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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 the manufacturing 
procedures and handling and packaging of biscuits. 

It describes, in general terms, what is involved in the packaging of 
biscuits, that is procedures used to protect and offer biscuits for sale. 
These are the final stages of the biscuit manufacturing process and 
the last opportunity to see that product is in good condition and 
complies with legal regulations before leaving the factory and being 
offered for sale to consumers. 

Packaging involves the use of a wide variety of plastic and paper- 
based materials for protecting biscuits from moisture, dirt and 
damage and also for collating packs into units suitable for storage and 
transportation. The packaging operation uses either sophisticated 
and expensive machinery or is very labour intensive. In many 
respects it is the key area for determining the cost and efficiency of 
the production of biscuits. 

It is not possible to give details of all the various types of 
wrapping machines but with the aid of the general points made, 
combined with brochures that can be obtained from wrapping 
machinery manufacturers, a good idea of the critical performance 
and operation technicalities will be gained. 

Biscuits which pass for packaging have come either directly from 
the baking plant, which is dealt with in Manual 4 Baking and cooling of 
biscuits, or from a secondary processing plant. These parts of the 
biscuit manufacturing process are dealt with in Manual 5 Secondary 
processing in biscuit manufacturing. Additionally biscuits for packaging 
may come from store where they have been in boxes or trays. Most 
biscuits have low moisture content and are very hygroscopic, that is, 
they absorb moisture from the atmosphere rapidly and become soft 
and ‘stale’. Thus, storage of biscuits before packaging should not be 
done unless absolutely necessary and while in store they should be 
carefully protected from the atmosphere in sealed containers. 

1 
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If you are a member of a manufacturing team you should know 
how to do your tasks and the reasons for doing things in a specified 
way. You should also understand the possible implications of not 
doing a task correctly or not communicating difficulties promptly. 
The processes involved in the presentation of biscuits for wrapping 
and also the advantages and disadvantages of various types of pack 
are described. After packaging, various quality control checks have to 
be made. These are described and the implications discussed. It is 
essential for the reputation of the company and its commercial 
success that only biscuits and packs which comply with specifications 
and legal requirements leave the factory. If faults are not spotted at 
the time of packaging it is unlikely that they will be found before the 
product leaves the factory. Faults noticed and action taken by the 
packaging machine operator or others involved in handling biscuits 
and packs in this area can make a significant contribution to the 
success of the biscuit manufacturing process. 

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

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

Level 1 - Competence in the performance of a range of varied 
work activities, most of which may be routine and predictable. 
Level 2 - Competence in a significant range of varied work 
activities, performed in a variety of contexts. Some of the 
activities are complex or non-routine, and there is some individual 
responsibility or autonomy. Collaboration with others, perhaps 
through membership of a work group or team, may often be a 
requirement. 
Level 3 - Competence in a broad range of varied work activities 
performed in a wide variety of contexts and 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. 
Very substantial personal autonomy and often significant respon- 
sibility 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 
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which has a number of elements). There are some mandatory (core) 
units and some optional units, a defined number of which must be 
selected, for each level. This reflects the fact that workers at a given 
level may have jobs that are biased towards production or production 
support and may be more technical or supervisory. In many respects 
there will be overlaps between levels and the greatest difficulty tends 
to arise between levels 3 and 4. The flavour of level 3 should be 
‘optimise, prioritise and improve’ and of level 4 ‘plan, initiate, 
develop and manage’. 

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

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

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

Using this manual will help you to become a competent employee 
involved in biscuit manufacturing. The underpinning knowledge 
with respect to the successful application of most types of packaging 
and storage 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 pleasantly flavoured additions. 

