of INRAN, Rome, Italy. Damaged starch on flour and rheological quality tests
(Alveograph and Farinograph) were also performed at INRAN according to standard
methods. Classical rheological quality performance tests were compared with large
deformation extensional rheological properties at elevated temperatures (50°C) obtained
on the Stable Micro Systems Dough Inflation System at the University of Reading, U.K.
Statistical analysis of these parameters was performed to obtain discrimination between
cultivars of varying quality.

EXTENSIONAL RHEOLOGY AND STABILITY OF GAS CELL
WALLS IN BREAD DOUGHS AT ELEVATED TEMPERATURES

IN RELATION TO BREADMAKING PERFORMANCE

BJ.Dobraszczyk1, J.Smewing2, M.Albertini3, G.Maesmans4 and J.D.Schofield1

'School of Food Biosciences, The University of Reading, Reading, RG6 6AP, U.K.
2Stable Micro Systems Ltd., Godalming, Surrey GU7 1YL, U.K.
3UK NIR Network, 11 Hargrave Road, Maidenhead, SL6 6JR
4Tate & Lyle, Amylum Europe N.V., Burchtstraat 10, B-9300 Aalst, Belgium

The rheological properties of gas cell walls in bread doughs are considered to be
important in relation to their stability and gas retention during proof and baking. Large
deformation rheological properties of gas cell walls were measured using biaxial
extension for a number of doughs of varying breadmaking quality at constant strain rate
and elevated temperatures in the range 25°C to 60°C. Strain hardening and failure strain
of cell walls were both seen to decrease with temperature, with cell walls in good
breadmaking doughs remaining stable and retaining their strain hardening properties to
higher temperatures (60°C), whilst the cell walls of poor breadmaking doughs became
unstable at lower temperatures (45°C to 50°C) and had lower strain hardening. Strain
hardening measured at 50°C gave good correlations with baking volume, with the best
correlations achieved between those rheological measurements and baking tests which
used similar mixing conditions. As predicted by the Considere failure criterion, a strain
hardening value of 1 defines a region below which gas cell walls become unstable, and
discriminates well between the baking quality of a range of commercial flour blends of
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varying quality. This indicates that the stability of gas cell walls during baking is
strongly related to their strain hardening properties, and that extensional rheological
measurements can be used as indicators of baking quality.

MEASUREMENT OF STARCH DAMAGE ON
CHLORINATED FLOUR

A.Dubat and S. Geoffroy

Tripette et Renaud - Chopin, 20 Avenue Marcellin Berthelot, 92390 Villeneuve la
Garenne, France.

This study has been carried out in order to measure starch damage on chlorinated flour.
These tests have been performed to know if the amperometric method is sensitive to
changes in pH. One base flour is used. It has been chlorinated at seven different levels
indicated by the pH. The SDmatic Chopin measured damaged starch on each sample
five times. This device uses an amperometric determination based on the works of
Medcalf and Gilles (1966). The SDmatic probe electrochemically produces iodine
accordingly to the mass of flour being tested. After 300 sec, the device measures the
difference in microamperes between the current value and the maximum value. The
bigger the drop, the greater the starch damage is. Averages and standard deviations were
measured on the different results. The obtained results show that chlorination is clearly
not influencing the mechanical starch damage as measured by the SDmatic. The results
of this study show that it is possible to measure starch damage on chlorinated flour
using the amperometric method.

RELATIONSHIP BETWEEN COOKING WATER RESOURCES
AND TYPES OF SEMOLINA AND COOKING QUALITY

PARAMETERS OF SPAGHETTI

S. Y. El-Faham' and E. I. Yousif2

'Food Technology Dept, Food Technology & Nutrition Div.,National Research Center,
Dokki, Cairo, Egypt.
2Food Science Dept., Faculty of Agric, Ain Shams Univ., Shoubra El-Kheima, Cairo,
Egypt.

The influence of cooking water contents on retention of minerals and cooking quality
parameters of spaghetti prepared from durum semolina, wheat flour and their blends
(1:1) were investigated by using four cooking waters (Al-Remayah, Belbees, tap water
and distilled water) varying in mineral composition. Cooking water analysis confirmed
that Belbees and Al-Remayah well waters contained considerable amounts of sodium
and calcium being 265 and 208 ppm for sodium and 52.7 and 32.7 ppm for calcium,
respectively. Semolina Sohag-containing spaghetti exhibited higher contents of iron and
manganese. Type of cooking water and type of spaghetti samples show significant
correlations with iron, manganese and copper contents, meanwhile, no significant
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interactions between the type of cooking water and type of spaghetti could be detected
on the potassium, sodium, calcium, magnesium, phosphorus and zinc contents of
cooked spaghetti. A significant interaction of type of cooking water and type of
spaghetti were observed for swelling index(SI), cooking weight (CW) and cooking loss
(CL). The alkalinity of the Belbees and Al-Remayah water did not appear to affect the
quality of the products as indicated by (SI) and (CW). However, an adverse effect was
noticed for (CL) for samples cooked in Belbees water. Wheat flour-containing
spaghetti exhibited the same improvement in (SI) and (CW). The overall acceptability
by sensory evaluation correlated significantly with source of cooking water and type of
blends. Finally, this research, requires further studies to allow more complete
understanding of the general relationships shown.

MEASURING DOUGH DEVELOPMENT WITH THE NEWPORT
SCIENTIFIC DOUGHLAB

B. Elliott1 and J.M.C. Dang1

'Newport Scientific, Warriewood NSW 2102, Australia

A new instrument, the doughLAB, has been introduced to measure dough development
and other common parameters during standard or high energy mixing. doughLAB is
automated and offers both programmable speed and temperature experiments and can
be used with both 50g and 300g standard bowls.

The accompanying doughMAP software is a customised Excel spreadsheet to view,
chart, average and analyse data generated by the doughLAB. A blend of up to four
flours can be simulated using a programmable weighted average for each component.

This study demonstrates:
1. High energy mixing (up to 200 rpm) simulating commercial mixing of dough;
2. Standard mixing and simulated blend of weak and strong flour dough; and
3. High energy mixing to provide information about a difficult-to-develop flour.

FORTIFICATION OF SORGHUM USING NATURAL IRON
SOURCES

T Elobeid ' and E. Berghofer2

1Ahfad Univeristy for Women, P.O.Box 1363, Kharotum, Sudan
2Insitute of Foe
Vienna, Austria

2Insitute of Food Technology, University of Agriculture, Muthgasse 18, A-1190,

Sorghum is the major staple cereal consumed in Sudan. Although it is widely
consumed, it is of low iron bioavailability and the foods prepared from it are limited. In
this paper the innovative approaches for iron fortification and production of different
sorghum foods that are simple, technologically feasible and sustainable will be
described.



542 Poster abstracts

The iron fortificant for sorghum flour was white bean. Three levels of white bean
fortification were chosen: 10 % white bean, 30 % white bean and 50 % white bean in
relation to sorghum. Innovative and modern foods (extruded cookies, snacks and
noodles) were produced from the fortified sorghum flour.

Cookies were prepared from the three fortification levels, 100 % sorghum and 100
% white bean flours. The iron content and bioavailability showed the highest increase in
the 50 % and 100 % fortification levels. The 100 % white bean cookies scored the
highest results in the sensory evaluation.

Four extruded snacks were prepared from sorghum and white bean (each with low
and high water contents). Iron bioavailability showed the highest increase in the white
bean extrudates however in the sensory evaluation extruded sorghum with high water
content gave the best results.

Forty-five different noodles were produced from sorghum-fortified flours. The 50 %
white bean noodles gave the best results in terms of iron content and bioavailability as
well as in the sensory evaluation.

SOMACLONAL VARIATION IN BREAD WHEAT (TRITICUM
AESTIVUML.): TECHNOLOGICAL PERFORMANCE OF

SOMACLONES AND THEIRORIGINAL CULTIVARS

K. Z Ahmed1, F.A.H. El-Soukkarv2 H. Ashour and M.M.M. Doweidar3

'Department of Genetics, Faculty of Agriculture, Minia University,Egypt.
2Food Sci. Dept, Faculty of Agric, Minia Univ., Egypt.
3Bread and pastries Res. Dept., Food Technol. Res. Center, Giza, Egypt.

Thirty-one (31) somaclones in two advanced successive selfed generations (R6 and R7)
regenerated in vitro from immature inflorescences or immature embryos of six spring
bread wheat {Triticum aestivum) cultivars (sakha 8, Sakha 69, Giza 157, Giza 160,
Lerma Rojo 64 and Tobari 66) have been evaluated under field conditions during two
agronomic seasons.

The technological performance of somaclones and their original cultivars were
studiedand evaluated in order to produce bread wheat having good properties and
qualities forthe benefit of consumers.

Therefore, the chemical evaluation, physical properties of wheat grains, the thousand
kernel weight (weight/1000 grains) and Pelshenke test were studied in the somaclones
and compared with their donor parental lines. The chemical analysis showed that the
protein content and dry gluten were very high in somaclones and were superior than
their original cultivars and were very suitable for bread technology.

Also the physical properties of wheat grains showed that the specific weights were
very high (kg/Hectoliter) in somaclones and their original cultivars an also one thousand
kernel weights were very high in the somaclones and superior to their original cultivars.
From the Pelshenke test we can notice that the wheat dough was strong both in
somaclones and in their original cultivars.

Thus, somaclonal variation arising from tissue culture could successfully produce
wheat grains superior to the parental cultivars and useful for bread wheat.
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KINETIC MEASUREMENT OF PUROINDOLINE BINDING TO A
MODEL STARCH SURFACE BY SURFACE

PLASMON RESONANCE

R.A. Frazier1, D.G. Bhandari2, P. Greenwell4, G. Jogue^and C.F. Kemp3

'School of Food Biosciences, The University of Reading, Reading, RG6 6AP, UK
2Campden & Chorleywood Food Research Association, Chipping Campden, GL55
6LD,UK
3School of Animal & Microbial Sciences, The University of Reading, Reading, RG6
6AP,UK
Consultant, 3, Queens Road, Evesham, Worcestershire, WR11 4JN, UK

This study aims to test the hypothesis that puroindoline isoforms have different binding
affinities for starch granule surfaces, which may contribute to the mechanism that
determines wheat endosperm texture. The binding of puroindoline wild-type A and B
isoforms to a model starch surface has been investigated by surface plasmon resonance
(SPR) analysis. SPR is a powerful method whose response is sensitive to adsorbed
mass and by which the kinetics of interaction between proteins and surface tethered
ligands can be probed.

The model starch surface was produced by acid hydrolysis of starch to yield Nageli
amylodextrins, which were then immobilised onto a SPR sensor surface using an
aldehyde coupling technique. This presented an amylodextrin surface for interaction
with the puroindoline proteins in solution.

The kinetics for the interaction were probed by a parallel series of experiments for
both A and B isoforms. Protein was flowed over the amylodextrin functionalised sensor
surface at multiple concentrations in the range of 156 nmol dm"3 to 5 |j.mol dm" to probe
association. This was then followed by flow of blank buffer solution to probe
dissociation. Application of a kinetic model to the resulting SPR profiles enabled the
derivation of association and dissociation constants for the interactions of both
puroindoline-A and -B. We were also able to measure the amount of protein bound in
each case.

WHEAT VARIETIES AND THEIR PERFORMANCE IN WHOLE
WHEAT BREAD

P. Gelinas1, C. Morin2 and J.A. Fregeau Reid3

'Food Research and Development Centre, Agriculture and Agri-Food Canada,
Saint-Hyacinthe, Quebec, Canada
2Syndicat des producteurs de grains biologiques du Quebec, Saint-Hyacinthe, Quebec,
Canada
3Eastern Cereal and Oilseed Research Centre, Agriculture and Agri-Food Canada,
Ottawa, Ontario, Canada

In several countries, whole wheat bread is very popular and may represent more than
40% of the market. Selection of wheat varieties is mainly based on their performance in
white bread. It is expected that varieties will give lower results in bran-rich bread than
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in bran-free bread. The aim of this work was to determine the effect of wheat variety on
the quality of whole wheat bread.

In 2002, four varieties of hard red spring wheat (Barrie, Brio, Celtic, and Pollet)
from organic agriculture were harvested from 8 locations in Quebec (Canada).
Depending on variety and location, grain protein content varied from 10.7 to 16.4%,
dough mixing stability from 7.0 to 9.7 min, and water absorption from 64.9 to 72.8%.
Using the AACC Optimized Straight-Dough Bread-Making Method 10-1 OB that gave
6.0 ml/g for white flour (standard), Celtic gave the best volumes of whole wheat bread
(ranging from 4.9 to 5.7ml/g) and, whatever the location, showed very consistent dough
mixing stability (7.0 ± 0.8 min) and water absorption (69.7 ± 1.4%). Despite mean grain
protein content equivalent to Celtic (12.0-12.5%) and good mixing stability (9.0 ± 1.9
min), Brio generally gave the worst bread volumes (3.5 ± 0.7 ml/g). Irrespective of their
protein content, Barrie and Pollet showed highly variable bread volumes depending on
location.
These results suggest that criteria for the selection of whole wheat bread flour might be
different than for white flour. Besides wheat gluten quantity and quality, bran
characteristics and composition greatly affect the quality of whole wheat bread.

