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Preface 

My text Technology of Biscuits, Crackers and Cookies, which was first 
published in 1983, with an enlarged new edition in 1991, has proved 
very successful and been welcomed by biscuit manufacturers 
worldwide. Why, then, consider producing separate manuals in the 
same field? 

The idea started, I suppose, when my partner, Pam Chance, 
pointed out that, as a standard reference work, my book was both too 
detailed and expensive for the average plant operative to use in the 
course of his or her work. 

Over the years, I have worked as a consultant in very many 
factories in many countries. Not all the operatives speak English, but 
those that do have explained that they often do not know the biscuit 
technology with which they are involved nor have a convenient 
source of information. They and their managers have particularly 
expressed the need for aids to troubleshooting. 

Thus this manual was born. It is one of a sequence that covers the 
various parts of the biscuit-making and packaging process. It builds 
on Technology of Biscuits, Crackers and Cookies, but includes much 
new material. I have tried to give particular emphasis to process 
mechanisms and fault solving. I am sure that managers, trainers and 
operatives will find it useful both in training and as a reference 
source. 

I hope that all who read and use it will find it as useful as I would 
like it to be. If you have any comments or contributions, I should be 
pleased to hear from you. 

Duncan J R Manley 
1998 
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1 Introduction 

This manual is one of a series dealing with materials and 
manufacturing procedures for biscuits. 

It describes, in general terms the most important ingredients used 
to make biscuits by type, function, handling and storage. Most of the 
ingredients are used to make biscuit dough. The techniques for 
mixing doughs are dealt with in Manual 2, Biscuit doughs and other 
aspects of biscuit manufacturing technology are described in later 
manuals. 

If you are a member of a manufacturing team you should know 
how to do your tasks and the reasons for doing things in a specified 
way. You should also understand the possible implications of not 
doing a task correctly or not communicating difficulties promptly. 
The nature, uses and functions of the ingredients are described so 
that you will know about these materials and the sort of problems 
that may arise if the qualities or quantities are not correct. 

If you work in a food factory you must accept some responsi- 
bilities. These to a greater or lesser extent will include: 

1 Responsibility for the quality of the company’s products if you are 
a member of a production team. Depending on your job you may 
not be asked to do quality control checks on the ingredients used 
but if you observe critically and know what to look for and expect, 
a fault could be prevented from occurring in manufacturing. 

2 Responsibility for the safety of consumers who will eat the 
products you help to make and pack. The procedures and 
precautions you should observe are described. 

3 Responsibility for the machines and equipment with which you 
are required to work. The procedures and precautions you should 
observe are described. 

1 
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1.1 Vocational qualifications 
The approach to training in industry is changing. Instead of a 
reliance on knowledge which has typically been assessed by set piece 
examinations, there is now a focus on competence which is assessed 
in the workplace. This means that a worker must not only know what 
he or she should be doing but also has to demonstrate that he or she 
can do it! 

Typically, set piece examinations require the examinee to achieve 
a ‘pass’ mark which may be as low as 40%. This accepts the fact that 
by no means all of the subject matter is known well enough for the 
examinee to pass the examination. Under the competence system, to 
qualify, the worker must satisfy the examiner, usually known as the 
assessor, in all matters. The worker must demonstrate knowledge, 
ability and communication skills as required for the level of the 
qualification being assessed. These qualifications are known as 
vocational qualifications (VQs). 

There should be VQs for all employees from the newest and 
youngest to the most senior. Through training, workers may 
progress to higher and higher levels. In  the developing British 
system there is a framework of five levels which can be described as: 

Level 1 - Competence in the performance of a range of varied 
work activities, most of which may be routine and predictable. 
Level 2 - Competence in a significant range of varied work 
activities, performed in a variety of contexts. Some of the 
activities are complex or non-routine, and there is some individual 
responsibility or autonomy. Collaboration with others, perhaps 
through membership of a work group or team, may often be a 
requirement. 
Level 3 - Competence in a broad range of varied work activities 
performed in a wide variety of contexts most of which are complex 
and non-routine. Often considerable responsibility and autonomy, 
and control or guidance of others is required. 
Level 4 - Competence in a broad range of complex, technical or 
professional work activities performed in a wide variety of 
contexts and with a substantial degree of personal responsibility 
and autonomy. Responsibility for others is often present. 
Level 5 - Competence which involves the application of a 
significant range of fundamental principles and complex techni- 
ques across a wide and often unpredictable variety of contexts. 
Substantial personal autonomy and often significant responsibility 
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for the work of others and for the allocation of substantial 
resources feature strongly, as do accountabilities for analysis and 
diagnosis, design, planning, execution and evaluation. 

It should be possible to categorise all jobs within a company in 
one of these five levels. To achieve accreditation at any level it is 
necessary to satisfy fhe assessor in a defined number of units (each of 
which has a number of elements). There are some mandatory (core) 
units and some optional units, a defined number of which must be 
selected, for each level. This reflects the fact that workers at a given 
level may have jobs that are biased towards production or production 
support and may be more technical or supervisory. In many respects 
there will be overlaps between levels and the greatest difficulty tends 
to arise between levels 3 and 4. The flavour of level 3 should be 
‘optimise, prioritise and improve’ and of level 4 ‘plan, initiate, 
develop and manage’. 

Thus, it can be seen that as the level of competence progresses 
there is a change from understanding, to seeking ways of improving 
and helping the business to become more efficient. 

For all jobs and tasks there is a need to define What, Why and 
How? In biscuit making there are technical aspects which include, 
what are the ingredients, products, processes and machines, why 
particular ingredients, packaging materials and processes are needed 
for different products and how machinery is controlled and 
maintained. Technical knowledge and skills are needed for problem 
solving, and to ensure good hygiene and safety in the workplace. 
Communication skills are also needed which include reporting to and 
supervising others. 

Competence cannot be achieved only from a book but reading and 
thinking are an aid to learning about ingredients, processes and 
machinery and understanding what variations may occur. Thus, a 
book can provide essential underpinning knowledge and is a source 
of reference when something new or unusual happens. 

Using this manual will help you to become a competent employee 
involved in biscuit manufacturing. The underpinning knowledge 
with respect to ingredients that is contained here is relevant 
particularly to most of the technical aspects of levels 3 and 4, as 
defined above. 



2 Background to the biscuit industry 

2.1 What are biscuits? 

Biscuits are small baked products made principally from flour, sugar 
and fat. They typically have a moisture content of less than 4% and 
when packaged in moistureproof containers have a long shelf life, 
perhaps six months or more. The appeal to consumers is determined 
by the appearance and eating qualities. For example, consumers do 
not like broken biscuits nor ones that have been over or under baked. 

Biscuits are made in many shapes and sizes and after baking they 
may be coated with chocolate, sandwiched with a fat-based filling or 
have other pleasantly flavoured additions. 

2.2 How are biscuits made? 

Biscuits are a traditional type of flour confectionery which were, and 
can still be, made and baked in a domestic kitchen. Now they are 
made mostly in factories on large production plants. These plants are 
large and complex and involve considerable mechanical sophistica- 
tion. Forming, baking and packing are largely continuous operations 
but metering ingredients and dough mixing are typically done in 
batches. 

There is a high degree of mechanisation in the biscuit industry but 
at present there are very few completely automatic production 
plants. This means that there is a high degree of dependence on the 
operators to start and control production plants. It is essential that 
operators are skilled in the tasks they have to do and this involves 
responsibility for product quality. As part of their training they must 
know about the ingredients and their roles in making biscuits. They 
must be aware of .the potential ingredient quality variations and the 
significance of these. 

There are basically two types of biscuit dough, hard and soft. The 
difference is determined by the amount of water required to make a 

4 
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dough which has satisfactory handling quality for making dough 
pieces for baking. 

Hard dough has high water and relatively low fat (and sugar) 
contents. The dough is tough and extensible (it can be pulled out 
without immediately breaking), like tight bread dough. The biscuits 
are either crackers or in a group known as semi-sweet or hard sweet. 

Soft doughs contain much less water and relatively high levels of 
fat and sugar. The dough is short, (breaks when it is pulled out) 
which means that it exhibits very low extensible character. It may be 
so soft that it is pourable. The biscuits are of the soft eating types 
which are often referred to as ‘cookies’. There are a great number of 
biscuit types made from soft doughs and a wide variety of ingredients 
may be used. 

The machinery used to make biscuits is designed to suit the type 
of dough needed and to develop the structure and shape of the 
individual biscuits. 

Secondary processing, which is done after the biscuit has been 
baked, and packaging biscuits are specific to the product concerned. 
There is normally a limited range of biscuit types that can be made 
by a given set of plant machinery. 

Many biscuit production plants bake at the rate of 1000-2000 kg 
per hour and higher rates are not unusual. Given this and the 
sophistication of the production line it is most economical to make 
only one biscuit type for a whole day or at least an eight hour shift. 
Start-ups and changeovers are relatively inefficient. 

2.3 How a factory is arranged 

Typically the factory is long and, for the most part, normally on only 
one floor. The reason for the length is principally due to the oven. 

Tunnel ovens have baking bands that are usually between 800- 
1400mm (31-55 in) in width. The length of the oven determines the 
output capacity of the plant. Ovens have been made up to 150 m in 
length but 60 m (about 200 feet) is probably the average length. 

Ideally, and normally, the ingredients are stored and handled at 
one end of the factory. Next to the ingredients store is the mixing 
area and next to that are the continuous production plants. The 
baking plants feed cooling conveyors, which are often multitiered to 
save space, and the baked and cooled biscuits are then packed using 
high speed machines. 

In some factories secondary processes are involved after baking. It 
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is also possible that only semi-automatic packaging is used which 
requires manual feeding of the wrapping machines. In these cases 
biscuits may be taken from the baking line and placed temporarily in 
boxes or stored in other ways. These activities are typically labour 
intensive. 

2.4 What your company requires from the factory 

Your company exists to make a profit! The means of earning this 
profit is by making and selling biscuits (and possibly other products). 

The products that are made are designed to meet current market 
needs and to this end they have specifications in terms of pack size, 
biscuit eating qualities and appearance and ingredient types and 
quantities. These specifications define limits and it is the task of the 
production department to ensure that only biscuits which meet the 
specifications are packed and sold. All substandard product must be 
disposed of through other routes and will represent a financial loss to 
the company. 

The production cost of a product is a combination of ingredient 
and packaging material costs, labour (which involves the production 
time), fuel for the machines and baking, and overheads which include 
management, maintenance and other support services. A significant 
cost is the labour associated with the production time. The efficiency 
of production, which is measured by the quantity of saleable product 
produced in a specified time, is an important aspect of the product 

The duty of the Production Department to the company is to 
produce a minimum of scrap product and have a minimum of 
production downtime. Both of these requirements are influenced 
strongly by the skills and performance of the plant operators. 

cost. 

2.5 Ingredient storage areas 

Ingredients should be stored at one end of the factory as near as 
possible to the mixing machines. Ingredients which are handled in 
bulk will be held in silos. These are either tanks for liquids, such as 
fats and syrups, or bins for dry materials like flour, sugar and 
starch. 

Materials that are delivered in boxes, bags or drums will be held 
on the floors of the warehouse, usually on pallets to aid ease of 
movement from place to place. 
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As part of the ingredient storage department there may be some 
equipment associated with pre-processing of ingredients prior to 
their allocation to the factory. Processes like washing of dried fruit, 
fat cooling and plasticising, bag opening and tipping into small 
holding bins will be involved. It is also common for small ingredients 
such as chemicals and flavours to be preweighed for each dough 
mixing by a member of staff using accurate scales. 

2.6 Your contribution when working with ingredients 

The most important contribution you can make to the efficiency of 
the factory when working with ingredients is to ensure the following: 

Stocks issued to the factory must be taken in rotation so that there 
is no possibility of old stock being unexpectedly mixed with new. 
Watch for the description of the ingredient on the bag label. It is 
possible that an error has resulted in the wrong materials being 
delivered or used. 
Do not issue, without reporting the fact, material that has been 
stored in a damaged container. There may be contamination or 
deterioration. 
Keep the storage areas clean and tidy. Dirt on bags and other 
containers can easily fall into the mixer as they are opened and 
tipped. 
Look out for infestations by insect, rodents and birds and report 
the situation without delay. 
Avoid straining yourself; do not try to move heavy weights 
without help or using the appropriate machinery. 

In a well managed factory you will probably be required to record 
what stocks you have issued or pre-processed. You will also be 
required to label clearly materials that have been prepared (for 
example washed or blended). In this way there will be no 
misunderstanding about what was done and when. 

It is not unusual to find faults or to have queries. You must 
communicate. 

It is essential that if you are in doubt you should not 
hesitate to ask, even if you know that you should know the answer! 



3 Hygiene and safety aspects 

The regulations relating to food production are continually being 
tightened with the aim of improving the safety of food products and 
the safety of people working in food factories. 

If you work in a food factory you must be acquainted with the 
potential dangers and constantly endeavour to prevent the food 
becoming contaminated with noxious substances. You must also 
make sure that your actions do not put yourself or your colleagues at 
risk of injury. 

3.1 Safety of food products 

Biscuits will be unfit or unpleasant to eat if they are contaminated in 
the course of their manufacture and packaging. Contaminated means 
that unwanted material becomes included in or on them. Some forms 
of contamination may be positively dangerous to the health of those 
who eat the biscuits. 

It is therefore important that the problem of contamination is 
considered because it is the basis of food hygiene which is the 
responsibility of all who work with food. 

It is not possible to list all the possible hazards to hygiene that 
may be encountered in a biscuit factory but the following section 
should help to make you aware of the likely problem areas. 

3.2 Sources of contamination 

3.2.1 People 

Contamination may come from people via the microorganisms on 
their hands. Hairs, buttons and pieces of jewellery may fall from 
their bodies and clothes and articles may fall from pockets. 
The most important requirement for all those who handle, or are 
likely to handle food, is to observe basic rules of personal hygiene. 

8 
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Disease is quickly spread if food handlers are negligent about 
hand washing following visits to toilets. It is very unpleasant to 
have food contaminated with grease or other dirt from unwashed 
hands. 
At all food premises good, clean washing facilities must be 
provided with continuous supplies of hot and cold water, non- 
scented soap and disposable towels. Cold water with no soap and 
communal towels are not adequate. 
Hand washing sinks and facilities must be separate from those 
used to wash equipment. 
All food handlers must ensure that their hands are washed 
and clean before handling food and it is particularly 
important that their hands are washed after each visit to 
the toilet. 
Employers must provide clean overalls and hair coverings for all 
personnel. These should be worn only in the food factory. No 
personal food, drink containers, loose money, pins, jewellery 
(other than plain wedding rings), watches, radios, books, news- 
papers and smoking tackle should be allowed into the production 
areas. Hair brushing or combing necessitating removal of head 
gear should be forbidden in production areas. In this way the 
possibility of contamination by loose articles is signifi- 
cantly reduced. 
Smoking involves the hands becoming contaminated with saliva 
and the by-products - matches, ash and cigarette ends, are 
particularly repulsive. No smoking should ever be allowed in 
the production areas. 
Operators who have cuts, abrasions or skin infections, particularly 
on the hands or arms, should be especially careful. Bandages or 
dressings should be of good quality and be, at least partly, 
brightly coloured and easily detectable should they be lost. 

In  those premises where metal detectors are available for 
product scanning, it is additionally useful for the bandages to 
contain metal strips that will be found automatically should a 
bandage be lost in the product. 
Food handlers suffering from intestinal complaints such as 
diarrhoea or other contagious diseases should be required to 
keep away from production areas until they recover. 
It is frequently necessary for operators to carry certain small 
articles with them in the course of their duties. Articles such as 
pens, pencils, gauges and various tools should not be 
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carried in top pockets in case, while bending over, they should 
fall into the product or machines. Overalls provided with no top 
pockets remove this possibility! 
Where gloves are needed either of fabric type (as for chocolate 
handling) or waterproof, they require regular washing and 
drying both inside and out. Gloves should not be used by 
more than one person and they should be replaced when 
damaged. 

3.2.2 Emptying containers 

When bags or boxes are opened and emptied there is a great 
potential for contamination. 
Pieces of string or paper removed in the opening process must be 
placed in rubbish bins and not on the floor. 
Before inverting a bag, box or other type of container, ensure that 
it has not collected floor or surface dirt that could fall into an 
unwanted place. 
Dispose of the empty container in a responsible way so that 
spillage or dust is avoided as much as possible and it is not a 
danger to other workers. 