2.2 How are biscuits made? 

Biscuits are a traditional type of flour confectionery which were, and 
can still be made and baked in a domestic kitchen. Now they are 
made mostly in factories on large production plants. These plants are 
large and complex and involve considerable mechanical sophistica- 
tion. Forming, baking and 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 characters. 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 800- 
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 ingredient 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 Biscuit packaging areas 

The last part of the biscuit making operation is the packaging. 
Biscuits leaving the oven should be of correct weight, shape and 
appearance and, when cooled, in prime condition for eating. The 
object of packaging is to collect the biscuits in groups of suitable size 
for sale and to protect them so that their flavour and appearance is 
preserved for as long as possible. 

The majority of biscuits are sold in 200 g packs, but packs ranging 
in weight between lOOg and 250g are common. Sometimes much 
larger units, particularly in tins, are packed and there is also a 
growing demand for small packs of only a few biscuits suitable for 
vending machines or individual snacks. The preparation of packs 
usually involves much specialised machinery, more labour than all of 
the rest of the production line and a considerable amount of space. 
Attention to detail in terms of labour utilisation, presentation of the 
biscuits to both the packaging operators and the wrapping machine 
and the handling of wrapping materials and packed stock, will have 
an important effect on the efficiency and costs of production. 

There tends to be a conflict of demand between those required by 
the biscuit consumer and those of the production manager. It would 
be easier for the production staff if there was a single size and shape 
of biscuit that could be conveniently handled automatically. 
Customers demand a variety of biscuit shapes and types in packs 
of different size! 

The biscuit quality that the consumer sees is determined largely at 
the wrapping machine for there is little the production manager can 
do to control the various conditions in storage or transportation as 
the pack passes to the place of sale. 

2.6 Your contribution when packaging and handling packed 
biscuits 

The most important contribution you can make to the efficiency of 
the factory when packaging biscuits is to ensure the following: 

Understand the critical points to watch for in the quality of 
biscuits as they are fed to the wrapping machines. 
Know how to set the machines at start up. 
Know how to make the small adjustments that may be required to 
fine tune the machine. 
Know how to change reels of packaging material. 
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Know how to clear jams and get the machine working again 
quickly. 
Ensure that post-wrapping machinery such as metal detectors and 
check weighers are running correctly at all times 
Maintain good communication with all the staff involved in the 
packaging operation. 
Try to ensure that a minimum production of substandard packs is 
made and that any that are made are handled in such a way that 
biscuits may be reclaimed for repackaging or sale in appropriate 
ways. 
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 unfit 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 describe 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, should observe basic rules of personal 



Hygiene and safety aspects 11 

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 
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pens, pencils, gauges and various tools should not be 
carried in top pockets in case, while bending over, they should 
fall into the product or machines. Overalls provided with no top 
pockets remove this possibility! 
Where gloves are needed either of fabric type (as for chocolate 
handling) or waterproof, they require regular washing and 
drying both inside and out. Gloves should not be used by 
more than one person and they should be replaced when 
damaged. 

3.2.2 Emptying containers 

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

3.2.3 Small items of equipment 

. 

In most biscuit factories it is necessary to use bowls, beakers or 
trays to carry and weigh ingredients or dough. These should be 
made of metal or plastic because glass is particularly dangerous, 
making splinters or small fragments if broken. 
Glass containers must never be taken into production 
areas. Where ingredients are delivered in glass containers they 
should be dispensed into non-breakable containers in specially 
designated rooms away from the production areas. 
Colour coding of containers is better than labels which may fall 
off. Elastic bands provide a particular hazard due to their 
tendency to fly off in unexpected directions and become lost. 
All utensils should be stored, full or empty, on special clean stillage 
so that they are off the floor. This is to ensure that when inverted 
no floor dirt can fall from them on to product or into a mixer. 
After use all containers should be washed in hot water, with 
detergent as necessary, and left inverted to dry. 
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Cleaning equipment such as cloths, brushes, mops and scrapers 
should be stored and dried after use on specially provided racks, 
hooks or rails, off the floor. 
Detergents used for cleaning equipment must be of approved 
types and stocks must be stored separately away from ingredients 
or dough containers. 
Office equipment such as elastic bands, paper clips and 
particularly pins should be forbidden in the factory 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 dirt, 
carried on footwear, dropping on to dough, products or food 
surfaces. 
No string should ever be used to attach wires or other articles in 
production areas and fibrous or loose insulation materials should 
be covered and fixed securely to prevent disintegration. 
Nowhere in production areas should wood be used. This is easily 
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splintered and pieces find their way into ingredients or dough. 
As machinery is replaced or becomes obsolete it should be 
completely removed from the production area and stored 
(preferably in a reasonably clean condition) in a store remote 
from the factory. In many factories the machinery graveyard is an 
ideal home for marauding rats, mice and insects. It is ideal from 
their point of view because it is dry and undisturbed. Food can be 
taken there and breeding take place in relative comfort! The 
convenience of such a home should be denied within the 
production environment. 