RELATIONSHIP BETWEEN NIR AND RVA "SPECTRA"
IN WHEAT

R. Juhasz, S. Gergely and A. Salgo

Department of Biochemistry and Food Technology, Budapest University of Technology
and Economics, Muegyetem rkp. 3., Budapest, H-l 111, Hungary

Near infrared (NIR) spectroscopic methods are widely used in the determination of
chemical composition and quality of wheat. The NIR spectra include both chemical and
physicochemical or physical information of materials tested.

The Rapid Visco Analyser (RVA) method is a sophisticated determination
describing the rheological properties (viscosity against time and temperature) of a wheat
meal/flour-water slurry. The RVA curves can also be interpreted as a physicochemical
"spectrum" of material.

We have investigated the relationship between NIR spectra and RVA curves of
wheat samples during the seed germination procedure.

The germination (in a period of 0-72 hours) has significant effects on the viscosity
curves and from the seven characteristic RVA parameters (peak viscosity, trough,
breakdown, final viscosity, setback, peak time, pasting temperature) the breakdown can
be used for detection of early germination sensitively.

Four RVA parameters (peak viscosity, trough, final viscosity and setback) as
reference data showed high correlation coefficients (R = 0.950-0.970) with NIR
reflection spectra. Viscosity data of RVA curves between 220-340 seconds showed the
most characteristic change during early heat treatment within the pasting procedure. A
high correlation between NIR and RVA data beyond this period of time was also
pointed out.

Results indicated that NIR spectra can be used for rough prediction of some RVA
parameter with acceptable accuracy and rheological quality could be predicted by NER
rapidly and non-destructively.



Poster abstracts 545

PREDICTING BREAD CHARACTERISTICS FROM FLOUR
QUALITY INDICES

M. Gomez, P.A. Caballero, F. Ronda and C.A. Blanco

Departamento de Ingeniena Agrfcola y Forestal, Tecnologia de los Alimentos,
E.T.S.Ingenierias Agrarias, Universidad de Valladolid, 34004 Palencia, Spain.

This study seeks to find a correlation between the results from traditional tests applied
to flours, such as protein, gluten, gluten index, the Zeleny index or the Falling Number,
Alveograph, Consistograph and Rheofermentometer, and the eventual characteristics of
the bread. Samples of 30 flours were analyzed and then bread was prepared using a
range of proof times (from 60 to 180 minutes). Both pan bread and French bread were
manufactured and their final volumes measured, as well as the height of the pan bread
and the hcightwidth ratio in the French bread. The single best regressor for predicting
the characteristics of the final bread was the Alveograph W: this correlation improving
significantly as proof time was extended, (except for the height:width ratio which
reached its peak values at intermediate proof times). Multiple correlations were
established with W, G, total CO2 volume produced in the rheofermentometer and the
Falling Number, selected from previous research. Bread volume was predicted with an
r2 of 0.83 for the pan bread and 0.80 for the French bread, height of pan bread with an r2

of 0.77 and the height:width ratio in the French bread with an r2 of 0.89.

DETERMINING CORRELATIONS BETWEEN SOME FLOUR
QUALITY INDICES

M. Gomez, P.A. Caballero, F. Ronda and C.A. Blanco

Departamento de Ingenieria Agrfcola y Forestal, Tecnologia de los Alimentos,
E.T.S.Ingenierias Agrarias, Universidad de Valladolid, 34004 Palencia, Spain.

A wide array of tests to analyze flour quality is available to researchers. Chief among
them are those related to the content and quality of proteins, such as the Zeleny test, dry
and wet gluten content and the Gluten Index, or those related to enzymatic activity, such
as the Falling Number. However, dough performance is analyzed by means of special
instruments such as consistograph, Alveograph or Rheofermetometer. The purpose of
this study is to seek correlations betewen these measurements with a view to
determining which ones might be more suitable for the prediction of flour performance
in the bread-making process. To this end, the results of tests measuring the above-
mentioned parameters for 30 samples of flour with no additives were recorded. Good
correlations were observed between protein content, dry and wet gluten content and the
Zeleny index, and between these and absorption and peak height in the consistograph.
Nevertheless, dough tolerance and breakdown in the Consistograph showed better
correlation with the Gluten Index and the Zeleny index. The Alveograph parameters (W
and P) correlated better with the Zeleny index. After an analysis of the main
components, it was confirmed that 4 factors accounted for over 83% of the variability in
the flour samples: these factors related, respectively, to protein content and quality
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(40.45%), gas formation and retention (27.61%), dough extensibility (9.26%) and
enzymatic activity (6.36%).

MANIPULATION OF TEXTURE AND VOLUME IN BAKERY
PRODUCTS USING MICROBIAL HEMICELLULASES:
PRELIMINARY STUDIES WITH WHITE PAN BREAD

E. Green1, G. Downey1 and M. Tuohy2

'TEAGASC, The National Food Centre, Ashtown, Dublin 15, Ireland
Biochemistry Department, National University of Ireland, Galway, Ireland2-

Hemicellulases hydrolyse hemicelluloses (including arabinoxylans) which are found in
the cell walls of the endosperm and the aleurone layer of wheat kernels. Arabinoxylans
exhibit significant water-holding characteristics and therefore affect flour, dough and
bread properties. Their hydrolysis has been reported to alter the water-binding
properties of dough and the staling rate of baked goods. Effects of the addition of a
number of hemicellulase preparations on volume and texture of white pan bread were
therefore investigated. Four enzyme preparations were studied (Cell, Crude, Q2001,
S2001). White pan bread loaves were made using a standard CBP method and enzyme
preparations were added immediately before mixing. Loaf specific volume and firmness
were measured using standard methods. All four enzyme preparations gave softer
doughs which led to an increase in specific volume, the greatest volume increase being
17.5% (Cell). All preparations improved loaf softness with the maximum firmness 24h
post-baking being 67% of the control (Crude). 48h post-baking, all test loaves were
softer than the control loaf measured 24 hours previously with the firmest crumb being
81% of the control firmness measured at 24h (Q2001). This study reveals the potential
of hemicellulase enzyme preparations for beneficially altering key quality aspects of
white pan bread.

QUALITY TRAITS OF HARD RED SPRING WHEAT FLOUR
MILL STREAMS

G. A. Hareland

USDA/ARS Hard Red Spring & Durum Wheat Quality Laboratory, Cereal Crops
Research Unit, Red River Valley Agricultural Research Center, 1307 18th Street North
Fargo, North Dakota 58105, USA

The process of blending flour from individual mill streams to make up patent flour with
certain quality specifications is complex and relies upon the miller's experience to
differentiate flour color and textural properties, hi fast-moving commercial milling
operations, these flour properties are generally determined by subjective means.
Typically, flour ash, color, and texture are key factors that are considered when
selecting mill streams for a blend, but, little is known about the relationships between
these factors and the dough and baking quality traits that are important for production of
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the final products. The purpose of this investigation was to determine hard red spring
wheat gluten properties of individual flour streams to better define their functional
characteristics in a flour blend. Gluten properties were measured using the Farinograph
and Consistograph/Alveograph. Among the flour mill streams from each cultivar
tested, differences were observed in dough elasticity and extensibility, dough mix time
and stability, energy to mix the dough, starch damage, and water absorption. In
commercial mills, baker's specifications for patent flour could be defined more
precisely by knowing gluten properties of individual mill streams before blending
occurs.

THE USE OF ELECTRODIALYSIS TO PREPARE AQUEOUS
BREAD EXTRACTS FOR BROMATE DETERMINATION BY

CHEMILUMINESCENCE

KJffimata1, R. Warner, D. Currie and G.W. Diachenko

'American Bakers, 13501 Street NW, Suite 1290, USA

A cleanup procedure based upon electrodialysis is described for the preparation of
aqueous bread extracts for bromate determinate by chemiluminescence. The technique
utilizes free-flow electrophoresis with three chambers separated by semi-permeable
membranes. The relative merits of reverse osmosis (RO), ultrafiltration and
nanofiltration membranes with various molecular weight cutoffs were evaluated. The
best results were obtained with a RO membrane manufactured from thin film
(composite) polysulfone as support for polyamide (TF). A sodium sulfate solution in the
center or collection chamber provides optimum conductivity. Aqueous hydroxylamine
sulfate was selected for the anode compartment as a reduetant for the anode oxidation
products. Constant current of 150 ma with a potential of ca. 100 volts was used. After
electrophoretic separation the bromate concentration in the collection chamber was
typically 2 to 3 times greater than the concentration in the bread extract.

The chemiluminescent reaction of bromate with sulfite with hydrocortisone as the
enhancer was selected for detection of bromate. The emission, with a wavelength
maximum at 575 rnn, was found to "glow" rather than "flash" after the reagents were
mixed; therefore, it was possible to optimize the light collection period.

The method was validated with a variety of commercial bread products from seven
different manufacturers. White bread, hot dog buns, hamburger rolls, and a multigrain
bread were spiked with known amounts of potassium bromate and analyzed.
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GRAINPLAN - THE ELECTRONIC GRAIN STORE MANAGER

S. C. W. Hook1, R. H. Williams1, C. G. Parker2, J. Shields2, S. McConnell2, J. D.
Knight3 and D. M. Armitage4

'HGCA, Caledonia House, 223 Pentonville Road, London, Nl 9HY, UK
2Glasgow Caledonian University, Cowcaddens Road, Glasgow, G4 OBA, UK
3Imperial College London, Silwood Park, Buckhurst Road, Ascot, SL9 OEP, UK
4 Central Science Laboratory, Sand Hutton, York, YO41 1LZ, UK

Electronic Grain Store Manager

• GrainPlan, is a new user-friendly electronic grain store package that lets you
combine your store records with testing and monitoring data.

• GrainPlan gives you an overview of your stored grain's status throughout the
season.

• GrainPlan uses colour coding to flag up potential problems.
• GrainPlan guides you to solutions in an easily accessible format.

You begin using GrainPlan by creating your own 'virtual grain store' using an easy to
follow, step-by-step wizard. Once created, you can add all the details of your stored
grain with all your information linked to a pictorial representation of each store. The
result is a full record of the contents of each bin or bay or heap with instant access at
any time.

Through the season, as you monitor grain, recording temperature and moisture,
GrainPlan identifies if your grain is safely stored. It will also give warning messages
and suggest actions to keep grain safe and retain its value.

GrainPlan also contains an encyclopaedia with a wealth of information on storage,
drying and cooling. It will help identify any pest and tell you how to control it.

CORRELATION BETWEEN MILLING AND BAKING
PARAMETERS OF WHEAT VARIETIES

M. Hruskova and 1. Svec

Institute of Chemical Technology, Department of Carbohydrate Chemistry, Technicka
3,160 00 Prague 6, Czech Republic

Twenty samples of wheat varieties from twelve European and American states
(including four varieties of Czech breeding and production) produced in an international
plant experiment CBVIMYT (harvest 2003)) were assessed after laboratory milling
(CD1 mill auto Chopin, France) by means of a Farinograph, an Extensigraph, a
Maturograph, an oven spring apparatus (Brabender, Germany) and a Fermentograph,
(SJA Sweden).

Wheat varieties were evaluated by test weight, ash and protein content, Zeleny
sedimentation and Falling Number. Milling quality of samples was characterised by
semolina, flour and bran yield and MOHSE number. Baking quality was described at
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flour-water stage and full dough composition (fermented dough) by rheological
equipment (mentioned above) and by a Czech laboratory baking test. Standard
conditions of wheat milling and testing made it possible to evaluate relationships
between flour parameters during dough preparation, dough deformation and dough
behaviour at important baking stages (maturation, proving, oven spring and baking
process) and compared these characteristics of a single wheat variety. Flour yield and
specific bread volume were considered as the most important wheat characteristics and
dough rheological parameters were correlated with them.

The correlations and their significance depended on wheat variety. Milling quality of
wheat described by test weight was found to correlate with flour yield but a statistically
important relation to semolina flour yield was not proved. Bread volume correlated
only to semolina yield. Baking parameters of flour, measured by rheological
equipment, were statistically proven to relate to bread volume and the best correlation
was found with Fermentograph gas volume, dough elasticity and dough volume
measured by oven spring apparatus.