3.2.3 Small items of equipment 

In most biscuit factories it is necessary to use bowls, beakers or 
trays to carry and weigh ingredients or dough. These should be 
made of metal or plastic because glass is particularly dangerous, 
making splinters or small fragments if broken. 
Glass containers must never be taken into production 
areas. Where ingredients are delivered in glass containers they 
should be dispensed into non-breakable containers in specially 
designated rooms away from the production areas. 
Colour coding of containers is better than labels which may fall 
off. Elastic bands provide a particular hazard due to their 
tendency to fly off in unexpected directions and become lost. 
All utensils should be stored, full or empty, on special clean 
stillage so that they are off the floor. This is to ensure that when 
inverted no floor dirt can fall from them on to product or into a 
mixer. 
After use all containers should be washed in hot water, with 
detergent as necessary, and left inverted to dry. 
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Cleaning equipment such as cloths, brushes, mops and scrapers 
should be stored and dried after use on specially provided racks, 
hooks or rails, off the floor. 
Detergents used for cleaning equipment must be of approved 
types and stocks must be stored separately away from ingredients 
or dough containers. 
Office equipment such as elastic bands, paper clips and 
particularly pins should be forbidden in the factory environ- 
ment. 

3.2.4 Plant machinery . 
. 
. 
. 
. 
. 

. 

. 

. 

At the end of each production run all machines should be cleaned 
immediately so that buildup of dough or other materials does not 
become hard, or mouldy and an attraction for insects. 
As a basic principle, all food machinery should be mounted off the 
floor so that the floor can be thoroughly swept or washed at 
regular intervals. 
Covers for the moving parts of machinery should be properly 
fixed at all times and kept in good repair. 
All surfaces should be wiped down regularly and washed with 
warm water and detergent if necessary. 
Fabric conveyors should be checked regularly to watch for frayed 
edges or seams. If necessary these should be trimmed with a sharp 
knife or the conveyor replaced. 
If a machine is not to be used for some time it should be covered 
with a dust sheet. 
Drip trays and other catch containers must be emptied and 
cleaned regularly, but certainly at the end of each production run. 
Particular care should be taken that mineral lubricating oils and 
greases do not contaminate food. Leaking motors, gearboxes or 
bearings should be reported without delay for engineering 
maintenance. 
Where it is necessary to climb up to high parts of machines or 
where walkways or ladders are needed to get over machines, 
special walkways with adequate guarding should be provided to 
prevent floor dirt, carried on footwear, dropping on to dough, 
products or food surfaces. 
No string should ever be used to attach wires or other articles in 
production areas and fibrous or loose insulation materials should 
be covered and fixed securely to prevent disintegration. 
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Nowhere in production areas should wood be used. This is easily 
splintered and pieces find their way into ingredients or dough. 
As machinery is replaced or becomes obsolete it should be 
completely removed from the production area and stored 
(preferably in a reasonably clean condition) in a store remote 
from the factory. In many factories the machinery graveyard is an 
ideal home for marauding rats, mice and insects. It is ideal from 
their point of view because it is dry and undisturbed. Food can be 
taken there and breeding take place in relative comfort! The 
convenience of such a home should be denied within the 
production environment. 

3.2.5 

A major source of contamination is from insects, animals and birds. 
Also dirt or loose particles falling from overhead areas offer potential 
hazards. 

Buildings and general factory areas 

Flying insects and birds must be excluded from the factory by 
using screens over ventilation fans and windows which open. 
Open doorways should have plastic strip or air curtains to prevent 
entry of insects and birds. 
Doors to the outside should fit closely to the floor so that animals 
cannot enter at night or other times. 
Rodent control systems should be regularly maintained and any 
bait must be placed only in specially designed and sited containers 
which are clearly marked. Damaged bait containers should be 
disposed of immediately and safely. 
Trunking for wiring and other services should be well sealed to 
reduce the chance of dust accumulation followed by insect 
infestation. 
High ledges and roof supports where dust can collect should be of 
sloping construction and be cleaned regularly. 
Good lighting should be maintained in all production areas and 
plastic screening, where appropriate, should be used to prevent 
glass falling on to the product if light bulbs or tubes are broken. 

It is a requirement that all food workers are aware of these - 
potentials for contamination and that they report to man- 
agement¶ without delay, any aspects that do not seem 
satisfactory. 
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3.3 Safety of people 

Your employer is required to ensure that the areas in which 
employees work and the machinery they use is safe. However, if 
employees are negligent in reporting faults or in cleaning operations 
etc. it is possible that an otherwise safe situation can become unsafe. 
You should therefore be aware of where unsafe situations may arise 
which could affect you or your colleagues. 

3.3.1 Floors 

Dirty floors which have become wet or greasy are slippery. Clean up 
as necessary. 

3.3.2 Machine guards 

Moving parts, especially those where a nip is involved, must be 
guarded to prevent hands or clothing becoming trapped. It is 
particularly dangerous to run a machine with these guards removed. 
Experience shows that accidents involving machines occur more 
often to ‘experienced’ operatives. They become overconfident and 
try to overcome problems by running machines with guards 
removed. 

3.3.3 Electrical connections 

Most machinery is driven and controlled by electricity. For safety 
and other reasons the connections and other electronic components 
are housed in cabinets or under guards. The danger of electricity 
cannot be seen, so it is very dangerous to remove guards. Faults in 
electrical apparatus must be reported to management or responsible 
engineers. 
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3.3.4 Strain injuries 

Back strain is a common injury experienced by factory workers. It is 
unpleasant for the person who receives it and a potential cost to the 
employer due to the need for sickness leave. 

Back strain derives from physical effort done incorrectly or 
carelessly. Think when moving and lifting bags, boxes or pieces of 
machinery. If they are too heavy get help. If the floor is slippery take 
extra care. Do not try to lift something too high without help. Do not 
expect a colleague to help you if he or she is not clear what is 
expected or is not strong enough to do it. 

3.3.5 Dust 

Dirt is defined as material in the wrong place! Dust soon becomes 
dirt. It is unpleasant, may be dangerous to breath and may 
accumulate and fall into containers bearing food or ingredients. 
Make sure that your actions cause as little dust as possible and clean 
up after you. 

3.3.6 Building maintenance 

When repairs and decoration are being done it is essential that 
nearby production equipment is covered with sheets so that particles 
of metal, glass, masonry and paint do not fall into places where they 
could later be included with dough or product. A magnet provides a 
useful means of collecting most metal particles. 



4 Wheat flour and other cereals 

4.1 Introduction 

White wheat flour is the largest ingredient in nearly all biscuits. It is 
made from wheat by removing the brown surface coating and the 
embryo (the bran and the germ) and reducing the particle size to a 
fine powder. Modern milling methods are very complex involving 
many stages principally because it is difficult to separate the bran 
from the white central part (known as the endosperm) of the wheat 
grain (Fig. 1). 

endosperm 

pericarp 

seed coats 

W 

1 Longitudinal section of wheat grain 

15 
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Wheat varies in its quality as a result of variety, farming practice 
and climatic conditions. T o  a certain extent the flour miller can select 
a wheat to make a flour of desired properties but the conditions in the 
mill also affect the flour produced. It is possible to make satisfactory 
biscuits from most types of wheat flour but differences in protein 
content and moisture, in particular, affect the consistency of the 
dough so variations in flour quality are of great concern to biscuit 
makers. It is not yet possible to define precisely the quality 
components of flour required for particular biscuits and it is also 
not possible for flour millers to consistently match, exactly, 
suggested requirements. Thus, our main aim in terms of flour 
quality is to have flour with consistent character from load to load 
throughout the year. 

4.2 Wheat flour 

4.2.1 Types of wheat flour 

The wheat endosperm is a mass of starch grains in a protein matrix. 
Upon milling this breaks down into a mixture composed of fine 
protein particles, individual starch grains and conglomerations of 
both. 

In order to achieve efficient milling the wheat moisture content 
must be controlled carefully. The resulting flour normally has a 
moisture content of between 13% and 15%. An average moisture 
content for biscuit flour is 14% but it is almost impossible for the flour 
miller to control the moisture content to better than _+OS%. When a 
dough is made with water, both the starch and the protein absorb 
moisture and mechanical action in the mixer on the hydrated protein 
forms a viscoelastic mass, a rubbery material, known as gluten. 
Gluten is essential for the production of leavened baked goods and this 
is what sets wheat flour apart from nearly all other flours. Gluten 
quality varies in different flours from being very extensible (it can be 
pull out a long way before breaking) to being very inextensible or 
short, and also being more or less elastic (it will return to its original 
state after being stretched). The protein content and the quality of the 
gluten in flour is dependent on the type of wheat used. 

Wheat varieties sown in the spring in hotter climates than 
northern Europe, tend to produce hard grains with high protein 
contents that give elastic but inextensible gluten. These are known as 
hard wheats and they produce what is termed strong flour. It is 
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ideal for bread making and is also used, in part, for fermented biscuit 
doughs such as crackers. 

Conversely, wheat varieties sown in the autumn/winter, the most 
common varieties grown in northern Europe, tend to produce softer 
grains with lower protein contents. The wheat is known as soft 
wheat the resulting flour is much more fluffy and soft and the gluten 
formed from this flour is more extensible and less elastic. The flour is 
known as medium or weak flour. These are the flours favoured for 
most biscuit production. They are also less expensive as the price of 
flour is related to the protein content. 

The protein content of strong flours is usually in the range 10.5- 
14.5%. Flour from winter wheat is mostly in a medium category of 
8.5-10.5% but weak flours with less than 8.5% protein are found. 
The protein content is determined by a laboratory test that measures 
the amount of nitrogen present and converts this into an estimation 
of protein present. Assessing the quantity of protein from ‘wet 
gluten’ is not a reliable method. 

As mentioned above, it is the aim of the miller to remove the bran 
from the endosperm during milling. There is about 82% endosperm 
in a wheat berry but in typical milling of a white flour only about 72- 
74% of the berry can be taken as flour. Even then there are some 
minute bran particles in the flour. The amount of flour obtained 
from the wheat is known as the extraction rate. The higher the 
extraction rate of the flour the more bran there will be in it. 

Bran has a protein content that cannot be hydrated and turned 
into gluten. This protein has a much lower value for human 
nutrition. Bran and the outer layers of the berry also have a mineral 
and fibre content higher than the main mass of the endospenn.The 
fibre is indigestible by humans but, particularly in recent years, it has 
been shown to be useful to our digestive health. 

The amount of bran in flour is estimated either by a test to 
measure the ash (mineral) content (the ash test) or by a test to 
measure the reflectance of light from a water slurry made from the 
flour (the colour grade). The latter test is much quicker and is 
based on the fact that flours with more bran appear greyer. 

Brown flours have bran deliberately left in the flour, or more 
usually added back to white flour. Wholemeal flour is composed of 
99% of the wheat grain. In  order to provide bran which is well 
graded it is common practice to make brown flours by adding back 
bran of a particular size range. Thus very large pieces or powdery 
particles of bran are omitted. Brown flours contain bran but no germ. 
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There are some flours which have the germ particles returned to it. 
The germ is rich in fat and vitamins. The embryo is also rich in 
lipase, the fat splitting enzyme, so to ensure that the germ does not 
become rancid too quickly the germ is normally heat treated to 
destroy the enzyme before it is returned to the flour. A typical germ- 
enriched flour is ‘Hovis’. It is much more expensive than other flours 
but is nutritionally superior. 

A character of flour that is of great importance to bakers is the 
water absorption. This is a measure of the amount of water that is 
needed to produce a flour and water dough of a given consistency. 
There are a number of factors that determine the water absorption of 
a flour. These include: 

Flour moisture content; the damper the flour the less extra water 
is needed to make a given dough. 
Protein content; the higher the protein the more water is required. 
Damaged starch content. The starch in flour is present mostly as 
minute oval grains with a structural film around them to 
maintain their shape and integrity. During milling some of these 
grains become mechanically damaged and in this state the grains 
will absorb much more water than the undamaged ones. There 
is typically much more damaged starch in flour milled from hard 
wheat than from soft wheat. It is possible for the miller to 
change the amount of starch that is damaged by adjusting the 
pressure of the grinding but it is very difficult for him or her to 
increase significantly the amount of damaged starch in soft 
wheat flours. 
Flour particle size distribution. The water absorption is higher in 
flour with a fine particle size than a coarse flour just because of the 
surface area factor. It should be mentioned, however, that it is a 
complicated procedure for a miller to change the particle size 
range of the flour he or she makes so it is normal that all the flour 
from a particular mill has a similar particle size range irrespective 
of the type of wheat milled. 

Thus, the mill products with which biscuit makers may be 
concerned are: 

strong flour 10514.5% protein, 
medium flour 8510.5% protein, 
weak flour less than 8.5% protein, 
wholemeal flour, 99% extraction, 
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wheatmeal flour, more than 80% extraction but of any chosen 
value, 
bran, of various particle sizes, known as fine, medium or coarse 
bran, 
germ enriched flours. 
In addition, flours may be treated at the mill for special purposes. 

Heat treated flour. Heating the flour partially or totally destroys 
the ability of protein to form gluten when it is hydrated and 
mixed. This treatment is made under controlled conditions at the 
mill. Use of this flour results in softer eating textures in short 
dough biscuits and reduces spread during baking. Heat treated 
flour has no value for crackers or semi-sweet biscuits but may be 
used, to a limited extent, as a filler in creams for sandwiched 
biscuits. 
Chlorinated flour. Treatment of flour with gaseous chlorine has a 
similar effect to heat treatment in that it destroys the gluten 
forming property of the protein. It also swells the starch grains and 
increases the water absorption character of the flour. This flour 
used to be widely used for cake flours in the UK. In the USA by 
chlorine treatment of flour the amount of spread produced during 
the baking of short dough biscuits and cookies is adjusted. 
Chlorinated flour is not now used for biscuits in the UK and it is 
generally restricted in the EC and some other countries. 
Air classified flour. By a technique of centrifugal separation it is 
possible to collect fractions of a flour with different particle size 
ranges. The principal reason for this is to collect the fine particles 
which are rich in protein fragments. However it is also of interest 
to bakers because the coarser fractions have excellent free flowing 
properties and are good as flour for dusting dough surfaces. 
Flour enrichment. Current UK legislation requires that all flours 
for human consumption are enriched. The additions are: 24g 
thiamine, 16g nicotinic acid, 16.5g iron (as ferric ammonium 
citrate or ferrous sulphate) and 2.35-3.9 g calcium carbonate per 
1OOOkg flour. (Calcium carbonate is not added to wholemeal 
flour. ) 

An important aspect of this enrichment is that it is not possible 
to determine the bran content of UK flour by the ash test 
mentioned above. Most other countries in the world use this ash 
test as a means of categorising flour quality because they do not 
enrich their flour. 
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4.2.2 

Fermented doughs for cream crackers and soda crackers use 
medium to strong flour to produce a dough capable of producing a 
good open texture during baking. 

Puff doughs also use medium to strong flour for the same reason. 
Savoury crackers require a medium strength flour for their 

texture. 
Semi-sweet types require only a medium or weak strength flour 

preferably with an extensible and not very elastic gluten quality. 
However, the gluten quality can be modified, to a certain extent, 
chemically during mixing (see Sections 10 and 12.7). Flour high in 
protein will tend to give harder eating biscuits and cause difficulties 
in maintaining good biscuit shape. 

Short doughs are not as specific in their flour requirements. 
There is little water in the dough so only a little gluten development 
occurs. The mixing technique is designed to ensure that minimum 
gluten forms as the protein in the flour hydrates. 

Wafers require medium to low protein flours. If the protein is too 
high or too strong there will be a tendency to bake hard wafers and if 
too low the wafers may be very fragile. 

Several types of biscuit require brown flours. The basic strength 
of the flour is as stated above but there are significant levels of bran 
in the flour. Biscuits made with brown flours do not develop to the 
same thickness during baking as do similar recipes with white flour. 
This is because the bran particles interrupt the structure and impair 
the formation of fine gas bubbles that are the basis of the structural 
development. 

Brown flours are less satisfactory to handle in bulk, so it is 
common practice to add an appropriate quantity of bran to white 
flour as a separate ingredient. In this way the majority of the flour 
can be bulk handled and the bran that is added can be of the desired 
particle size. 

Uses and functions of wheat flours for biscuits 

4.2.3 
quality 

Changes in flour quality will probably first be noticed in the dough 
consistency. The dough will be tighter or softer than expected due to a 
change in water absorption properties. The main reasons for changes 
in water absorption are changes in flour moisture or protein content. 

Common dough and baking problems related to flour 
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Changes in the shape and hardness of many types of biscuits can 
be due to variations in the flour protein content and the gluten 
quality. However, these can also happen as a result of changes in the 
processing, including the baking. 

T o  distinguish whether the flour or the processing is responsible, 
the circumstances under which the fault or problem has occurred 
should be reviewed. Flour will normally be used from a large 
consignment and it is unlikely that it will vary within that 
consignment. In  other words, if the observed fault is transient or 
irregular it is unlikely that flour is the main cause. However, if the 
fault has coincided with the change to a new consignment of flour 
and it has been established that the dough consistency is correct, 
then the problem may lie with the flour. 