3.2.5 

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

Buildings and general factory areas 

Flying insects and birds must be excluded from the factory by 
using screens over ventilation fans and windows which open. 
Open doorways should have plastic strip or air curtains to prevent 
entry of insects and birds. 
Doors to the outside should fit closely to the floor so that animals 
cannot enter at night or other times. 
Rodent control systems should be regularly maintained and any 
bait must be placed only in specially designed and sited containers 
which are clearly marked. Damaged bait containers should be 
disposed of immediately and safely. 
Trunking for wiring and other services should be well sealed to 
reduce the chance of dust accumulation followed by insect 
infestation. 
High ledges and roof supports where dust can collect should be of 
sloping construction and be cleaned regularly. 
Good lighting should be maintained in all production areas and 
plastic screening, where appropriate, 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 becomes 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 
extra care. Do not try to lift something too high without help. Do not 
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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. It 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. 

17 
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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 packaging 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 packaging 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: 
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Make measurements but only where and when required. 
Relate sampling and measurements to packaging requirements, 
for example, measure the thickness of a column of biscuits as they 
are collected in a pack, not the thickness of one biscuit alone. 
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 checking 
weight before other characteristics. 
Concentrate process control surveillance in those places where 
significant variation is known to occur or can be expected. 

The basic measuring tools applicable to packaging are: 

a balance for weighing biscuits, 
a calliper gauge for checking thicknesses and biscuit sizes, 
special blocks or packs for use in checking the performance of 
metal detectors and the calibration of check weighers, 
a clock telling the time of day. 



5 Function of biscuits packs 

A pack is more than just a means of conveniently and safely 
conveying biscuits to the consumer. It also allows the display of 
information about type, weight, contents, manufacture, price, age, 
etc., which may be required by law, and other more artistic attributes 
associated with customer appeal aimed at promoting sale or 
permitted easy recognition. The shape of the pack also has a bearing 
on the way in which it can be displayed on the shop shelf. Round 
column packs tend to roll off, packs with fin end seals tend to 
interlock with adjacent packs, simple bags cannot be piled well for 
display and block bottom bags allow only one layer of packs to be put 
on the shelf. 

5.1 Collation 

The main function of a pack is to collate the correct weight or 
number of biscuits for sale. The biscuits may be singly in a pack, in a 
single column, in a series of short columns side by side, in a jumble 
or in some other less common arrangement. 

Customers tend to associate firm tight wraps with biscuits, feeling 
perhaps that floppy film packs may contain broken product. 
Packages with polypropylene film used as a single wrap will not 
feel as firm as those with multiply wraps of paper or ‘Cellophane’. 
Both forms of packaging may well afford adequate and equal 
protection and hence the fears of the consumer are unfounded, but 
the skill of marketing is to avoid subconscious doubts in the 
customer. 

5.2 Labelling 

A high proportion of biscuits is brought on impulse so it is important 
that the design and colour of the packet is attractive and sufficiently 
descriptive of the contents. Legislation is becoming more demanding 
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and considerable amounts of essential information have to be 
displayed in a clearly readable form. This can detract from those 
design aspects which may be deemed attractive. 

