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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, what is involved in secondary 
processing of biscuits, that is, procedures used to enhance biscuits 
after they have been baked. The finished biscuits are sent for 
packaging. Secondary processing includes cream sandwiching, 
chocolate coating, icing etc. The process of baking biscuits is dealt 
with in Manual 4, Baking and cooling of biscuits, packaging is covered 
in Manual 6, Biscuit packaging and storage. 

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. 
Various processing techniques are described. The critical aspects to 
watch for during the various stages of chocolate coating, cream 
sandwiching, etc. are also described. It is essential for the efficient 
running of the factory that biscuits have the correct amount of 
materials such as chocolate added to them and that the added 
material is of the correct quality and appearance. As the biscuits 
must be packaged afterwards, it is also important that their size is 
within specification otherwise they will not fit the wrapping 
machine. Faults noticed and action taken by the secondary 
processing machine operator can make a significant contribution to 
the efficiency of the biscuit manufacturing process. 

From time to time problems will arise. A competent operator will 
be able to recognise and correct faults quickly. Sections are included 
in this manual which describe common faults and problems and 
should therefore aid troubleshooting and problem solving. 

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

1 
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1 Responsibility for the quality of the company’s products if you are 
a member of a production team. By critical observation and 
knowing what to look for and expect, you could prevent a fault 
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. 

1.1 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. 
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Level 3 - Competence in a broad range of varied work activities 
performed in a wide variety of contexts most 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 responsi- 
bility 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. T o  achieve accreditation at any level it is 
necessary to satisfy the assessor in a defined number of uni ts  (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 
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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 manufacturing. The underpinning knowledge with 
respect to the successful application of most types of secondary 
procesving of biscuits that is contained here is relevant particularly to 
most of the technical aspects of levels 2 and 3, 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 pleasantIy 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 packaging 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 

5 
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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 is 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 80@- 
1400 mm (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 many cases biscuits which have been baked and cooled are 
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subjected to further treatment in the form of coatings or sandwiching 
with flavoured materials. These treatments are known as secondary 
processes. 

The additions include chocolate, fat-based creams, water icing, 
marshmallow, caramel toffee and jam or jelly. There may be a single 
addition such as chocolate or a combination of two or more materials. 
In the latter case each addition is usually made separately and a 
cooling or drying period allowed between each. 

Secondary processing allows a much greater variety of flavours, 
textures and appearance to be achieved than by baking alone. The 
additions may result in a biscuit becoming a confectionery product 
and the materials used are more akin to the sugar confectionery 
industry than flour confectionery. Thus, it may be that chocolate 
enhances a biscuit or a biscuit fills out and enhances a chocolate 
product. 

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. 
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2.5 Secondary processing areas 

In-line secondary processing is not always in place and in many 
factories baked and cooled biscuits are collected in tins or trays to be 
coated or sandwiched, etc., at a later time. This is principally because 
staffing complications arise with in-line secondary processing unless 
the whole plant can be used every day. It is most usual for the baking 
plant to be used to make a variety of biscuits and only some of these 
to be processed further before packaging. Furthermore, as ovens 
become longer and wider the production of biscuits is very fast 
compared with the speeds of the secondary processing equipment. 
Any in-line arrangement means duplication of equipment requiring 
more operators and bigger cooling and drying tunnels and making 
the whole plant very long both physically and in process time. It is 
necessary to balance the savings in labour which can be obtained 
with an in-line operation against the cost of plant which is idle for 
some of the time when other products are being baked. Considera- 
tion must also be given to the inefficiencies that occur if one part of a 
long plant causes problems necessitating complete stoppage. Staff 
will be idle and difficulties will be presented by renewed start up. 
Arrangements are. sometimes made to use a secondary process plant 
fed from different ovens by means of alternative conveyor systems. 
This may allow optimisation of plant and balance of overall labour 
requirements. It is unusual for the secondary process plant to be 
mobile to suit different plants. 

Additions to a basic biscuit will always reduce the final precision 
of size or weight of the product. Thus, packs of creamed biscuits will 
always show a greater weight variation at the wrapping machine than 
if the baked product had been packed without further processing. 

Secondary processes require special process control attention both 
because of the inherently greater variations that are experienced but 
also because the products that are added, such as chocolate or fat 
cream, are usually more expensive weight for weight than the base 
biscuits. 

The physical length of production plants with in-line secondary 
processing increases factory communication problems associated 
with process and production control. Decision making with respect 
to start up, shut down and adjustment of successive machines can be 
greatly aided with electronic equipment such as television cameras, 
visual display screens (indicating recent product data) and, of course, 
automatic control loops. It is difficult to generalise 01;- these devices 
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and aids because there are so many combinations of variables, but as 
is explained elsewhere, techniques of control should be considered at 
the design stage of long multiprocess plants. 

Most manufacturers separate secondary processes in their factory, 
at least until demand makes it economic to invest in specially 
integrated plant. Handling and storage of product between stages 
necessitates consideration of techniques and facilities that will 
protect against breakage and spoilage due to temperature or moisture 
pick-up. Baked products at low moisture contents are very 
hygroscopic so it is most important to preserve freshness by storing 
them in well sealed containers or in specially conditioned rooms. 
Reusable containers are prone to damage resulting in lids not fitting 
well. Biscuits which are transported around in tins can become 
marked where they come into contact with the metal (paper linings 
will prevent this) and crumbs, creams, chocolate, etc., will soil the 
container making it necessary to do some cleaning to prevent 
contamination with later products. 

It is common to see casual attitudes in respect of protection of 
trayed up stock. Maintenance of the containers can be a problem if 
insufficient attention is given to the size and design for optimum use 
and handling. 

2.6 Your contribution in secondary processing 

The most important contribution you can make to the efficiency of 
the factory when contributing to secondary processing operations is 
to ensure the following: 

Understand the .critical points to watch for in the quality of 
biscuits both as they are fed to and as they emerge from the 
coating or sandwiching machines. 
Know how to set the machines at start up. 
Know how to adjust the speeds and deposit weights. 
Record continually the results of measurements made on biscuits 
and communicate occurrences of substandard product to the 
subsequent process operators, that is those in charge of packaging. 
Maintain good communication with all the staff involved in 
running the machinery. 
Try to ensure that a minimum of waste or substandard product is 
made as these represent inefficiencies in production and therefore 
loss of profits. 
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Look out for machinery that requires maintenance for reasons of 
oil leakage, malfunction or wear and report the problem without 
delay to your supervisor. 
Avoid straining yourself; do not try to move heavy weights 
without help or using the appropriate machinery. 

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 d i t  or unpleasant to eat if they are contaminated in 
the course of their manufacture and packaging. Contamination 
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 off 
their bodies and clothes and articles may fall from pockets. 
The most important requirement is that all those who handle, or 
are likely to handle food, is to observe basic rules of personal 
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hygiene. 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 are to 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. 
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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 environment. 

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 
ladders are needed to get over machines, special walkways with 
adequate guarding should be provided to prevent floor dia, 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. 
Nowhere in production areas should wood be used. This is easily 
splintered and pieces find their way into ingredients or dough. 
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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, be used to prevent glass 
falling on to the product should light bulbs or tubes be 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 with 
electrical apparatus must be reported to management or responsible 
engineers . 

3.3.4 Strain injuries 

Back strain is a very 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 
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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 and may be dangerous to breath and it 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 Problem solving 

4.1 Introduction 

Biscuits are usually baked in vast numbers in continuously running 
ovens. I t  is necessary to maintain a constant vigilance to ensure that 
the biscuits are made with minimum variation. If this is not done, or 
is done badly, biscuits may be made that are not suitable for 
consumption or that will not fit into the packaging. From time to 
time it is necessary to make adjustments and alterations to the 
process to maintain the biscuits within specification. It is the duty of 
plant operators to make these adjustments. The efficiency of a 
factory is largely measured by the skill of operators in making these 
adjustments correctly, accurately and speedily. 

In most cases problems are not caused by one factor alone. They 
are the result of interactions between several factors including 
ingredients, machine settings and other processing conditions. This 
means that check lists for both identifying and solving problems are 
often not simple. Ideally it would be good to have an interactive 
problem solving computer program that would interrogate the 
operator(s) and offer a set of instructions that would lead to the 
removal of the problem. Not all factories have computers available 
on the factory floor. Where computers are not available it is 
suggested that reference charts and lists are kept as a back up to 
experience and memory of what happened previously. Having 
observed a problem, the chart or list can be used as a guide to 
further action. However, understanding why a fault or problem may 
have arisen is better assessed with some background knowledge. 
Reference lists to problem solving can be found in the section where 
the process is described and a reference can be found on each 
problem solving chart to the section in this manual that provides 
more information about the parts of the processes involved. 

18 
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4.2 The Process Audit Record 

Much difficulty is encountered at plant start up. A slow start is 
inefficient and can be costly to the factory. There is therefore a need 
to set the plant so that the start up is as smooth as possible. Drawing 
on previous experience is clearly the best approach and to this end a 
process audit record (see Fig. 1) should be available for each plant 
for each biscuit that is made. It will give details of machine settings 
and speeds and the values of process measurements that have to be 
taken. From time to time the validity of the information on the 
process audit record will be checked and reviewed because processes 
can change as a result of time of year and quality of ingredients, etc. 

4.3 Control philosophy 

When faults and difficulties occur it is necessary to determine their 
cause and then to act as quickly as possible to cure them. The aim in 
this manual is to enable quick fixes, not detailed research 
programmes that will take a long time and lead to significant 
changes in processing methods. It is assumed that production of the 
products in question has proceeded well for long periods but 
problems have arisen, which if not attended to, will cause 
inefficiency or waste. 

First, the nature of the fault or problem must be identified. If a 
pattern in the occurrence of the fault can be found, its cause, and 
thence its remedy, is more likely to be found. The nature of the 
patterns of faults and problems will be discussed as appropriate. 

If the control philosophy is wrong then the order of making 
adjustments will not satisfactorily solve the problems that are 
encountered. Although this manual relates to secondary processing 
it will be appreciated that this part of the biscuit making process 
cannot be viewed in isolation. Therefore, an overall statement of 
control philosophy follows. 

Control implies adherence to product specifications and produc- 
tion targets. The data on the process audit chart will show details on 
a single occasion when the plant was running well, of the whole plant 
and process, not just the secondary processing in isolation. It will 
therefore be a useful reference point if difficulties are encountered. 

To maintain a plant in control the following principles should be 
observed: 

Make measurements but only where and when required. 
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Relate sampling and measurements to subsequent processing 
requirements, for example, packaging. 
Consider the significance of the results of measurements with 
respect to those that can reasonably be achieved with the 
instruments being used. For example, if the reproducibility of a 
test is poor then small differences in measurements may not mean 
that changes are occurring. 
Relate measurements to targets which have specified limits. 
Try to understand what affects the parameter being measured and 
therefore what type of action can be taken when necessary. 
Biscuit weight is the primary parameter. Changes in weight will 
probably result in a change in size so concentrate on controlling 
weight before other characteristics. 
Concentrate process control surveillance in those places where 
significant variation is known to occur or can be expected. 
Record all measurements against time preferably on a chart which 
allows easy view of changes and trends. 
The basic measuring tools applicable to secondary processing are: 

a balance for weighing biscuits, 
a calliper gauge for checking thicknesses and biscuit sizes, 
an electronic thermometer for checking the temperature of cream, 
chocolate, etc. A glass thermometer is not good enough as glass is 
not permitted in production areas, 
thermometers and hygrometers, preferably of the recording type, 
sited in the packing areas after chocolate coating or moulding, 
a clock telling the time of day. 