As flour empties from a silo it often cores down the centre, 
meaning that the flour put in first does not come out of the silo first. 
Flour variation can occur if a new delivery of different quality is 
placed into a silo that is not empty. 

The following are some of the principle flour related problems 
encountered in biscuit making. Some brief suggestions are given to 
overcome them but the subject is referred to again in Manual 2, 
Biscuit doughs: 

Fermented cracker biscuits - changes in shape, thickness and 
eating hardness after baking can be caused by changes in the flour 
protein quantity and quality. The problem may be complex but 
attempts to remedy it should be made by adjusting the 
fermentation time or adjusting the blend of flour if more than 
one type is used in the recipe. 
Semi-sweet biscuits - dimensional changes related to more or 
less shrinkage after cutting and during baking may be flour 
related. Correction is normally possible in the first instance by 
attempting adjustment of the dough relaxation before cutting. If 
this is not enough the level of sodium metabisulphite (SMS) in the 
formulation should be adjusted. If the flour is still too elastic 
inclusion of some starch to dilute the flour may be tried. A rough 
dough surface prior to cutting and a thin biscuit after baking 
suggests that the flour protein is not extensible enough to allow 
good sheeting. Check the dough temperature and try increasing 
the dough water content. Failing this, try increasing the level of 
SMS in the recipe. 
Short dough biscuits - flour quality affects the spread and 
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associated thickness of the dough during baking, particularly on 
steel oven bands. Flours with higher water absorption characters, 
such as heat treated flour, reduce spread. Other ways and means 
of adjusting the spread of short doughs are discussed in Manual 4, 
Baking and cooling of biscuits. 
Wafers - batter for wafers may become stringy during mixing 
due to the formation of gluten strands. These will block sieves and 
depositor nozzles if not removed or prevented. Try using very 
cold water for the batter mix to delay the gluten formation until 
the flour is completely dispersed in the water. If the flour protein 
content is high at the desired weight after baking, the wafers will 
tend to be hard eating and conversely if the protein is very low the 
wafers will be very soft and fragile. 

4.2.4 Delivery and quality testing of flour 

Flour is delivered either in multiwalled paper bags (usually 32 or 
50 kg gross weight) or in reusable sacks of hessian or plastic weave or 
in bulk tankers. The tankers are filled by gravity at the mill and are 
unloaded at the biscuit factory pneumatically. This means that air is 
blown through a pipe from a pump (either land based at the factory 
or driven by the tanker motor) to the top of the flour silo. The flour 
is extracted from the tanker by being dropped into the air stream. 
The flour is separated from the air in the silo by gravity and 
filtration. The filters are mechanically shaken periodically to let 
material trapped fall back into the silo. 

The moisture content of the flour will be affected slightly by the 
pneumatic handling because the blown air from the pump will be 
warm and there is a large volume of air relative to the mass of the 
flour being conveyed. 

Flour should be tested before it is used in the factory to check that 
it is of the specification required. In the case of bagged flour the test 
can be made at any time between delivery and use. For bulk flour it is 
best to make the check before the tanker is discharged because it is 
very difficult to return the flour to the supplier if it is later found to 
be wrong! Therefore, before the tanker discharges, a good sized 
sample should be taken from the top of the load. Enough flour 
should be taken for any tests that may be required and some should 
be kept as a reference in the laboratory until it is certain that all of 
that delivery has been used in the factory. The principal reason for 
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the tests is to see that the flour is as expected and is similar to the last 
load. A quick and simple test is the Pekar test which shows the 
general colour of the flour and the amount of bran specks in it. 

The Pekar test is made against a reference sample and it is 
recommended that the reference be a previous flour sample that was 
satisfactorily used in the factory. Also check the documentation that 
accompanies the load. It is just possible that the driver has brought a 
load of bread flour by mistake! 

The laboratory may also have a rapid test method for protein 
content. If the quality checks suggest that the flour is apparently 
satisfactory the discharge of the flour can commence. More detailed 
and longer tests for flour are outside the scope of this manual. 

Try to put the flour into an empty silo or at least into one that is 
very nearly empty. Blending of two flours in an uncontrolled manner 
may cause difficulties in the bakery. 

4.2.5 Storage of flour 

Flour is normally at about 14% moisture. It is thus prone to mould 
growth and infestation by insects and larger animals. Flour ages after 
milling and the effect of the aging is to make the gluten a little 
stronger, that is less extensible and more elastic, both conditions that 
are less desirable for most biscuits. Old flour may also become rancid 
and therefore taste unpleasant. 

Flour should be stored in cool dry conditions, used strictly in 
stock rotation and kept for minimum periods. A careful watch should 
be made to prevent infestation by insects, rodents or birds. Flour can 
easily pick up taints so storage of bags and sacks should be well away 
from strong smelling materials such as spices and detergents. 

Before leaving the mill, most flour is passed through a machine 
known as an entoleter. This flings the flour vigorously against a hard 
surface and effectively breaks any insect eggs which may have been 
picked up from places in the mill. The treatment is good but never 
100% successful. There is therefore a potential for the growth of 
insects from eggs retained in the flour. The most likely insect is the 
Mediterranean flour moth. If this moth or other insects are observed 
in the flour store a fumigation programme should be used to destroy 
them and the caterpillars. 

Fortunately, insect infestation is unusual in silos where there is 
frequently a strong movement of air. Insect infestation is a 
particular problem with brown flours and bran because these 



24 Biscuit, cookie and cracker manufacturing manuals 

cannot be treated by the entoleter as the particle sizes would be 
seriously affected. It is therefore important not to store these flours 
for long before use. 

Flour silos should be insulated to reduce temperature fluctuations 
due to weather conditions. If the walls are allowed to cycle strongly 
in temperature, migration of moisture within the flour may cause 
lumping and adhesion to the silo walls. 

Silos should be emptied completely before refilling and 
occasionally they should be cleaned down to remove all traces of 
material that hangs in corners or in the top surfaces of the silo. If 
these are not cleared they will, in time, become hard, rancid and 
may be infested. 

4.2.6 Handling of flour 

Handling of flour requires attention to the health hazards which will 
affect both factory employees and customers who will eat biscuits 
made from it. 

First, the health of factory employees is considered. Flour is dusty 
and it is not desirable to breathe in too much flour dust. Some people 
are allergic to flour dust and develop respiratory diseases. When 
handling flour, keep the amount of dust produced to a minimum and 
make sure it is contained. Mixtures of flour dust and air can, in rare 
circumstances, form explosive mixtures. A spark or flame in such an 
area will have disastrous results. Such dust mixtures will only occur 
if the flour handling area has not been kept clean, especially in terms 
of flour lodged on overhead beams or shelves, or within pneumatic 
handling equipment. It is essential that all pneumatic handling pipes, 
etc. are well earthed (grounded) to eliminate the possibility of sparks 
arising from static electric discharges. 

In  case an explosion occurs within a silo, explosion relief doors are 
designed into the top of the silo. The doors will open and prevent 
damage to the silo itself. Fortunately such explosions are extremely 
rare. 

Hazards can arise from unwanted inclusions in the flour. These 
may be, pieces of paper, string, hair, metal, etc. 

Flour emptied from bags should be put through a sieve and 
particular care should be taken to place string and labels, released 
when the bags are opened, into special waste bins and not on the 
floor. Material on the floor can easily adhere to the bag surface and 
fall into the flour as the bag is tipped. 
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Bulk handled flour normally passes through a system, like that 
shown in Fig. 2. Metering systems are described in Manual 2 on 
dough mixing, Biscuit doughs. 

Flour is taken from the bottom of a silo, or after a sieving system, 
via a rotary seal into a stream of air and is blown to a hopper which is 
mounted on a weighing system, probably above a mixer. The rotary 
seal is necessary to prevent the air in the conveying pipe blowing up 
into the silo. The flour is taken out of the air at the hopper because 
the hopper is designed as a cyclone. The flour/air mixture is fed in at 
the edge of the conical shape and as it swirls round the flour falls out 
and more or less clear air is blown out at the centre of the top. The 
cyclone separates the flour from the air by two mechanisms. The first 
is centrifugal force and the second is because the air speed suddenly 
becomes much lower in the larger space of the hopper. Separation of 
the flour is very effective. The air is taken from the cyclone by a pipe 
that either returns to the silo and passes through the filter there or 
passes into a special filter. It is common to return the air to the silo 
because in this way, using a diverter valve, excess flour can also be 
returned. This allows the hopper to be filled quickly and, at the 
moment that the weight is made, the valve closes the feed and sends 
any excess flour into the line back to the silo. If a signal to stop the 
feed of flour from the silo only stopped the rotary seal under the silo 
there would be a long delay while the flour in the line cleared and the 
system shut down. Also the weight arriving at the hopper would be 

2 Bulk handling of flour, sugar and fats 
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much less precise. In  a system where several hoppers are filled from a 
silo, or more than one silo is involved, there are more diverter valves 
all programmed to open or close as appropriate. 

In  most systems a sieve is included in the pneumatic transfer 
system so that lumps of flour or any other unwanted matter are 
removed. In  these cases the discharge from the silo is usually by a 
worm conveyor into the sieve and the flour which passes through the 
sieve is fed via a rotary seal into the conveying pipeline. A magnet 
will be located somewhere in the system, usually before the sieve, to 
collect any tramp iron and steel particles. 

Discharge from the silo is aided either by a vibrator attached to 
the base of the silo of by means of a fluid bed at the base of the silo. 
The fluid bed operates by compressed air being blown through 
porous tiles up into the silo thus lifting and moving the flour so that 
it falls into the feeder which takes it away. If the silo is poorly 
designed or the flour has compacted in the silo, discharge may be 
impaired and through ‘bridging’ the flour will not fall into the feeder 
and the silo may seem to be empty before it really is. 

4.3 Oats 

There are two important forms in which oats are used in baked 
products. Oatmeal (sometimes known as groats) is a coarse branny 
flour and oat flakes, or rolled oats. 

Oatmeal is often milled between stones and the separation of bran 
and endosperm is never as complete as in wheat flour production. 
Typically it is a coarse type of flour. 

Oatflakes are produced from cut pieces of cleaned grain which are 
graded to ensure an even sized production of flakes in the subsequent 
rolling process. 

The flakes can be rolled to a desired thickness. Typically they are 
about 0.45mm (0.018in) thick and about 8mm (0.3in) in diameter. 
Other flakes used in biscuits can be as much as 0.8mm (0.03in) 
thick. The high fat content of oatmeal and oatflakes may cause 
problems with rancidity in store. To reduce this problem a technique 
of heat treatment of the grain before milling, known as stabilisation, 
has been developed. This inactivates the fat splitting enzyme, lipase, 
which is released when the germ is damaged, and considerably 
extends the shelf life of the meal or flakes. 

Oatmeal biscuits are dense and short, rather friable, biscuits with 
a distinctive flavour. They are made by mixing oatmeal with roughly 
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its own weight of wheat flour and then processing as for short dough 
biscuits. 

Oatflakes are very attractive in cookie or wire cut biscuits. Here 
again, the dough is short and particular attention should be paid to 
the dough consistency as oatflakes have a very slow water absorption 
and often different deliveries have marked differences in absorption 
characteristics. This is probably associated with the conditions of the 
stabilising process at the mill. 

Oatmeal and oatflakes are always supplied in paper sacks. They 
should be stored and handled under similar conditions to wheat flour 
and bran. 

4.4 Rye flour 

This flour is the only other commercially available cereal whose 
protein forms gluten in dough. It is milled in the same way as wheat 
but the flour is much darker and has a stronger flavour. It is used to 
make a rather dense bread and finds a major use in the manufacture 
of crispbreads. 

The gluten, which is produced when rye flour proteins are 
hydrated, is plastic but not very elastic. Rye flour doughs are 
typically very sticky and difficult to handle. It is normal to mix rye 
flour with at least 25% wheat flour to make it easier to handle. 

4.5 Starches 

Small quantities of various starches are commonly used in biscuit 
making. 

Starches are derived from a number of sources. In the case of 
cereals the starch is washed away from the protein and is then 
reclaimed. Wheat and maize starches are made in this way. Maize 
starch is commonly called cornflour or corn starch. Starch is also 
obtained from potatoes, arrowroot and cassava (tapioca), all of these 
plants have swollen stems or roots from which the starch is extracted. 
The starch industry also produces a large number of speciality, 
modified starches. The starch may be pregelatinised or treated to 
give it useful properties for special applications. Most of the 
speciality starches are derived from corn starch. 

Starches are usually delivered in bags to the biscuit industry. In 
cool dry conditions they are very stable and have a long shelf life. 
From a quality cofitrol point of view it is important to check the 
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labelling to ensure that the correct starch has been delivered or is 
being supplied to the factory. 

4.6 Soya flour 

The type of soya flour normally used for biscuits is made from soya 
beans after the oil has been extracted. It is a major source of protein 
for dietary biscuits. There is a small level of lecithin present and this 
is a natural emulsifier which aids dough development. The  
disadvantage of using soya flour as a source of emulsifier is that 
more water is needed in the dough which can make baking more 
critical. There are claims that biscuits using about 3 or 4% of soya 
flour based on the wheat flour content have better appearance, better 
eating quality and longer shelf life than those made without soya 
flour. 

There is probably some value in considering soya flour as a 
replacement for egg in a recipe. Soya flours which are available vary 
in their protein, fat and moisture contents. It is possible to obtain 
soya protein isolates with protein values as high as 98% on a dry 
basis. Soya protein does not, of course, produce gluten. 



5 Sugars and syrups 

5.1 Types of crystalline sugars 

5.1.1 Sucrose, ‘sugar’ 

Sucrose is a medium sized molecule, known as a dissacharide 
(composed of a unit of dextrose plus a unit of fructose). It is derived 
from sugar cane or sugar beet which has been refined and crystallised 
from a concentrated solution. The term sugar is commonly used to 
refer to sucrose. It is by far the most commonly used type of sugar in 
the biscuit industry. 

White sucrose is available in various particle sizes, for example 
granulated, castor and icing. The smaller the crystal size the more 
quickly the sugar dissolves either in a dough mix or in the mouth. 
Brown sugars are either partially refined sucrose, so still have syrup 
over their crystals, or are manufactured from white sugar by adding 
syrup to it. Commonly used brown sugars are demarara (with large 
crystal size), muscavado and soft pieces (various names are used and 
these sugars usually have small crystal size). London demarara is an 
example of a manufactured brown sugar where syrup has been added 
to white crystals. All brown sugars are sticky and tend to form hard 
lumps on storage especially after the bag is opened and exposed to 
the air. 

5.1.2 Lower sugars 

Lower sugars have smaller molecules than sucrose. They are mostly 
known as monosaccharides (e.g. one unit of dextrose or fructose) with 
reducing properties in chemical reactions (described later in relation to 
the Maillard reaction in Section 5.4.6). They are normally derived 
from sucrose or from a starch (which has very large molecules made 
up of multiple units of dextrose) by a process which splits the 
molecules into individual units. This process is called hydrolysis. 

The most commonly used lower sugar is dextrose (dextrose 
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monohydrate). Another lower sugar is fructose which is similar to 
dextrose but is much sweeter. (Fructose is a sugar that can be eaten 
safely by persons suffering from diabetes.) Maltodextrin is a mixture 
of partially hydrolysed molecules of starch. It has a low sweetness 
but is readily soluble. These lower sugars are often used in the 
biscuit industry in the form of syrups (see Section 5.3.2). 

5.2 Relative sweetness 

Relative sweetness of sugars used in baking: 

Fructose 
Sucrose 
Dextrose 
62DE Glucose syrup 
Maltose 
42DE Glucose syrup 
Lactose 

DE is the dextrose equivalent. 

173 
100 
74 
60 
32 
30 
16 

5.3 Types of Syrup 

5.3.1 Syrups based on sucrose 

Liquid sugar (this is a somewhat confusing term given to a solution 
of sucrose) has 67% solids and 33% water. 

Invert syrup is derived by hydrolysing sucrose into its 
components, dextrose and fructose. This is easily done with acid. 
The acid is neutralised after the reaction is complete. 

Amber to dark syrups vary from pale coloured syrups like 
golden syrup (which has about 38% invert sugars, with the rest as 
sucrose) through darker types to treacle and ultimately molasses. As 
the colour darkens the flavour increases and becomes progressively 
more bitter. 

All sucrose-based syrups usually have 80% solids and 20% 
water. 