Many markets are demanding that ‘sell by’ or ‘best before’ dates 
are printed on every pack to reassure customers that the product will 
be safe and pleasant to eat. The printing of this date is an important 
aspect of the wrapping operation. The pack film is usually non- 
absorbent and the speed of passage of the film through the wrapping 
machine is high. This means that normal inks cannot be used as they 
would smear. Most date coding of biscuit packs is done by a system 
known as hot foil stamping and this tends to give trouble if not set 
correctly and well maintained. See also Section 7.6. 

5.3 Protection against deterioration 

Deterioration in the eating and visual qualities of biscuits is in the 
form of moisture pick-up (in a few cases moisture loss), rancidity and 
development of off-flavours. There will also be deterioration if 
insects invade the pack but this problem is secondary to the others 
mentioned. 

The barrier which prevents moisture pick-up by the biscuits from 
the atmosphere will also be adequate for hygiene aspects. Plastic 
(polypropylene), plastic coated papers, or various laminates can be 
used to form a moisture barrier (see Section 6). They are usually heat 
sealable and this is how the pack is closed on the wrapping machine. 
The barrier properties are a combination of the basic moistureproof 
nature of the materials used and the effectiveness of the seals. Tests 
for moistureproof properties form a significant part of shelf life 
testing. 

Flavour change is for the most part due to chemical reactions in 
the ingredients particularly the fats. Oxidation of fats results in 
rancidity and this is greatly promoted by light, particularly 
ultraviolet light. The packaging materials can retard the effects of 
chemical change by excluding (or reducing) the intensity of light and 
by excluding oxygen. 

Biscuits are susceptible to the pick-up of strong odours and even 
small traces can spoil their flavour. Plastic and paper-based wrappers 
are not particularly good barriers against aromatic chemicals so 
biscuits should not be stored near detergents, antiseptics or 
perfumed products. More subtle problems may arise from the 
solvents used in inks to print the wrappers. These problems should 
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be discussed with the converters of wrapping materials to ensure that 
adequate removal of odours takes place before the printed matter is 
reeled up or wrapped for delivery. 

Cardboard may give a musty flavour note if in contact with 
biscuits within a moistureproof barrier. Always use good quality 
cardboard manufactured from new fibres (not recycled paper) and 
check carefully for odours that may be transferred to the products. It 
is permissible to use cardboard made from recycled paper for outer 
boxes which do not come into contact with the biscuits. It should be 
remembered also that recycled paper cardboard may present a 
hygiene hazard if placed in contact with food (see Section 6.2). 

5.4 Mechanical protection 

Biscuits are typically fragile and lose much of their appeal if broken. 
A tight group of biscuits affords much self protection but aids to 
rigidity, such as specially formed trays, base cards or folds of 
corrugated paper reduce the chance of breakage as a result of 
vibration or knocks in the life of the pack. 

Some biscuits have sharp edges or rough abrasive surfaces due to 
sugar, etc., and the packaging materials must be chosen to cope with 
these. 

Packs of biscuits are normally collected into groups of 6, 12 or 
more in boxes or shrinkwraps for stacking, storage and transporta- 
tion. These larger groups, if well packaged increase the protection 
against mechanical damage that can affect the biscuits in the primary 
packs before they reach the consumer. However if the outer 
packaging is not good the act of stacking can cause damage. 