AMINO ACIDS IN GRAINS OF BARLEY PLANTS AS AFFECTED
BY BENZYL ADENINE AND SALINITY FROM

DILUTED SEA WATER

M.M. Hussein1. S. M.Gaballa1, S. Miebel, and S. Y. El-Faham2

1 Water Relation & Irrigation Dept, Agric. Div., Egypt
2Food Technology Dept., Food Technology &Nutrition Div. National Research Centre,
Tahrir st., Dokki, Cairo, Egypt

Grains of barley (Hordeium vulgare L.) cv. Giza 124 were collected from plants treated
with benzyl adenine(BA) and grown under different salinity levels ( tap water, 2000,
4000, 6000 and 8000 ppm salts via diluted seawater) and the concentration of different
amino acids were determined . Phenyl alanine, serine, valine and glutamic acids
increased in grains from plants subjected to 2000 ppm salts and tended to decrease with
the higher salt levels. Proline, isolysine and tyrosine concentrations increased with
increasing salt concentration in the irrigation water up to 4000 ppm and then lowered in
grains of plants treated with 6000 ppm salt solution. Threonine, serine, isolysine,
leucine, tyrosine and glutamic acids increased, however,proline and phenyl alanine
concentration were progressively increased by spraying benzyl adenine at a rate of 50
ppm. The opposite was true for arginine, lysine, histidine and a spartic acids. BA
application led to a decrease in the concentration of all amino acids in grains harvested
from lands irrigated by water containing 2000 ppm salts, however, the reverse was
detected in grains taken from plants grown in soil irrigated by 6000 ppm salt solution
compared to grains picked from plants irrigated by fresh water.
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THE UTILIZATION OF CEREALS AND WHOLE GRAIN FOODS
IN HUMAN DIET AND THEIR ROLE

IN PREVENTION OF DISEASES

G.H.R Jahed Khaniki

Department of Environmental Health Engineering, School of Public Health,
Tehran University of Medical Sciences. Tehran, Iran.

This article refers to cereals kinds' chemical composition and their properties in human
diet for preventing various diseases. Whole grain cereals (such as rye, brown rice, and
whole wheat) are a rich source of many essential vitamins, minerals and
phytochemicals. The typical cereal food is low in saturated fat but is a source of
polyunsaturated fats, including omega- 3-linolenic acid, Cholesterol free, High in both
soluble and insoluble fiber and resistant starch, an excellent source of carbohydrates, a
significant source of protein, and a good source of B-complex vitamins, including folate
which helps lower the blood levels of the toxic amino acid homocysteine which is
known to increase the risk of heart disease. Also, they are good sources of many
minerals, such as iron, magnesium, copper, phosphorus and zinc, and also a significant
source of antioxidants and phytochemicals including phytoestrogens that can help lower
blood cholesterol levels and are effectiveness in protecting against the development of
heart disease. Therefore cereals and wholegrain foods are suitable feedstuffs for human
health because they can prevent some diseases such as coronary heart disease, diabetes
(type II or non-insulin dependent), obesity, bowel health and reduce the risk of many
different types of cancers, including colon, stomach and other digestive tract cancers,
gallbladder, bladder, kidney and breast cancer. The majority of food and nutrition
associations recommend that everybody must eat at least 4-5 cereal serves daily. It is
also recommended that at least half of these serves should be wholegrain, since the
protective components are found in the outer layers of grains.

WHEAT GLUTEN PROTEIN COMPOSITION - MIXING
RELATIONSHIPS TO BREADMAKING QUALITY

R. Kuktaite1, E. Johansson1 and H. Larsson2

'Department of Crop Science, The Swedish University of Agricultural Sciences, PO
Box 44, SE-230 53 Alnarp, Sweden
department of Food Technology, Lund University, PO Box 124, SE-221 00 Lund,
Sweden

Wheat grain proteins interact in the presence of water and form gluten. The proteins
provide the viscoelastic properties to the dough, which are of importance for
breadmaking. Protein amount and molecular size distribution largely determine the
formation of the gluten network during mixing and the final quality of the baked
product. A strong effect of the polymeric gluten proteins in dough on quality has been
found. The primary structures of the glutenins are characterised. Many questions on
gluten polymer specificity and pattern of interactions during dough formation remain
unclear.
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By the combined use of ultracentrifugation (a non-destructive gluten extraction method)
and chromatography techniques, we tried to understand the variation in protein
composition during the mixing process. Variation in polymeric and monomeric protein
classes between gluten phases in flours of different strength and mixing times, was
determined. Differences were found between flours and gluten phases in extractability
of proteins.

The information about the polymeric gluten protein composition and structure helps
to understand functional properties of gluten during the breadmaking process and
enhances wheat quality improvement.

IMPACT OF CHILLING AND FREEZING CONDITIONS ON THE
MOISTURE DIFFUSION AND ON WEIGHT LOSS IN FROZEN

PART BAKED BREAD

N. Hamdami, J.Y. Monteau and A. LeBail

ENITIAA-GEPEA, BP 82225, 44322 Nantes Cedex 3, France.

The market share of frozen part baked bread is increasing continuously in the European
market. This type of product provides the consumer with fresh looking products with
limited "know how" in the baking shop. This work presents a study on the effect
chilling and freezing conditions on selected parameters such as water loss or ice
concentration in the crust-crumb interface of a French baguette. An experimental design
has been used with the following parameters: temperature at core when entering the
freezer after partial baking, air temperature of the freezer and final processing
conditions (direct baking, thawing + baking). The work is based on a numerical model
taking into account coupled heat and mass transfer during baking, chilling, freezing or
thawing of a French baguette; specific points in the experimental design have been
experimentally validated. The results obtained are presented as response surfaces; they
show for example the impact of the temperature of the baguette at the entrance of the
freezer on water loss and on moisture distribution on the crumb and in the crust.
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MODELLING AND DIRECT VISUALISATION USING MRI OF
DOUGH EXPANSION DURING PROVING: IMPACT OF THE

MIXING TIME ON INITIAL GAS NUCLEI AND DOUGH
EXPANSION.

A. LeBail \ A. Masgoret1'3, K. Hamiti1, A. Grenier u , T. Lucas2, N. Hamdami1

and M. Hayert1

'ENITIAA-GEPEA (UMR CNRS 6144-SPI) BP 82225, 44322 Nantes cedex 3, France
2CEMAGREF Food Process Engineering Research Unit, 17 av. de Cucille, F-35044
RENNES Cedex, France
3CER Planta Tecnologia dels Aliments Facultat de Veterinaria 08193-Bellaterra
Barcelona, Spain

Dough expansion during fermentation is controlled by yeast activity and by carbon
dioxide diffusion into the dough from yeast cells towards initial gas nuclei present in the
dough at the end of mixing. The initial population of gas nuclei (amount, diameter)
plays an important role on dough expansion. This work presents original results
obtained with dough that was frozen after mixing. The effect of the mixing time on
initial gas nuclei was taken as a parameter. Confocal microscopy was used to visualise
the behaviour of the gas nuclei at the beginning of proving, some of them being
dissolved in the dough (small gas nuclei). A model has been developed to evaluate the
effect of the initial gas nuclei distribution on the expansion rate of the dough; three
classes of initial gas cells are taken into account. The model has been validated using
MRI (Magnetic Resonance Imaging) as a non-intrusive technique. The impact of
specific parameters such as yeast activity, initial gas nuclei size, CO2 mass diffusivity
etc. is shown.

THE FUTURE ADVANTAGES AND PROSPECTS OF THE OLD,
FERMENTED SCALD RYE-BREAD TECHNOLOGY

V. Magnus \ KXeimane2 and B.Gelaziene3

'Fazer Eesti Ltd., Tallinn,Estonia
2Fazer Druva Ltd. ,Ogre, Latvia
3Fazer Gardesis Ltd., Kaunas, Lithuania

Rye is grown in a relatively small geographical area of the world. Nearly 84% of the
world's total yield of rye is grown in Poland, Russia, Germany,Belarus and Ukraine.
Rye is one of the most important crops in the Baltic States too. In those countries rye
bread forms an important part of the breadculture, however the technologies used for
making rye breads vary from region to region.

For national breads of the Baltic States the technology of fermented scald is used.
We will outline briefly the development of such technology. Although the technology
used for making rye breads is the same in all of the Baltic States, the breads differ in
their taste as well as in appearance. We will compare the preparation of scalds in
Estonia, Latvia and Lithuania.
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Our presentation will concentrate on the advantages the use of such technology gives
for the consumer and the environment and how the technology has been used during
the appearance of new directions and new raw materials. As it has to do with the use of
natural biochemical processes for the benefit of the consumer and the environment, we
have to take into consideration the speed of the processes involved. The development of
the technology is based on a knowledge of how these natural processes work.

The aim is not to preserve at any price the old technology itself, but to provide
people with a tasty food with high nutritional value applying at the same time
environmentally-friendly technology. These can be seen as the main advantages for the
future use of such a technology.

GLUTEN STRENGTH AND PASTA QUALITY

B.A.Marchvlo and L.Schlichting

Canadian Grain Commission, Grain Research Laboratory, R3C 3G8, Canada.

The importance of protein content in pasta quality has been firmly established, though
the impact of protein quality is less well understood. Despite this, segments of the pasta
industry have indicated a preference for durum wheat with extra-strong gluten
characteristics. To meet this demand, Canada is now breeding lines with these strength
characteristics. Such varieties are being used commercially either alone, or in blends for
the production of spaghetti.

Canada Western Amber Durum wheat (CWAD) samples obtained from the annual
harvest survey and plant breeder's lines from the co-operative variety testing program
were used to evaluate relationships among protein content, gluten strength measures,
and spaghetti cooking quality. Tests for assessing gluten strength included SDS-
sedimentation, gluten index and the Alveograph.

Analysis of the relationship between protein content and spaghetti texture confirmed
the effect of protein content on spaghetti cooking quality, but the relationship was
stronger for plant breeders' lines than for harvest survey samples. There were no strong
relationships between gluten strength measures and cooking quality, regardless of the
sample set used. Among the gluten strength tests, Alveograph W (work area) was
strongly related to SDS sedimentation and gluten index values, confirming the
importance of using more than one test to assess gluten strength characteristics.

Based on these analyses for durum varieties considered to be the "strong" type (y
gliadin 45), there appears to be little benefit to cooking quality for spaghetti dried at
high temperatures. However, evidence is presented that stronger gluten characteristics
may be particularly useful for blending purposes as they can "carry" weaker gluten
strength varieties.
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EFFECT OF AN ENZYMATIC COMPLEX ADDITIVE
(XYLANASE, GLUCANASE AND CELLULASE)

ON DIGESTIBILITY AND ENERGY VALUE OF PELLETED
BARLEY AND RYE IN BROILER CHICKEN FEEDING

S.Matyka', J. Rubaj2 and L. Moscicki1

'Lublin Agricultural University, Doswiadczalna 44, 20-236 Lublin, Poland
2KLPIZ Lublin, Chmielna 11, 20-920 Lublin, Poland

In the industrial production of feed mixtures various technological treatments are
applied as well as enzymatic additions to improve the usability of cereal feedstuff
through increased nutrient availability which primarily results from the modification
and degradation of natural saccharide biopolymers and inactivation of an anti-nutritive
factor. These are, among others, pelleting, expander-cooking and extrusion treatment
plus hydrolase of pentosan, glucane and cellulose are the enzymatic additives used most
often. The above mentioned hydrothermal processes provide the appropriate conditions
for the effective operation of the enzymatic additions ( conditioning), though increased
temperature poses a hazard retarding decrease of the enzyme activity which are protein
by nature and sensitive to temperature.

The investigations aimed to evaluate the digestibility and energy value of pelleted
barley and rye supplemented with multi-component enzymatic preparations (glucanase,
xylanasc and cellulase) in broiler chicken feeding.

In the short digestibility tests, made using the balance method, under the strict
laboratory conditions and according to the procedure given by Kussaibati and Leclercq
(1985) digestibility of pelleted barley and rye meal with and without the enzymatic
preparation was determined. On the basis of calorimetric measurements of the feed and
excrementapparent, (corrected to zero) nitrogen retention, and metabolisable energy of
the cereals studied was calculated.
It was proven that short balance-digestibility tests and calorimetric measurements can
be applied to evaluate the nutrient digestibility and energy value of barley and rye.
Enzymatic treatment with glucanase, xylanase and cellulase was shownto be effective in
the pelleting process in increasing the digestibility of the basic nutrients and NDF
fraction of the cereals under investigation. A decrease of barley energy value (AMEn)
measured on the grounds of the calorimetric measurements was 3,4%,while rye about
1,5%.