5 Chocolate and chocolate flavoured coatings 

Addition of chocolate to biscuits either as a covering or by means of 
moulding is probably the most important type of secondary 
processing. Despite the high price of chocolate, sales of chocolate 
biscuit products are substantial in all but the hottest countries of the 
world. Chocolate as a raw material has been described in Manual 1, 
Ingredients. There it was explained that legislation has been 
introduced to protect the name ‘chocolate’ by ensuring that the 
principal fat is cocoa butter. As a result of recent fat technology there 
are many different ‘hard butter’ fats that are used either as cocoa 
butter substitutes, meaning that they have physical properties very 
similar to cocoa butter, or that they are also compatible with cocoa 
butter and can be used in real chocolate. ‘Chocolate’ made from non- 
cocoa butter fats is called ‘coating’ and to introduce the right idea for 
the consumer the term ‘chocolate flavoured coatings’ is used to 
describe it on the packaging. The cost of coatings is lower and very 
good quality of flavour and texture have been developed for these 
coatings by use of current technology. By the correct choice of fats 
the melting point of the coating can be higher than real chocolate 
which has advantages in warm climates. Coatings are more flexible 
and not as rigid as chocolate when they are set, so there are also some 
technical advantages on biscuit products. Worldwide much more 
coating is now used than real chocolate on biscuits. 

5.1 Types of chocolate and coatings 

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 solids which are made from dried milk. It contains 
less cocoa mass than dark chocolate so it is paler in colour and the 
presence of milk fat reduces the chocolate melting point. 

22 
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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. 

Coatings look like chocolate, either plain or milk, but are made 
from cocoa, sugar and a vegetable fat other than cocoa butter. To 
ensure that the coating is hard at ambient temperature a rapidly 
melting fat like palm kernel oil or a more sophisticated tailor made fat 
is used. 

It is important not to mix real chocolate with coating as the two fat 
systems are not compatible and great problems will result in 
handling in the enrober, see later. 

5.2 Handling of chocolate and coatings 

Chocolate is stored either as liquid in silos at about 49°C or in solid 
form as blocks or small pieces. See Manual 1, Section 13.2 for 
storage conditions. 

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 
in the chocolate) - a metallic flavour may be detectable if chocolate 
has been overheated. The advantage of using small pieces of 
chocolate compared with larger blocks is that they are easier to 
handle and they melt more rapidly. 

5.2.1 Tempering of chocolate 

The quality of chocolate whatever its colour and flavour is greatly 
enhanced by its appearance and snap. The surface should be glossy 
and the texture hard and brittle. These properties are derived by 
carefully controlling the fat crystallisation as the chocolate cools. 

Cocoa butter, in common with other fats, crystallises in up to five 
different forms. The commonest types of crystal are, in descending 
order of stability p (beta), p’ (beta prime) and a (alpha). If the fat is 
cooled rapidly all three types will be present, but with time both a and 
p’ types will change to the p allotrope. The change involves liberation 
of latent heat of crystallisation and a physical rearrangement. 

If cooling is carefully controlled, the desired gloss and hardness 
can be achieved by the formation of only the p form of crystals. This 
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cooling must be commenced before the chocolate is applied to the 
biscuit and is known as tempering. 

The temper of a chocolate can be defined in terms of the number 
and type of seed crystals it contains in the fat phase. When tempering 
chocolate the aim is to seed it with stable p crystals so that on further 
cooling, crystallisation is more likely to proceed in the desired form 
of p crystals only. The level of seeding is important. If there are too 
few crystals present the chocolate after it is enrobed or moulded must 
be cooled very slowly to avoid supercooling with the associated 
presence of unwanted tl or p’ crystals. If there are too many crystals 
the liquid chocolate will be viscous and difficult to handle in the 
enrober. When there are too few crystals the chocolate is said to be 
under-tempered; when too many it is over-tempered. 

Correctly tempered chocolate should have about 4 5 %  of crystals. 
The lower the temperature of the chocolate the more rapidly will 
more crystals form and cause increased viscosity. 

If no crystals are present in liquid chocolate, on cooling crystals of 
all the different forms will suddenly be formed. In time the a and p’ 
crystals will rearrange to the p form and a mottled, whitish surface 
(known as fat bloom) will develop on the chocolate surface. By 
seeding the liquid chocolate (tempering) the rate and type of 
crystallisation is controlled and a hard smooth and shiny chocolate 
will be achieved. A mass cooled to the most stable crystal form shows 
the darkest colour and maximum shrinkage, which is an important 
aspect particularly for moulding of chocolate. Poorly tempered 
chocolate will not shrink enough to be released from the moulds and 
will be soft or ‘cheesy’ in texture. Thus, the preparation of tempered 
chocolate must be viewed in relation to the conditions that will 
prevail while the chocolate is being applied and the subsequent 
cooling conditions. 

The p crystals of the largest glycerides melt at about 34-35”C, the 
p’ at 27-29°C and the a at 21-24°C. Thus, gradually cooling liquid 
chocolate to about 31°C will permit only J3 crystals to form. The 
problem is that cooling must be very slow and if during handling the 
temperature drops lower there will be a progressive increase in seed 
crystals resulting in increasing chocolate viscosity. Also the growth 
of crystals at 31°C is very slow. The normal method of chocolate 
tempering involves cooling in a scraped surface heat exchanger SO 

that all types of crystals are formed at the cool surface, then by 
mixing with warmer chocolate all but the unwanted crystals are 
melted. With time in the enrober, the number of J3 crystals increases 
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to an unacceptable level. T o  avoid this some of the chocolate is 
circulated away from the enrober and is reheated and retempered. 
The rate of remelt and retempering is balanced so that the viscosity 
of the tempered mass is maintained as constant as possible. The 
retention time in an enrobing machine prior to remelt is determined 
by the quantity of chocolate held, the rate of throughput of the 
tempering machine and the rate that chocolate is taken away on the 
coated product. 

It is quite difficult to set up ideal conditions in the chocolate that 
will maintain temper and viscosity at the optimum levels and much 
trial and error is involved. It will be appreciated that the higher the 
temperature of the chocolate, without loosing temper, the lower will 
be the viscosity and the longer before too many crystals grow. The 
maximum working temperatures in the enrober are about 33°C for 
dark chocolate and 31°C for milk chocolate. 

A Greer temper meter or a more modern electronic form of it 
provides an aid to understanding the degree of temper at any 
particular time. The principle is to measure the cooling curve of a 
sample of tempered chocolate with a sensitive thermometer under 
standard cooling conditions. A diagram of the apparatus is given in 
Fig. 2. The temperature recorded should have a range of 1530°C 
and the chart should run at about 6mm per min. The cooling 
medium is a mixture of ice and water and the sample tube size should 
be chosen so that at the centre of the sample the cooling rate is at 
about the same as in the production plant cooler (6-10 min between 
29-15°C is a good average). 

The sample tube, clean and dry and at room temperature is filled 
with chocolate to be tested. As quickly as possible the sleeve 
containing the thermometer probe is slipped over the sample tube 
and the cooling section is immersed in the iced water. The recorder is 
switched on and the cooling curve recorded. 

Inspection of the shape of the cooling curve can give fine but only 
comparative distinctions in relation to the degree of temper of the 
chocolate sample. Figure 3 shows the types of curves that may be 
obtained (a) with no seed crystallisation, (b) when there is only light 
seeding and (c) when no super cooling occurs due to very heavy 
seeding. The inflections in the curves are due to the release of the 
latent heat of fusion as the crystals form. 

It is not possible to state an optimum curve shape because this, as 
explained above, depends on the equipment being used and also the 
composition of the chocolate. 
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Fig. 3 Typical cutves of chocolate with varying degrees of crystal seeding. 

Chocolate flavoured coatings, made from non-cocoa butter fats, 
do not need to be tempered. To know the best temperature to use for 
any particular coating it is wise to obtain advice from the supplier 
and furnish them with details of the chocolate handling plant 
available. It is possible to use the coating at up to 50°C (but b e  
fluidity will only be changed up to the melting point of the fat which 
is probably not more than 40°C) but at these temperatures the 
amount of cooling required will be significantly more. 

It is unusual to try to use coatings and real chocolate alternately in 
the same enrober because the two materials are not compatible. It is 
possible to use coating in an enrober with a little chocolate left in it 
but chocolate certainly cannot be satisfactorily put into an enrober 
with some remaining coating. 
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5.3 Enrobing biscuits 

The coating of products with chocolate or coatings has led to the 
development of sophisticated machines known as enrobers. As the 
handling of chocolate for enrobing must be continuous with the 
means of tempering the chocolate and maintaining it in the correct 
condition, many enrobers have tempering devices built into them. In 
other cases the tempering machine is separate, but sited nearby so 
that a minimum of temperature controlled pipework is required for 
conveying the chocolate. 

Enrobing is essentially a mechanical process but close attention 
must be given to temperature control of the chocolate. The 
circulation within the enrober must ensure that there are no dead 
spots where the chocolate can become heavily crystallised and affect 
the rest of the mass. Provision should be made to adjust the retention 
time in the enrober in relation to the rate that the chocolate is taken 
away on the product. 

Despite the fact that the viscosity of the chocolate is important 
with respect to chocolate performance and pick up rate, it is unusual 
for an in-line viscometer to be used. Sampling for viscosity is 
complicated by the unstable nature of tempered chocolate. 

The importance of temperature control has been emphasised. The 
enrober room should be kept between 2530°C and hoods over the 
enrobing station, with or without heaters, should be used to keep the 
air around the chocolate at the same temperature as the chocolate. 

Enrobers have an open wire mesh conveyor up to 1.4 m wide 
which carries the biscuits through a bath of chocolate circulated from 
below and through a curtain of chocolate poured from above. In the 
case of only half coating, the curtain is not used. Various devices are 
used to remove excess chocolate from the biscuit before it is 
transferred to another conveyor for cooling. 

The biscuits to be coated should ideally be at a temperature of 
about 25°C. If they are too warm, they may destroy the temper of the 
chocolate placed on them and if they are too cool there may be 
chocolate viscosity problems which will affect the evenness of coating 
and possibly affect the chocolate pick-up weight. The biscuits should 
be fed into the enrober as close together as possible, without 
touching or overlapping, to achieve the highest throughput at the 
lowest possible enrober speed. Any loose biscuit or wafer crumb 
should be removed before placing the biscuits on the enrobing wire, 
but provision is usually made to filter out crumb which falls into the 
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chocolate during its circulation to the tempering machine. Smooth 
surfaces coat better than rough. Biscuits with loose bases such as 
those that have pulled out due to sticking on the baking band are a 
particular problem. Chocolate is quite thick and does not flow well 
into these cavities. It may be necessary to have two coating stations 
for certain ‘diffiwlt to coat biscuits’ like wafer pieces, particularly for 
the bases of the biscuits. Such ‘pre-bottoming’ machines are 
essentially separate enrobers with short contact-type coolers to set 
the chocolate before passing through the main enrober. 

A roller may be provided to depress biscuits into the bath of 
chocolate so that coating is not only on the base but also up the sides 
to a desired level. Care should be taken to ensure that the roller does 
not pick up chocolate otherwise it may soil the tops of subsequent 
biscuits. 

Having coated the product with chocolate the excess must be 
removed so that only the desired pick-up is achieved. Pick-up weight 
control is very important as chocolate is an expensive ingredient. 

Excess chocolate on the tops of biscuits is blown off with an air 
knife directed downwards and at even velocity across the width of the 
enrober. The air must be warm and is thus recirculated within the 
enrober under the hood. 

A vibrating or shaker device encourages excess chocolate to run 
off the coated biscuits and also evens out any ripples over the surface 
produced by the air curtain. If the shaker is merely a ratchet and 
gravity arrangement it may give about 300 vibrations per min but if 
on a torsion bar up to 800 vibrations per min can be obtained. 

There may also be one or more ‘scraping’ rollers either under or 
after the wire conveyor, which scavenge chocolate from the bases. 

Finally there may be a de-tailing roller, as the biscuit passes to the 
cooler conveyor. This ‘licks’ the drips at the back of the product 
reducing the possibility of a tail on the cooling conveyor. The de- 
tailing roller is of small diameter and revolves at high speed 
snatching the chocolate away. Chocolate tails on enrobed biscuits 
may be a problem in packaging as they can be hard, sharp 
protrusions which pierce the wrapping film. 