5.3.2 Syrups derived from starch 

All syrups derived from starch usually have 70% solids and 30% 
water. 
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Glucose syrups, 42DE, 63DE, 90DE, etc. at ambient tempera- 
tures are very thick due to the presence of large molecules such as 
dextrins which are partially hydrolysed starch. Glucose syrups are 
generally not as sweet as sucrose syrups. The term DE is used to 
indicate the apparent concentration of dextrose, or other reducing 
sugars, and hence the sweetness and reducing power. Thus DE42 
indicates that the syrup has a similar performance to a 42% solution 
of dextrose. 

High fructose corn syrup (HFCS) is a type of glucose syrup. The 
hydrolysis of starch has been achieved with special enzymes that 
favour the production of fructose rather than dextrose. The 
concentration of fructose in relation to other sugars is in the range 
4&90%. This means that the syrup is much sweeter in taste than a 
normal glucose syrup. 

5.3.3 Other syrups 

Malt extract is rich in the sugar maltose which although a 
disaccharide is a reducing sugar. Malt extract is used principally 
for its flavour. It is usually made from germinating barley by 
extracting water and concentrating the syrup to 80% solids. Malt is 
rich in the enzyme amylase which breaks down starch and sugar. 
When using malt extracts in biscuit doughs only non-diastatic syrup 
should be used in which the enzymes have been deactivated by heat. 

Honey is similar in composition to invert syrup. It is therefore a 
mixture of reducing sugars. Honey is expensive and is used 
principally for its flavour. 

Lactose (may be crystalline) is a sugar derived from milk, a 
disaccharide (unit of dextrose plus unit of gallatose) 

5.4 Uses and functions of sugars and syrups 

5.4.1 Uses in biscuit doughs 

Sugars are important in the taste and structure of most biscuits. 
Relatively large quantities of sucrose and syrups are used in all short 
doughs, smaller quantities in semi-sweet doughs and to a much lesser 
extent in cracker doughs and wafer batters. In short doughs there is 
not normally enough water in the formulation to allow all the sugar 
to dissolve so the crystal size of the sucrose used affects the eating 
characteristics of the baked biscuit. 
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5.4.2 Uses in biscuit filling creams 

In biscuit filling creams there is a need to have a smooth mouthfeel 
and rapid dissolution of the sugar in the mouth. Fine particle sized 
sucrose, icing sugar, is used. Sometimes some dextrose is used to 
reduce the overall sweetness. Dextrose (usually used as the 
monohydrate) has a negative heat of solution giving an attractive 
cool mouthfeel as it dissolves. 

5.4.3 

Mixtures of sucrose and invert sugars are important in jams and 
jellies. The concentration of the sugars must be at least as high as 
67% to prevent microbial spoilage and in jams used for biscuits the 
concentration may be as high as 78%. 

Uses in jams and jellies 

5.4.4 Use in marshmallow 

Marshmallow is a foamed mixture of sugar syrups and a gelling agent 
such as gelatin or agar agar. 

5.4.5 Uses in chocolate 

Sugar is a major ingredient in chocolate. In the course of 
manufacture the chocolate is ground very finely so that it is not 
possible to detect the sugar crystals when the chocolate is eaten. 

5.4.6 Function or sugars in biscuits 

For sweetness and flavour. The brown sugars and sucrose 
syrups are valuable sources of flavour in biscuits. 
For structure and hardness, particularly in short doughs. High 
levels of sucrose give hard glassy textures. This is because molten, 
concentrated sugar solutions, which are formed when the dough 
pieces are heated in the oven, set on cooling. If some glucose 
syrup is added to the formulation the hardness may be reduced at 
a given level of sucrose. 
As a bulking agent in creams and chocolate. The sucrose is used 
not only for its sweetness but as a filler that dissolves readily when 
eaten. 
As a flavour enhancer and to make flavours seem correct. Small 
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quantities of sucrose allow a much greater appreciation of certain 
flavours. Salt is another common flavour enhancer. Some flavours 
do not seem correct unless they are in a sweet context. Good 
examples are fruit flavours which are associated with sweetness 
and often acidity. 
As a fermentation food. In  doughs that are fermented, such as 
cream crackers, additions of small quantities of sugar encourage 
the yeast to grow more vigorously and hence speed the 
fermentation process. 
T o  aid surface coloration during baking. Only the reducing 
sugars do this. During baking the reducing sugars combine with 
amino acids from proteins (found in flour, milk products and 
eggs) in a complex reaction known as the Maillard reaction. This 
reaction gives attractive foxy brown colours on the surface of 
baked goods. The higher the concentration of the reducing sugars 
present the darker the colours produced. The Maillard reaction is 
also more prevalent in alkaline than acid conditions and this is one 
of the reasons why sodium bicarbonate is used in biscuit recipes to 
increase the alkalinity. 
As a decoration on the surface of biscuits. Sucrose crystals 
dusted on to the surface of dough pieces before baking adhere 
strongly and add to the attractive appearance of the biscuits. The 
size of the crystals is critical to obtain the desired effect. In  some 
cases where hot oven conditions are used and the expansion of the 
dough piece is great during baking it is possible to melt the 
sucrose on the biscuit surface to obtain a sugar glaze. 

5.5 Importance of sucrose particle size 

The particle size of sucrose affects the following products: 

Mouth feel. Important in sandwich creams and short dough 
biscuits. Small crystals feel smooth and dissolve quickly, larger 
ones give gritty or crunchy textures. 
Rate of solution. When mixing doughs time must be allowed for 
as much of the sugar as possible to dissolve in the available water. 
There may be competition for this water between sugar and 
starchy materials. Thus if more sugar should be dissolved use a 
fine particle size. 
Spread control. Some short dough biscuits increase in diameter, 
length and width during baking. These changes in size are usually 
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related to the quantity of sugar and its particle size. Sugar with 
small particle size results in more spread than coarse particles. A 
variation in sugar particle size when supplied to the mixer for the 
dough can give process control problems. 
Appearance when used as surface decoration. Sugar of various 
sizes from large crystals to icing sugar is used to dust the surface 
of dough pieces before baking. In  most cases the sugar remains 
unchanged after baking but in certain biscuit types if the sugar 
particles are small they melt on the dough surface due to the oven 
heat and produce an attractive glaze. 

Sucrose is normally purchased as granulated sugar. The crystal 
size range is quite high but this grade is free flowing and remains so 
for a long time if correctly stored. Finer particle sized sucrose is often 
produced by milling in the factory. The product of milling is initially 
powdered sugar (with a large particle size range) which is often used' 
in doughs because the smaller particles dissolve more rapidly. By 
sieving powdered sugar, to remove the large particles, a fine powder, 
icing sugar may be obtained. If powdered or icing sugar is purchased 
there is a great probability of it becoming lumpy because of the very 
large surface area exposed by the small particles. Moisture from the 
atmosphere coats the powder particles and crystals may form causing 
caking. Caking can be reduced, but not eliminated, by adding small 
quantities of an anticaking agent such as tricalcium phosphate or 
corn starch. Generally it is better to make powder sugar immediately 
before it is needed. 

Caster sugar is not as fine as powdered sugar. It is stable in terms 
of caking but is much more expensive than granulated sugar. 

5.6 Delivery and quality testing of sugars and syrups 

5.6.1 Crystal sugars 

Crystal sugars are delivered either in bags or in bulk. Icing sugar is 
always in bags as it is difficult to handle in bulk and brown sugars are 
always in bags because they are sticky. Bulk handling of sugar is 
considered below. 

Crystal sugars are normally tested on arrival at the factory for 
particle size distribution. This is done by sieving through a series of 
sieves and measuring the proportions held on each sieve. The results 
of this test can be compared with the specification given by the 
supplier for the grade of sugar being checked. 
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5.6.2 Syrups 

Syrups may be delivered either in barrels of steel or plastic, or in 
bulk in which case the load is warm to aid transfers. 

Syrups are normally tested for flavour (against a reference 
sample), colour and solids concentration. The latter test is done 
simply, using a refractometer. A small quantity is put onto the 
sample surface and the refractometer is closed. A measurement is 
made by viewing through the eyepiece. The solids will be about 80% 
for sucrose syrups and 70% for invert and glucose syrups. 

5.7 Storage and handling of sugars and syrups 

5.7.1 Crystal sugars in bulk 

Sugars delivered by road tanker are transferred to the silo 
pneumatically in a similar way to flour. As the sugar passes along 
the pipe there is a great tendency for the crystals to break up. This 
problem is reduced if the offloading is done at a moderate and not too 
fast a rate and if the pipe has a minimum number of bends between 
the tanker and the silo top. 

In the silo there are potential problems of caking, the formation of 
lumps when crystals fuse together. This happens when there are 
temperature changes within the mass of sugar. As heat is applied, for 
example from a warm wall of the silo, the minute films of sugar 
solution around each crystal are dried out allowing crystals to form 
and causing adjacent crystals to fuse together. Caking of sugar is 
always a moisture migration problem initiated by temperature 
gradients. Insulation of the silos is the best method of preventing 
caking. Sometimes the lumps so formed are very hard and very large! 
They have to be removed by someone entering the silo which is not a 
pleasant job. 

Bulk sugar is drawn from the base of the silo through a rotary seal 
into a pneumatic air line in a similar way to flour (see Fig. 2). The 
sugar is delivered to a weigh hopper but excess sugar is never 
returned to the silo as it will have been broken a little in transit and it 
is undesirable that dusty sugar is returned to the silo. Any excess 
sugar in the line after the hopper has made weight should be 
collected in a special bin sited near the mixing department. 

There is a great hazard of dust explosions from sugar dust. Much 
care must be taken to avoid sparks from machinery or static 
electricity in sugar handling systems. 
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It is not usual to empty or clean sugar silos except when it is 
necessary to clear lumps, sugar caked onto the silo walls or 
collections of dust. 

5.7.2 Crystal sugars in bags 

The importance of sugar particle size distribution for many short 
dough biscuit types means that handling sugar in bags is desirable to 
reduce process variations. Pneumatic handling causes haphazard 
crystal breakdown. The disadvantage of bags is that the usage of 
sugar is typically high and the labour involved in handling the bags is 
considerable. 

Take particular care to remove string, labels and other pieces of 
paper when opening and emptying bags. 

Sugar, whether in bags or bulk, has a long shelf life. If the bags are 
kept in a dry place at even temperature the sugar will not become 
lumpy. 

5.7.3 syrups 

In bulk, syrups are held in warm insulated tanks. The temperature is 
maintained within close limits because this affects the viscosity of the 
syrup and also the temperature of the dough in which it is used. The 
syrup is pumped .directly from the road tanker via a filter into the 
holding tank. 

There is a potential for fermentation in stored syrups arising from 
yeast cells present in the air, growing in weak solutions formed at the 
head of tanks. Microbiological filters should be installed to clean the 
air which is drawn into the silo as it empties. However fermentation 
cannot be entirely prevented so the silo tanks must be cleaned 
periodically. 

The main area where fermentation occurs is in the headspace of 
the tank where condensation causes more dilute sugar solutions to be 
formed. 

The bottom of the silo is designed to slope away from the exit pipe 
because there is commonly a small amount of sedimentation from 
stored syrups. Silos should be cleaned and sterilised regularly with 
very hot water. Storage times are limited due to the potential for 
microbial spoilage. These times are about four weeks for liquid 
sugar, one or two weeks for glucose syrup. 
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The syrup is taken from the tank to the mixer via a warmed pipe 
and a metering pump. 

Commonly syrups are used from barrels. Cold syrups may be very 
viscous and difficult to run or pump out. Thus it is normal to store 
barrels in a warm place or, in cold weather, to have an electrically 
heated jacket to warm the barrel. 

All syrups are sterile until opened so have an indefinite shelf life. 

5.8 Other sweeteners 

There is widespread concern that sugars accelerate tooth decay and 
provide excess calories in the diet. Many foods are made with 
artificial sweeteners to replace sugar. These sweeteners give intensely 
sweet mouth perceptions compared with sucrose. In baked goods, 
replacement of the sugars is not satisfactory because of the structural 
importance that sugars give to the products. However, very small 
quantities of saccharin and cyclamate may be used to increase biscuit 
sweetness in, for example, semi-sweet biscuits where the amount of 
sugar that can be used in the formulation is limited. 

Claims that biscuits are ‘sugar free’ should be examined critically 
as what is often meant is ‘sucrose free’. The sweetness comes from 
fruit syrups which are essentially free from sucrose but consist of 
lower sugars which have as many calories per gram and also as much 
affect on tooth decay! 

Polyols such as sorbitol, mannitol, xylitol, lactitol and maltitol 
(which are solid sweet materials with the chemical structure of 
alcohols and not like the sugars that have been described above) are 
used in chocolates for persons suffering from diabetes and those 
wishing to eat more ‘tooth friendly’ products but they are not 
satisfactory for baked products. 



6 Fats, oils and butter 

6.1 Fats and oils 

The only difference between a fat and an edible oil is that at ambient 
temperature a fat is semi-solid, and appears more or less firm to the 
touch, and an oil is liquid. They are both of similar general chemical 
composition. Edible oils are completely different in chemical form to 
mineral oils that are used as fuels or for lubrication. Most mineral 
oils are hazardous to human health and should not be even a small 
component of food. 

In addition to butter, which is a well known fat used in baking, 
there is a wide range of vegetable, animal and fish fats used in biscuit 
manufacturing. In all cases the fat will have been refined and 
deodorised. This process removes colours, acids and other unplea- 
sant flavours that occur naturally in fats extracted from various 
sources and that develop during storage. 

In many cases the fat refiner can modify the fats by physical and 
chemical means so that more or less any physical form of fat is 
theoretically possible. Since these changes can be expensive, the 
modified fats that are commonly encountered by biscuit manufac- 
turers are limited to blends with particular characters or fats that 
have been ‘hardened’ to raise their melting temperatures. 

6.2 Butter and butter oil 

Butter is used both for its shortening and its flavour effects. It is 
much more expensive than other fats but there is no doubt that its 
flavour contribution is substantial and desirable in biscuits. Neither 
butter nor butter oil is refined or chemically modified. 

Butter is an emulsified mixture of milk fat, water and a small 
amount of protein. The normal maximum permitted water content is 
16%. Butter varies in quality depending on its origin and the season 
of the year and also on whether it contains whey cream where lactic 
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yeast was used in its manufacture. It may be sold salted or unsalted. 
If salted about 1.5% of salt is normally added. 

The flavour of butter is complemented during baking by vanilla 
and sugar. In the course of biscuit baking the fresh butter flavour 
changes to a mild toffee or butterscotch note which has both good 
flavour and aroma. A baked butter flavour is enhanced with 
minimum baking time at high temperature. 

The handling of butter has become a major obstacle to its large 
scale use. Butter from creameries is nearly always packed in plastic 
lined cartons of about 12.5 kg. It should be kept in cold store at about 
4°C to preserve its freshness. 

The optimum temperature for use in biscuit doughs is about 17- 
18°C and it takes many hours for blocks at 4°C to rise to a convenient 
and uniform temperature. It is not practical to melt the butter and 
replasticise it in the bakery and it is also not practical to bulk handle 
the butter by means of pumps and pipe lines whilst still maintaining 
the typical properties. 

Thus, it is necessary to raise the butter temperature either by 
conditioning it in temperature controlled rooms for perhaps 48 h or 
to increase the temperature more rapidly, for example, with 
microwave energy. A rapid heating method usually requires that 
the temperature and plasticity are equilibrated by working and 
pressing the butter through a mincer-type machine with a die plate 
giving about 4mm diameter extrusions. Even so, a considerable 
amount of manual handling is needed and in a warm bakery it is easy 
for butter to become too soft before use. At high ambient 
temperature butter will become rancid within a few weeks. 

Butter fat may also be purchased as butter oil without any 
appreciable moisture and protein. Blocks of butter oil are not 
normally plasticised making them much harder than butter. The 
flavour imparted to biscuits made from butter oil instead of butter is 
much inferior, so that butter oil is not a popular ingredient for 
biscuits. 

It may be possible to purchase butter that has been ‘denatured’ 
with sugar. If the quantity of sugar added is known this can be a 
useful ingredient for biscuits. It is usually cheaper than real butter. 

6.3 Margarine 

When first invented margarine was a butter substitute made from 
oils other than milk fat. There are now many different margarines 
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developed for special purposes. Normally margarines will have a 
content of about 16% water, as does butter, and they are emulsified 
and plasticised so that their consistencies resemble butter. The 
consistency can be modified by using fats with specific melting 
temperatures, a feature that is not possible with butter. 

Because they are emulsified and plasticised, margarines are 
supplied and handled like butter. Temperature control of the 
storage, especially before use, is of key importance. 

Not all boxed fat is margarine. In fact it is not usual to use 
margarine which contains water in biscuit manufacturing. Boxed fats 
are normally plasticised shortenings and these will be described 
below. 