INFLUENCE OF EXTRUSION - COOKING PROCESS
PARAMETERS ON PRE-COOKED PASTA TEXTURE

L. Moscicki and A. Wojtowicz,

Lublin Agricultural University, ul. Doswiadczalna 44, 20-236 Lublin, Poland

Common varieties of wheat flour are used to process pre-cooked pasta under special
process conditions to achieve more favourable properties during the hydration in hot
water or short cooking time. This paper describes the effect of extrusion screw speed
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and moisture content of common wheat flour on the texture characteristics and quality
of extrusion-cooked pasta.

Pre-cooked pasta products were processed on a single screw extrusion-cooker from
wheat flour type 500 under the following conditions:

barrel temperature maintained at 50°C to 85°C,
die with 8 openings 0,8 mm diameter,
28, 30 and 32% d.b. moisture content of raw materials,
and extruder screw speed ranged from 60 to 120 rpm.

After extrusion-cooking and conditioning of products, hardness (as cutting force) of dry
pastas as well as hardness and firmness (as cutting work) of hydrated pastas after every
single minute of rchydration were measured by Zwick testing apparatus. sSnsory
evaluations were also performed to correlate machine and sensory results.

The cutting force values were determined especially by screw speed; hardness went
up with higher speed of extruder screw. The increase in water content induced higher
hardness of dry pre-cooked pasta products.

The measurement of cutting forces during rehydration of pasta in hot water showed
lower values of this parameter with every minute of heating. Considerably greater
differences were recorded between the samples processed at a different screw speeds
and moisture contents. The products prepared with 28% water content and processed at
60 rpm got soft quickly, whereas their firmness was very low. A high water content and
high screw speed caused high values of cutting forces and a product that remained hard
and firm for a longer time (even after 7-10 min. rehydration time). The sensory
evaluations also confirm these results.

OPTIMIZING MALTING CONDITIONS OF MILLET AND
SORGHUM GRAINS FOR BREADMAKING

A. I. Mustafa and A. A. M. Elshewaya

Department of Food Science and Technology, Faculty of Agriculture, University of
Khartoum, Shambat, Sudan

This study was conducted to optimize the malting conditions of millet and two sorghum
grain cultivars (feterita and tabat) to evaluate the alpha-amylasc activity of the malt
using the Falling Number readings. The study also covered the effect of this malt on
bread quality.

Different soaking conditions prior to malting were examined including soaking in
distilled water, tap water, 0.5% and 1.0% salt solutions. Variable pH (5, 6, 7 and 8) was
also used. Germination conditions at different incubation temperatures (25, 30 and
35 °C) and time (24, 48 and 72 hrs) were also examined in order to optimize the
conditions for high a/p/ia-amylase activity. The malt was used with wheat flour for
breadmaking. The required amount of malt to reduce the Falling Number of the wheat
flour to 250-300 was determined for each malt. Farinograph results were recorded and
bread quality was determined.

The results showed that the chemical composition of millet and sorghum grains after
malting revealed a significant increase in protein and total sugars. The highest alpha-
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amylase activity was obtained on malting millet grains for 48 hrs and for tabat and
feterita for the 72hr incubation period. The best temperature for malting both millet and
sorghum grains was 30°C. Soaking at pH 7 gave the highest a/p/w-amylase activity for
all grains under study. Optimizing the wheat flour Falling Number to 250-300 required
O.lg millet malt, 0.07g tabat malt and 0.6g feterita malt. The Farinograph results
showed that millet malt gave higher dough stability time (6.1) and dough development
time (5.2) than tabat and feterita (4.2 and 2.0 respectively). Bread specific volume was
higher with millet malt (4.5cc/g) followed by feterita malt (4.3cc/g) and was least in the
control (wheat flour) (4.1cc/g). The taste panel rated the bread made with millet malt as
the best.

BAKER'S YEAST PRODUCTION IN DATE SYRUP MEDIUM

R. Behbehani1 and A. Naseri2

'Islamic Azad University, Science and Research Campus, Chemical Engineering
Department, Tehran, Iran
2Shirz University

Backer's yeast is one of the biological products that improves bread quality and
nowadays, is being produced in many countries by batch, fed-batch and continuous
processes. The desired yeast, which is used for fermentation, is Saccharomyces
cerevisiae, and in spite of giving a favorable taste, it produces a variety of proteins and
vitamins.

The main ingredient in yeast biomass production may include various carbohydrate
sources such as beet and cane molasses. Since beet and molasses have other major
applications as in high yield alcohol production and also due to bioenvironmental issues
and the related fermented wastewater, the use of other carbohydrate sources may be
considered.

One of these carbohydrate sources is date, which in Iran is wasted a great deal
annually.
In this study, the capability of date to act as a suitable carbohydrate source in backer's
yeast production was investigated. The waste date was turned into juice (syrup) and
consequently yeast production and growth rate were studied.

The suitable medium:(NaH2PO4: 5 g/L, (NH4) 2SO4: 8 g/L, MgSO4: 0.25 g/L,
EDTA: 0.1 g/L, C.S.C: 7%, Urea: 5 g/L, with sugar concentration: 20 g/L, optimum
temperature 30°C and date syrup as the carbohydrate source) a maximum yield of
31.7% has been reached.
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EVALUATION OF CHEMICAL AND BAKING PROPERTIES OF
MAJOR WHEAT VARIETIES OF IRAN AND INTRODUCTION OF

SUTABLE FLOUR

A. Naseri1, R. Behbehani2 and M.Ardjmand3

'Shirz University
2Islamic Azad University, Science and Research Campus, Chemical Engineering
Department, Tehran, Iran.

3Islamic Azad University, Tehran South Branch, Department of Chemical Engineering

Unfortunately,close to 70%of wheat produced locally has a medium or weak gluten,thus
there is need for investigation to produce a suitable blend.To this effect, the following
research was undertaken.First,flours from 15 commonly cultivated wheat varieties in
IRAN were prepared and subjected to chemical and rheological examinations.Then,5
blends of flour based on protein level(<l 1,11-12,12-13,14-15andl6-17%)as well as
IRAN Flour,as reference were prepared and evaluated chemically,rheologically and
organoleptically.Two of these blends proved suitable for flatbread.The second group of
blends was prepared on the basis of gluten quality. 3 common wheat varieties with low
gluten quality were chosen an named as "Weak" and 3 others with high gluten quality
as "Strong" flour.A separate flour blend of each was prepared by mixing equal portions.
From these, 7 different blends were mixed.
(100/0,80/20,70/30,60/40,40/60,20/80&0/100;%Weak/%Strong).A further group of 5
flour blends from weak and strong gluten wheats,were also formualted
(88/12,90/10,92/8,94/6,96/4;%Weak/%Strong).These flour blends were also subjected
to the above evaluations. 12 blends were finally selected for baking a flatbread.The
results of organoleptic evaluation for 4 consecutive days indicated that 7 of the blends
yielded acceptable types of bread and maintained their qualities.Finally,it was shown by
Discriminat Analysis that it is possible to evaluate baking qualities of wheat by the
result of simple chemical analyses without any need for rheological examination.

QUALITY OF SPAGHETTI CONTAINING LUPIN FLOUR FOR
INCREASED DIETARY FIBRE CONTENT

M. Papageorgiou1,1. German2, M. Irakli1 and G. Doxastakis2

'Cereal Institute, National Agricultural Research Foundation (NAGREF), P.O.B. 60411,
GR-57001, Thessaloniki, Greece
laboratory of Food Chemistry and Technology, Department of Chemistry, Aristotle
University of Thessaloniki, GR-54124, Thessaloniki, Greece

Lupin flour is rich in proteins, vitamins and minerals. Pasta fortified with lupin flour
would have improved nutritional quality due to increased protein content and improved
balance of essential amino acids. Research was conducted to determine the effects of
hulled and dehulled lupin {Lupinus albus L.) supplementation on the physical and
cooking quality of macaroni foitified with 5 to 15% lupin flour. Farinograph and
Extcnsograph curves were performed to evaluate the mixing characteristics such as
water absorption, dough development time, stability, and degree of softening,
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extensibility and resistance to extension. Spaghetti products were dried in a low
temperature cycle (40°C) and evaluated for quality factors such as colour, protein
content, firmness, cooking loss and cooking weight and finally, total dietary fibre
content.

Lupin flour at 5, 10 and 15% substitution levels, increased the dough development
time and stability, but decreased the degree of softening of the dough. This was more
pronounced in the mixtures of dehulled lupin flour than in the hulled one. The resistance
to extension and the extensibility of the dough decreased with increasing content of
lupin flour in both cases. Regarding pasta quality, the addition of lupin flour at all levels
for both forms, affected the quality parameters. Spaghetti containing lupin flour can be
made so as to have acceptable cooking quality. The results should also provide a basis
for breeders to improve lupin seed quality for processing as a food additive.

WHOLE BARLEY FLOUR: APPLICATION IN SUGAR-SNAP
COOKIE PRODUCTION

A. Pavkov-Avramovic1 and A. Torbica2

'Mlinpek Zavod, Novi Sad, Serbia and Montenegro
2Center for Cereal Technology, Faculty of Technology, Novi Sad, Serbia and
Montenegro

Within the scope of new product concepts involving food enriched in fibre, this paper
presents possibilities of using whole barley flour in sugar-snap cookie production.
Barley is chosen because of its unique nutritive value and chemical composition.

A mixture of whole barley flour (from naked barley) and patent wheat flour (ash
content 0,44% (on a dry matter basis) in the following ratios were prepared (wheat
flour/whole barley flour): 100% patent wheat flour, 75:25, 50:50, 25:75 and 100%
whole barley flour.
The performance of flours was evaluated using physical and chemical testing methods,
baking tests with sensory evaluation of the quality of sugar-snap cookies.

Preliminary results obtained from sensory product studies show these products as
potentially rich sources of fibre within the flour confectionery sector.



Poster abstracts 559

EFFECT OF PLAIN SHEAR ON PROPERTIES OF GLUTENIN
MACRO POLYMER (GMP) AND STRUCTURE FORAMTION OF

WHEAT FLOUR DOUGH

S. H. Peighambardoust1>2, A. J. van der Goot 2, R. J. Hamer3 and R. M. Boom 2

'Food Science and Technology Group, Faculty of Agriculture, University of Tabriz,
Tabriz 51664, Iran
2Food and Bioprocess Engineering Group, Department of Food Technology and
Nutritional Sciences, Wageningen University, Wageningen, The Netherlands
department of Agrotechnology and Food Sciences, Centre for Protein Technology
TNO-WUR, P.O. Box 8129, Wageningen 6700 EV, The Netherlands

Gluten plays a key role in determining final product properties. It is therefore important
to know more about the effect of processing on gluten in order to better control the
character of products and to design processes to gain the desired properties. The
important role of a highly aggregated fraction of gluten, Glutenin Macro Polymer
(GMP) in determining wheat end-use quality and dough properties opens up new
possibilities to reveal underlying mechanisms linking to dough processing. Mechanical
shearing plays an important role in food processing such as mixing. To study this in
more detail we compared the effect of a plain shearing process with the more complex
z-blade mixing (in a Farinograph mixer) on the physical properties of GMP. GMP was
isolated from either a gluten-starch mixture and flour/dough samples of two varieties:
Spring and Soissons, strongly varying in their mixing requirements. Z-blade mixing led
to a decrease in GMP quantity and average size whereas plain shearing did not change
those properties. Study of dough microstructure by confocal scanning laser microscopy
(CSLM) revealed that plain shearing resulted in the formation of protein matrix in
dough. Z-blade mixing created more protein matrix than did plain shearing. However
CSLM observation of GMP suspensions in SDS showed an interesting shear-induced
structuring or aggregation of GMP particles whereas z-blade mixing disrupted spherical
particles of GMP, which were found initially in flour. Results of this study suggest that
it might be interesting to consider the principles of different types of shear in designing
new mixing equipment for dough processing.

MICROSTRUCTURAL CHANGES OF GLUTEN PROTEIN
SUBUNITS MODIFIED BY TRANSGLUTAMINASE

O.J. Medina2,1. Perez -Munuera1,1. Hernando1, A. Quiles1 and M. A. Lluch1

'Food Technology Department, Universidad Politecnica de Valencia, 46071 Valencia,
Spain.
2Food Chemistry Department U.P.T.C., Tunja, Colombia.

Gluten, the main functional component of wheat, confers viscoelastic properties to
doughs. It is a mixture of protein subunits, gliadins and glutenins, with an important
role in dough elasticity and extensiblity. This paper describes the microstructure of
gluten, gliadins and glutenins extracted from doughs processed with transglutaminase
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(500 and 1500 ppm). Gluten and glutenins are studied by Cryo-Scanning Electron
Microscopy (Cryo-SEM) and gliadins by Scanning Electron Microscopy (SEM).