Fully coated biscuits are usually transferred flat onto the cooling 
conveyor, but half-coated products may be inverted before cooling. 
Inversion is usually achieved by means of a roller which is a set of 
discs situated and driven immediately after the enrober wire. The 
biscuits adhere to the discs, follow them round and are knocked off to 
fall inverted onto the cooling conveyor. Scraper fingers clean the 
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discs and the whole may need gentle heating to prevent chocolate 
buildup. If the discs are too hot they will spoil the temper of the 
chocolate and cause lines of fat bloom to appear when the chocolate is 
cooled. 

5.3.1 Garnishing and decorating 

After enrobing it is possible to decorate the top of the biscuit with 
thin streams of chocolate which can be oscillated to give patterns. 

Also, a sprinkler may be used to add nut pieces, rice crispies, etc., 
onto the surface of the chocolate. 

5.3.2 

Despite the importance of correct chocolate weight on biscuits, it is 
difficult to monitor the chocolate pick-up in a continuous way. Full 
width in-line weighers for biscuits are not yet very reliable and as 
chocolate pick-up is best assessed by comparing before and after 
weights, this is one reason for difficulty of in-line monitoring. 

Enrobers fed from bulk store of liquid chocolate often have 
automatic, intermittent, topping up arrangements activated from high 
and low level probes in the chocolate reservoir tank. The amount of 
chocolate used between the high and low level points can be 
determined and if this quantity is integrated with a biscuit row 
counter monitoring the feed into the enrober, various calculations of 
chocolate pick-up can be made and displayed automatically. The 
display is updated each time the reservoir is topped up with chocolate. 

The main reason for variation in pick-up rate will probably be 
inconsistency in chocolate viscosity. This is related to temperature 
control and also retention time in the enrober as this affects the level 
of seeding. 

Without the need for sophistication, checks on chocolate pick-up 
may be made by weighing a few biscuits, feeding the biscuits through 
the enrober and catching them on a piece of paper before they pass 
onto the cooling conveyor and reweighing. Unfortunately, this 
method, as well as being rather difficult to carry out accurately, also 
results in wastage of coated product as they cannot then be returned 
to the cooling conveyor. 

Adjustment of the pick-up is by changing the velocity of the air 
knife and/or the amount of vibration before the biscuits leave the 
enrober wire. 

Chocolate pick-up weight control procedures 
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5.4 Moulding biscuits in chocolate 

In  comparison with plant for enrobing biscuits, that required for 
moulding chocolate around biscuits is massive and a lot more 
complex. 

The mould sets are in the form of metal or plastic trays which are 
removable from a continuous chain that passes through chocolate 
depositing stations, a cooler, a de-moulding point and a return circuit 
that allows warming of the moulds before being refilled. 

The chocolate must be tempered but the exact procedures for 
filling the moulds with chocolate and biscuit vary. The simplest 
arrangement involves partial filling of the mould with chocolate, 
introducing the biscuit and then filling the rest of the mould and 
wiping off the excess chocolate. It will be appreciated that the size and 
shape of the biscuit is very important as it must fit into the mould but 
not too loosely otherwise an excess of chocolate will be needed to fill 
the mould. If the biscuit is too big it will not fit into the mould! 

De-moulding of the cooled product is a critical stage. If the de- 
moulding is imperfect the automatic operation of the plant is 
impaired. Release from the moulds is achieved because well 
tempered chocolate contracts on cooling. This contraction is a little 
less than 2% under ideal conditions. Points to watch in order to 
achieve good mould release are: 

1 the moulds should be clean and free from oxidation, condensed 
moisture and scratches, 

2 the moulds should be at chocolate temperature or slightly lower 
when filled. They should not be too warm or too cold otherwise 
the chocolate temper will be upset and this will reduce the degree 
of contraction on cooling. Moulds that need cleaning should be 
dug out with a soft non-scratching implement such as plastic and 
be washed in warm soapy water. Good rinsing and drying is 
essential before re-use. 

5.4.1 Conditioning of biscuits and wafers before enrobing or 
moulding 

Chocolate which h.as been set  is rigid and inflexible. It can easily be 
cracked on deflection. As the moisture content of biscuits changes so 
do their dimensions. It is, therefore, important that biscuits which are 
to be coated or cast in chocolate are stable in their dimensions before 
being coated and are protected from moisture pick-up afterwards. 
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Biscuits which pass straight from the oven cooling conveyors to 
enrobers may have moisture differences between the centre and the 
outside that will equilibrate with time (this may cause ‘checking’ as 
well as chocolate cracking). This within-piece equilibration is a 
particular problem on wafers. Biscuits which are not completely 
enrobed, either deliberately or because there are gaps or pin holes in 
the coating, may pick up moisture and cause the chocolate to crack 
and fall off. Well covered, fully enrobed biscuit will be adequately 
protected from outside moisture by the chocolate. These moisture 
problems should be considered when packaging is being designed for 
chocolate products. 

Products coated or moulded in chocolate flavoured coating 
(chocolate substitutes) are not as likely to display cracking for the 
above described reasons because the coating is usually more flexible 
than real chocolate. 

5.5 Cooling of chocolate 

Cooling is a continuation of the crystallisation process started by 
tempering. It is as important that conditions here are right for the 
cooling as it is that the tempering is good, otherwise some unwanted 
crystals may be formed. 

There are two important principles to remember. Chocolate 
temperature should always be changed slowly either down or up and 
chocolate should be protected from moisture, especially that which 
will form by condensation. Thus, cooling should not be rushed nor 
should the surface temperatures be allowed to go below the dew 
point of the atmosphere. 

The simplest coolers are convection systems where chilled air is 
circulated in such a way that the centre of the tunnel is at the 
minimum temperature. However, there is always the danger that the 
air at the mouth of the cooler will shock cool the chocolate and that 
the humidity of the air within the tunnel will be high. It should be 
remembered that in addition to dew point condensation problems, 
dark chocolate will absorb moisture from atmospheres whose relative 
humidity is above 80% and milk chocolate from air at relative 
humidity of 75% or above. Air in cooling tunnels should be dried 
and recirculated. Drying can be achieved by pre-cooling fresh air 
that has been drawn in to temperatures much lower than those at 
which it will be used. 

Air temperatures in subsequent tunnel zones of 16-18”C, 10-13°C 
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and 16-18°C should suit most conditions. Minimum cooling time 
will probably be about 3.5-4 min for thin coverings of dark 
chocolate, 6-7 min or longer for milk but maybe as long as 25 min 
for heavier, thicker quantities and those contained in moulds. The 
presence of the butter fat in milk chocolate has a delaying effect on 
the crystallisation of cocoa butter. 

Other means of heat transfer have been exploited for chocolate 
cooling. Radiation has proved satisfactory and by using a thin 
cooling conveyor over cooled plates, some conduction or contact 
cooling is also possible. In radiation coolers heat radiated by the 
chocolate as it cools is absorbed on black cooled surfaces above and 
on the sides of the tunnel. There is no deliberate air movement 
around the chocolate, though some natural convection must occur. 
The black surfaces are cooled either by chilled convected air behind 
them or they form the surface of water cooled radiators similar to 
those used for domestic central heating. Fins on the black surfaces 
improve the ability to transfer the absorbed radiant energy. 

Thus, to summarise, too rapid cooling will increase the chance of 
supercooling resulting in metastable crystallisation which will result 
is soft, coarse textured chocolate. Exposure to either high humidities 
or conditions where atmospheric moisture will condense (at the dew 
point) and will bloom the chocolate surface giving poor appearance. 
This type of bloom is known as sugar bloom. The film of moisture on 
the chocolate surface dissolves sugar in the chocolate and later, as the 
moisture dries off, crystals of sugar are formed. 

In strong contrast cooling arrangements for coatings require a 
shock cooling at the beginning of the cooling tunnel to achieve best 
results. 

The temperature in the packing room should not be higher than 
24°C and should preferably be in the range 1618°C. The lower the 
dew point in the packing room the safer the conditions. The dew 
point changes daily depending on the humidity of the air outside the 
factory. Packing should stop if the dew point reaches 16°C or if the 
relative humidity rises above 70%. Control with air conditioning is 
almost essential where it is desired to have production on a daily 
basis throughout the year. 

The conveyor used to take the chocolate pieces through the 
cooling tunnel is usually plastic coated. A high gloss finish is 
essential if chocolate in contact with it is to have a good surface also. 
The use of patterned or embossed designs on the conveyor, which 
gives a pattern to the chocolate on the underside of the biscuit, is not 
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as common now as it was in the past. The conveyor should be thin td 
allow as much heat dissipation as possible and also to allow it to pass 
over a sharp nose-piece at the point where the product is transferred 
from it. As it flexes on the nose-piece the chocolate easily peels off 
and any tails, drips or other spilled chocolate will also become 
detached and fall away leaving a clean band. Scrapers may also be 
used to ensure that the band stays as clean as possible. 

The return run of the conveyor should be outside the cooling 
tunnel so that when it picks up more product for cooling the band is 
at room temperature and not excessively cold. 

Sometimes an operator is stationed between the enrober and the 
mouth of the cooler to check that pieces of coated product are not 
touching before cooling. Separation at this stage can prevent 
considerable wastage later. The economics of using this operator 
should be balanced against lower throughput which would result if 
the biscuits are fed into the enrober with more spacing. 

5.6 Handling and storage of chocolate biscuits 

After cooling, chocolate biscuits are handled and packed in a similar 
way to other biscuits. It is necessary that the chocolate should not be 
touched with bare hands as traces of moisture from the skin will 
develop as clear finger prints on the chocolate. Operators should be 
provided with light nylon or cotton gloves which should be 
exchanged for clean ones at each shift change. 

Moisture on the chocolate surface results in a whitish even bloom 
known as sugar bloom. Fat bloom caused by changes in crystal 
structure as a result of cooling from non-tempered chocolate is also 
whitish but is usually more mottled in appearance. 

Chocolate products must be stored in cool, dry conditions for 
obvious reasons. If the chocolate melts in store it loses its temper and 
when it sets again will produce fat bloom. Unwrapped chocolate 
stored in cold conditions may develop a film of condensed moisture 
when brought into warmer conditions. 

Fat migration is another problem with chocolate biscuits kept in 
store for long periods and particularly in conditions of temperature 
fluctuation. Liquid fractions from the biscuit dough fat move into 
the chocolate causing it to soften and become cheesy. This is worst 
where high fat biscuits are involved. Using harder dough fats reduces 
the problem slightly. Figure 4 is a chart of the mechanisms that affect 
chocolate quality. 
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5.7 Troubles hooting 

5.7.1 Problems at the enrober 

1 Viscosity problems with chocolate in the enrober. 
Be sure that the chocolate is the problem and not pick-up or other 
problems related to viscosity. See points 2 and 3 below. 
- was the solid chocolate heated to the correct temperature 

before tempering? If not, tempering may not be correct and too 
many of the wrong type of crystals may be present. 

- is the problem associated with the use of a new delivery of 
chocolate? 

Check that the tempering temperatures are correct (see below) 
then ask the laboratory to check the viscosity specifications and, 
also, using a temper meter, check the cooling curve of the 
tempered chocolate and compare this with the ‘standard’ cooling 
curve. 
- is the problem associated with start up? 
The chocolate may not be in correct temper. 

check the temperatures indicated at the tempering machine 
and compare with the process audit chart, adjust if necessary 
and wait for them to become effective 
The chocolate in the enrober may be over tempered due to 
less take away than normal. 
check the chocolate temperature and increase the recircula- 
tion to the tempering machine if possible. The problem may 
go when product throughput is at the normal rate. 

- was the chocolate viscosity originally satisfactory and then 
gradually changed during running? 

if the throughput has been normal, check the temperatures 
indicated on the tempering machine and the temperature of 
the chocolate in the enrober against the process audit chart 
has there been any possible contamination of the chocolate 
with water or dampness in storage, if so, this may be the 
problem. Moisture may have got into the chocolate from 
pieces of marshmallow or jam which has fallen from the 
biscuits being coated. The only solution will be stop the 
production and remove all the contaminated chocolate 
were the biscuits too warm as they entered the enrober, 
causing the chocolate to heat a little? 
has air become incorporated in the chocolate as a result of 
bad pumping or the setting of a ‘hold down’ device as the 
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biscuits are being coated. Check the chocolate handling 
systems and readjust the hold down wire or other device. 