6.4 Rancidity 

Fats, more than any of the other ingredients used to make biscuits, 
can cause quality problems. The main problem is rancidity which is 
manifest as unpleasant flavours. Oxidative rancidity, which is the 
most common type, happens when fats are exposed to the air. Certain 
chemical bonds in the fats change to produce new substances which 
even when present at very low concentrations render the fats 
unsuitable for use. These changes are more likely in fats which are 
liquid at ambient temperatures. 

There are also some handling conditions that accelerate these 
oxidative changes. For example, when handling fats warm and in 
bulk, agitation that promotes the inclusion of air (oxygen) should be 
avoided. All containers, pipework and valves must be free from 
heavy metals, particularly copper. Therefore no brass fittings should 
ever come into contact with fats. This is because these metals act as 
catalysts for the oxidation process. 

The products of fat oxidation also catalyse the oxidation so that 
fats should be stored in clean containers or tanks. The use of clean 
very hot water is recommended to clean the containers since 
detergents are difficult to remove completely and traces may give 
off-flavours to fats subsequently filled into the tank. 

There is another type of rancidity known as hydrolytic rancidity 
which involves the formation of soaps (saponification) from the fat. 
Damp alkaline conditions are required for this chemical change to 
occur but this happens rarely in biscuit fat handling. 
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6.5 Bulk handling of fats 

It is common to handle fats in bulk as warm liquids, Le. oils. The 
freshly refined oil is delivered by road tankers and will be at around 
50°C. This is pumped into tanks at the factory and must be held at 
about -5°C to ensure that there is no crystallisation during 
storage. The tank is kept warm usually by a water jacket since electric 
heaters can produce very hot areas that may cause unwanted 
chemical changes in the fat. 

The oil is pumped from the tank as required and is usually cooled 
before use in a dough. The way in which this cooling is achieved is 
described below in Section 6.6. 

There are certain precautions that should be taken in bulk 
handling oils. 

Before accepting a delivery of oil, sampling should ascertain that 
the material is both of the type expected and that its quality is 
satisfactory in terms of taste and certain other chemical 
characteristics. 
Ideally the delivery should be filled into an empty and clean tank. 
In  this way contamination with old oil is avoided. 
There must be a filter in the pipeline between the tanker and the 
tank and this filter must be cleaned before use and examined after 
the delivery is complete. It is not unknown for some very 
unpleasant matter to have become included with the fat and it is 
important to know about this before the oil is used for making 
food. 
The process of oil refining involves the use of fine materials which 
may not have been completely removed. These materials are 
harmless but as oil is held in the tank there will be sedimentation. 
It is therefore necessary to design the tank with a sloping floor and 
to draw off the oil from the high end of the floor. In  this way 
sedimented matter does not pass out of the tank. 
In  the course of tank cleaning with hot water as described above, 
the washings must be drained off from a valve at the lowest point 
of the tank floor and any sedimented material will be taken away 
with the cleaning water. The sloping floor will also ensure that 
any water left after washing collects in a place where it will not be 
drawn off with oil. Since water is heavier than oil it will remain at 
the bottom of the tank. 
As the tank of oil is emptied a film of oil is left on the tank walls. 
Because this is warm and exposed it is particularly prone to 
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oxidation. Cleaning will remove this film and avoid contamination 
of a subsequent filling of oil. Ideally the headspace of the tank of 
oil should be filled with an inert gas like nitrogen. 
Even by observing all these precautions, rancidity cannot be 
avoided. It is therefore important to use bulk oil as fresh as 
possible and in'no case to hold it for more than two or three weeks. 

6.6 Plasticised and boxed fat 

It is not normally possible to use liquid oil, either warm or cold, in 
a biscuit dough mix because the structure of the dough is affected 
by the rapid coating of the flour by liquid oil. Therefore bulk- 
handled oil must be cooled before use. Oil is a mixture of chemical 
compounds known as glycerides. Each different glyceride melts at 
a different temperature giving the fat a wide temperature range 
between the point at which crystallisation starts and the point at 
which all the fat is solid. This makes it difficult to cool an oil 
because the solid fractions will collect on any cold surface and 
affect the cooling process. Oils, therefore, have to be cooled in a 
machine which continuously scrapes the cooled surface. The 
machine is known as a scraped surface heat exchanger (see 
Fig. 2). The process is further complicated because if a very cold 
surface is used to speed the throughput of the oil, there is a 
tendency for the oil to become supercooled. This means that the oil 
is still liquid because crystals are slow to form. Within a few 
minutes of leaving the cooler most of the crystals will have formed 
and if the liquid is not kept agitated the whole will set into a hard 
solid or semi-solid mass because the crystals form an interlocking 
matrix. Therefore, as part of the cooling process agitation must be 
introduced to ensure that the crystals are broken up as they form 
and the fat, which is a mixture of solid and liquid fractions, 
remains plastic and pumpable. 

This process, where the crystals are broken as they form, is known 
as plasticising. Thus, a plasticised fat is one which has been cooled to 
the desired temperature (about 26°C) and the crystals have been 
broken so that they are all small within the semi-solid mass. 
Crystallisation of a cooled fat is not complete for some time and it is 
normal to store plasticised fat for about 24 h before use. It is 
probable that this is not a critical procedure. 

A plasticised fat at about 26°C can be pumped to a mixer or filled 
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into boxes which on subsequent slight cooling will not be too hard. 
In order to handle fat from boxes the temperature needs to be in the 
range 18-23°C. If it is too warm it will be too fluid to handle and if it 
is too cold (or well plasticised) it will be hard and not disperse well in 
the dough mix. 

Boxed fats normally appear very white. In the process of chilling 
and plasticising small quantities of nitrogen may be introduced to 
enhance this white appearance. Inclusion of a gas may help the 
plasticity slightly but has no known advantage in the biscuit dough. 

Most dough fats are chosen to have physical characteristics similar 
to butter. This means that they have a relatively wide melting range, 
are semi-solid at ambient temperature and are almost completely 
melted at blood heat. Fats such as palm oil and beef fat can be used as 
straight fats for biscuit doughs but it is normal to use blends which 
can involve many different fats of both animal, fish and vegetable 
origin. Selective hardening and other technical procedures can give 
blends with the desired physical characteristics. 

Margarines are made by a similar chilling and plasticising method 
but they start with a blend of oils, emulsifiers and a water phase 
which often contains milk solids. It is very unusual for biscuit 
manufacturers to include water with their fats during chilling and 
plasticising and boxed fat is normally pure fat without water so that 
technically it is not a margarine. 

6.7 Sandwich cream fats 

Sandwich cream fats are normally selected for their special melting 
properties. Sandwich creams for biscuits, which are principally 
mixtures of sugar and fat, should remain hard at ambient 
temperature but should melt rapidly in the mouth to release the 
flavour of the sugar and other components. It is possible to use fats 
which have a much shorter melting range and are harder (have more 
crystals) at ambient temperature than typical dough fats. The 
commonest of these fats are coconut oil and palm kernel oil. By 
selective hardening these oils can be modified to make them suitable 
for use in the high temperature ambient conditions that occur in hot 
countries and in the summer in temperate climates. 

The short melting range and relatively high solids contents at 
ambient temperatures makes it difficult to cool and plasticise these 
fats. 
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6.8 Spray oil fats 

Many cracker biscuits are sprayed with oil immediately after baking. 
This improves the appearance of the biscuits and modifies the eating 
quality. 

The fat used for spraying must be selected with care. On the 
surface of biscuits the fat is exposed to the air and hence to 
oxidation. The technique of spraying also is conducive to oxidation 
changes as the oil is hot and the droplets are small and have a great 
surface area. 

Fats which are resistant to oxidative change should be used. The 
cheapest and among the best are the same fats that are used for 
sandwich creams, coconut oil and palm kernel oil. The fats are 
sprayed warm and the fact that they are solid at ambient temperature 
is not important as the film on the biscuit surface does not set to an 
obvious crust. However, if higher melting types are used there is a 
tendency for the fat to set and cause adhesion to touching biscuits 
when packed in columns. The adhesion may result in damage to the 
thin surface of the biscuits as they are separated before eating. 

6.9 Use of emulsifiers and antioxidants 

Before leaving the complex and important subject of fats and oils, 
mention should be made of the additives that are commonly 
associated with fats. 

Fats and water are not miscible. Thus when doughs are made it is 
necessary for vigorous action to ensure that the fat is present as very 
small globules in a flour and sugar system that has an aqueous phase. 
It is possible to improve the dispersion of the fat in the aqueous 
phase by using a chemical that has both water and oil solubility 
characters. Chemicals with these properties are called surface active 
agents and range from those that promote the dissolution of fats in 
water, known to us as detergents, and those that promote the 
dispersion of water in fat, commonly called emulsifiers. 

Fats in a biscuit recipe contribute to the soft eating nature of the 
baked biscuit. They make the dough shorter, less extensible and the 
biscuit softer because less water is needed to make the dough. For 
this reason dough fats are sometimes referred to as shortenings. By 
using a small quantity of an emulsifier the fat is dispersed in the 
dough better and the shortening effect is significantly improved. It is 
common to find that using an emulsifier can reduce the quantity of 
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fat needed by 10% or more to achieve a similar biscuit eating quality 
to a dough which contained no emulsifier. 

The most commonly used emulsifier in biscuits is lecithin which 
is derived from soya beans. Lecithin used in its plasticised form, 
which is a thick syrupy material, is often best added to the dough fat 
before it is cooled and plasticised. In this way the dispersion through 
the fat, and thence in the dough, is optimised. It is however possible 
to add lecithin, or other emulsifiers, directly to the dough in either 
the fluid or powder form. 

Margarines which contain water usually have an emulsifier added 
at the time of manufacture. It is not necessary to add more emulsifier 
when this form of fat is used to make a dough. 

Attention has been drawn above to the potential problems of fat 
rancidity on biscuit quality. Precautions have been listed to reduce 
the incidence of rancidity. In fact, precautions will not prevent 
rancidity occurring, they will merely retard the onset. It is also 
common to use chemicals known as antioxidants to retard the onset 
of rancidity. There is a range of antioxidant materials and all are 
strictly controlled by food legislation. If fats are handled correctly 
the use of antioxidants offers little advantage. They may be useful if 
the fat bulk handling facilities or the biscuit packaging systems are 
poor. Prevention of the onset of rancidity is most important. 
Therefore it is recommended that if antioxidants seem to be 
necessary, they be added by the fat manufacturer immediately the 
fat is refined and not into the biscuit dough. 



7 Dairy products 

All the ingredients included here are derived from milk or eggs. In  
biscuit manufacture their principal value is for flavour although 
there are also tenderising properties associated with the fats and 
emulsifying compounds which they contain. 

Milk, butter, cheese and eggs have been traditional ingredients for 
baking due to their exceptional nutritional values as well as their 
flavour. The technology of milk production has now developed to 
such an extent that there are a large number of distinct derivatives 
each with special value for the food industry. Only a few are 
commonly used in biscuit manufacture. 

7.1 Milk 

Fresh milk is now rarely used in biscuits because of its short storage 
life, the tendency for the cream to separate and its large bulk (it has 
about 87% water). It is usual to use the dried products, either full 
cream milk powder (FCMP) or skimmed milk powder ( S M P )  or 
products where the water content has been reduced (condensed 
milks) because of ease of handling, good storage life and low moisture 
content. 

If it is decided to use fresh milk, thorough cleaning of containers 
and pipes is essential to avoid serious bacterial contamination and 
bad smells. The fatty nature of milk demands that detergent 
sterilisers are required. There are many cleaning chemicals specially 
prepared for use in dairies which allow CIP (clean in place) cleansing 
of pipe work and other equipment that would be tedious to dismantle 
and reassemble. 

7.2 Full cream milk powder, FCMP 

This material is usually derived from whole fresh milk by a process 
of evaporation under vacuum followed by roller or, more commonly, 
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spray drying. It is important to control the maximum temperatures 
of the milk as it is processed as this affects both flavour and solubility 
of the resultant powder. Freeze drying techniques have the 
advantage of causing less damage to the proteins but the process is 
much more expensive and therefore rarely used. FCMP is now rarely 
used in biscuit manufacture due to its high cost and the limited 
storage life (up to six months) which is determined by rancidity 
development in the fat. FCMP, however, has an exceptionally 
pleasant flavour and when prepared mixed with sugar under special 
conditions of heating as a crumb, it is valuable for giving a distinctive 
flavour in the manufacture of milk chocolates and coatings. 

Storage in moisture-proof containers at 15°C will give a satisfactory 
product for about six months. To reconstitute the powder it is 
necessary to mix with about 3.5 parts of water to 1 part of FCMP. 
Dispersion is best if part of the water is used first to make a paste. 

7.3 Skimmed milk powder, SMP 

When the fat is separated from milk for cream or butter manufacture, 
a white fluid, rich in lactose and proteins, remains. This is known as 
skimmed milk and may be concentrated and dried in a similar 
manner to FCMP. The flavour is strong and this powder is used in 
many ways during the manufacture of biscuits. The lactose is a 
reducing dissacharide which is only about 16% as sweet as sucrose 
but combines with proteins by the Maillard reaction, under 
appropriate conditions of heat, at the biscuit surface during baking 
to give attractive reddish brown hues and surface ‘bloom’. Thus, 
SMP has found widespread use as a minor dough ingredient both to 
give subtle flavour and textural improvements and to aid surface 
colouring. It is a rather expensive ingredient for these roles and the 
use of cheaper sources of reducing sugars (whey powder, glucose and 
invert syrups) have tended to replace it. 

If SMP is nor well dispersed in the dough, small lumps will 
appear as dark brown or black specks in the baked biscuits. This 
problem is normally overcome by dispersing the powder in some 
cold water before it is added to the mixer. Reconstitution requires 
vigorous agitation but a powder/water ratio of 1 : 2 is all that is 
needed. A similar procedure is required when FCMP is to be used in 
dough. The dispersed ‘milk’ will sour rapidly like fresh milk. Thus, 
dispersions of milk powder should be made daily and containers and 
other equipment which come into contact must be cleaned 
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thoroughly. Storage in moistureproof containers at the optimum 
temperature of 15°C should maintain the SMP in good condition for 
at least twelve months. 

7.4 Evaporated milks 

Some manufacturers find it more convenient to use milk in an 
evaporated form. Unsweetened condensed whole milk has a long 
shelf life if aseptically packed. High storage temperatures may cause 
a brown tinge to develop. 

Sweetened condensed milk, with 62.5% sugar, inhibits bacterial 
growth. 

7.5 Whey powder 

Whey may be regarded as skimmed milk less the casein (protein). It 
is the liquid fraction obtained when milk is used for cheese 
production. Casein is coagulated by acids or enzymes and is 
separated with the fat to form cheese, leaving the whey. Whey is 
rich in lactose and minerals but also includes serum proteins, the 
albumins. Depending upon the type of cheese being formed, whey 
may be ‘sweet’ (from cheddar and Swiss type cheeses) or acid (for 
example, from cream cheeses). 

Whey is dried in a similar way to the other milk powders and 
because of its lower cost is now used extensively in biscuits in place 
of SMP. The function of whey powder in dough is very similar to 
SMP. Separation techniques have been developed which have 
allowed the preparation of lactose, demineralised whey and whey 
protein concentrate. 

Lactose is used where low sweetness and savoury flavour 
enhancement is required, but the mineral content of normal whey 
powder may contribute a salty flavour which is not as pleasant as 
SMP. Demineralisation reduces this saltiness. 

7.6 Cheese and cheese powder 

The high cost of cheese determines that only those types with strong 
flavours like cheddar and Parmesan are commonly used in baking. In 
the fresh form there may be some incorporation problems in dough, 
and the dried powdered cheeses tend to have lost some flavour. 
Choice of fresh cheese should include attention to type and maturity 
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characters as both have a strong effect on the flavour and baking 
performance. 

Cheese is one of the most acceptable and satisfactory basic 
savoury flavours for biscuits. This is because the flavour loss and 
change during baking is relatively small. It is, however, important to 
obtain the maximum effect of the flavour derived from cheese by 
paying attention to the salt, monosodium glutamate (if legally 
permitted) and acidity levels. The biscuit should always be slightly 
acid, best achieved with lactic acid additions and the cheese can be 
‘extended’ with whey powder. Pepper and autolysed yeast prepara- 
tions compliment cheese flavour and there are also many synthetic 
cheese flavours which work well when used with some real cheese or 
cheese powder to back them. 

Cheese is rich in fat and protein which have shortening effects on 
doughs making it more difficult to maintain a good cracker structure. 

Most savoury biscuits are now oil sprayed immediately after 
baking. In  some cases cheese or a cheesy flavour is dissolved in this 
oil, but this is not recommended because the oil taints conveyors, etc. 
and the oil lost to the bakery atmosphere can give a strong unpleasant 
and persistent odour. 