5.5 Some potential problem areas 

Except for jumble packs collation is always by number or volume 
of biscuits. Generally the pack size is inflexible so good collation 
depends on the relationship of biscuit thickness and weight being 
within very narrow limits. This means that it is rarely possible to 
adjust the pack to compensate for errors or difficulties during the 
biscuit making process. 
In column packs where there is a lap-type (as compared to a fin- 
type) long seal, irregularities in the length of biscuits or the shape 
of the biscuit ends may not provide enough support for the sealer 
to make a good and complete seal along the length of the pack. 
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In column packs if the biscuits are leaning somewhat, the end 
sealers will not have flat supports to effect good and complete 
seals. 
In column packs the pressure of the end sealers may cause end 
biscuit breakage. 
In flow packs the film may not be drawn sufficiently tightly 
around the pack to give a rigid pack which will lead to the biscuits 
rubbing against one another and possibly becoming broken. 
The print on multicoloured wrappers may vary in register making 
labelling difficult to read and generally detracting from good 
appearance. 
The ‘sell by’ coding is wrong or indistinct. 
In clear view wraps, packaging that is transparent because it is not 
fully printed, the biscuits may be seen to be broken! 
In  clear view packets there is little protection against light which 
limits to a small extent where the packs can be displayed for sale 
without the risk of fat rancidity being advanced. 
If plastic trays, used to hold the biscuits prior to overwrapping, 
have sharp corners these can pierce the film so reducing the 
moistureproof property. 



6 Types of packaging materials 

The materials used to package biscuits are most important and 
should be chosen and handled with care. Their performance should 
be checked and monitored continually by well-informed quality 
control staff. 

For the purpose of description, it is convenient to group 
packaging materials based on their prime functions: 

1 flexible films offering moistureproof properties and heat seal- 
ability, 

2 paper, trays, cartons and corrugated paper included within the 
moisture barrier of the pack, 

3 tins, 
4 cartons and cases outside the moistureproof pack, 
5 shrink wrapping. 

Packing and wrapping materials are such large industries that it is 
a problem in keeping up to date with useful developments even in the 
relatively narrow field of biscuits. The following descriptions and 
comments should be regarded as basic information against which 
requirements, new claims and results of tests may be compared. 

The cost of wrapping materials, when printing and wastage is 
included, is considerable. As much care should be given to selection, 
handling and testing of these materials as is given to other 
ingredients used for making the biscuits. 

6.1 Flexible films that are heat sealable and moistureproof 

These are of two basic types of heat sealable and moistureproof 
packaging films. One is made from regenerated cellulose and the 
other is completely plastic based, usually polypropylene. The 
cellulose films, which are a form of transparent paper, must be 
coated with a moistureproof barrier. The plastic types are barriers in 
their own right even though they may also be coated. Aluminium foil 
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should also be included in this group but the thickness at which it is 
truly flexible is too thin to be a good moisture barrier because 
pinholes are formed. However, when aluminium foil is laminated 
with paper or plastic, it does perform extremely well as a packaging 
material. 

Moistureproof properties are measured by the rate that moisture 
vapour passes across the film barrier when it separates an atmosphere 
of given humidity from one of zero humidity at a given temperature. 

There are two standard test conditions known as temperate 
(relative humidity of 75% at 25°C) and tropical (relative humidity of 
90% at 38°C). 

Specifications for films should give the water vapour permeability 
(wvp) or water vapour transmission rate (wvtr) as g per m2 per 24 h 
at one of the two standards given above. The important point to 
remember is that the performance may be affected if the film is 
creased or printed and the specification relates to flat basic film. In 
terms of the overall pack the performance is also usually affected by 
the quality of the seals. 

Gas permeability properties (for example for oxygen) are specified 
in cm3 per m2 per 24 h per atm at 23f 1°C. Although the gas 
permeability may not be well related to the wvp and also varies 
considerably for different gases, it is not normally felt necessary to 
check this property of films for biscuit wrapping. 

The films must. have good heat sealing properties because the seals 
compliment the basic film properties in the performance of the pack. 
Although a pack may be sealed in various ways, modem packaging 
machinery is normally designed to make the seal by the application of 
heat and pressure. The sealing jaws apply the pressure and usually 
the heat, and sometimes the cutting action also. The temperature 
required to form the seal depends on: 

1 the materials forming the seal, 
2 the dwell time between the jaws, and 
3 the pressure exerted by the jaws. 

By controlling these conditions it is possible to check the seal 
performance of films by measuring the force needed to pull apart a 
seal on a given width of film. 