2 Tailing and ‘feet’ around fully enrobed biscuits. 
There is too much run down of the chocolate after the coated 
product leaves the enrober. 
- check the chocolate pick-up weight, if it is too high correct it 
- is the de-tailing roller, after the end of the enrober wire, 

running in the correct direction? It should be spinning against 
the direction of travel of the biscuits to wipe off excess 
chocolate 

- is the transfer of the biscuits onto the cooling web perfectly 
synchronised? If the biscuits are pushed or pulled onto this 
web, slip ‘shadows’ of chocolate may be forming 

- were the biscuits too warm as they entered the enrober, causing 
the chocolate to heat a little? 

- the consistency of the chocolate is too fluid. Check the 
temperature of the chocolate in the enrober. Reduce the 
recirculation rate to increase the temper or reduce the 
temperature of the chocolate from the tempering machine. 
Ask the laboratory to check the viscosity against the specifica- 
tion. 

3 Difficulty in completely covering the biscuits. 
Either the chocolate is too thick for the application in question or 
there are loose pieces that are moving under the chocolate 
scavenging operations after coating. Typical reasons are hollow or 
loose bottoms on soft dough biscuits (refer to baking problems in 
Manual 4, Section 8.5.1.6) or to loose and broken edges to cut 
wafer pieces. 

If the cream in a sandwich cream is too far recessed from the 
edges of the biscuits and the bed of chocolate is not deep enough 
to allow sufficient flow into the edges, gaps on the chocolate may 
form which look untidy. A deeper bed of chocolate may help 
prevent this problem. 
- attend to the biscuit quality 
- blow away biscuit dust before enrobing 
- chose a more fluid chocolate or try using the present chocolate 

at a higher temperature if this is possible without loosing 
temper. 
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5.7.2 Problems with the manufacture of chocolate enrobed 
biscuits 

1 The biscuits are seen to have a bloom as they emerge from the 
cooling tunnel. 
- the bloom is general over the surface of the chocolate 

the chocolate was not correctly tempered at the enrober 
the cooling tunnel is too cold and is shock cooling the 
chocolate. Check the temperatures against the process audit 
chart. It may also be necessary to make manual checks of the 
cooling tunnel temperatures 

- the bloom is in lines along the biscuit 
the temperature of the turnover disc at the end of the 
enrober is too high and the chocolate is being de-tempered 
as the biscuits are passing over it. Reduce the heating of the 
turnover disc 

- the bloom is on the bottom surface only 
9 there may be pick up of chocolate from a ‘dirty’ cooling web. 

Try to arrange that chocolate falls off the web after transfer 
of the biscuits at the end of the cooling tunnel. A sharp nose 
piece or a textured cooling web will help. 

2 The chocolate is soft as the biscuits leave the cooling tunnel. 
- check the biscuit weight. Is there too much chocolate, if so, 

slow the cooling tunnel, make a weight adjustment at the 
enrober and return the cooling tunnel conveyor to the correct 
speed when the biscuit weight is correct. The chocolate was not 
being cooled enough 

- check the positioning of the biscuits on the cooling conveyor. If 
they are too closely placed this could be causing a product 
overload in the cooler. Check the throughput speed at the 
enrober against the standard and the speed of the cooling 
tunnel conveyor 

- check the temperatures in the cooling tunnel, if they are too 
high reduce the throughput speed and then try to get the cooler 
temperatures correct 

- the chocolate may be undertempered and the crystallisation is 
too slow during cooling. The surface of the chocolate will 
probably be dull. Stop the production and make adjustments to 
the tempering machine and enrober before recommencing 
production. 

3 Lack of gloss on chocolate. 
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This may be due to poorly tempered chocolate or to moisture 
condensing on the surface of the cooled chocolate as it leaves the 
cooling tunnel. 
- check the quality of the chocolate, is it as hard as normal, if it is 

softer the problem is probably due to tempering, see above 
- check the humidity in the packing area where the problem is 

noticed. If it is above 65% RH (relative humidity) or above the 
dew point of the air temperature at the exit of the cooling 
tunnel, stop production. Check the air conditioning system or 
consider running production at a slower speed with higher 
temperatures in the cooling tunnel. 

It may also be due to an unsuitable cooling curve in the 
cooler. If the first temperatures are too low shock cooling may 
be occurring. 

- check the cooling tunnel temperatures against the values on the 
process audit chart. 

4 The quantity of chocolate pick-up, particularly on the bases of 
fully enrobed biscuits, is not even across the enrober. 
- check the alignment of the de-tailing roller. It may be necessary 

to fit a centre bearing to hold the roller level across the width of 
the enrober. 

5 The chocolate does not cover the sides of the biscuits enough. 
This is commonly found where small or very light biscuits are 
being enrobed. 
- fit a ‘hold down’ wire or roller to press the biscuits down into 

the bed of chocolate. 

5.7.3 Problems with the manufacture of chocolate moulded 
biscuits 

1 Product will not release from the moulds. 
As tempered chocolate cools and sets it shrinks slightly. This 
allows the product to be released from the moulds either very 
easily or as a result of some vibration. If the temper of the 
chocolate was not good or the cooling was too rapid resulting in a 
random growth of crystals the chocolate does not shrink so much 
and release from the moulds can be difficult. 
- check the temper of the chocolate 
- check the temperatures in the cooling sections. 

2 The quantity of chocolate used is too great. 
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Chocolate is a very expensive component of biscuits and control of 
the quantity is an essential aspect of quality control. If the biscuits 
to be moulded are too small the space in the moulds has to be 
taken up with chocolate. Conversely, if the biscuits are too large 
they will not fit into the mould or will be so tight that the ends or 
sides may show through the chocolate when the product is 
released from the moulds. 

Process control of the baking of biscuits to be used within 
moulded products is of even greater importance than usual in 
biscuit manufacture. 
- check the length, width and thickness of the biscuits being 

placed in the moulds. 

5.7.4 Problems with chocolate coated biscuits in storage 

1 A bloom appears on the chocolate. 
This change is usually associated with product that has been in 
storage at a high temperature. The chocolate has melted, lost its 
temper and on cooling has crystallised in a random way. 
Subsequently changes have occurred in the crystal form and the 
bloom has developed. 

Chocolate should always be stored at temperatures below 25°C. 
- check the storage temperatures especially at the top of high 

warehouses in hot weather and in delivery vehicles 
- check that product is not stored near heaters or hot water/steam 

pipes. 
2 The chocolate becomes soft and ‘cheesy’ in texture 

During storage fat from the biscuit migrates into the chocolate 
and causes it to become soft. There is no way that this can be 
prevented entirely. The problem is less on biscuits with a low fat 
content. 

The speed of migration can be slowed by keeping the chocolate 
biscuits in a cool and even temperature. Some fat suppliers claim 
that the use of specially prepared fats can significantly reduce the 
migration of fat from the biscuit into the fat. 
- check storage temperatures and reduce storage times to a 

minimum. 
3 The chocolate on fully coated or moulded biscuits/wafers cracks. 

Well tempered chocolate sets to form a relatively hard and 
inflexible mass. If the biscuits or wafers that it encloses change in 
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shape even slightly the chocolate will crack. The reason why 
biscuits should change in shape is nearly always associated with 
moisture pick-up or moisture movement within the product. 

A product that has jam, caramel or marshmallow as a 
component will equilibrate in storage, meaning that moisture will 
pass from the water-based material into the dry biscuit base. The 
biscuit will expand and the other component will shrink slightly. 
- review the water activity values of the biscuit and syrupy 

component. 
A small change in size may also occur if there is equilibration 

within the base biscuit or wafer because the moisture was not 
evenly distributed before chocolate coating. 
- review the conditioning procedures. See Section 5.4.1. 

Biscuits and wafers that have not been completely coated, that 
is there are uncoated areas or pin holes in the chocolate, and which 
have not been wrapped to protect them well from atmospheric 
moisture, may pick up moisture during storage, expand very 
slightly and cause the chocolate coating to crack. 
- check the chocolate coating procedures and the efficiency of the 

sealing of the wrapper at the wrapping machine. 



6 Cream sandwiching 

6.1 Types of creamed products 

Cream sandwiched biscuits occupy a significant place in the world 
biscuit market. The term ‘cream’ implies a non-aqueous aerated 
mixture of sugar and fat and never means cream from milk. 

Typically, two identical biscuits (the shells) contain a layer of 
sweet or savoury (non-sweet and usually salty) cream. There are 
many variations on this basic type. For example the shells may be 
dissimilar in shape or colour and one shell may have a hole (or holes) 
through which the cream can be seen or in which jam is deposited. 
Creamed biscuits may be enrobed with chocolate to form a count line 
(a product that is wrapped and sold individually) or they may form 
the centre of a moulded chocolate bar. The sandwich may be formed 
with wafer sheets in which case it may have multiple, two or more, 
layers of cream between wafers forming a ‘book’. 

The same type of cream may be deposited on a biscuit base but 
with no topping biscuit followed by chocolate enrobing. 

The cream offers extensive opportunity for variations in flavours, 
colours and improved acceptability of a biscuit. The weight of cream 
is typically around 25% of the creamed sandwich, but amounts 
within the range 1536% can be found. In  general, the larger the 
biscuit the lower the percentage of cream. Wafer biscuits with two or 
more layers of cream usually are much richer, about 70% of cream 
by weight. As will be explained later, the quantity of cream is related 
to its density and the hardness of the biscuit shells used to make the 
sandwich. 

6.2 Composition of the cream 

The major ingredients of sweet creams are sugar and fat. The nature 
and quantity of fat is paramount in determining the characters of the 
cream. Whether emphasis is given to having low or high percentages 
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of fat in the cream depends on the relative costs of fat and sugar and 
also on the nutritional information that may be displayed on the 
wrapper. It is usual to use a recipe which has around 30% fat in the 
cream, but levels as low as 20% and as high as 45% will be found. 
The sugar, sucrose, should be in a powdered form, usually icing 
sugar, with few, if any, large crystals. When eaten the sugar should 
not be gritty in the mouth. The smaller the particle size the more 
readily it will dissolve. However, there must be a balance as the finer 
the particle size, the more fat is required to give a desired consistency 
for cream sandwiching. 

Flavouring materials such as milk powder, fruit acids (citric, 
tartaric and malic), cocoa powder and natural or synthetic flavour 
may be added to the base cream. Natural or permitted artificial 
colours also add significantly to the attraction and often ‘point’ a 
flavour. By this is meant that if the cream is coloured appropriate to 
the flavour involved, there is often more conviction about the taste. 
White creams require the consumer to think more about the flavour 
present. We eat with our eyes as well as with our mouths! 

Dextrose monohydrate may be used as a partial substitute for 
sucrose. It has the attractive quality of giving a cooling sensation 
when dissolved on the tongue and it is also less sweet than sucrose. It 
is often slightly less expensive than sucrose. Starches such as corn, 
potato and rice have been used as fillers and cream ‘driers’, but they 
do not generally improve the cream flavour or texture. 

In  the USA the style is for softer creams which use softer fats and 
some starch. The cream is more pliable, very stable in consistency as 
the temperature changes, not as attractive to eat and, during 
processing, much more difficult to pump. 

There are certain similarities in the consistency of biscuit creams 
and chocolate since they are both fat/sugar mixtures. The important 
features are the effects of moisture and emulsifiers. The use of 
lecithin as an emulsifier, at a level of around 0.2% of the fat weight, 
reduces the consistency. Lecithin aids the mixing of the cream and 
may allow a reduction in the percentage of fat used. 