Cheese and cheese powders have limited storage life due to the fat 
content. Cool storage is necessary and great care should be given to 
good stock rotation. 

7.7 Butter and butter oil 

These ingredients are dealt with in Section 6.1 on fats and oils. 

7.8 Use of milk products in biscuits 

Milk, cheese and butter are used principally for their flavour benefits 
in biscuits. Unfortunately, the flavour and colour is variable due to 
the season of the year and the condition and feed of the cows 
producing milk. The melting curve of butter oil may be markedly 
affected and in extreme cases fat bloom may occur on biscuits made 
with all butter fat. From a quality control point of view the 
organoleptic properties of milk products are probably paramount in 
biscuit manufacture; thus, some degree of blending of different 
consignments of, at least, butters and cheeses will aid in maintaining 
uniform levels. 

Biscuits containing butter are often described in such as way that 
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the purchaser’s attention is drawn to this fact. Labelling regulations 
usually demand that a certain minimum level is used in the recipe. 
For example, in the EC, butter biscuits must contain butter at least 
to the level of 7% of the dry  matter and milk biscuits must have at 
least 2.4% of solid whole milk substances calculated on the weight of 
the dry matter. 

Due to their moisture contents butter and cheese can only be used 
in doughs. However, dried milk, cheese and whey powders are also 
useful flavour components in sandwich creams. The calcium salt of 
casein, caseinate, is a valuable protein supplement for high protein or 
other dietetic biscuits. 

A reconstituted milk, perhaps with the addition of some egg, is 
often used as a surface wash on dough pieces and this produces an 
attractive glossy colour after baking. If colour is the principal 
requirement it should be remembered that a solution of glucose or 
lactose will also perform well and costs rather less. 

Yoghurt, although valued as a ‘healthy’ food, finds little place in 
biscuits because of its mild and delicate flavour. 

7.9 Eggs 

Due to the difficulties of cracking and subsequent handling of eggs, 
it is unusual to use whole eggs in biscuit manufacture. Whole egg 
material is, therefore, purchased either frozen or as a spray dried 
powder. Spray dried egg does not have the same physical 
characteristics as fresh egg. 

Egg is an ideal medium for the growth of microorganisms so great 
care must be taken to clean and sterilise utensils which come into 
contact with it. Pathogenic organisms, like Salmonella, are destroyed 
by pasteurising and all microorganisms are killed when doughs or 
batters are baked. 

Frozen egg has always been pasteurised. Thawing the frozen egg 
must be done carefully if the special characters of egg proteins are to 
be preserved. Overheating will denature the proteins. Thus it is 
normal to thaw frozen egg by placing the containers in cool running 
water for several hours. 

Egg yolk is rich in fat and lecithin and it is these components 
together with flavour that have made egg a good and traditional 
bakery ingredient. For most biscuits, eggs are too expensive and the 
fat and emulsifier can be obtained from other sources, but in batters 
for sponge types like Jaffa cakes and sponge finger (Boudoir) biscuits 
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where a stable foam is required and the only other ingredient is 
sugar, the delicate taste of egg is still valued. 

The baking performance of whole liquid egg shows some variation 
and it is known that both frozen and dried eggs deteriorate in storage. 



8 Dried fruit and nuts 

Considerable variety in both flavour, appearance and texture can be 
achieved in biscuits by using dried fruits and nuts. As biscuits are 
mostly small and thin products the fruit and nuts have to be either 
small themselves or cut into small pieces. 

Generally, nuts do not have enough flavour to make a distinctive 
contribution to the acceptability of a biscuit unless they are used in 
large amounts. As both nuts and dried fruits are expensive 
ingredients it is normal to use them in such a way that they are 
obvious to the consumer, for example, by arranging that at least some 
of the nut pieces are applied to the surface of the dough piece as 
decoration. 

The user of dried fruits and nuts must be concerned with: 

1 flavour of the product 
2 size and appearance 
3 cleanliness in terms of dust, dirt, stones and other adventitious 

matter and 
4 level of infestation or deterioration which has developed after 

harvesting and in storage. 

The countries and areas of origin of dried fruits and nuts, and the 
fact that they are produced very often by unsophisticated people, 
may lead to many problems with quality. Insufficient care may be 
taken to protect the materials from dirt and dust, and the nature of 
the product and climate mean that insect infestation is prevalent. 
However, great advances have been made in improving the hygiene 
associated with drying and storage of dried fruit. It is important to 
realise that in order to change the practices of some of these simple 
farmers they must be shown and told again and again for in most 
cases they have no idea of the stringent requirements for food in the 
factories and countries where their produce is sold. 
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8.1 Dried grapes 

8.1.1 Currants 

Currants are small black seedless tasty and nutritious grapes grown 
in Greece. Currants have found particular value in biscuits because 
they can be obtained as good quality small clean seedless fruit and 
their strong flavour gives them a particular advantage. 

After drying, either in the sun or in the shade, the fruit is 
separated from the stems and stalks by a method of threshing, 
winnowing and sieving but the currants are damaged as little as 
possible. The dried fruit is either sold directly or kept in store on 
solid floors usually in bulk or in sacks or boxes. 

Before export the fruit is further screened to remove stalks, stones 
and any other large unwanted pieces and is washed to remove dirt. 
The fruit is graded with sieves to give pinheads, smalls, mediums 
and elephants, in ascending size order. The pinheads are of little 
value because it is difficult to separate effectively all the stones. At 
the other extreme the elephants tend to be large fruits with pips (or 
seeds) in them which make them less attractive to eat. Thus, only the 
smalls and mediums are of value to biscuit makers. 

As a rough guide there should be about 500 berries per lOOg for 
mediums and 900 berries per lOOg for smalls. This means that 
currants are available as a much smaller fruit than any raisin types. 
The packers claim to have a moisture content at packing of around 
16% but in practice values nearer to 20% are more common. 

Currants are packed into 12.5 kg cardboard boxes for shipment. 
These boxes may or may not be polyethylene lined. The names on 
the boxes vary considerably and are not a little confusing. In addition 
to the type and grade of currant another, less descriptive, name often 
appears. Each packer has his own names and often the trader or agent 
in the country of re-sale uses his name. Thus, a name may not be 
particular to a particular packer or conversely one packer’s name may 
be sold through many different agents. From the point of view of the 
user, the packer is the important person because well cleaned and 
graded fruit can usually be related to a fastidious well equipped 
packing factory. Insect infestation is a problem in currants, especially 
those which have been laid in store for a season. It has become 
standard practice to fumigate with methyl bromide gas, under slight 
vacuum, after packing and immediately before shipment. 

When the fruit is to be used in the biscuit factory it is advisable to 
re-wash a few hours beforehand. This removes more of the dust and 
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dirt and also breaks up fruit which has become compacted during 
transportation. Finds of stones, stalks etc. are very unpleasant in 
biscuits and if necessary the fruit should be checked at the time of re- 
washing. No machine has yet been made that can completely remove 
all this rubbish from currants so picking by hand on white tables or 
conveyors is advisable. This work is boring and requires much 
concentration. It is strongly recommended that the best and cleanest 
fruit is purchased rather than reliance being placed on screening in 
the biscuit factory. 

Specialist companies operate a cleaning service for dried fruit 
usually in conjunction with a packaging business for the domestic 
market. Their charges are such that it is usually more economical to 
buy a better grade from Greece. Also repackaged fruit will be softer 
and more susceptible to damage than the dry fruit from Greece. 
Formerly, dressing the fruit with 0.5% tasteless mineral oil reduced 
aggregation of the washed fruit. The use of mineral oil in food has 
now been prohibited in many countries and the mineral dressing oil 
has been replaced with special high stability vegetable oils like 
Durkex 500. As the fruit is washed it picks up about 2% moisture. 
This fact should be considered when recently washed fruit is 
purchased. 

8.1.2 Thompson seedless raisins and sultanas 

Thompson seedless raisins, unlike currants which are peculiar to 
Greece, can be obtained from a number of different countries, 
principal of which are USA, Turkey, Chile, South Africa and Iran. 
The USA is the largest producer and there is no doubt that the 
quality of their fruit is very good. Most US raisins are ‘naturals’, that 
is, sun dried and processed without chemical treatment, giving a dark 
coloured fruit. There is a small proportion of sulphur dioxide 
bleached grapes which are artificially dried and these produce golden 
raisins which are like sultanas from other countries. 

Smyrna sultanas are directly related to Thompson seedless raisins 
and represent a significant and very ancient trade from Turkey and 
Greece (principally the island of Crete). Australia and Iran are also 
significant producers and exporters of sultanas. 

Both raisins and sultanas are always larger and more fleshy than 
currants and therefore less suitable for biscuit making. When a fleshy 
fruit is dried out during baking it becomes tough and leathery, 
perhaps even hard and bitter if on the surface of the product. 
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Traditionally bunches of sultana grapes are dipped in a solution of 
potassium carbonate emulsified with a little olive oil before being laid 
on a compacted earth bed to be dried in the sun. This treatment 
removes the bloom on the grape surface, softens the skin and hastens 
the drying. The sultana is dried till it starts to darken, a pale sultana 
is prized so overdrying is avoided. The dipping prior to drying also 
reduces the tendency to darken, hence the difference from 
Thompson seedless ‘naturals’. 

On arrival at the packing factory the fruit is washed, spin dried, 
picked and graded. A high proportion is also bleached with sulphur 
dioxide gas. This has some significance for the biscuit maker as 
traces of this reducing agent may have an effect on the biscuit 
dough. 

Grading of sultanas and Thompson seedless raisins is based on 
screen size, colour and counts of defects and foreign matter. 

8.2 Other dried fruits used in biscuits 

8.2.1 Dates 

Dates are sometimes used in the form of paste, in a similar way to fig 
paste (see later) but also as chopped pieces of fruit. The paste is 
higher in sugars and lower in fibre than figs. The flavour is less 
distinct and mostly ‘sweet’. Chopped dates may be used in wire cut 
doughs but it is often difficult to cut the pieces either small enough 
or of uniform size. Chopped pieces of date must be rolled in rice 
flour or something similar to prevent them sticking together and 
forming lumps. 

8.2.2 Glaci cherries 

Glaci cherries are produced principally in France. They are strongly 
dyed red and are sold in a heavy sugar syrup. It is necessary to wash 
away the syrup before using these cherries in a dough and this 
represents a large loss in weight. The cherries add only coloured 
pieces to the dough and are an expensive ingredient. 

8.2.3 Crystallised or candied ginger 

Crystallised or candied ginger is increasing being used in quality 
biscuits. Ginger flavour has for long been regarded as a cover flavour 
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for an inferior product but ginger is in fact a popular flavour and the 
use of chewy pieces of ginger together with ground ginger, and some 
paprika to increase the heat of the flavour, can produce a good 
cookie. 

8.2.4 Crystallised or candied peel 

Crystallised or candied peel is usually orange or lemon. It serves 
principally to add colourful interest and some texture to the biscuit 
without contributing to the flavour. There is a strong tendency for 
the peel to become hard or at least tough in the baked biscuit. 

8.2.5 Fruit pastes and syrups 

Various fruits like raisins, prunes, dates and figs are processed to 
form pastes and syrups (concentrates). The syrups are water extracts 
concentrated to 70% solids under vacuum and the pastes are 
macerates to about 75% solids. 

Pastes have been used for fillings of biscuits like fig bar (Fig 
Newtons) and all pastes are useful for dough flavours. Obviously the 
manufacturer of a paste can conceal the use of substandard fruit so 
care should be taken to select the supplier well. The point of 
considerable importance in pastes is cleanliness of the fruit prior to 
processing. The presence of sandy gritty particles is particularly 
unpleasant as are pieces of pip or stones (prunes and dates). Storage 
of pastes is more critical than for dried whole fruit since moisture 
pick-up will cause extreme stickiness. Drying out will cause the mass 
to become very hard. It is wise to store at a temperature between 15- 
21°C at a relative humidity of about 60%. 

Pastes are usually packed in polythene lined drums of 501b 
(22.7 kg) ex USA and polythene lined boxes of 12.5 kg from other 
countries. The pastes are dark or very dark and will darken even 
more during storage. There is a tendency for fig paste to develop a 
strong unpleasant taste on aging, so only paste made from the current 
season’s crop should be used. 

It is common for pastes, particularly prune paste, to contain 
preservative. This is usually sorbic acid which is permitted to a level 
of 1000 ppm (0.1%). 

Pastes are a particularly useful ingredient for flavouring and as the 
syrup component in soft cookies. 
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8.3 Nuts 

Nuts may be used whole, chopped into coarse pieces or sliced. An 
exception is coconut where, because of the size of the whole edible 
part within the nut, after drying (to form copra) it is shredded to a 
desired size. 

Nuts, being living seeds, will not store well in damp or humid 
conditions. When they have been shelled and damaged, either by 
accident or by chopping or grinding, the enzyme lipase is released 
which will rapidly result in deterioration by fat rancidity. T o  prevent 
this and also to improve the flavour, it is common to roast or deep fry 
nuts. The heat treatment destroys the enzyme. 

It is of great importance that pieces of shell are removed from 
shelled nuts because they are very hard and can cause damage to 
teeth. The shell must be removed before the nuts are chopped or 
sliced. There is a growing interest in refined (fine ground) nut paste 
for biscuit cream fillings and as centres for dual element cookies. 

8.3.1 Almonds 

Almonds are highly prized in biscuits. They may be used as pieces or 
slices and are usually roasted. The brown skin of the nut is not only 
bitter but releases enzymes that quickly spoil the nuts if damaged. A 
technique of blanching and peeling is therefore common for 
almonds. This involves immersion in hot water which softens and 
loosens the skin for subsequent easy removal. After the almonds have 
been peeled, it is much easier to check the soundness of the kernels 
by their colour. Almond butter may occasionally be used to flavour 
biscuits. 

8.3.2 Brazils 

Brazil nuts are rarely used for biscuits because of their higher price 
but their large size makes them suitable for slicing and use as surface 
decoration. 

8.3.3 Cashews 

Cashew nuts are produced in India, Brazil and East Africa. Their 
high cost has meant that they have rarely been used in biscuits. 
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8.3.4 Coconut 

Coconut in desiccated form is obtained principally from Sri Lanka 
(formerly Ceylon) and the Philippines. From a hygiene point of view 
the Philippine product is better, but Ceylonese coconut is considered 
to have a better flavour. 

Desiccated coconut is graded according to particle size and shape. 
For biscuit doughs it is best to use very fine coconut, known as 
coconut flour. As this tends to lump badly during storage it is best to 
buy a larger grade (medium or fine) and to mill it immediately prior 
to use. 

Roasted or toasted coconut is made, as for other nuts, by dry 
heating the nut particles. It produces a browned product which has a 
fine nutty flavour and is said to be easier to digest than the unroasted 
type * 

Coconut should have a moisture content maximum of 3% and a 
fat content minimum of 55%. It is important to check that the bags 
are sound and dry. Dampened coconut quickly develops mould 
spoilage which turns it yellow or black. Damp coconut also tends to 
become rancid, resulting in a soapy taste. 

Storage under good conditions, about 1&15"C at a relative 
humidity of 50%, will allow coconut to be kept for many months. 

8.3.5 Hazelnuts 

Hazelnuts (filberts) are the most commonly used nuts in baking. 
They are particularly popular in European and Mediterranean 
countries which is where most are grown. Strangely, these nuts are 
not popular in the USA. 

8.3.6 Peanuts 

All the nuts described here are so far are tree nuts but the peanut, 
(ground nut) comes from pods formed underground. Peanuts are 
commonly used in biscuits, particularly in the USA. They may be 
used as 'halves', to decorate the biscuit surface, or chopped and 
roasted. In certain cases peanut butter is useful. This is made from 
milled nuts. There is a growing concern about peanut allergy so 
products containing peanuts should be very clearly labelled. 
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8.3.7 Walnuts and pecans 

Walnuts are by far the most popular nut used for bakery products in 
the USA. They are available for biscuits as pieces and slices. Walnuts 
are never roasted before use. 

Pecans are similar to walnuts but of milder flavour. 



9 Yeast 

Yeast is a tiny plant. A single cell fungus which is so small that there 
are about l S I O  cells per gram. There are very many different types of 
yeast but the one used to ferment dough is called Saccharomyces 
cerevisiae. Under anaerobic conditions, that is, with the exclusion of 
oxygen, this organism is capable of producing carbon dioxide gas and 
alcohol from lower sugars (monosaccharides). It is this gas 
production facility that is of most importance in the fermentation 
of dough. 