Gluten shows a continuous protein matrix, with water trapped inside. When
transglutaminase (500 ppm) is added to dough, a more closed structure is observed; the
enzyme reinforces the protein-protein interactions and the protein network appears
denser. If enzyme is added at 1500 ppm, the matrix continuity is disrupted, the balance
between protein-protein and protein-water interactions is broken and big water areas are
observed inside of a discontinuous protein matrix.

Cryo-SEM analysis of glutenins reveals a similar structure to the control gluten, but
the network is denser, with less water trapped inside. Furthermore, an irregular fractured
surface is obtained when samples are prepared, which indicates that the glutenin
network is more fragile than the original gluten. If transglutaminase (500 or 1500 ppm)
is added to doughs, a more dense continuous glutenins network can be observed.
Gliadins observed by SEM show a sheet-like structure, constituted by aggregated
rounded protein particles (0.5 um diameter). When dough is treated with 500 ppm of
enzyme, particles appear more disperse (with diameters from 0.5 to 2 jam), and this size
increases (3-7 |im) when 1500 ppm is added. Transglutaminase affects the structure of
both glutenin and gliadin protein fractions and the structural changes in these subunits
must be involved in the final functionality of gluten.

CRYO-SEM OBSERVATIONS OF WHEAT FLOUR DOUGH
AFFECTED BY TRANSGLUTAMINASE

I. Perez -Munuera1, OJ. Medina2,1. Hernando1, A. Quiles1 and M. A. Lluch1

'Food Technology Department, Universidad Politecnica de Valencia, 46071 Valencia,
Spain.
2Food Chemistry Department U.P.T.C., Tunja, Colombia.

The knowledge of structure and functional relationships of wheat flour doughs and the
interactions between dough components, are a valuable tool for developing industrial
processes. In order to improve wheat flour dough mechanical properties, an enzyme
able to cross-link proteins, such as transglutaminase, is tested. The objective of this
study, is to examine the structure of doughs processed with transglutaminase, by Cryo-
Scanning Electron Microscopy (Cryo-SEM). Furthermore, the soluble and non-soluble
protein fractions of dough (albumin, globulin, gliadins and glutenins) are extracted and
quantified (N-Kjeldahl).

Control dough observed by Cryo-SEM shows an open and continuous gluten
matrix, containing uniformly distributed small and large starch granules. In addition,
proteins interact with the starch granule membranes yielding a continuous matrix. When
doughs are processed with 500 ppm of transglutaminase, a denser gluten network
covering starch granules can be observed. Transglutaminase reinforces protein-protein
and protein-starch interactions. However, when 1500 ppm of enzyme is added, a more
discontinuous protein matrix is observed and areas where water is preferentially
accumulated coexist with others with a dense protein matrix, containing strand-like
protein structures. Furthermore, starch granules appear less covered with weakened
protein-starch interactions.
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Dough protein analysis indicates that transglutaminase does not affect the soluble
fraction (albumin and globulin) while the gluten fraction extracted from doughs
decreases proportionally with the added enzyme. Apparently, this enzyme generattes
new components in the gluten fraction with a different solubility pattern, and both
gliadins and glutenins are affected decreasing the quantity added. Transglutaminase
modifies gliadin and glutenin properties and it is directly related to the observed
structural changes.

STRUCTURE OF STARCH GRANULES IN FROZEN BATTERED
SQUID PRODUCED WITH DIFFERENT FORMULATIONS

I. Perez-Munuera, E. Llorca, I. Hernando, A. Quiles and M.A. Lluch

Department of Food Technology. Universidad Politecnica de Valencia. 46071 Valencia,
Spain.

The demand for frozen battered foods has increased in the last few years, owing to their
easy storage in the freezer and subsequent cooking for immediate consumption. All
these battered products are prepared in factories that include pre-frying and freezing
steps, and marketed under frozen conditions so the consumer only has to fry them at
home. Squid rings (highly consumed in Spain) are taken as the standard substrate for the
development of the present work, and four different formulations are used to produce
the batter: formulation I (wheat flour), formulation II (wheat flour and corn flour),
formulation III (wheat flour, corn flour and salt) and formulation IV (wheat flour, com
flour, salt and leavening agent). In order to have a control product, battered squid is
fried without pre-frying and freezing steps. This work studies the micro structure of
starch granules during the different steps of production: raw batter, prefrying, freezing,
final frying and control frying using Image Analysis and Light Microscopy (LM).

The starch granules in formulation I are significantly smaller and those of
formulation IV significantly bigger. Deformation and size present higher values in the
pre-frying step than in the other steps. LM observations show starch granule membranes
partially broken which allows the migration of components out of the granules. The
high values of deformation and size of formulation IV might be connected with the
penetration of oil that can be observed by LM when leavening agent is used.

THE ROLE OF GRAIN TEMPERING IN OPTIMISING THE
MILLING PERFORMANCE OF WHEAT BLENDS

C. L. Perrin1'2. J. Chaimbalin1, M.P. Fuller2 and C. S. Brennan2'3

'Shipton Mill Limited, Bridge Road, Frampton on Severn, Gloucestershire, GL2 7LA
UK
2Applied Food Research group, Plymouth University at Seale-Hayne, Newton Abbot,
Devon UK
3Institute of Food Nutrition and Health, Massey University, Palmerston North, New
Zealand
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The project examined the effect of variations in tempering time in regulating the final
product quality of flour. Extraction rates, particle size, protein content, gluten quality,
starch damage and water absorption have been assessed in relation to flour performance.
By varying the length of tempering time it was possible to significantly improve final
extraction rates from blended wheat samples. Flour colour and starch damage were also
affected by increasing tempering time of the wheat. This in turn had effects on the
rheological characteristics of the dough (extensibility and extendability) and hence the
final end product quality of loaves (loaf volume, crumb colour and crumb firmness). An
optimum level for tempering wheat blends was determined in relation to grain hardness.

SINGLE KERNEL CHARACTERISATION SYSTEM
AS A TOOL FOR DOUGH QUALITY PREDICTION

L. N. Pietrzak1, B. BaiWand St. Matwin2

'Eastern Cereal and Oilseed Research Centre Agriculture and Agri-Food Canada,
Ottawa, Ont. K1A 0C6, Canada
2Faculty of Science, University of Ottawa, Ont. KIN 6N5, Canada

The Single Kernel Characterisation System (SKCS) 4100 (Perten Instruments North
America Inc., Springfield, Colorado) was developed for the measurement of single
kernel weight, width, length, moisture and hardness. In SKCS analysis, a small sample
of grain is required, about 100 seeds.

It is known that dough functionality and bread volume depends not only on chemical
composition of the grain but also on physical parameters. Milling quality is strongly
correlated with kernel size, shape uniformity and hardness.

In our study we attempted to predict bread volume and some Farinograph
parameters from the SKCS data. To build a prediction model we applied conventional
multivariate statistical analysis, and two artificial intelligence methods: neural network
(NN) and symbolic machine learning (SML). 362 hard red winter wheat samples
representing about 40 wheat cultivars were derived from Ontario Registration Test of
1992-2000 crop years. The complete set of grain and flour quality tests were performed
on all samples. Only some parameters were used in our prediction study: a) flour yield;
b) farinograph water absorption; c) Farinograph peak time; d) Farinograph stability; e)
Farinograph mixing tolerance index, and f) loaf volume. In order to predict these dough
functionality parameters, 300 seeds from each wheat sample were analysed on the
Single Kernel Characterisation System: SKCS 4100 (Perten Instr.). The fifteen, so
called, primary variables were collected from the instrument, including hardness
Particle Size Index (PSI).

The results of our study indicate that trained SML based on the SKCS data can
predict, with relatively high precision, loaf volume - 82%, flour yield - 80%, and
Farinograph water absorption - 82%. The best methods to predict some dough and loaf
volume parameters, based on the SKCS seem to be SML and NN. Farinograph stability
and particularly mixing tolerance index are difficult to predict. And finally, the
calibration data set and testing samples have to originate from the same environment.
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THE POSSIBILITY OF USING CERTAIN QUALITY
PARAMETERS OF WHEAT FLOUR MILL STREAMS FOR

FORMULATION OF END-USE FLOUR

M. Pojic, J. Mastilovic and M. Pestoric

University of Novi Sad, Faculty of Technology, Center for Cereal Technology, Novi
Sad, 21000, Serbia and Montenegro

The demand for consistent quality by the milling and baking industries, and an
increasingly competitive export market, emphasizes the need for end-use quality flour.
Production of end-use flour can be performed by processing quality wheat fit for
purpose or may include certain treatments and additives for improving appearance and
performance.

The objective of the present study was to assess the technological quality of
different flour streams in order to find out the quality distribution within them. This has
great significance where there is a lack of suitable end-use quality wheat production.
Therefore, the main emphasis is to establish end-use quality predictions regardless of
wheat quality used for milling, mill settings and mill flow diagrams. Mill stream
analysis removes the need to perform time-consuming analysis such as rheological
analysis, in order to recommend to technologists the usage of single flour mill streams
as a final product or to blend with similar streams to achieve particular end-use quality.

In this paper parameters that involve end-use quality of flour mill streams obtained
from several commercial mills of different capacity and flow diagram, as well as flour
mill streams obtained from a laboratory mill were examined. The conclusion shows the
strength of dependence of different technological quality parameters on raw material
and milling process as well as the possibility of using some flour mill streams for
production of flour for specific purposes.

RAPID METHODS TO ASSURE FOOD SAFETY REQUIREMENTS
OF CEREALS AND CEREAL PRODUCTS

R. E. Poms1 and J. Stroka2

'ICC, Vienna, Austria
2IRMM, Joint Research Centre, European Commission, Geel, Belgium

The detection and quantification of biological and chemical contaminants - preferably
as rapidly and reliably as possible - is extremely important in managing the safety of
food and feed. Implementation of consumer protection regulations and developments in
analytical techniques have led to the emergence of a wide range of rapid methods to
complement the traditional methods. Rapid methods, in particular in the format of test
kits and/or fast and easy protocols, play an ever increasing role in the assurance of food
safety requirements in industry and regulatory institutions. The minimum requirements
for such methods (e.g. limit of detection, LOD, limit of quantitation, LOQ, repeatability
and reproducibility, RSD) are largely dependent on the degree of safety required, the
availability of sensitive (traditional) methods, and the legal/regulatory requirements of
national and international authorities.
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Current hot topics in international food safety discussions concerning cereals and
products thereof are allergens (e.g. wheat, maize, rice), gluten (wheat, rye, barley, oat),
acrylamide (e.g. bread crust, breakfast cereals), and mycotoxins (proposal of lower
limits in the EU and worldwide). The method requirements and the availability of rapid
methods for the determination of the above mentioned "contaminants" or markers will
be discussed below.
Cereal allergens and gluten: Following recommendations of the Codex Alimentarius
Commission of the FAO, the EU amended its Labelling Directive and published a list of
potential allergenic foods, which need to be labelled, when used as an ingredient or as a
processing aid. Similar regulations also exist in many other countries and are important
for international trade. At the moment it is premature to set limits for "acceptable"
allergen content in food products due to insufficient data to establish general threshold
doses for the elicitation of allergic reactions. Generally, detection methods for food
allergens need to have an LOD in the low mg/kg (ppm) range. For gluten content in
food products, however, a limit, which is considered as safe for coeliac individuals,
exists and a proposal to lower this limit from 200 to 20 mg/kg (ppm) has been
discussed. Currently, there are several immunoassays in the format of ELISA or
Dipstick assays/Lateral Flow Devices commercially available, which target specific
gliadin/prolamine fractions of wheat, rye and barley. In addition, PCR-based methods in
the format of Real-Time PCR, PCR-ELISA, and PCR combined with Agarose gel-
electrophoresis for the qualitative or semi-quantitative detection of gluten containing
cereals are available.
Acrylamide: Recently acrylamide has earned media attention due to the findings of the
Swedish National Health Authority that elevated levels of acrylamide can be found in
heat-treated food products (e.g. potato chips, crisp bread, or breakfast cereals).
Currently, concerted international efforts have been made to gather data for monitoring
the nutritional uptake. So far legal limits exist only for drinking water and for packaged
foods (migration from the packaging material). To date no rapid screening assay for
acrylamide in food products has been placed on the market.
Mycotoxins: Mycotoxin content in various cereals has been monitored over the past
years and many countries have established limits for several mycotoxins (e.g. "SCOOP
Task 3.2.10" tested >11,000 samples). Recently the European Commission has drafted a
proposal to amend the current legislation on maximum mycotoxin contents in
agricultural products by lowering the maximum limits for some already established
limits and by introducing limits for additional mycotoxins (e.g. limits for
Deoxynivalenol, Zearalenone, Fumonisin, T-2 + HT-2 toxins). The established and
proposed EU limits for most mycotoxins in cereals and/or products thereof are in the
[ig/kg (ppb) range. Moreover the strict requirements for foods intended for infants and
young children pose a special challenge for rapid detection assays in regard to the
necessary LOD. Rapid methods/commercial kits for the determination of mycotoxins in
cereals and products thereof are mainly based on ELISA, Dipstick assay, Fluorescence
Polarisation, and fluorimetric detection. All of these techniques involve an
immunological part either in the detection or the clean-up procedures. The sensitivity
requirements of these methods are largely dependent on national and international
regulatory limits.
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APPLICATION OF HERBAL EXTRACTS IN THE PRODUCTION
OF BAKERY PRODUCTS

B. Psodorov, O. Simurina, M. Bodroza-Solarov, B. Filipcev and M. Acanski

Faculty of Technology, Center for Cereal Technology, Novi Sad, 21000, Serbia and
Montenegro

The growing trends of healthy living and nutrition and the desire to create bakery
products with health benefits challenged food technologists to produce bread with the
addition of medicinal herbs.