The fat warrants some detailed consideration because it affects not 
only the eating character of the creamed biscuit, but also other 
important aspects of processing and quality. The requirement is that 
the cream in the sandwich should be firm at ambient temperature. 
This is both from the point of view of maintaining the biscuit in the 
shape that is desired, but also so that when the biscuit is broken or 
bitten the cream does not squeeze out. The harder the biscuit, the 
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harder should be the cream. As the biscuit is being chewed the fat in 
the cream should melt rapidly to release the sugar and other 
ingredients giving maximum flavour sensation. There should be a 
minimum of unmelted fat at blood temperature otherwise an 
unpleasant greasy film will remain on the roof of the mouth. Thus, 
between about 20°C (ambient) and 37°C (blood heat) there should be 
a large change in fat solids. The most commonly used types of fat 
that exhibit these characters are hardened coconut and palm kernel 
oils which have very steep melting curves. However, the rapid 
melting characteristics may present difficulties in cream handling 
and processing. They result in large changes in consistency with little 
temperature change making the mixing and ambient temperatures in 
the factory important. Some manufacturers ease the problem by 
using winter and summer blends of fat in their creams, but there is 
often confusion about whether this is to suit the customer who eats 
the biscuit or the creaming machine! Blood heat remains the same 
throughout the year and in centrally heated homes ambient 
conditions for the consumer in temperate climates do not alter very 
greatly. There are also the problems concerning the uncertainty of 
knowing when hot summer weather can be expected and how long 
the packets of biscuits will be in the shops before purchase. 

Another factor which affects the firmness of a cream is the degree 
of plasticity of the fat. If the fat has been allowed quietly to solidify 
from a fairly fluid condition, it will be much harder at any given 
temperature than if it had been cooled under some agitation. Since 
handling cream for sandwiching involves much agitation, it follows 
that the smaller the temperature differential between the cream at the 
time of handling to the ambient when the biscuit is eaten the less firm 
will be the cream at a given fat content. It is necessary to have a 
certain minimum change in fat solids between the time of creaming 
and eating otherwise there will not be enough keying of the cream to 
the biscuit surface resulting in the shells falling away from the cream. 
Therefore, as with so many processes involved in biscuit manufac- 
ture, it is best to make as much provision as possible to keep cream 
ingredients and machine temperatures constant from one season to 
the next. 

In  countries where ambient temperatures are usually higher than 
25"C, it is necessary to use fats with a higher melting range and to 
accept some unmelted fat at blood temperatures. There is no other 
way in which the biscuit can conveniently be maintained in a suitable 
condition to be eaten. 
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Most cream sandwich biscuits have a thickness of cream that is 
readily seen between the shells. Economic trends have resulted in 
some sandwiches having less cream, to an extent that the filling 
appears more like a layer of adhesive than a true sandwich. In  these 
creams it is possible to use a fat that has a much slower melting curve 
with inherent advantages in machinability. It is felt that moves in 
this direction while simplifying the technology of control are to the 
detriment of biscuit quality. 

Cream formulations sometimes include rework material. That is 
broken or misshapened biscuits which have been ground up. This 
tends to ‘dry’ the cream and give it a browner or greyer colour. The 
practice is not recommended, but it is an economic necessity in some 
cases, particularly for wafer creams where the cutting of the creamed 
books always results in a lot of cream rich trimmings. An exception 
to this situation is in the preparation of savoury creams. Here the use 
of sucrose as the filler is precluded and there are not many palatable 
non-sweet alternatives. Ground (savoury) biscuits offer a possible 
filler along with lactose, whey powder and maltodextrins, all of 
which have low sweetness values and blend well with cheese 
powders, etc. 

Creamed biscuits are common components of packs of assorted 
biscuits. 

6.3 Methods of cream application 

The operation of biscuit creaming was originally entirely manual 
involving the stencilling of the cream onto a base followed by the 
addition of a top. The stencil was cut in metal sheet of thickness 
appropriate to the thickness of the cream required and the shape of 
the stencil was appropriate to the size of the base biscuit. The base 
was located under the stencil hole, cream was filled and smoothed 
into the hole either with a palette knife or from a swinging hopper 
and the biscuit was then taken away with the cream adhering (see 
Fig. 5). The stencil plate was maintained at a temperature slightly 
higher than the cream to reduce preferential sticking of the cream to 
it. The cream needed to be fairly fluid but rigid enough to maintain a 
shape as the biscuit was withdrawn from the stencil plate. 

This system was mechanised and creaming machines are still sold 
which operate on the stencil principle. They are usually intermittent 
in action allowing location of the biscuit beneath the stencil, filling of 
the stencil hole and then removal of the biscuit to a ‘topping’ station 
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where the top biscuit is pressed on to make the sandwich. Although 
this type of machine is relatively slow in action, the system does 
allow a second deposit such as jam to be applied to the precisely 
located biscuits before the top shell is placed. 

Stencilling requires a fairly fat-rich cream to maintain the desired 
fluidity and because the stencil plate thickness is fixed, the only 
means of weight control is by changing the density of the cream. 
This is not easily achieved with most mixing equipment. 

A second method of cream application is by means of multi- 
nozzled depositors, across a wide conveyor, of the cake batter type. 
The depositor head may lower and travel with the biscuit in a 
continuous motion or the head may be fixed and the biscuits moved 
intermittently. This system relies on the extruded deposit breaking 
away from the nozzle as the latter is raised so the cream must be quite 
fluid and the biscuit relatively heavy if clean operation is to be 
achieved. Suction systems have been devised to hold the biscuits 
down where necessary, but this is an engineering complication. The 
topping arrangement is similar to that for the stencilling machine. 
The quantity of cream deposited can be finely adjusted by the 
pressure in the depositing pipe and also by constriction of individual 
nozzles. Stencilling and depositing machines usually require the 
presentation of biscuits in rows on a conveyor up to one metre wide. 
Although this arrangement is possible as an in-line system, it is usual 
to feed the biscuits from magazines providing the appropriate 
number of lanes. These magazines are hand filled and an exactly 
similar magazine is required to provide the biscuits for the tops of the 
sandwiches. Speeds of up to 45 and 60 rows per min are typical for 
stencilling and depositing machines, respectively. The wide (row 
type) arrangement is ideal for cooling and subsequent presentation to 
a chocolate enrober. 

In order to handle stiffer (lower fat content creams) and to 
increase production speeds, there are extrusion and wire cutting 
machines to meter and deposit the cream. Although the systems are 
sometimes referred to as stencilling, this is not an accurate 
description and there is a clear difference from true stencilling 
arrangements. Cream from a hopper is pushed out of an appro- 
priately shaped nozzle, the cream is located onto the biscuit base and 
severed from the nozzle with a taut wire. Machines of this type 
operate in a continuous motion which extracts a biscuit from a 
magazine feed onto a pinned chain. The biscuit is transported under 
a rotating nozzle arrangement such that as the nozzle and biscuit 
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coincide there is an extrusion of cream which presses onto the biscuit 
and is then cut off by the wire. The creamed base moves onwards to a 
topping station where the pin pushing the biscuit extracts a top 
biscuit and the two are pressed together under a wedge or roller (see 
Fig. 6). 

Most machines of this type cream only one to four lanes of 
biscuits, but at speeds of up to 800 biscuits per min per lane. Lane 
multiplication devices allow a doubling or quadrupling of the 
number of lanes a s  they leave the machine to the next processes of 
biscuit cooling and penny stacking. This arrangement means that 
longer narrower cooling conveyors are required than those that 
follow the stencil-type machines. 

Baker Perkins (now APV Baker) developed a full width creaming 
machine of this extrusion and wire cutting type with as many tracks 
as there are lanes on the oven band. Only every other biscuit is 
creamed, the alternate biscuits being used to provide the top biscuit 
of the sandwich. This machine can run at baking plant speeds, 
reduces the handling needed to fill biscuit feeders and presents the 
biscuits for cooling and subsequent enrobing in an ideal arrange- 
ment. It is, however, very inflexible being limited to a given number 
of lanes of biscuits for each cream extrusion cylinder. Changing the 
cylinders and other parts to suit different biscuit sizes or numbers of 
lanes is a major task. 

The extrusion creaming machines not only handle firmer creams, 
but also allow some weight adjustment at the point of cream 
application. A disadvantage is that at very high speeds there is 
frequently damage to the biscuits as they are taken from the feeding 
magazines. Very fragile or irregularly shaped biscuits, also oval 
shapes, are difficult or impossible to handle. The lane multiplication 
and stacking of sandwiches with soft cream may result in distortions 
that are not suitable for packaging when the cream is set. 

6.4 Mixing and handling of creams 

Cream may be mixed on batch or continuous systems. The 
difficulties of handling soft, sticky, messy masses of cream have 
encouraged interest in continuous mixing systems. 

The batch systems usually commence with block or pumped 
quantities of plasticised fat. Bulk handling of plasticised high 
dilatation fats needs to be critically controlled because the plasticity 
is easily lost if the temperature rises too high. When the sugar and 
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other ingredients are added the temperature of the whole must be 
lower than that required in the mixed cream. By a beating and 
blending action the mass is slowly warmed and there is incorporation 
of air. At the end of mixing the cream should have the desired 
temperature, density and consistency. It is difficult to control all 
these three features precisely in relation to one another (though 
consistency is ill-defined) unless close attention is given to the 
temperatures and qualities of the ingredients. The ranges in 
properties of the mixed cream that are acceptable depend on the 
type of creaming machine and the type of fat being used. It is 
advisable to monitor the cream properties regularly and to relate 
variations in creaming machine performance and biscuit weight 
control. 

Cream densities vary from 0.75-1.15g per cm3. In general the low 
density creams are used on depositor-type machines and the highest 
densities on extrusion wire cut machines. 

Many creams are difficult to discharge from the mixer, will not 
flow into pumping systems and have to be manhandled. There are, 
therefore, labour and hygiene problems. 

Continuous mixing systems usually commence with warm fully 
melted fat and the mixer also aerates and pumps the cream to the 
appropriate creaming machine. Thus there is need for fat cooling 
(compared with warming in batch mixing) which requires a scraped 
surface heat exchanger as part of the system. Metering of icing sugar 
on a continuous basis is very difficult as large changes in density 
occur due to static electricity charges in the fine dry powder. This 
precludes volumetric metering unless considerable attention is given 
to powder preparation. The normal procedure is to form a premix of 
sugar and liquid oil and to pump meter this suspension to the 
continuous mixer. Other difficult-to-meter ingredients such as milk 
powder and rework can be included with the premix. 

The continuous mixer is similar to a fat chiller and plasticiser and 
arrangements must be made to accommodate the phenomena of fat 
supercooling. The system pressures required to convey the fat to the 
creaming machines and back round a ring main can give aeration and 
density problems. This is because the air bubbles, which are very 
small under pressure, enlarge and coalesce as the cream is released 
onto the creaming machine hopper with its agitator. 

Pumping a mixture of fat and sugar presents particular wear 
problems and oil seals are sensitive to the abrasive nature of sugar. 

It is usually best to keep the continuous mixer working at an even 
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speed and to supply the prepared cream in a ring main with take off 
points at each creaming machine. The ring main must return to a 
feed tank that contains all the cream ingredients. Here it must be 
completely melted prior to reprocessing. If this is not done the 
quality of cream will vary in its fat crystal and aeration structure. 

Cleaning of such a cream system requires some thought. Cleaning 
will not be necessary if the same flavoured and coloured cream is 
always used; it will Suffice to increase the pipe jacket temperature at 
the end of a production run and to drain out into a holding vessel. 
However, if significant changes are required, the system should be 
washed through with very hot water and allowed to dry. Alter- 
natively, one cream can be followed by another by introducing a 
‘mole’ to clear the pipework completely. 

6.5 Process control considerations 

The cream sandwiching operation requires attention to four key 
parameters: 

1 The weight of the sandwiched biscuits must be to specification. 
2 The alignment of the sandwiched biscuits must be accurate both 

after creaming and after cooling otherwise the biscuits will look 
untidy and may not fit into the packaging. 

3 The thickness of the sandwich must be correct and even, not 
wedged. This can be adjusted by pressure immediately after 
sandwiching. Wedging may occur if the sandwiches are badly 
stacked after creaming and before cooling, while the cream is still 
soft. 

If the density of the cream is not within specification the filling 
may be pressed out from the sandwich and will ‘soil’ adjacent 
biscuits and look untidy, alternatively at the correct weight the 
deposit may look very small and not extend near enough to the 
edges of the sandwich. 