Yeast can be purchased either as fresh yeast in a compressed block 
form, with moisture content of about 70%, active dried yeast (in 
granular form) or as instant active dried yeast. The blocks of fresh 
yeast are usually 1 kg each and should be stored at either about 4"C, 
when the yeast will remain in good condition for some 3-4 weeks, or 
deep frozen, when it will be useful for at least three months. Storage 
in a normal refrigerator at 4°C has the problem that there is 
considerable drying from the product, causing buildup of ice on the 
colder parts of the refrigerator and desiccation of the yeast blocks. 
Active dried yeast has a moisture content of about 8% and, in a 
sealed bag, will remain viable for three or more years losing its 
activity at about 1% per month. Instant active dried yeast has a 
moisture content of about 5% and in a sealed pack will last a long 
time losing its activity at about the same rate as active dried yeast. 

Fresh yeast in the compressed block form, if it is in good 
condition should be in one piece, not crumbly. It should be an even 
creamy beige colour, smooth and fresh smelling. (In an advanced 
state of decay it becomes a dark exceedingly evil smelling liquid!). If 
it has crumbled and looks grey and dry, it is stale. It may still work 
but will not ferment well, i.e. its gassing power will be reduced. 
When using fresh yeast it is best to disperse it in water, in the ratio of 
about 1 : 5 of water. T o  revitalise frozen yeast, use tepid water and 
leave it to stand for about 15 min. 

Active dried yeast is at least twice as potent, on a weight for 
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weight basis as fresh yeast but when dried it looses some of its 
activity. It should be reactivated by dispersing in water at about 40°C 
with a little sugar for 10-15 min. Active dried yeast should never be 
rehydrated with hot water. 

Instant active dried yeast, by its mode of manufacture and coating 
with an emulsifier, allows it to be rehydrated very easily. It may be 
added directly to the dough, but like active dried yeast there is a 5-15 
min delay before it is as active as the fresh yeast. On a dry weight 
basis it is almost as active in gassing power as fresh yeast. 

Although convenient to store, the dried yeasts are more expensive 
than fresh yeast. Dispersions of yeast should never be made in salt 
water. Even a 2% salt solution can kill the cells or cause significant 
retardation of the gassing power. Sugar solutions also inhibit the 
yeast. The sugar solution concentration should not exceed 5%. 



10 Enzymes 

Enzymes are natural catalysts. The metabolism of all living 
organisms is effected by enzymes and the range of reactions involved 
is incredibly wide. 

Food materials are broken down by enzymes internally by animals 
and externally by microorganisms (fungi and bacteria). There are 
three main ranges of enzymes that are of interest to the food scientist, 
they are amylases that act on carbohydrates, proteinases that act on 
proteins and lipases that break down fats and oils. In  biscuit making 
we are a little concerned with the amylases in connection with yeast 
fermentation, we do not make active use of lipases but must be aware 
that they can cause deterioration in certain circumstances, for 
example, in the shelf life of nuts or oat flour, but we have a growing 
interest in proteinases which break down or modify the flour 
proteins. 

Diastatic malt flour is the normal source of amylase for bakers but 
proteinases are available as standardised preparations. 

For various technical reasons the proteinase obtained from 
Bacillus subtilis is deemed the most suitable for use in doughs. It is 
sold either as a stable powder standardised in activity by dilution 
with a maltodextrin or corn starch or as a liquid of standardised 
activity with added stabilisers and preservatives. In  sealed contain- 
ers, under cool dry conditions, the loss of activity is normally less 
than 10% in one year. 

In  the case of the powdered material it is best to disperse it in 4-5 
times its weight of water before addition to the dough. The enzyme is 
readily soluble but in the cases where corn starch is used as the 
dilutent this will, of course, not dissolve. 

Enzyme activity is temperature, time and pH dependent so it is 
very difficult to specify the exact quantities to use for a given 
reaction. It is best to be guided, in the first instance, by 
recommendations from the supplier. 

Optimum temperatures for proteinase enzymes are generally 
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much above normal dough temperatures. As a general guide, the rate 
of enzyme catalysed reactions increases by between 1.5 and 3 times 
for each 10°C rise in temperature. It is therefore important to be 
critical and careful in temperature and time control where proteinase 
is used. The dough standing time should be as long as is convenient 
so that the effects of using the beginning and end of a batch are not 
significantly different in terms of the proteinase action. A three hour 
proteinase reaction time is a commonly chosen period. 

By breaking the length of the protein chains in gluten, proteinase 
enzymes have a similar, but not exactly the same, effect as sodium 
metabisulphite on the elasticity and extensibility of a dough. Unlike 
SMS, proteinase continues to act with time and will eventually result 
in a very short and unmanageable dough. Care is needed in 
monitoring times and temperatures but most particularly in the 
handling of excess dough such as cutter scrap. 

Proteinase has advantages over SMS because it is denatured by 
heat and being a protein itself has no toxicity problems. Also it does 
not react with the heat stable vitamins. 

Thus, the use of proteinase in dough is to effect reductions in 
viscosity and elasticity which are desirable for the machining of 
certain biscuit doughs, especially when flours with gluten which has 
a high resistance value are used. 

10.1 Safety aspects of handling proteinase enzymes 

Care should be taken when handling proteinase, particularly 
powders, because inhalation or contact with delicate skin membranes 
can cause irritations or allergic reaction. The wearing of a simple 
dust mask is usually sufficient but advice is usually given by the 
proteinase supplier. 



11 Flavours and spices 

11 .I Introduction 

The flavour of a food is the combined effects of taste, smell and 
mouthfeel. The taste is the combination of sensations perceived by 
the tongue and these are limited to sweet, sour, salty and bitter. The 
smell is the sense by which certain properties of volatile substances 
can be perceived on the sensitive membranes in the nose. The 
mouthfeel is the tactile sensation created in the mouth when a food is 
chewed or dissolved combined with the tasting and smelling 
sensations. 

The acceptability of a flavour is also complex. The human brain 
has an amazing memory for tastes and smells and can recall not only 
what, but often even where and when, it was previously exposed to 
them. For example, there are some wine tasters that claim they can 
identify a wine to a particular vineyard! Thus, when a consumer is 
tasting a biscuit it is important that their identification of the flavour 
is a ‘satisfactory’ experience. 

11.2 Sources and types of flavour 

The largest group of flavours originate from plant materials, usually 
the fruits or leaves of plants. Others come from cooking and these 
include the crust flavours (associated with the Maillard reaction 
between amino acids and reducing sugars), burnt flavours and roast 
flavours which include those from meats. 

For biscuit manufacturing it is important that flavour ingredients 
are convenient to use and of standard strengths and qualities. T o  
provide such substances is the challenge for the flavour ingredient 
industry. 
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11.3 Spices and herbs 

These are a basic and valuable source of flavours. The distinction 
between a herb and a spice is a bit vague but it is commonly 
considered that a herb flavour accompanies a savoury or non-sweet 
food and a spice a sweet product. Parts of plants are collected, dried 
and ground to form a strongly aromatic powder which can be used 
directly in or on a food. Many of the plants involved grow in tropical 
countries and it should be remembered that the hygiene conditions 
associated with harvesting, drying and storage may not be good. 
Where these materials are to be used in foods which will not be 
heated to sterilise them it is possible to purchase special grades that 
have been checked for microbial contamination. 

Ground herbs and spices carry the aromatic elements in the cells 
of the plant tissues. The finer the material is ground the more of the 
flavour is released and will evaporate during storage. All powdered 
spices and herb materials are particulate and will affect the colour of 
the product in which they are used. 

11.4 Essential oils 

An essential oil is a volatile mixture of organic compounds derived by 
some physical process, for example, distillation, expression or 
solvent extraction, from odorous plant materials. A specific oil is 
derived from one botanical species with which it agrees both in name 
and odour. The most commonly used essential oils in biscuits are the 
citrus oils from lemons and oranges. 

11.5 Oleo resins 

These are solvent-extracted compounds remaining when the solvent 
has been evaporated. They are very concentrated and often caustic, 
even more caustic than some of the essential oils. Some commonly 
used oleo resins in biscuits are bun spice and ginger. As ol& resins are 
very concentrated they are often treated to form solutions or powders. 

11.6 Synthetic flavours-GRAS 

By sophisticated chemical analysis it is possible to identify the 
individual compounds that make up a particular scent or flavour. It 
may be uneconomic to extract the flavour element from the original 



66 Biscuit, cookie and cracker manufacturing manuals 

source but chemically synthesised ingredients can be blended in the 
same proportions as were found in the natural flavour. Flavours 
made in this way are described as ‘nature identical flavours’. The 
inference is that natural flavours are safer than concoctions made up 
by a flavourist from a library of aromatic chemical compounds but 
logically this cannot be the case. 

The chemicals used for flavours must have an acceptability for use 
in food and the term Generally Accepted As Safe (GRAS) is 
frequently seen in connection with synthetic flavours. It will be 
appreciated that there is a never ending possibility of flavour blends 
that are possible from the various synthetic and natural flavour 
compounds available to the flavourist. 

1 1.7 Other flavouring substances 

In addition to the broad groups described above there are many 
other substances commonly used to flavour biscuits. Examples are 
cheese powders, dried autolysed yeast, dried meats and extracts, 
vegetable protein hydrolysates, dried and diced nuts and fruits. 

11.8 Form of the flavouring material 

Ground spices and herbs are obviously powders of varying 
granularity. Extracted oils and most of the synthetic flavours are 
liquids. Oleo resins are naturally liquids or viscous pastes. It is 
important that the flavouring material is at a concentration and in a 
form that is suitable for the application. Liquids can be diluted with 
a suitable solvent, commonly used solvents are alcohol, propylene 
glycol, vegetable oil or water. Liquids can also be made into powders 
by adsorbing them onto salt, rusk or dextrose, etc. The powders can 
then be weighed, dusted or premixed in a more satisfactory way than 
small quantities of liquid or paste. 

It is also possible to microencapsulate liquid flavours with a 
vegetable fat of suitable melting point. The process is expensive and, 
at least, for biscuits this form of the flavour is not commonly used. 

11.9 Flavouring of biscuits 

If we concern ourselves principally with the introduction of aromatic 
ingredients as a contribution to flavour it can be seen that biscuits 
and other cooked products may be flavoured in three principal ways: 
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1 By including the flavour in the dough or batter before baking. 
2 By dusting or spraying the flavour after baking. 
3 By flavouring a non-baked portion such as cream filling, icing, 
jam or mallow which is applied later. 

The conditions experienced during baking are very severe for 
aromatic compounds. They are easily removed by heat because, by 
definition, they are at least slightly volatile at mouth temperatures. 
In general, liquid flavours are not to be recommended in baked 
products especially those with doughs containing high levels of 
water such as crackers and hard sweet types. Some means of 
protection is needed and the sealed cells of plant tissues are 
somewhat successful in this. Thus, ground ginger is better than a 
liquid ginger extract. 

There are some flavours that are found to be better than others in 
baked products; notable are vanilla (or synthetic ethyl vanillin), 
butter, cheese, almond essence and roasted materials like chocolate, 
coffee, caramel and also smoke flavours. Flavours that are protein 
based such as hydrolysates are more stable to baking temperatures 
but can be drastically changed if even slightly burnt. Cheese is an 
example of this. 

Spices generally survive baking better than blended flavours or 
extracts. 

1 1.10 Flavours applied after baking 

These can be of any type but more savoury types find use in this area 
than flavours associated with sweetness. The flavours may be 
dispersed on a cereal or dextrose base and dusted onto an adhesive 
surface, like an oil film, over the product or sprayed on as a solution 
in edible oil. Either way the system tends to be messy and cause 
strong odours in the vicinity. 

The techniques generally are not ideal for products like biscuits, 
which have lower surface areas for a given weight than potato crisps 
or extruded snack products. 

11 .I 1 

Normally, essential oils and other liquid flavours find their best use 
in these components of biscuits. Advances in the flavour industry 
have resulted in excellent reproductions (or nature identical 

Flavours in creams and jams 
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mixtures) of fruit, nut and other exotic flavours and their use in non- 
heated parts of a product are in general extremely successful. 

Points to remember in the use of flavours in these situations 
include: 

1 The acidity and colour of the base is of great importance to the 
acceptance of the flavour when eaten. 

2 The correct strength is important. Often there is a saturation level 
to the taste. Conversely, too great a concentration may result in 
lingering and unpleasant aftertastes. 

3 The texture of the base, especially if it is not readily soluble in 
water is most important. The dispersion of the flavour if it is a 
powder must he watched. 

4 Acids, flavour enhancers, sugars or salt should be of the correct 
particle size to allow correct solution speed in the mouth relative 
to the sensation given by the flavour compounds. 

5 Where fats form an important part of the product, as for example, 
in biscuit creams, melting characteristics must be matched to 
body temperatures and ambient conditions to allow optimum 
flavour release on eating. 

11.12 Flavour enhancers 

These fall into two main groups, simple salts and acids that on their 
own are relatively unacceptable, and complimentary ingredients or 
colours that enhance the suggestion of the flavour. 

The most important flavour enhancer is common salt. Used at 
about 1.0% of the flour weight, salt has a remarkable enlivening 
effect on most flavours, it may also be used in chocolate and biscuit 
creams. 
Monosodium glutamate (MSG) is a commonly used savoury 

flavour enhancer. This chemical is usually purchased in a f i e  white 
crystalline form. It is readily soluble in water and should be used at a 
concentration of about 0.5% of the product weight. 

For fruit flavours, sugar or some other sweetener, is an important 
complimentary ingredient. An excellent strawberry aroma tastes very 
strange, for example, on a bland non-sweet base. Also, nearly all 
fruits are relatively sharp in taste, the sharpness derived from the 
naturally occurring fruit acids (see Section 12.6). 
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11.13 Storage and critical quality points 

By definition, all flavours are at least partially volatile. It is therefore 
important to store them in a sealed container, away from light, heat 
and oxygen that may cause some degradation. Flavour may decay 
with age so minimum stocks should be held and stocks that have 
been opened and held for more than about two months should be 
sampled and tasted against a control. 

As a matter of standard procedure a sample should be taken from 
a delivery and checked against a control sample. The control sample 
can be stored in a dark bottle in a refrigerator but be sure to compare 
a new sample with the control at the same temperature. 



12 Chemicals 

Biscuit making involves the use of a number of chemicals, the most 
generally used of which are salt, leavening agents and fruit acids. 

The usage rates of all of these chemicals are small so they are 
never handled in bulk. They are delivered and stored in bags, boxes 
or sacks. 

Most of the chemicals are used as fine crystals or powders. They 
tend to become caked and lumpy during storage so the storage 
conditions and the length of time they are in store should be 
monitored closely. Chemicals may require sieving before use. 

12.1 Salt, sodium chloride 

Salt is obtained from natural deposits and the sea. It is usually 
purified and then vacuum dried to a desired crystal size. It has no 
smell and is a white material like sugar. It can be safely checked by 
taste to distinguish it from sugar. A flaky, or dendritic, type obtained 
from the USA is used to garnish certain savoury crackers. 

Salt is used in almost all recipes for its flavour and flavour 
enhancing properties. Its most effective concentration is around 1- 
1.5% based on the flour weight, but at a level of more than 2.5% the 
taste becomes unpleasant. 

Because the usage rate is low in doughs the particle size is not 
critical as all the salt will soon become dissolved in the dough water. 
However, where it is used as a surface dressing the size is important 
and it is normal to use a fine particle size. Salt is hygroscopic in 
most atmospheric conditions causing it to become damp, non-free 
flowing and lumpy. Solutions of salt cause corrosion of iron and 
aluminium so it should therefore be stored in airtight containers of 
plastic or stainless steel. Unopened bags should be stored in dry 
conditions. 
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12.2 Baking soda, sodium bicarbonate, ‘soda’ 

This compound is relatively cheap and is obtainable in various 
particle size grades, for example, free running grade, refined 
standard grade and fine granular. Each of these is suitable for 
baking, but coarser grades may not dissolve sufficiently quickly 
during the preparation and baking of a dough and will result in dark 
brown soda specks on the biscuit surface. This will also be the case if 
the soda is lumpy when added to the dough and does not adequately 
disperse during mixing. 

In the presence of moisture, soda will react with any acidic 
materials to liberate carbon dioxide gas. As many biscuit ingredients, 
including flour, have an acidic reaction it is often useful to use 
sodium bicarbonate as a means of adjusting the acidity of the dough 
and thence the taste of the resulting biscuits. If the carbon dioxide 
liberated is required as a raising agent it is best to keep the soda away 
from the other ingredients as long as possible by, for example in 
multistage mixes, adding at the last stage with the flour. In these 
circumstances the soda powder must be evenly dispersed through the 
mix and if necessary the soda should be screened with a fine sieve 
before use to remove any lumps. An excess of sodium bicarbonate 
will give biscuits with an alkaline reaction and a yellowish crumb and 
surface colouration with an accompanying unpleasant taste (this taste 
is known as soda bite). 