The aim of the experiment was to establish the optimum formulation of bakery
products with extracts of medicinal herbs. Three types of mixed extracts with different
beneficial effects were used: Anemit plus (for the prevention of nutritive anaemia),
Probavit plus (for the prevention of digestive disorders) and Diabet plus (intended for
diabetes sufferers). The mixed extracts were incorporated in dough at two levels (5 and
10%). After defining the optimal formulation, complete processing parameters of dough
mixing, handling, and baking were established.

The following quality characteristics of bakery products were evaluated: specific
volume, penetrometer number, crumb elasticity, crumb grain structure, colour, taste,
odour and melting in the mouth. Enrichment of bakery products with herbal extracts did
not adversely affect the sensory properties of the products.

DIVERSITY ANALYSIS OF AN OLD HUNGARIAN WHEAT
VARIETY POPULATION

M.Rakszegi', I. Karsai1, P. Szucs1, G. Kovacs1, L. Rampling2, A. Pedler2, R. Appels2,
M. Morell2 and Z. Bedo1

'Agricultural Research Institute of the Hungarian Academy of Sciences, P.O.B. 19,
Martonvasar, 2462, Hungary
2CSIRO Plant Industry, GPO Box 1600, Canberra ACT 2601, Australia

Bankuti 1201, an old Hungarian cultivar with excellent bread-making quality,
represents a mixture of genotypes differing in storage protein composition at all three
loci. Great variability was also observed in the starch properties of the various lines in
previous studies. Diversity analysis was carried out using microsatellite markers in this
study to reveal differences between the 50 Bankuti 1201 doubled haploid lines. A total
of 43 microsatellite primer pairs were used for testing, 11 of which exhibited
polymorphism (26%). Polymorphism occurred mainly in the B genome (46%), followed
by the A genome (28%). Microsatellite allele sizes were scored and converted to a plus-
minus matrix based on allele identity. According to the polymorphic markers Jaccard's
distance coefficients (JD) ranged from 0 to 0.87. An analysis of the rheological
properties of the doubled haploid lines indicated that the dough stability ranged from
2.6 to 14.2 g and the extensibility from 12.6 to 68.5 mm (Texture analyser). The results
of Hierarchical Cluster Analysis based on DNA markers and dough rheological traits
allowed the lines to be divided into two clearly distinct major groups, which could be
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further divided into three or four subgroups. A considerable extent of diversity at the
DNA level was demonstrated within the Bankuti 1201 population.

JD (ij)=l-[M/((Ti+Tj)-M)],

where M is the number of bands common to genotypes i and j , and Ti and Tj are the
total number of bands detected for genotypes i and j .

THE EFFECT OF HEAT SHOCK ON THE SDS SEDIMENTATION
TEST FOR A VARIETY OF COMMONLY GROWN AUSTRALIAN

WHEATS

A.M.Rittau1'2. D.Miskelly1'3,1.L.Batey1'4, L.Copeland1'2 and C.W. Wrigley1'4

Value Added Wheat CRC, North Ryde, NSW, 1670, Australia
2School of Agriculture, University of Sydney, NSW, 2006, Australia
3Allied Mills, PO Box 1, Summer Hill, NSW, 2130, Australia
4Food Science Australia, North Ryde, NSW, 1670, Australia

Protein content is a major determinant of end use of grain, while the ratio of low
molecular weight (LMW) to high molecular weight (HMW) proteins is a key factor in
prediction of the dough properties of the resulting flour. The SDS sedimentation test
has been used as a means of gauging the quality of the proteins present in a wheat
sample by observing the manner in which the proteins flocculate when suspended in a
solution of sodium dodecyl sulfate and lactic acid, hi general, samples high in polymer-
forming HMW glutenin subunits (GS) flocculate to a higher level than those samples
containing less HMW-GS. The LMW-GS composition is also capable of affecting the
sedimentation behaviour of wheat samples: however the effects are less severe than
those due to HMW-GS.

Short-term exposure of wheat to high grain-filling temperatures (>35°C) can
significantly diminish the quality of the resulting grain. This quality reduction can be
attributed in part to the effects that heat shock has on the protein composition of the
grain endosperm. While heat shock is often accompanied by a significant rise in total
flour protein, the composition of that protein fraction is often dramatically affected, hi
turn, this compositional change has a significant effect on the resulting dough
properties.

This study aimed to develop a comparable SDS flour sedimentation test to that used
for wholemeal samples and to subsequently use this test to observe the effects of heat
shock on the protein composition of a range of wheat cultivars, differing in their
tolerance to heat stress.
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RAMAN MICROSCOPY OF DEFORMING GLUTEN NETWORKS

E.Roberts1, G-R-Mitchell1 and B.J.Dobraszczyk2

1 J.J.Thomson Physical Laboratory, Polymer Science Centre, Department of Physics,
The University of Reading, RG6 6AF, UK
2 School of Food Biosciences, The University of Reading RG6 6AP, UK

Gluten networks give dough its unique viscoelastic properties, which are vitally
important in the production of leavened bread, as it allows the entrapment of carbon
dioxide produced by yeast during the baking process. Gluten networks are viscoelastic
hetero-polymer networks with approximately 50 different types of protein subunit,
which fall into two main groups: glutcnins and gliadins. The detailed structure of gluten
networks is largely unknown, as is the mechanism of elasticity. A knowledge of both is
required to quantitatively understand the role of gluten during the bread making process.
The elasticity of gluten networks is thought to involve a change in conformation of P-
spiral protein secondary structure, which is found in many elastic proteins.

The presence of the P-spiral structure in proteins composing gluten networks has
been confirmed using Raman spectroscopy. We have found significant levels of the p-
spiral polypeptide chain structure confirming results in the literature from circular
dichroism studies. We have observed a change in the secondary structural content of
gluten networks during uniaxial deformation, showing a significant reduction in the
level of P-spiral secondary structure. This confirms that the deformation of the P-spiral
structure protein secondary structure is directly involved with the elasticity of gluten
networks.

CHARACTERISTICS OF WHEAT BREAD OBTAINED FROM
DIFFERENT BREADMAKING TECHNOLOGIES

CM. Rosell2and M.E. Barcenas1

'Universidad de las Americas, Puebla Mexico
2Instituto de Agroquimica y Tecnologia de Alimentos (IATA-CSIC), PO Box 73.
46100-Burjasot, Valencia (Spain)

Bread is a product with a very short shelf life. Staling starts as soon as baking is
completed and it mainly consists of an increase in the crumb hardness, crust softening
and a loss of moisture content. There have been multiple attempts to extend the shelf
life of wheat bread like splitting the breadmaking process performed into two baking
stages thus obtaining partially baked loaves, which can be stored at low temperatures.
This technology has been largely applied in bakeries during the last decade, but there is
scarce information about product quality compared with that obtained using one baking
stage or conventional breadmaking.

This paper will describe a comparative study of the characteristics of wheat bread
obtained by a conventional process with that obtained from two stage baking after cold
and frozen storage. For this purpose, technological parameters (specific volume,
moisture content and texture), sensory analysis and microstructure were evaluated in all
the baking trials.
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Overall results showed that wheat bread from a conventional process has superior
quality to that from partially baked bread, but the latter stored at cooling temperatures
stales at a slower rate.

DURUM WHEAT PASTA QUALITY: COMPARISON OF FLOUR
PASTING AND STARCH CHARACTERISTICS OF NEW SYRIAN

TRITICUM DURUM CULTIVARS

J.Samaan''2,C.S. Brennan1*3 and G. H. El-Khayat1'2

'Applied Food Research group, Plymouth University at Seale-Hayne, Newton Abbot,
Devon, UK
2University of Damascus, Faculty of Agriculture, Food Science Department, Damascus,
Syria.
3Institute of Food Nutrition and Health, Massey University, Palmerston North, New
Zealand

Developing new high quality durum wheat cultivars is beneficial for both producers and
consumers. Durum wheat production in Syria has historically been used to fulfil
internal demands, however more recently wheat from Syria has been exported for pasta
manufacture. The current project examined a range of established, and new, durum
wheat lines in relation to their physico-chemical and processing characteristics.
Significant differences were observed in grain hardness related to the protein content of
the grains and the ratio of starchiness: vitreousness within the lines. Quantitative and
qualitative variations in starch characteristics (amylose:amylopectin content, pasting
and gelatinisation profile) were observed between cultivars, and between vitreous and
starchy kernels of the same cultivars. Cultivars which have a higher degree of
vitreousness (Sham-1 and Douma-18861) exhibited an increase in both protein and
amylose content, that was associated with lower starch content compared with the other
cultivars having lower vitreousness (Douma-26827 and Douma-29019). Pasta quality
(cooking time and texture) could also be shown to be related to the characteristics of the
starch granules within durum wheat flours. The results will prove a useful tool in
predicting suitability of wheat varieties for pasta manufacture and improving wheat crop
quality.

SPROUTS FROM DIFFERENT CEREALS
IN HUMAN NUTRITION

M.Saric, N.Konc, D. Psodorov, B. Filipcev and O.Grujic

Faculty of Technology, Center for Cereal Technology, Novi Sad, 21000, Serbia and
Montenegro

Cereal grains play a significant role in human or animal diets. If cereal grain is, through
germination, transferred from a latent into an active state, one can get a valuable product
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— sprouts (i.e. culms and roots of new plants ). Sprouts as a source of food supply an
organism with nutritious substances in a concentrated form.

Having in mind that cereal grain is a final product which contains all the necessary
substances for development of a new plant and that those substances are, through the
malting process, transferred into products of superior nutritive value, the aim of this
research was to determine optimal technological conditions and technological
parameters in the malting process of different cereals (barley, wheat, oat) for producing
sprouted grain of good quality which could be used for processing into a healthy and
nutritious food. The malting process was conducted in the same way in all the analyzed
grains and the sprouting lasted for one or two days.

For that purpose, micro-scale malting, followed by sprout quality of selected barley,
wheat and oat varieties under different conditions was carried out. Based on analytical
quality parameters, sprouted grain of the best quality was chosen and used as bread
additives. Analytical and organoleptic evaluation of the final product was also carried
out. Sprouted grain used as a bread additive increased bread yield and volume by
more then 30 ml and crumb quality by approximately 1.5 unit.

FIELD MOULDS AND THEIR METABOLITES
IN THE RAW MATERIAL FOR BREAD

M.Saric1 , T. Stojanovic2, M. Skrinjar1 and D. Psodorov1

'Faculty of Technology, Center for Cereal Technology, Novi Sad, 21000, Serbia and
Montenegro
2High School of Agriculture and Food Processing, Prokuplje, Serbia and Montenegro

The objective was to investigate the presence of field moulds in wheat kernels and flour
samples and to identify species in isolated mycopopulations, particularly toxic ones and
to determine their impact on the quality of bread. 48 samples of wheat infected by
mould were investigated. Wheat was ground either on laboratory mill or on a stone mill.

Total number of moulds per 1 g was determined and isolated moulds were
identified. All samples were analyzed for the presence of mycotoxins according to
AOAC methods.
Rheology and test baking were carried out according to AACC methods.

Number of moulds per gram of wheat kernel ranged from 1.7 to 3.8. The moulds of
Fusarium were the most frequent contaminants. These moulds were classified into 12
species and belonged to 8 different sections of the genus.The most prevalent
F.oxysporum was isolated from three categories of kernels as well as zearalenone.