4 The sandwiches must not fall apart after cooling. Adhesion of the 
shells to the cream is related to the previous consideration, 
pressure after sandwiching. An optimum pressure is required and 
a significant change in fat solids due to cooling. The development 
of fat crystals in cream that has been pressed into the shells causes 
adhesion. Thus, if the cream density is low and little pressure is 
required to give sandwiches of the correct thickness, the cooled 
biscuits may fall apart. 
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6.6 Creamed biscuit cooling 

In most cases creamed sandwiches are held in a cooling tunnel to set 
the cream before the biscuits are packed or further processed. 
Sometimes no cooling is done and the sandwiches are immediately 
and mechanically fed to wrapping machines. The latter arrangement 
saves space and time, but there is considerable risk of product 
spoilage due to the cream being squeezed out. Only firm low-fat type 
creams, or biscuits containing little cream, are suitable for handling 
without cooling. It is unsatisfactory to transfer freshly creamed 
sandwiches to wrapping machines manually as the pressures 
involved in picking up the biscuits distort their size and shape. 

Where cooling is done, it should be enough to effect a desired 
firmness of the cream on the hottest day. Cooling air temperatures 
should be adjusted so that the biscuits are not taken to below the dew 
point otherwise condensation will spoil the biscuit shell quality. It is 
best that the biscuit shells should be as cool as possible before 
creaming, as cooling of creamed sandwiches is a slow process. 

6.7 Troubleshooting 

6.7.1 

1 Difficulty in achieving correct cream consistency compatible with 
the desired density. 

This is a common problem where creams are batch mixed. The 
trouble lies with the temperatures of the main ingredients relative 
to the ambient temperature. 
- commonly the icing sugar is too warm because it has been 

freshly milled. This gives a fluid cream of high density: it is less 
easy to entrain air in a fluid mixture 

- if both the fat and other ingredients are too cold, mixing is 
prolonged until the correct temperature or fluidity is reached 
and at this stage the density is too low and the cream is ‘fluffy’. 
This problem is also encountered where large amounts of 
rework are used in the cream. 

try adding a small amount of plasticised lecithin to the 
cream to reduce the tendency to low density 
store the plasticised fat for the cream in a temperature 
controlled room 

Problems during mixing of cream 
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2 There are lumps in the cream. 
- the lumps are sugar 

sieve the sugar before adding to the mixer. Icing sugar is 
very prone to lumping. If milled on site it should be cooled 
in a specially controlled dry environment. If purchased in 
bags it should contain a free flow aid such as calcium 
phosphate but even then it will probably need sieving 

the fat is either too cold or not sufficiently plasticised before 
adding to the mixer. Try using the fat a little warmer 

- the lumps are of other ingredients such as milk powder 
sieve before use and blend with the sugar or other non-fat 
components first. 

- the lumps are fat 

6.7.2 Problems at cream sandwiching 

1 The deposit weight is varying. 
In  stencilling and wire cut sandwiching machines this may be due 
to the die assembly being too cold retarding the flow of cream. 
Conversely the cream may be too soft and not flowing evenly. A 
very soft fresh cream placed onto an firmer cream in the hopper 
may result in uneven flow of the old cream. 

warm the dies and thereby also warm the cream within. 
2 Cream squeezes from the sandwich. 

check the deposit weight and the overall thickness of the 
sandwich. Correct if necessary 
check the thickness of the shells, if too thick inform the 
baker, as appropriate 
check the density of the cream, if it is too low return it for 
more mixing to a higher temperature, see above 
note the pattern of the problem. Is it possible that the 
deposit weight is varying, if so check the consistency of the 
cream and the mechanical settings of the creaming machine. 

3 Cream deposit appears too little and requires insufficient pressure 
after sandwiching to give good adhesion between shells and cream 
at the desired overall thickness of the sandwich. 

The reasons for this are probably the converse of those made in 
point 2 above, i.e. too low a deposit weight, too thick a sandwiched 
biscuits, too thin shells, too high density of cream. Remember that 
too little pressure after topping of the sandwich may lead to 
splitting problems after cooling. 
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4 Cream deposit flies away after wire cutting. 
The deposit is not adhering sufficiently to the biscuit shell. 

try adjusting the height of the biscuit to be closer to the 
deposit before it is cut off 
try using the cream a little warmer, that is, softer 
check that the cutting wire is clean and set close to the base 
of the extrusion nozzle 
use a thinner gauge of wire. 

5 Cream deposit runs off the shell. 
the cream is too soft 
the biscuit shell is too hot and is causing the cream to melt. 

. check the dimensions of the biscuit shells 
ensure that the track that is guiding the shells is narrow 
enough to locate the shells correctly under the deposit 
nozzle 
try raising the shell to be near to the depositor nozzle 
check the synchronisation of the chain or pusher which is 
placing the biscuit under the nozzle. 

6 Difficulty in centralising the deposit on the shell. 

6.7.3 Splitting (falling apart) of creamed sandwiches after 
cooling or in storage 

Check that the weights of biscuit and cream are correct. A low 
weight of cream may mean that there was insufficient pressure 
applied immediately after sandwiching. 

Do the biscuits split after cooling and during packaging or after 
storage in boxes? 

Biscuits are hygroscopic and when they take up moisture they 
expand. If this expansion should be marked and the cream is hard 
(as compared with plastic) separation may occur at the biscuit 
cream interface. A well aerated cream is more plastic and hence 
more tolerant to this situation, but it is best not to allow biscuits to 
pick up moisture! 
Increase the pressure after topping the sandwich. If this results in 
sandwiches that are too thin reduce the density of the cream by 
extra mixing, probably by starting with the ingredients colder. 
If the pressure after topping looks correct or cannot be increased 
more without squeezing the cream out from the sides of the shells, 
use the cream warmer as it has probably been overplasticised 
during mixing. An overplasticised cream can be of the correct 
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consistency but will not change in temperature enough during the 
sandwich cooling to result in good keying of the fat to the shell 
surface. 

Creams with low fat contents may not provide enough liquid fat 
at the time of sandwiching to allow sufficient keying to the surface 
of the shell biscuit. 
Use the creams warmer to provide more liquid fat 
Use more fat or a higher fat cocoa if this is one of the 'dry' 
ingredients. 



7 Icing of biscuits 

A small but significant number of biscuit products are half coated 
with icing. This adds visual appeal, particularly for children, and 
being dry and hard does not become messy when handled or in warm 
weather. 

Icing is applied to the biscuit as a thick aqueous suspension. It is 
usually coloured and may be flavoured, although this is usually very 
mild. After application the coating is dried. The result is a hard 
glossy finish which greatly enhances the appearance if not also the 
eating qualities of the biscuit. 

7.1 Methods of applying icing 

The drying process is slow so it is unusual to have biscuit icing as an 
in-line secondary process. A drying tunnel would have to be very 
long to accommodate even a short biscuit oven. The exception is 
where the amount of icing applied is very small. In these cases icing 
can be applied immediately after baking while the biscuits are still 
hot and the heat from the cooling biscuits will be enough to dry the 
icing. 

Normally biscuits to be half coated or ‘iced’ are magazine fed and 
the loading of the magazines is by hand. Typically a flat icing is 
applied as a fluid coating on the underside of the biscuit only, like 
half coated chocolate biscuits, or it is stencilled on in a more or less 
distinct shape. In other cases icing is applied only to the raised parts 
on the top of biscuits, to highlight the patterns. If an aerated icing 
mixture is used it is possible to pipe (deposit) the icing in which case 
deposits with high relief can be produced. 

Many other techniques have been used such as contact icing 
(where a coated roller deposits only on the points of the biscuit that it 
touches), wire cut deposits using modified sandwich creaming 
machines, spraying to produce more of a glaze than an icing and 
screen printing. These systems are rather specialised and have 
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usually been developed by innovative plant engineers in individual 
factories. Our principal concern here is with the normal icing 
technique, usually of a short dough biscuits. 

The most usual method of coating biscuits with flat icing is by an 
arrangement very similar to a chocolate enrober for half coating. 
Biscuits are fed onto an open wire mesh conveyor or onto a system of 
fine ropes of nylon or cotton which is drawn through a bed of icing 
mixture so that the base and edges of the biscuit are coated. The 
biscuits are then turned over as they leave the icing machine so that 
the icing may be dried. 

If a stencilling arrangement is used, similar to that described for 
biscuit creams, it is not necessary to invert the biscuits after 
application of the icing and it is also possible to apply more than one 
colour at once in the form of stripes. These coatings then may be 
further decorated by fine lines of icing trickled over the surface or 
drawn into simple patterns with reciprocated wire fingers. All flat 
icings are rather fluid and sticky so care is needed to make sure that 
the biscuit conveyors do not become soiled resulting in patches of 
icing adhering to the wrong places. 

A double icing technique, where a flat coat is dried and then a 
further deposit is stencilled on in a fine pattern, allows the 
production of intricate designs of animals, flowers, letters, words 
or even company insignia. However, since this involves a double 
drying operation, the whole production process is rather long. 

There are not many biscuits with piped icing deposits but iced 
gems (very small round hard sweet biscuits with a large deposit of 
icing in various colours) are a well known traditional variety which is 
very popular with children. Because the biscuits are small and 
relatively light they must be held down, usually by air suction, after 
they have been rowed up for presentation to the icing deposit 
nozzles. Several different colours are deposited at once so that the 
biscuits, after drying, can be collected together en masse and jumble 
packed as a variety. 

7.2 Composition of the icing 

The icing is simply a mixture of fine icing sugar in water with some 
gelling material, such as gelatin, pectin or egg albumen, to give it 
some ‘body’ and increased viscosity. For flat icings gelatin is 
normally used. The gelatin should be used at about 1 % of the sugar 
weight, but the quantity is related to the water needed to give the 



58 Biscuit, cookie and cracker manufacturing manuals 

icing the correct viscosity for the machine used for coating or 
depositing. Low bloom strength gelatin gives icing that is more 
tolerant to processing variables. 

The procedure is to dissolve the gelatin in 50-75% of the water in 
the recipe at a temperature not exceeding 60°C. The gelatin should 
be given plenty of time to hydrate fully, that is 15 min or more. The 
sugar is then mixed in gently followed by any colourings, flavours 
and acids that may be required. The mixture may be beaten to 
achieve some aeration if it needs to be very thick, but for flat icings it 
is best to have no deliberate aeration as the bubbles will spoil the 
surface of the icing on drying. The mixture should be used warm, 
not less than 21°C otherwise the gelatin will start to set and give 
increased viscosity. The viscosity should be controlled by the 
amount of water, not the temperature. 

7.3 Drying of the icing 

Biscuits are very hygroscopic and uptake of moisture softens them 
(the major cause of staling) and causes them to expand. When a 
water-based material is added, like when they are iced, it is essential 
that drying proceeds without delay so that moisture penetration is 
minimal and dimensional changes do not cause cracking in the icing 
at the later stages in drying. 

Drying the complete surface coating, especially thick coatings, is 
the most critical stage of the icing process. The maximum 
temperatures in the drier should be 80"C, since above this bubbling 
and cavity formation will be severe giving a poor structure to the 
icing and weak adherence of the icing to the biscuit. The drier should 
have a gradually increasing temperature profile so that skinning and 
good gloss occur at first followed by progressively more intense 
drying. A good turbulent air flow with controlled humidity is 
desirable, as in any standard drier. 

The drying time will be between 30-50 min, depending on the 
moisture content and thickness of the coating. After the initial setting 
has occurred it is possible to transfer the biscuits from one conveyor 
to another without much trouble. In  order to reduce the floor space 
of plant, multilayer driers may be used. 

Drying not only reduces the moisture content of the icing to a 
level that is acceptable for a long shelf life but also results in sugar 
crystal growth giving a hard set. The icing is a suspension of fine 
sugar crystals in a saturated sugar syrup. The suspended crystals 
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must be many and small to ensure that when further crystallisation 
occurs a fine interlocking structure is formed. By using small 
additions of glycerine the hardness of the dried coating may be 
reduced as required; 0 . 2 4 4 %  based on sugar weight is usually 
adequate. 

Prolonged drying will tend to remove volatile materials such as 
flavours in the same way as does baking. Thus, as mentioned above, 
the favour of icings is not usually a significant aspect of their quality. 