12.3 Acid salts used as baking powders 

Domestic baking powders are balanced mixtures of sodium 
bicarbonate and an acid or acid salt. When they become wet or 
when the dough is heated they react to liberate a gas, carbon dioxide, 
the bubbles of which are the basis of the open structure in a baked 
biscuit or cake. In the biscuit industry it is unusual to use blended 
baking powders and the soda and acid salt are added separately. Self- 
raising flour has baking powder added. 

12.4 Acid salts 
Several different acid salts can be used in doughs but the most 
common are acid calcium phosphate, (ACP) and sodium acid 
pyrophosphate, (Puron or SAPP). Both of these are fine white 
powders with an acrid acid taste. SAPP is to be preferred in biscuit 
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doughs as the reaction with soda is very slow until the dough is 
heated in the oven. Much of the reaction between ACP and soda will 
occur in the mixer so its effect is not so good during baking because 
the gas bubbles produced will be squeezed out during sheeting and 
gauging of the dough. There are optimum ratios of soda to each of 
these salts but the calculations are confused because the acid salts are 
often sold as blends with a diluting material such as starch to make 
the metering easier. Refer to the suppliers’ data sheets to find out the 
optimum ratio of acid to sodium bicarbonate in a dough. 

Baking acids are always sold in multiwall paper bags and they 
should be stored in dry conditions. 

12.5 Ammonium bicarbonate, ‘Vol’ 

This is another white crystalline material. It is an extremely useful 
leavening agent for biscuits because it decomposes completely when 
heated, breaking down into carbon dioxide gas, ammonia gas and 
water and thus leaving no residue in the baked biscuit. The name 
‘Vol’, by which it is commonly known, derives from ‘volatile salt’ 
because of this complete dissociation. It is readily soluble but is very 
alkaline giving softer doughs which require less water for a given 
consistency. 

Despite the strong smell of ammonia, both in solid form and in 
solution, only a small proportion of the available gas is lost when it is 
dissolved in water and held at normal temperatures. Even in solution 
for 24 h little of its potency is lost. 

It is important that all of the ammonia is driven off during 
baking otherwise unpleasant tastes are encountered. Ammonium 
bicarbonate is therefore not suitable as a leavening agent in any 
products that leave the oven with more than 5% moisture, e.g. 
cakes and sponges. 

In  many cases it has been found satisfactory and convenient to 
eliminate all acidulants in biscuit doughs and to use only Vol and 
soda. The soda is there primarily as a means of controlling the acidity 
of the baked biscuit. 

Vol is purchased as a white crystalline solid in paper or plastic 
bags. It is prone to severe lumping even when stored in dry 
conditions. It should, therefore, be used as soon as possible after 
delivery. 
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12.6 Fruit acids 

Food acids are organic acids found in natural products but now 
normally manufactured by chemical synthesis. They are all white 
crystals or powders. In  biscuits they are used mainly to accentuate 
fruit flavours in sandwich creams but they also have a technical 
function in jams and jellies in that they control the setting of 
pectin. 

There are three commonly used food acids in biscuits. These are 
citric, found in oranges and lemons, tartaric, found in grapes and 
malic, found in apples. 

Citric and tartaric acids have a similar taste giving an immediate 
sharp sensation which is not persistent. Malic is less strong initially 
but is more lasting. The selection of acid for use in biscuit creams 
will probably be made primarily on the basis of cost. T o  achieve a 
good spread of acidic sensation finely ground acid powder should 
be used. If the acid has caked during storage it should be sieved 
before use. 

12.7 Sodium metabisulphite, 'Natron' 

Sodium metabisulphite (SMS) or Natron is another white crystalline 
powder. It is used in very small quantities to modify the gluten 
quality chemically in semi-sweet biscuit doughs. It behaves as a 
reducing agent through the liberation of sulphur dioxide gas 
(unpleasant smell) when in solution. It causes the gluten to become 
more extensible and less elastic and therefore reduces the shrinkage 
of dough pieces as they are baked. It is a useful processing aid to 
compensate for the variations in gluten quality that are encountered 
from month to month and year to year. 

As only small amounts are used in a dough it is normal to use the 
salt as a solution in water. A 10% solution is commonly prepared. 
Solutions should be used within a day. The normal level at which 
SMS is used in doughs is up to 50 g per 100 kg of flour. 

SMS is not universally permitted for use in baked foods. There is 
concern about the effects of sulphur dioxide on human metabolism. 
Research has shown that in biscuits, residues of SMS d e r  baking 
are extremely small and difficult to find. The possibility of health 
risks from this valuable processing aid are therefore probably 
negligible. 
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12.8 Emulsifiers 

Emulsifiers form a large group of compounds whose function is to 
stabilise mixtures of two immiscible liquids. In  the food context, the 
immiscible liquids are normally oil (fat) and water. Emulsifiers are 
effective at very low levels (less than 2% of the recipe weight) and so 
are classed as minor ingredients or food additives. In  biscuit doughs 
an emulsifier permits the easier blending of a fat in the dough and 
this effect also gives the possibility of reduced fat usage to obtain 
similar biscuit textural properties. 

Most emulsifiers are synthesised chemicals and there are legal 
restrictions for their use in food. Naturally occurring emulsifiers are 
few and only lecithin, derived principally from soya bean, is in 
common usage. However, for about 50 years the value of specially 
prepared monoglycerides, such as glycerol monostearate, products of 
fat refining, have been used. Glycerol monostearate is a white flaky 
substance. 

Lecithin is a natural food substance which occurs in all living 
matter but is found in significant quantities in egg yolk (&lo%) and 
soya beans (2.5%) which is the main source of vegetable lecithin. It is 
extracted from the beans by solvents, but varies in composition and 
always contains a sizable percentage of soya oil. It is a fluid or a 
plastic paste which, if used in excess, imparts unpleasant flavours to 
baked products. It is normally supplied in steel drums. 

The usage rate is normally between 0.5-1.0% of the fat but 
quantities up to 2% are not unusual. Soya lecithin is not soluble in 
water but dissolves in warm fats and oils. It is, therefore, convenient 
to dissolve the lecithin in the fat before this is added to the recipe. 

Purified and modified lecithin is also available as a powder. 
Typically this is a 50% mixture with skimmed milk powder or 
lactose. In  this form it may be dispersed in water directly. 



13 Chocolate and cocoa 

The manufacture of chocolate involves roasting of cocoa beans 
followed by grinding to form cocoa mass. Some of this cocoa mass is 
pressed to release the fat, cocoa butter, and the remaining solids 
when milled are known as cocoa powder. 

13.1 Types of chocolate 

Plain or dark chocolate is a blend of cocoa mass, sugar and cocoa 
butter with traces of emulsifier and vanilla (or other flavours). It has 
a strong slightly bitter flavour. 

Milk chocolate is a blend similar to dark chocolate but in addition 
it includes milk crumb which is made from dried milk. It contains 
less cocoa mass than dark chocolate so it is paler in colour and the 
presence of butter fats reduces the chocolate melting point. 

In  all cases the chocolate is the result of fine grinding (refining) 
followed by conching (a prolonged mixing process) which modifies 
the flavours, reduces the moisture content to very low levels and 
ensures a good dispersion of the fat over the solid particulates. 

13.2 Supply and storage of chocolate 

Most biscuit factories do not manufacture their own chocolate so it is 
necessary to consider only delivery and storage. 

For large users it may be convenient and more economic to bulk 
handle chocolate in warm liquid form. Road tankers are used to carry 
and discharge the chocolate in a similar way to fats. The silos must be 
jacketed, kept at 49"C, and the chocolate must be constantly agitated 
in a gentle manner. The minimum temperature for bulk chocolate 
storage is 45°C. This ensures that all the fat is liquid. Great care 
should be taken to avoid contact with water or damp surfaces as even 
traces of moisture will cause a great increase in the chocolate 
consistency. As for fats, no valves or other fittings should contain 
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copper or brass which will promote rancidity. In  general, chocolate is 
much more resistant to rancidity than pure fats, so that the liquid 
form can safely be stored for several weeks. 

Many users take delivery of chocolate in solid form. This may be 
in large blocks or in small pieces. The large blocks will have been 
moulded at the supplier’s factory and wrapped in plastic or waxed 
paper to protect against atmospheric humidity. In the case of small 
pieces, these may have been moulded, deposited or cooled as strips 
which are subsequently broken in a random way before bulk packing 
in moistureproof sacks for shipment. 

Solid chocolate should be stored in rooms at about 15°C with a 
relative humidity of 50% or less and well away from strong smelling 
ingredients such as spices, cheese and chemicals. The value of 
chocolate combined with its appeal to most people usually requires 
that it is kept under lock and key! 

Prior to use in an enrober or moulding plant the chocolate has to 
be melted. Melting kettles are normally heated with hot water and it 
is important that surface temperatures are maintained below 60°C 
otherwise there is a risk of flavour change (and damage to the 
lecithin) - a metallic flavour may be detectable if chocolate has been 
overheated. The advantage of small pieces of chocolate compared 
with larger blocks is that they are easier to handle and they melt more 
rapidly. 

Handling melted chocolate requires special equipment to ‘temper’ 
it before application onto biscuits. The techniques of tempering, 
enrobing and moulding of chocolate is covered in Manual 5, 
Secondary processing in biscuit manufacturing. 

13.3 Chocolate drops, chips and chunks 

Small pieces ‘drops’ of chocolate are sometimes used as an ingredient 
in wire cut cookies. These ‘drops’ are typically about 5mm in 
diameter and are formed either by depositing small drops of 
tempered chocolate or by forming with a special moulding plant. 
Chocolate ‘chips’ and ‘chunks’ may be formed by dribbling streams 
of chocolate onto a cooling band and cutting to the desired length. 

Although the chocolate melts when the cookies are being baked 
there is no appreciable movement of the chocolate within the dough 
so it sets again when the biscuit cools. This, therefore, offers a means 
of including recognisable chocolate into cookies where the climate 
may preclude the satisfactory use of a surface coating. 
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13.4 Chocolate flavoured coatings 

Real chocolate is made from roasted and ground coma beans with the 
addition of sugar and extra cocoa butter. As cocoa butter is expensive 
there are a number of chocolate look-alike products made from cocoa 
powder, sugar and a vegetable fat not derived from the coma bean. 
Some of these are simple fats like hardened palm kernel oil and 
others are very sophisticated fats made and blended to resemble 
closely cocoa butter in their physical characteristics. Chocolate 
products made with these vegetable fats must be referred to as 
chocolate flavoured coatings. They are usually cheaper than real 
chocolate but their flavour is less attractive because their mouthfeel 
is more waxy. They do, however have a value in some biscuit 
products because handling the melted material is easier and by using 
higher melting fats the coatings are less inclined to melt in warm 
conditions. 

13.5 Cocoa 

Cocoa is a flavoursome powder produced from the cake formed when 
cocoa butter is expressed from coma mass. There are two basic 
types, dutched and natural, and each is available with fat contents 
within a range of about 8-32%. 

Dutched cocoa is made from roasted and shelled beans which have 
been chopped, soaked in warm alkali solution, dried and ground to a 
mass prior to the expression of the excess cocoa butter. This process 
results in powder with darker and redder colours. The powder is 
more easily dispersible in water, has a less astringent flavour and, of 
course, has a greater alkalinity. 

It is possible to achieve some very dark or even black cocoas by 
the alkali treatment. Such cocoas are valuable for colouring biscuit 
doughs and sandwich creams. 

The higher the fat content the more rounded is the flavour of a 
cocoa but also the higher the price. General purpose manufacturing 
cocoa, as used in doughs, biscuit creams or as the basis for coatings, 
has a fat content of between 9% and 12%, or a little higher, but 
cocoa for use in beverages is richer in fat, usually not less than 22%. 

Cocoa powder should be a fine, free flowing powder. It is 
normally sold with a maximum moisture content of 5%. Higher 
values may lead to mould growth during storage. Cocoa powder is 
naturally hygroscopic so should be kept in moistureproof containers. 
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Should the powder become too warm in storage the cocoa butter 
will melt and lumping may occur. The apparent colour of cocoa 
powder is dependent on temperature due to the condition of the fat 
and warmer cocoa looks darker in colour. 

Thus, the storage conditions for cocoa powder should be: 

1 Humidity, less than 50% RH (relative humidity). 
2 Temperatures, even and between 15-18"C, not exceeding 20°C. 
3 Away from strong odours such as species, cheese, ammonia. 

Under these conditions cocoa will keep for very long periods 
(years). 



Useful reading and additional study

CABATEC (1996) Flour and Cereals, An audio visual open learning module
Ref. C2, The Biscuit, Cake, Chocolate and Confectionery Alliance,
London.

CABATEC (1988) An Introduction to Sugar, An audio visual open learning
module Ref. C1, The Biscuit, Cake, Chocolate and Confectionery
Alliance, London.

CABATEC (1992) Dairy Ingredients in the Baking and Confectionery
Industries, An audio visual open learning module Ref. C6, The Biscuit,
Cake, Chocolate and Confectionery Alliance, London.

CABATEC (1993) Biscuit Recipes, An audio visual open learning module
Ref. 89, The Biscuit, Cake, Chocolate and Confectionery Alliance,
London.

Manley, D J R (1991) Technology of Biscuits, Crackers and Cookies, 2nd

edition, Woodhead Publishing, Cambridge.
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acidulants, 71, 73 
ammonium bicarbonate, 72 
antioxidant, 44, 45 
ash test, 17 

bran, 15 
butter, 38 
butter oil, 38, 39 

cheese, 48 
cheese powder, 48 
cherries 

glace, 55 
chocolate, 32, 75 

chips, 76 
coatings, 77 
drops, 76 
milk, 75 
plain, 75 

cocoa, 75, 77 
cocoa mass, 75 
coconut, 56 
colour grade of flour, 17 
cookies, 5 
cornflour, 27 
cornstarch, 27 
crackers, 5 

currants, 53 
savoury/snack, 20 

dates, 55 
dextrose, 29, 32 
dextrose equivalent, 30 
dried fruit, 52 
dust explosion, 24, 35 

egg, 50 
wash, 50 

emulsifiers, 44, 74 
endosperm, 15 
entoleter, 23 
enzymes, 62 

amylase, 62 
lipase, 18, 26, 57, 62 
proteinase, 62, 63 

essential oils, 65 
extraction rate, 17 

fat 
biscuit cream, 43 
plasticised, 42 
rancidity see rancidity 

fat spray, see oil spray 
fermented doughs, 20,21 
fig paste, 56 
flavours, 64 

flour, 16 
enhancers, 33 

air classified, 19 
ash content, 17 
chlorinated, 19 
colour, 17 
enrichment, 19 
heat treated, 19 
Pekar test, 23 
self-raking, 71 
starch damage, 18 
wheatmeal, 19 
wholemeal, 17 

fructose, 29, 30 
fruit 

dried, 52 
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paste, 56 
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pecan, 59 
walnut, 59 

germ wheat, 15 
ginger, 55 
glucose syrup, 30, 31 
gluten, 16 
glycerol monostearate, 74 
G U S ,  65 

hard dough, 5 
hard sweet biscuits, 5 
herbs, 65 
honey, 31 

invert syrup, 30 

jam, 32 
jelly, 32 

lactose, 30, 31 
lecithin, 45,50, 74 
lipase see enzymes 

Maillard reaction, 29, 33, 47, 64 
malt 
flour, 62 
extract, 31 
nondiastatic, 31 

maltodextrin, 30 
maltose, 30 
margarine, 39 
marshmallow, 32 
milk, 46 

evaporated, 48 
full cream powder, 46 
skimmed powder, 47 
wash, 50 

monosodium glutamate, 49 

nuts 
almonds, 57 
brazil, 57 
cashew, 57 
coconut, 58 
hazel, 58 
peanut, 58 

oatflakes, 26 
oatmeal, 26 
oats, 26 
oil spray fat, 44, 67 
oleo resin, 65 
oxidative rancidity see rancidity 

Pekar test, 23 
puff doughs, 20 

raisins, 54 
raisin paste, 56 
rancidity, 40 
reducing sugars, 29 
rye, 27 

salt, 33, 49, 70 
sandwich creams, 32,43 
savoury crackers, 20 
semi-sweet biscuits, 5,20,21 
short doughs, 20,21 
sodium 

bicarbonate, 71 
chloride see salt 

pyrophosphate, 71 
sodium metabisulphite SMS, 63, 73 

soya flour, 28 
spices, 64, 65 
starches, 27 
sucrose, 29 
sugar 

demerara, 29 
liquid, 30 

sultanas, 54 
sweetness, 30 
syrups, 30,36 

glucose, 30, 31 

Thompson seedless raisins, 54 

vocational qualifications, 2 

wafers, 20,22 
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wheat flour, see flour 
whey powder, 47, 48 
wholemeal flour, 17 

yeast, 60 
yoghurt, 50 