Field moulds are frequent contaminants of wheat, flour and bread which need to be
monitored because of their ability to produce mycotoxins. These data show that field
moulds present on wheat kernels penetrate into the tissue and degrade it by their
filaments decreasing the technological quality and its hygiene.
As a consequence of mould infection wheat, flour and bread (particularly wholemeal)
are rendered unacceptable in terms of technological quality and unsafe with respect to
hygiene. It is well known that wholemeal flour as well as corresponding baked goods
contains all anatomical parts of the kernel.
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PROCESSING QUALITY OF WHEAT HARVESTED IN
DIFFERENT GROWING REGIONS

M.Saric, D. Psodorov, M. Pojic and D. Zivancev

Faculty of Technology, Center for Cereal Technology, Novi Sad, 21000, Serbia and
Montenegro

Processing quality of wheat depends on the genetic potential of wheat varieties and the
environmental conditions. The objective of this study was to justify the spread of a
certain variety within wheat growing regions due to better utilization of its
performance.

Examinations in this report included 12 varieties from 12 variety trials in the
Republic of Serbia over a period of three years. Wheat varieties used for investigations
varied according to its processing quality and could be separated into three technology
groups, e.g. bread-improving, bread and basic varieties.

Standard methods for evaluation of physical, chemical, biochemical, milling,
rheological and baking quality parameters were used for defining processing quality of
variety potential as well as the influence of environmental conditions in different wheat
growing regions. Through perceiving total quality of wheat varieties it is possible to
verify the genetic potential of a wheat variety for specific processes.

Results point to the necessity to evaluate the end-use quality of wheat before buying
and to preserve the varietal identity of wheat bulks by performing wheat quality
segregation to assure consistency in end-use quality. The realization of this aim
depends on accepting recommendations for sowing, harvest and buying in terms of
breeding certain wheat varieties, processing wheat of defined end-use quality as well as
accomodating any regulation in force.

WHEAT BUG (EURIGASTER LAP.): CAUSE OF WHEAT
PROCESSING QUALITY CHANGES

M. Saric, D.Psodorov, M.Bodroza-Solarov and S.Milosevic

Faculty of Technology, Center for Cereal Technology, Novi Sad, 21000, Serbia and
Montenegro

Unfavourable weather conditions with characteristics of drought expressed during the
generative phase of wheat development contributes to wheat bug infestation intensity. It
is known that wheat bugs can damage any part of the plant, depending upon the stage at
which the infestation started. They inject saliva rich with enzymes that activate the
proteolytic activity of the kernel destroying the gliadin and glutenin fractions of proteins
thus affecting processing quality.

The aim of the work was to register the changes in the processing quality of wheat
associated with different levels of kernels damaged by wheat bug. The study included
samples of a wide range of wheat varieties. The processing quality of wheat was
analysed with standard methods for the determination of trading quality, physico-
chemical and biochemical characteristics, rheological properties and baking quality.
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Kernels damaged by wheat bugs have destroyed endosperm that is less compact
compared to the endosperm of healthy kernels. As a consequence of wheat bug
infestation the following results were obtained: higher content of damaged and shrunken
kernels from 1-5%, lower test weight and 1000 kernel weight, lower sedimentation
value, lower gluten content, lower flour yield by 2%, lower Quality Number, resistance
to extension and extensibility could not be measured. Baking tests showed poor baking
quality.

FORMULATION OF MUESLI PRODUCTS FOR CONSUMERS
WITH SPECIAL NEEDS

I. Sedej J. Mastilovic, M. Sakac and B. Filipcev

University of Novi Sad, Faculty of Technology, Bulevar cara Lazara 1, 21000 Novi
Sad, Serbia and Montenegro

Current trends in the food industry are focused on healthy and controlled diet. Cereal
based food is considered to be the kind of food which can offer an appropriate balance
of essential nutrients. Among them, muesli products are one of the most popular ones
on the market.

Muesli usually combines a variety of toasted grains (such as oats, wheat and barley)
with bran, nuts and dried fruit. Some types of small grains, expanded grains and dried
fruit were chosen as the main ingredients of muesli . The chemical properties and
energy of the chosen components have been determined.

Selected groups of consumers were: children, athletes and people with chronic
disorders.
Based on the nutritional and energetic needs of cited consumers, as well as results
obtained from chemical analysis and energy of ingredients, the optimal content of final
muesli products has been calculated using the method of linear programming.

EFFECT OF COOKING PROCESS ON DIETARY FIBRE
COMPONENTS OF HIGH-FIBRE COMMERCIAL PRODUCTS

D. Sgrulletta, G. Scalfati, E. De Stefanis and A.Conciatori

Experimental Institute of Cereal Research, Via Cassia, 176 - 00191 Rome, Italy

The role of dietary fibre in improving health has been better understood in the last
decade. Recommendations of dietary guidelines for developed countries have included
high-fibre foods, which can be associated with certain beneficial health effects including
weight, bowel function and blood cholesterol control, bowel cancer prevention, glucose
tolerance improvement.

To this end considering the leading role of pasta in Mediterranean nutrition, the food
industry has developed many high-fibre products suitable to increase dietary fibre
intake.
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In this paper six commercial high-fibre pasta, were chosen in order to evaluate the effect
of cooking and overcooking (5 minutes more than the recommended cooking time) on
the main dietary fibre components (Total dietary fibre, [TDF], p-glucan, resistant starch,
[RS]), which are able to contribute directly to human health improvement through
several physiological and metabolic effects.

The six pasta samples showed different fibre component levels. Formation of RS
occurred during the cooking process and the amount of RS increased gradually with the
cooking time. As expected, significant differences in TDF levels were observed in the
high-fibre pasta in comparison with the traditional one, and small but significant
increases in the soluble component, p-glucan, were also evident. Analytical results
indicated that the cooking process might have directly altered pasta starch and TDF
content with important effects on their bioavailability and on pasta-product nutritional
value.

EXPANDED SEED OF AMARANTHUS CRUENTUS AS A
COMPONENT IN SPECIALITY BREAD FORMULATIONS

O. Simurina, M. Bodroza-Solarov and B. Filipcev

Faculty of Technology, Novi Sad, 21000, Serbia and Montenegro

Amaranthus cruentus was a staple crop of the pre-Colubian people. Amaranthus sp.
seed has characteristics and properties similar to those of the cereal grains and is often
called a pseudocereal. The Amaranthus sp. seed can be expanded similarly to corn.
Exlrudates have a pleasant specific taste and can be used as a raw material for bread.
Popping of A. cruentus seed was performed on an aluminium hot plate at 200 ° C for 10
seconds.

The aim of the work was to determine the optimum dose of expanded seed in the
formulation of speciality breads. The influence of the addition of different doses of seed
(10, 15, 20%) on the rheological properties of dough was measured by Farinograph and
Extensigraph. The chemical composition of raw and expanded seed were determined.
Baking tests were carried out under conditions described by an internal method. The
chemical composition, yield and volume of breads were evaluated. The sensory quality
of the products were evaluated by sensory panellists. The addition of expanded seed
increased the water absorption and the yield of bread, improved its crumb quality, taste,
odour and freshness.
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INFLUENCE OF THE a-AMYLASE ACTIVITY AND
THE INTRINSIC STARCH CHARACTERISTICS

ON THE PASTING PROPERTIES OF WHEAT WHOLE MEAL

G. Sinnaeve1 J. Lenartz1, C. Massaux2, M. Sindic2, B. Bodson3,
A. Falisse3, C. Deroanne2 and P. Dardenne1

'Departement Qualite des productions agricoles, Centre Wallon de Recherches
Agronomiques, Chaussee de Namur 24, B-5030 Gembloux, Belgium
2Unite de Technologie des Industries Agro-alimentaires, Faculte universitaire des
Sciences agronomiques de Gembloux, Passage des Deportes 2, B-5030 Gembloux,
Belgium
3Unite de Phytotechnie des regions temperees, Faculte universitaire des Sciences
agronomiques de Gembloux, Passage des Deportes 2, B-5030 Gembloux, Belgium

Pasting properties of whole meal, prepared from 10 wheat varieties grown in Belgium
and in the same cultural conditions were determined by the Rapid Visco Analyser (ICC
method N°162, Standard 1 profile). The samples showed wide variations in RVA
pasting characteristics (from 456 to 2397 cps for the peak viscosity [PVl]) due partially
to differences in a-amylase activity (as determined by the Amylazyme method) but
also to variations of intrinsic starch properties. Indeed, the RVA pasting parameters
were also measured in a 2mM AgN03 solution (used as an amylase inhibitor). This
procedure dissociates the starch pasting properties from the a-amylasc activity effects.
The values of peak viscosity [PV2], with no enzymic interaction, ranged from 3040 to
4052 cps according to the variety. These results indicate the importance of intrinsic
characteristics of starch on the whole meal pasting properties of wheat varieties.

This suggests that the Hagberg Falling Number, based on the measurement of the
flour paste liquefaction by a decrease in starch viscosity at 95 °C, is not only linked to
the a-amylase activity but also to the starch composition and structure. This means that
the standard Hagberg method can lead to the downgrading of grain lots having low
enzymic activities. Our experiments show that to obtain an accurate estimation of the
true a-amylase activities, two "RVA" measurements are required: one using water and
one using an AgNC>3 solution as an enzyme inhibitor. This is confirmed by the high
correlation (R2 = 0.94) observed between the ratio (PV2-PV1)/PV1 and the
a-amylase activity.

THE POTENTIAL OF BARLEY BETA-GLUCANS IN RAISING
THE NUTRITIONAL VALUE OF WHITE WHEAT BREADS

L. J. Symons and C. S. Brennan

University of Plymouth, Applied Food Research Group, Newton Abbot, Devon, TQ12
6NQ, UK

In European countries white wheat bread is the preference of a large proportion of
consumers. However white bread is a poor source of dietary fibre, containing less than
2.5%. This paper explores the possibility of using Glucagel, a barley p-glucan isolate,
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to raise the nutritional status of bread products. Glucagel was incorporated into bread
mixes at 2.5 and 5% inclusion rates, and dough rheology, bread characteristics and
nutritional analysis were performed. In vitro analysis of the bread samples revealed a
significant decrease in reducing sugar release over a 300 minute digestion, compared to
the control bread sample. This has significant implications in reducing hyperglycaemia
and hyperinsulinaemia, with reference to the control of diabetes and development of
degenerative diseases.

Bread doughs supplemented with 5% Glucagel had increased resistance to extension
compared to the control. However, loaf volume and height decreased with the addition
of Glucagel. Changes in dough qualities and baking performance may be attributed to
the physicochemical properties of f^-glucans, which tightly bind appreciable amounts of
water making it less available for the development of the gluten network, resulting in an
underdeveloped gluten network, and hence a reduced loaf volume. It is anticipated that
recipe modifications (i.e. the use of dough conditioners) may recover such losses in
baking performance.

STUDY OF THE IN VIVO AND IN VITRO POLYMERISATION OF
POLYPEPTIDES OF GLUTEN COMPLEX: CHANGES IN
GLIADIN COMPONENTS DURING RIPENTNG OF WHEAT

O. Baticz1,1. Kiraly2, T. Abonyi1, A. Gudth1, Sz. Gergely1, S. Tomoskozi1,
and R. Lasztity1

'Department of Biochemistry and Food Technology, Budapest University of
Technology and Economics, H-1521 Budapest, POB 91, Hungary
2Department of Plant Physiology, Eotvos Lorand University, H-1518 Budapest, POB
120, Hungary

As a result of intensive investigation of gluten proteins a large number of correlations
were revealed between polypeptide composition and rheological properties of gluten
complex and also bread-making value of wheat. The bread-making quality of wheat
flours depends essentially on the ripening process when the genetic potential of
cultivars is enforced. The protein content and its composition are the main parameters,
which need to be investigated if the order and degree of the synthesis of different
protein fractions is to be elucidated. In particular, the production of HMW and LMW
glutenin subunits and the gliadins which form substrates for the polymerisation of
HMW and LMW glutenin i.e the gluten macropolymer (GMP) network are of specific
interest.

The aim of research project to be realized in our laboratory is to study the
development and interactions of gluten polypeptides during grain ripening and in vitro
under different conditions.