7.4 Troubleshooting 

7.4.1 Problems at the coater 

1 Thickness/weight of flat icing coating. 
Flat icing coaters are not normally as sophisticated as chocolate 
enrobers so the control of icing pick-up is not as easy to achieve 
precisely. Control is basically by the consistency of the icing. 
- T o  make the icing mixture thicker use less water or more gelatin. 

2 Thickness of topping icing applied with a contact roller. 
The thickness of the blanket of icing mixture on the roller surface 
can be controlled with a gate. The thickness of the blanket and 
thus the amount that can be deposited on biscuits touching it is a 
function of the consistency of the icing mixture. 
- check that the gate has not been partially blocked with 

crystallised sugar 
- check that the roller is not coated with crystallised sugar which 

limits the amount of icing that can transfer to the biscuits. A 
clean down may be necessary. 

7.4.2 

1 Lack of gloss on drying. 
The gloss on dried flat icing is derived from the gelling material, 
the gelatin normally. A smooth wet surface forms after coating 
before drying commences. If the speed of drying is too fast or 
there are too many bubbles in the icing, the surface will become 
mottled and rough as it dries. 
- Check that the temperature in the drier is nowhere more than 

80" C 
A poor surface may also occur if the sugar used is too coarse. 

Problems after drying the icing 

Always use icing sugar quality. 
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2 Breakage of the coating and cavities under the surface of the icing. 
If the drier temperature is too high, the surface of the icing may be 
smooth but due to the formation of a large lenticular bubble under 
the icing and over the biscuit, the icing is fragile and likely to fall 
from the biscuit when it is cooled and handled. This problem can 
only be avoided by reducing the drying temperature (and 
probably increasing the drying time). 

Surface toppings may be clear or opaque. In order for them to be 
opaque the amount of icing sugar in the mixture must be high so 
that it cannot completely dissolve due to heating during the 
drying process. 
- To increase opacity increase the amount of sugar in the 

mixture. 

3 Coating is too transparent. 



a Application of jam, jellies, marshmallow and 
caramel 

Additions of jam, jelly, marshmallow and caramel appear attractive 
to biscuit developers. Potentially they offer interesting colours, 
flavours and textures. Jams and fruit pulps, made from high levels of 
fruit, suggest a ‘healthy’ product! All of these confections are sugar 
solution-based products which present softening problems when in 
contact with biscuits. Careful compromises in quality must be made 
to ensure that the biscuits do not soften too much and that the sugar 
in the confection does not crystallise (becoming fudge-like). The 
toughness of the confection should be controlled and be related to 
the biscuit of which it is a part. 

8.1 Water activity, A, 

The movement of water is governed by a phenomenon known as 
water activity, A,. We discuss the concept briefly here. 

Knowledge of a product’s moisture content gives no indication of 
whether that product will loose or gain water if left exposed in an 
atmosphere of given humidity. The relationship between a product 
and its environment is defined by a property known as the water 
activity. The relative humidity (RH) of an atmosphere in equili- 
brium with a product defines its water activity. Thus a biscuit with 
2% moisture content may be in equilibrium with an atmosphere of 
20% RH. The A, of the biscuit is said to be 0.2. Thus the RH scale 
is from 0-100% and the A, scale is 0 to 1.0. 

Knowledge of the A, of foods is important for several reasons. 
For example, microbiological activity can occur only above A, 0.65. 
Two materials in contact or in the same enclosure with different A, 
values will exchange moisture until they become the same. In the 
latter case at equilibrium their moisture contents may not be the 
same but their A, values will be. A, values and moisture contents 
are not the same for all materials because moisture is bound in 
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different ways and the A, of solutions is related to the gram 
molecular concentrations of the solutions. (Every molecule has a 
weight determined by the number of each type of atom that makes up 
the molecule. The gram molecule is the atomic weight of the 
molecule in grams.) The smaller the molecules, the lower will be the 
A, for a given weight-for-weight concentration. 

The concept of A, is very important in biscuit products that have 
jam or some other sugar syrup as a major part of their composition. 
Figures 7 and 8 show generalised isotherms of biscuits and sugar 
solutions. An isotherm shows the relationship between moisture 
content and water activity at a given temperature. 

A biscuit which has been baked ‘dry’ and is then exposed to, or in 
contact with, a material of higher A, will gain moisture and become 
softer. It is quite common for the biscuit thereby to develop a strange 
flavour and the other material to reach a stage where sugar 
crystallisation occurs. Thus the dichotomy of texture that was 
desired is at least partially lost and the eating quality significantly 
changed. 

It should be remembered that it may take a long time for materials 
I 
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Fig. 7 Moisture isotherms of starch and two types of biscuits 
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Fig. 8 Moisture isotherms of sucrose and invert syrups 

with different A, values to equilibrate. It has been reported, for 
example, that crackers starting at 3% moisture when held in an 
atmosphere of 75% RH at 25°C came to equilibrium at 12% 
moisture after 10 days. 

8.2 Jam and jelly 

There is a range of biscuit products which include jam either 
deposited as a result of a secondary process or added to the dough 
piece before baking. 

Products formed as a result of secondary processing include the 
types where: 

1 shells are sandwiched together with a layer of jam or jam is 
deposited in the centre of a ring of cream before or after cream 
sandwiching, or 
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2 jam is deposited on a base of sponge prior to half coating with 
chocolate (for example, Jaffa Cakes), or 

3 jam is injected into a soft baked dough before cooling (for 
example, jam lebkuchen). 

In all these cases it is a requirement that the jam sets rapidly as it 
cools and before the biscuits are handled for packing or chocolate 
coating. 

Products where jam is introduced before baking include fruit 
filled extrusions (for example, fig bars), sponge boats (where jam is 
deposited on the centre of a batter deposit), various jam toppings 
where wire cut or deposited dough pieces are garnished with a small 
deposit of jam and jam pouches where dough is folded over a jam 
deposit (for example, ‘Pop Tarts’ which are designed for toasting 
before eating). 

Jam can be considered as a three dimensional network of pectin 
with syrup held in it. The firmness of the jam is related to the 
amount of pectin present and the concentration of the sugar syrup 
which affects its viscosity. The pectin crystals form and interlock 
as the jam or jelly cools at appropriate pH. If the cooled jam is 
agitated the pectin network is broken and the jam will not reset. 
The jam is said to be ‘broken’. If, however, the jam is now heated 
to about 60°C and allowed to cool the pectin network will partially 
reform. 

Jam is distinguished from jelly principally because it has fibrous 
or recognisable fruit particles suspended in it and the pectin which 
causes the setting is derived primarily from the fruit with which it is 
made. If the insoluble fruit solids are removed a clear jelly is 
obtained. However, jelly can be made from fruit juice or from 
commercially prepared pectin and added flavours. In  most countries 
there is a legal requirement to use a certain minimum amount of fruit 
material in the product if it is described as jam, but jellies, especially 
if they are called fruit flavoured jellies or merely jellies, need not be 
made from any fruit base material. 

The fibrous pieces in jam present production problems if the jam 
is to be deposited through small nozzles in precise quantities, so 
jellies are favoured in biscuit manufacture. A jelly made from 
commercially standardised pectin, sugar, invert sugar or glucose 
syrup, flavour and colour can be manufactured to close tolerances 
with a minimum of skill and laboratory control. Recipes for fruit- 
based jams or jellies have to be adjusted to compensate for variations 
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in fruit quality. This requires a considerable degree of skill and 
experience on the part of the production staff. 

Traditionally, bakery jams and jellies have been purchased from 
specialist suppliers against specifications, but there has been 
difficulty in defining the viscosity, spreadability, setting character- 
istics, etc., required for the particular application. As understanding 
of principles has improved, more biscuit manufacturers have decided 
to make their own jellies (and jams sometimes) so that handling and 
control is improved. 

It is proposed, therefore, to outline the characters required of 
jams and jellies to be used with biscuits so that either they can be 
purchased with better understanding or, alternatively, they can be 
made in the biscuit factory. 

By a combination of low pH (around 3.0) and high sugar 
concentration (67% and above) microbial growth is prevented or 
greatly retarded at ambient temperatures. This is the principle of 
fruit preservation involved in jam. However, sucrose forms a 
saturated solution at 67% solids at 20°C so that if the sucrose solids 
are higher some crystallisation can be expected. Addition of invert 
sugar (which occurs naturally in jam manufacture either because it is 
derived from the fruit juice or because the sucrose hydrolyses as the 
jam boils at low pH) increases the solids content at which crystal- 
lisation occurs to about 75% at 20°C. This is why domestic jams with 
solids around 69% solids do not crystallise. 

By using glucose syrups instead of inverted sugars this crystal- 
lisation can be prevented or at least retarded at an even higher solids 
content in the jam (up to about 83% solids), but at these levels the 
jam tends to be rather tough in texture. 

Jams or jellies for use in conjunction with biscuits need to have 
higher solids contents than domestic jams because of problems of 
water activity in relation to the biscuits with which they are in 
contact. It can be shown that biscuits at about 9% moisture could be 
compatible with a sucrose/invert syrup (jam) of 7678% solids. This 
is a high moisture content for biscuits and a very solid type of jam. 
Hence the dilemma and the need for compromise. If the biscuits are 
drier they will tend to draw moisture from the jam which may cause 
it to crystallise. 

Average indoor atmosphere relative humidity in Britain is about 
65%, but it varies from below 50% to above 70%. This is why 
biscuits (whose water activity is less than 0.2) must be protected with 
good moisture proof packaging. When the A, of the product is about 
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0.6, as when jam is used, it is necessary to keep moisture in the pack 
to prevent loss on dry days. Thus fig bars or Jaffa cakes may dry out 
and become hard if left unprotected. The packaging problems are 
even more severe in countries where the climate is hotter and drier 
than in Britain. 

Pectin is a linear polysaccharide which has the ability to form gels 
under suitable conditions of sugar concentration and pH. All high 
solids bakery jams and jellies require slow setting high methoxyl 
pectin which has a rather narrow setting range between about pH 
3.2-3.6. To handle and deposit the jam it is usually necessary to 
reduce the viscosity by heating it to a temperature of between 60- 
70°C. At these temperatures and at pH around 3.4, inversion of the 
sucrose (into dextrose and fructose) will be occurring at a rate which 
will soon change the character of the jam. Furthermore jam that has 
been mixed and reheated shows unstable and thixotropic consistency 
which makes it difficult to meter. Thus, it is better to handle a ‘jam’ 
or jelly at a higher pH, about pH 4.5 (but not much higher because 
the pectin will be degraded) and to add acid to reduce the pH to the 
desired level for a set immediately prior to depositing. 

Process control of jams and jellies requires constant attention with 
respect to soluble solids content, which can be checked either in-line 
or by sampling with a refractometer, and by acidity (pH). 
Refractometers are usually calibrated for sucrose solutions at 20°C 
(in hot countries the standard temperature is 27°C) and care should 
be taken that the appropriate correction is applied if other 
temperatures are involved. (Correction tables are usually supplied 
with the instrument.) pH meters are also temperature sensitive, but a 
temperature probe is usually incorporated to effect a correct readout. 
If jelly at high pH is pumped to the depositing head, acid (citric acid 
solution) can be mixed immediately prior to depositing and the 
amount that is added can be automatically controlled from an in-line 
pH meter. Setting is rapid as soon as the temperature falls, but even 
at the deposit temperature, setting will commence. Thus, if the jelly 
contains too much pectin or there is a delay in reaching the depositor 
nozzles, stringiness or a large increase in viscosity can upset the 
performance of the depositor. 

It is possible to make jellies with gelling agents other than pectin, 
for example, alginates, natural gums and sodium carboxymethyl 
cellulose. There are special applications where these are beneficial. 
Also it has been shown to be possible to aerate bakery jams to stable 
foams, but these situations are so rarely used for biscuit applications, 
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at least at present, that they do not warrant detailed consideration 
here. 