The results of the first part of our investigations are presented here. In the
framework of this poster the gliadin components were studied during the ripening in
wheat cultivars of different bread-making quality grown in Hungary. Qualitative and
quantitative evaluation of electrophoretic pattern and NIR spectra and RP-HPLC data
will be presented focusing on wheat storage proteins.
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CHARACTERIZATION AND FUNCTIONAL PROPERTIES OF
AMARANTH FLOURS AND PROTEIN FRACTIONS

OBTAINED FROM DIFFERENT VARIETIES

S.Tomoskozi1, I. Baracskai1, R Schoenlechner2, E.Berghofer2, O. Baticz1 J. Varga1

and R. Lasztity1

'Budapest University of Technology and Economics, Department of Biochemistry and
Food Technology, H-l 111. Budapest, Miiegyetem rkp., Hungary
2Department of Food Science and Technology, BOKU - University of Natural
Resources and Applied Life Sciences, Muthgasse 18,1190 Vienna, Austria

Amaranth may become a potentially significant source of food protein due to its several
advantageous properties, e.g. high photosynthetic capacity and genetic variability, high
protein content and excellent amino acid composition. Although the properties of
amaranth proteins were studied by several researchers, few data are available about
functional properties of flour and different protein fractions. The aim of this paper is to
present some data about these properties.
Six Austrian and Hungarian amaranth varieties were studied. The protein isolates and
fractions (alkali soluble total proteins, albumins, globulins and alkali soluble residue
proteins) were extracted from defatted flour. The subunit composition of proteins was
determined by SDS-PAGE. The mixing properties of wheat dough prepared from
wheat flour blended with amaranth flour or protein fractions were studied using a
micro-scale Z-arm mixer.

The results demonstrated that there were no significant differences in the chemical
composition and protein subunit profiles between the studied amaranth species.
Addition of amaranth flour or protein fractions to a wheat dough showed significant
effects on mixing properties: water addition and dough development time was increased
while dough stability was weakened. Between varieties there were again no significant
differences. The detected effects on mixing properties are probably more related to
changes of the protein-starch structure than to the protein structure or protein subunit
composition.

APPLICATION OF MICRO-SCALE METHODS
FOR THE DETERMINATION OF RHEOLOGICAL PROPERTIES

OF WHEAT FLOUR DOUGH

S.Tomoskozi1, A.Kindler1, R.Haraszi2, GNagy1, M. Rakszegi.3, J. Varga1 and F.Bekes2

'Budapest University of Technology and Economics, Department of Biochemistry and
Food Technology, H-l 111. Budapest, Muegyetem rkp,Hungary

2CSIRO Plant Industry, Canberra, Australia
Agricultural Research Institute, Martonvasar, Hungary

Four different small-scale methods, a micro Z-arm mixer, a 2g-Mixograph, a Texture
Analyser with a Kieffer-test Rig and a Rapid Visco Analyser were used for the
investigation of different quality related properties of wheat dough. The flour and/or
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dough requirement for all of these procedures was less than 5 grams. Flours were milled
from 24 Hungarian and Australian wheat varieties on a micro-scale laboratory mill.
The quality related properties of dough were determined using standard procedures for
traditional equipment. In the case of micro extension tests, dough samples were
produced both on a macro-scale Farinograph (size of mixing bowl is 50g) and a micro-
scale Z-arm mixer (size of mixing bowl is 4 g). The related parameters obtained with
different methods were compared by statistical analysis.

The corresponding parameters measured with the micro-mixers provided fairly good
correlations. The two types of mixing actions using pin- or Z-arm mixers produced
characteristic differences on the registered curves. The characteristics of curves and the
calculated parameters of the micro-extensibility tests were almost independent of the
method of dough preparation, indicating that the type of mixing action does not affect
the stretching behaviour of wheat dough. Inter-relationships among parameters obtained
by different micro-scale methods were also studied.

INFLUENCE OF INULIN ADDITION ON RHEOLOGICAL
PROPERTIES OF DOUGH AND SENSORY PROPERTIES OF

WHITE PAN BREAD

Z. Ugarcic-Hardi and M. Jukic

Faculty of Food Technology, University of JJ . Strossmayer, F. Kuhaca 18, P.O. Box
709, HR-31001 Osijek, Croatia

Inulin is a fructooligosaccharide, natural soluble dietary fibre, found in different
vegetables, fruits and other plants, especially in artichoke and chicory-roots. Recently,
inulin has been used more and more frequently in food processing because of its health,
nutritional and technological benefits: prebiotic function with reference to its
stimulating effect on Bifidobacteria growth, low energy value, sugar and fat substitute,
texture improver etc.

The aim of this work was to examine the influence of inulin addition on the
rheological properties of dough and sensory properties of white pan bread. Inulin
(Frutafit HD; 9 monomer units of fructose) was used as a replacement for flour in a
standard bread recipe at levels of 1%, 2%, 3%, 4% and 5%.

Dough mixing properties were obtained with a Mixograph. Results showed that,
with an increase of inulin amount, prolongation of peak time and decrease in maximum
height, angle and area under curve occurred. Sensory evaluation of white pan bread was
conducted to determine how much inulin could be incorporated into the bread recipe
without negative effects on sensory properties. Finally, the influence of inulin addition
on reducing the rate of bread staling, during a seven-day period, was also examined.
Hardness of bread crumb was measured with the Sur Penetrometer and moisture
migration from crumb to crust was observed but no argument for an inulin associated
antistaling effect was found.
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INFLUENCES OF MILLED WHEAT PARTICLE SIZE ON PRE-
BAKED BREADMAKING QUALITY

G. Unbehend1, H. J. Kersting^nd Lj. Unbehend2

'Federal Research Center for Nutrition and Food, Schiitzenberg 12, D-32756 Detmold,
Germany
2J. J. Strossmayer University, Faculty of Food Technology, Kuhaceva 18, HR-31000
Osijek, Croatia

From the literature it is known that the particle size, the particle shape and their
distribution within solid food play an important role in determining their properties and
their functionality. Tn particular transport phenomena within these systems are a
function of particle design. The aim of this investigation was to determine the effect of
milled wheat particles with different size and shape on bread dough properties and on
the staling behaviour of bread crumb by means of physical measurements. We use a
statistical plan to design our experiments to seek significant correlations between the
particle size and the desired technological properties

Two different quality established wheat varieties were used. During mill processing
three fractions (flour, semolina, middling) were taken from and used for investigation
purposes. For the bread performance, apart from 100% flour different mixtures were
used displacing one part of the flour with the semolina and the middling. To determine
handling properties all doughs were Theologically tested in the stress relaxation test.
During the baking process baking properties were carried out by a trained baker. The
texture of the finished fresh bread and their texture after seven and ten days storage
were measured using the texture analyser. The changes in the starch structure as a result
of bread texture changes during storage were analysed by Differential Scanning
Calorimetry measurements. The results were statistically analysed and have shown that
particle size influenced both the dough handling properties and the quality of pre-baked
bread.

NOVEL OAT PROCESSING FOR PROFITABLE EXTRACTION
OF VALUABLE COMPONENTS

R.H. Wang, G M. Campbell and C Webb

Satake Centre for Grain Process Engineering, Department of Chemical Engineering,
UMIST, Manchester, UK

Pearling has been successfully applied to oats for the recovery of added value
components from the oat bran layers, with the residual oat flour potentially suitable as a
fermentation substrate. A laboratory-scale debranner progressively detached and
accumulated epicarp hairs, pericarp, aleurone cells and subaleurone materials in bran
fractions (pearlings) harvested at various pearling intervals, demonstrating the
opportunity to concentrate functional components unevenly distributed in the oat bran
layers. The crease bran that remained contains a different profile of nutraceuticals from
the pearlings, and could be recovered by conventional dry milling of the oats. Removal
of up to 12% of the oat mass by pearling introduced no negative effects on subsequent
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dry milling using a combination of two breaks and one reduction. A dull-to-dull
disposition on the break rolls was preferable to a sharp-to-sharp disposition, giving a
similar recovery of oat flour but leaving the crease bran material in larger particles. The
oats were heavily contaminated with airborne micro-organisms, mainly bacteria and
primarily in the epicarp hairs. Pearling for 10 s removed 87% of the bacteria, while
complete decontamination was achieved after 40 s of pearling. Milled bran has been
successfully used as the sole nutrient in fungal solid state fermentation for the
production of glucoamylase, protease and phytase. Submerged fermentation using a
fungal consortium will hydrolyse the milled flour to produce a generic feedstock for the
production of a range of chemicals via further fermentation.

WHEAT VARIETY IDENTIFICATION BY IMAGE ANALYSIS OF
GRAIN MORPHOLOGY

M. B. Whitworth

Campden & Chorleywood Food Research Association, Chipping Campden, GL55 6LD,
U.K.

In countries where wheat samples are traded as specific varieties, rapid methods are
required to verify the variety of samples at intake. Visual assessments are used to
identify varieties based on grain morphology, but require skill for proficiency. Digital
image analysis has previously been used to classify cereal species and grades. A
prototype system was developed to assess its potential for the more demanding task of
variety identification.

Single grains were manually presented to a CCD camera in a controlled orientation
and images of the side, dorsal and ventral surfaces were obtained simultaneously, using
a system of prisms. The images were analysed to measure several dimensions of each
grain, using a graticule to determine the image magnification. Further dimensionless
shape parameters were also calculated. The measurements were compared against a
database of measurements for grains of known varieties, using a canonical variates
approach. Grains were classified against the database according to the Mahalanobis
distance between their measurements and the mean values for known varieties.

The system was evaluated using 22 samples, each of a different variety. 8-10 grains
of each sample were randomly selected for inclusion in a database and a further 10
grains of each sample were classified against this. The system correctly classified 50%
of single grains. When all 10 grains of each test sample were considered, the majority
classification was correct in all cases.
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THE CONCEPT OF USING SPROUTS IN BREADMAKING

H. Zielinski1, R. Fernandez-Orozco2, J. Frias3, M.K. Piskula1, C. Vidal-Valverde3

and H. Koztowska1

'Division of Food Science, Institute of Animal Reproduction and Food Research of
Polish Academy of Sciences, 10-747 Olsztyn, Poland

2EU Centre of Excellence CENEXFOOD, Institute of Animal Reproduction and Food
Research of Polish Academy of Sciences, 10-747 Olsztyn, Poland

3Instituto de Fermentaciones (CSIC), 28006 Madrid, Spain

One of the major challenges to face the modern cereal food industry is the need to
develop products that can contribute to the customer's desire for a healthy diet and the
additional benefits such a diet provides. Since a number of the bioactive compounds
associated with cereals are thermally unstable (vitamins B, C and E, glutathione,
melatonine) there is a need to develop nutritionally-enhanced cereal-based foods which
should meet the consumers' aspiration of improving their health through diet.

Here, we propose enriching cereal-based products with germinated legume and
cruciferae seeds which contain a wide spectrum of bioactive compounds. This strategy
supplies the vitamins lost during thermal processing as well as introducing vitamin C or
specific bioactive compounds such as glucosinolates present in cruciferae sprouts to the
final products. This approach is devoted to health aspects and current research on the
role of antioxidants orginating from the diet in the aetiology of chronic diseases such as
diabetes, cardiovascular disease and certain cancers since many of bioactive compounds
present in cereal products as well as in sprouts exhibit antioxidant properties.

The contents of important antioxidants in legume and cruciferae sprouts will be
shown and then compared with those in cereal-based products. A simple, effective
technique to determine antioxidant capacity of cereal-based product based on the free
radical scavenging activity of water and methanolic extract is proposed. Moreover, the
antioxidant capacity of thermally processed whole grain and sprouts intended for use in
the cereal food industry is compared. Finally, the reduced/oxidized glutathione ratio
(GSH/GSSG) is proposed to describe how far the oxidative stress has developed after
hydrothermal processing of cereal grains. The data for extrusion cooking as well for
extruded products are provided. The proposed enrichment of cereal-based products with
sprouts seems to be an excellent source of antioxidants which may result in: (1) higher
functionalty of the products, (2) a wider spectrum of bioactive compounds including
antioxidants and finally (3) may provide cereal-based products with higher antioxidant
capacity.
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SPELTA IN BAKERY PRODUCTION

H. Zielinski2 and A. Ceglinska1

'Warsaw Agricultural University, 02-787 Warsaw, Poland
2Division of Food Science, Institute of Animal Reproduction and Food Research of
Polish Academy of Sciences, 10-747 Olsztyn, Poland

Spelt (Triticum spelta) shows a higher resistance to environmental factors than common
wheat (Triticum aestivum). The main difference in the nutritional value of grain flours
is the variation in the amount and type of the grain proteins, especially the prolamines.
This is probably why some people suffering from food allergy tolerate products
originating from spelt.

This paper describes the milling and baking characteristics of spelt. All forms of
spelt originated from Polish breeding. Evaluation of the grain included test weight,
vitreousness and hardness. The grain was ground in a Quadrumat Senior mill. Flour was
characterized through the following analyses: ash, protein, wet gluten and starch
content as well as Farinograph, Amylograhp and Falling Number. Laboratory baking
was made using the single-stage method.

Most of the spelt varieties investigated showed good milling properties and high
baking quality. The quality of technological parameters and good taste of bread
produced indicates that spelt wheat can be used for commercial baking.