8.3 Caramel/toffee 

Caramel is formed as a stiff brown mass when sugar is heated to just 
below its melting point. The flavour is rather bitter. However, when 
caramel is referred to in connection with biscuit fillings or 
confectionery, a toffee or butterscotch-type of material is implied. 
These toffees and butterscotches owe their character mainly to the 
presence of milk, butter and certain hard fats like palm kernel oil 
when these have been heated together in the presence of sugar. The 
partial decomposition, which gives the characteristic flavour, is 
known as caramelisation. 

Toffees are essentially supersaturated syrups relying on their high 
viscosities to prevent sucrose crystallisation. However, seeding of the 
cooling toffee with particles of sugar will cause crystallisation and a 
fudge will be formed. The texture of a seeded toffee determines 
whether it is a fudge (with fine crystals) or a grained toffee (with 
larger crystals). 

Toffees (or caramels) used for spreading on biscuit products must: 

1 be plastic at ambient temperatures such that they are neither too 
short nor too tough nor too hard when bitten, 

2 have a consistency at about 45°C such that they can be spread 
evenly and smoothly but be short enough to allow separation from 
biscuit to biscuit, and 

3 have a water activity of around 0.6 such that moisture migration 
will not adversely affect the eating qualities of toffee or biscuit. 

Soft toffees have a moisture content of about 10% and low A, so 
the moisture migrat,ion problems are not as great as with jams and 
jellies. 

Preparation of these toffees to the desired flavours and homo- 
geneity of the fat is a specialised procedure if between-batch 
uniformity is to be maintained. As with jams, most biscuit makers 
purchase the toffee from confectionery manufacturers, but on the 
other hand most toffee biscuit products also involve chocolate and 
this puts them into the confectionery market rather than the biscuit 
market. 

Caramel wafers are a typical biscuit product involving toffee (with 
or without a layer of cream). These are formed by spreading a film of 
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toffee onto wafer sheets followed by topping and ‘book’ building as 
for creamed wafers. The relative humidities of the wafers and the 
toffee result in an appreciable loss of crispness of the wafer sheets. 
However, as the toffee proportion is about 70% of the product, the 
texture of the wafer is subsidiary to that of the toffee. 

Process control requires a uniform composition of the toffee in 
terms of moisture content and consistency which results from the 
method of manufacture. Small variations in consistency can be 
compensated for at the time of spreading by alterations to the 
handling temperature. 

8.4 Marshmallow 

Marshmallow is a mechanically aerated foam composed of sugars in 
solution and including a foaming or stabilising agent. The latter may 
be albumen with agar-agar, but is more usually gelatin or ‘Hyfoama’, 
a proprietary product. There is now no connection with the shrubby 
flowering plant called marshmallow, but the name derives from the 
past when powder from the root of marshmallow was prepared in a 
foam ‘candy’ for pharmaceutical purposes. 

The moisture contents of marshmallow foams are in the range 15- 
18% and the A, values lie midway between jellies and toffees. Thus 
the effects on biscuit bases can be appreciated accordingly. 

The marshmallow for biscuits should be short, not rubbery or 
tough, in texture, so that it can be deposited discretely via nozzles in 
a similar manner to jelly. The shortness can be promoted by the 
addition of icing sugar to the foam which causes some crystallisation 
of the sugar in the syrup. 

Marshmallow biscuits may be garnished with desiccated coconut, 
etc., or enrobed with chocolate. The coconut should be sprinkled on 
as soon as possible after the marshmallow has been deposited so that 
it sticks well to the surface. However, it is usual to ‘skin’ the 
marshmallow a little before enrobing with chocolate. This can be 
done by holding the product in a low humidity atmosphere at slightly 
lower temperature for a few minutes before passing to the enrober. It 
should be noted that moisture migration from the marshmallow into 
the base biscuit will cause a contraction in volume that may result in 
pulling away from the chocolate covering or cracking of the 
chocolate. If the moisture content of the biscuit can be deliberately 
raised before the mallow is applied by a period of conditioning in a 
humid atmosphere, this problem will at least be reduced. 
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It is important, as with jams and jellies, to prevent drying out of 
the foam otherwise the marshmallow will become tough and 
unpleasant as well as contracting in volume. Good moisture-proof 
packaging is essential and even then the shelf life will be less than for 
most other biscuit types. 

Unlike jellies and toffee, marshmallow must be prepared 
immediately before use. This involves dissolving the sugar and the 
gelatin, blending in invert and glucose syrups, cooling, aerating and 
pumping to the depositing machinery. The recipe and preparation 
depend on the type of machinery available. Wherever possible an 
integrated plant for continuous manufacture should be used. This 
allows superior control of temperatures, pressures and aeration right 
up to the point of deposition. 

8.5 Troubleshooting 

8.5.1 Jam and jelly 

1 Handling and application. 
- The spread of the hot deposit is too great or too small 

check that the weight of the deposit is correct 
check that the temperature of the jam is correct 
check that the pH of the jam is correct 
check the solids content of the jam/jelly 

- The jam tends to form strings on the depositor 
the jam is setting too quickly, check the temperature and pH 
of the jam 
reduce draughts around the depositor or increase the local 
air temperature 
check that the jam is seedless otherwise there may be some 
blockage in the depositor. 

2 Changes during storage of the biscuit. 
- The jam becomes tough 

as explained in the section on water activity, it is inevitable 
that some moisture will migrate from jam to biscuit unless a 
very moist ‘biscuit’ is used. This is why sponge cake in 
contact with jam does not draw the moisture from the jam 
bakery jams have high sugar solids and therefore are more 
robust than domestic jams. However it is possible to break 
the pectin structure after the jam has cooled and this will 
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release the syrup changing the appearance and eating quality 
of the jam. Avoid any knocking and shearing actions on the 
set jam 

if there is not enough pectin in the jam or the ratio of sucrose 
to invert and glucose syrups is not well balanced, either 
invert or sucrose will tend to crystallise as moisture migrates 
from the jam. Ask a process technologist to attend to the 
formulation of the jam. 

- The jam becomes crystallised 

8.5.2 Caramel handling and application 

Caramel is heated before being handled and applied to biscuits. 
From the account above it will be seen that the shortness and 
spreadability are closely related to the degree of sugar crystallisation 
and the moisture content and are thus controlled during the 
manufacture of the caramel. The manufacture of caramel is outside 
the scope of this manual. 

8.5.3 Marshmallow 

The  quality of marshmallow is dependent as much on the 
preparation method as on the quality of the ingredients. As there 
are many different sets of equipment used to mix, aerate and deposit 
marshmallow, if problems are encountered the first action should be 
to refer to the process audit chart and the preparation instructions 
and check that all has been done correctly and that final temperatures 
are correct. It is very difficult to generalise about problems and how 
they should be tackled. 

The most commonly encountered problems with marshmallow 
relate to its structure and consistency. Both are strongly influenced 
by the bloom strength of the gelatin, the total sugar solids, the degree 
of aeration and the method by which pressure is let down before 
depositing. 

Changes in the smell of the marshmallow during storage may be 
due to the growth of osmophilic yeasts. Osmophilic means that the 
microorganisms can exist in high concentration syrups. Great care 
must be taken to prevent these yeasts from getting into the syrup 
either during storage or during the manufacture of the marshmallow. 
SYNP storage tanks must be protected with sterile filters and all 
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handling equipment must be cleaned with appropriate sterilising 
solutions. 



9 Care, cleaning and maintenance of machinery 

9.1 Care 

The equipment in the secondary processing areas involves storage 
silos, mixing machinery, depositors, chocolate tempering, enrobing 
and moulding plant and tunnel coolers and driers. Much of this is 
precision machinery and must be treated with care. Of particular 
importance is the attention needed to prevent tools and other hard 
objects from falling into the machines and damaging moving parts. 

9.1.1 Consideration of others 

Chocolate, cream, and sugary syrups like jam and caramel and 
biscuits spilled or dropped onto the floor should be cleaned up 
immediately because fatty and sugary material under foot treads 
around and can be a hazard to you and other workers. 
If you have to work at a high level to adjust or clear machinery, 
take particular care not to drop or spill anything on someone who 
may be standing or working below you. 
If you see a fellow worker in a dangerous situation give a warning. 
If someone is in trouble or struggling to handle something give a 
hand. 

9.1.2 Consideration of equipment 

Most of the materials used in secondary processing are either hard 
(chocolate and cream) or very viscous at ambient temperatures. 
This means that machines that are used to mix or convey them 
should be started with care if the temperatures within them are 
low. Think of the condition of the material before starting a full 
machine. - Many of the parts on chocolate enrobers and cream sandwiching 
machines are small and have to move in hostile environments for 

72 



Care, cleaning and maintenance of machinery 73 

chains and bearings. Try to ensure that materials that fall onto the 
wrong places or are spilt are cleaned away without delay. 

9.1.3 Consideration of possible contamination of biscuits 

As biscuits leave the oven they are more or less sterile and ready for 
eating. During secondary processing they may have to be handled 
manually and all the materials that are added, like cream and 
chocolate, are not hot enough to destroy microbes that may become 
included in them. Hygiene in the secondary processing area is of 
particular importance. Handling of biscuits should be only with 
clean hands, that have been washed after using a toilet and washed if 
they become dirty with oil and grease or floor dirt. It is common to 
have wipers or ‘rags’ handy to clean spilt cream, chocolate, etc., from 
machinery. Make sure that these are of approved type without loose 
threads and that they are not dropped onto the floor or used to wipe 
lubrication oils. Material from dirty clothes can easily contaminate 
creams and other components used for the secondary processing. 

Biscuits which fall to the floor must be placed in containers that 
ensure that they are never offered for human consumption. This 
includes biscuits that are sold as substandard or ‘broken’ or are 
returned to the mixing room for recycling by incorporation in 
dough or biscuit cream. 
Fabric conveyors when not in use are a favourite place for placing 
tools and other items. This is to be strenuously condemned as 
tools are dirty and possibly oily. It is very difficult to clean fabric 
conveyors . 
Insect, rodent and bird infestation is a particularly serious source 
of contamination. Precautions should be in place to reduce the 
chance of insects, birds and animals entering a food factory but if 
they are seen report the matter to those responsible for controlling 
pests and cleaning. The tops of silos should be covered and 
creaming and other open machinery should be covered with 
sheeting after cleaning at the end of a production period. 

9.2 Cleaning and maintenance of secondary processing 
machinery 

Cleaning procedures need to be considered and followed carefully. 

Creaming machinery - The mixers and conveying pipework 
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can be washed with hot water but they must be drained and dried 
thoroughly otherwise cream handled subsequently will be of 
unsatisfactory quality. If the mixer and other equipment is to be 
used with the same flavour and type of material at the next usage it 
is probably acceptable not to wash it but merely to scrape it clean 
and cover with a protective sheet. 

The sandwiching machine is particularly difficult to clean. It is 
probable that the hoppers and cream application parts will have to 
be dismantled, washed in hot water and placed somewhere to dry 
before reassembling the machine. The chains and other parts of 
the machine are not normally designed to allow hosing down with 
water or steam so they are cleaned with compressed air. Check 
with the machine manufacturer’s instructions for cleaning. 

Empty and clean all catch trays around the machines and 
replace ready for next use. 
Chocolate machinery - It is extremely important that water 
does not come into contact with chocolate. If it does the chocolate 
becomes very thick and viscous. Therefore chocolate machinery is 
not normally cleaned except to wipe away spilt chocolate and dust 
on external surfaces. 
Jam, jelly, caramel and marshmallow machinery - All of 
this is designed to be washed with hot water and it must be 
cleaned thoroughly otherwise material may dry, harden, crystal- 
lise and make subsequent use of the machinery difficult. Clean-in- 
place systems may be provided for pipework but if not they and 
other parts of the machinery must be dismantled and taken to 
sinks or other appointed places for cleaning with hot water. Racks 
should be provided for holding cleaned items so that they dry 
before machines are reassembled. 
While doing cleaning be careful not to knock and damage the 
machine parts, many of them fit inside one another and will not do 
so if bent or burred. 
Look for leaks of oil and grease from motors and gearboxes. 
Precisely report and record the problems. 
Your vigilance could ease your job and that of your colleagues. It 
could also save much expense, inefficiency and frustration. 
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