Heat sealability at short dwell times is critical and is most 
important on high speed wrapping machines. It is affected by several 
factors of which the main ones are: 
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1 the temperature control of the seal jaws, 
2 the moisture content of the film, in the case of cellulose films, 
3 the surface condition of the jaws and the jaw release properties of 

the film being sealed. 

The heat seal is a weld of heat activated adhesives or in the case of 
plastic films may be a weld of the basic material. The seal strength is 
related to the amount of contact in the seal (affected by the pressure 
in the seal area) and the anchoring of the thermosensitive material on 
the basic film. 

Other properties which are important for flexible films are: 

1 the slip properties (enabling it to ‘flow’ over the various forming 
parts of the wrapping machine), 

2 the tensile strength - usually related to the thickness of the 
material, 

3 the brittleness - determining the tendency to crack under 
conditions of flexing at different temperatures and humidities, 

4 the degree of ink keying on printed films. This can best be 
checked by applying a piece of sellotape and seeing if the ink 
comes away when the tape is peeled off. 

Against this background of basic performance requirements it is 
possible to compare the various films that are available. The 
following sections give the main types. 

6.1.1 Regenerated cellulose films 

These are made from wood pulp and are completely transparent but 
they can be coloured or rendered opaque by the addition of 
pigments. The most well-known brand name is ‘Cellophane’ and 
previously these types of film were the most widely used in biscuit 
packaging. The lower cost of polypropylene films has meant that 
cellulose-based films have now been more or less displaced. 

They are available in various thicknesses ranging from about 
0.06-1.5mm with about 0.08mm film being the most commonly 
used for biscuit wrapping. 

The moistureproof properties are achieved by coating the film 
with either nitrocellulose or a copolymer system of polyvinylchloride 
(PVC) and polyvinylidenechloride (PVdC). These coatings are 
thermoplastic and render the films heat sealable. The copolymer 
may be applied either as a solution with an organic solvent, which is 
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subsequently removed, or more usually as an aqueous emulsion. In  
the latter case, the droplets of copolymer are fused onto the surface 
by heat treatment. The aqueous emulsion method gives slightly 
better moistureproof properties. 

Reference should be made to the supplier’s technical literature for 
details of the film specifications. 

In contrast to plastic films, which are described later, the 
moistureproof properties are achieved only from the coatings. The 
thickness of the cellulose is not relevant except with respect to 
mechanical strength, flexibility and yield. 

Film is purchased by weight in reels of the desired width with the 
appropriate core size. The yield value, area of film per weight, serves 
to show how many packs can be produced from a reel. 

Cellulose film is manufactured with a moisture content of about 
7% and this, along with any plasticisers included, plays an important 
part in governing the behaviour of the film. If the reels of film are 
stored in an atmosphere of relative humidity 35-50% at 15-20°C, the 
moisture content will not change unduly and the film properties will 
be maintained. Storage in damp conditions will result in moisture 
pick-up at the cut edges which may cause the film to curl and give 
machine handling difficulties. Reels are supplied wrapped in 
polyethylene. These should be retained until the reel is used and 
any part-used reels should be rewrapped to keep them in good 
condition. 

Uneven pressure on the sides of reels may give other sorts of 
machine handling problems. Reels should always be stored on end or 
on special racks with pins which support the reels through their 
centres. Never climb or stand on reels of film. 

At very low temperatures the cellulose films become more brittle 
and prone to cracking and tearing. 

Cellulose films have a broad sealing range that is approximately 
90-160°C at a dwell time of 0.5s.  Overheating will cause charring 
and eventually burning. The film behaves like paper. 

6.1.2 Plastic films 

Polyethylene films do not have sufficiently good wvp values for 
biscuit wrapping. 

Polypropylene film is much superior and in its various forms is 
widely used for biscuits. It is available as ‘cast’, ‘biaxially orientated’ 
and coextruded. 
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In  recent years the price and technical performance of poly- 
propylene films have become so favourable that most biscuit 
manufacturers have discontinued using cellulose films. Only those 
with older packaging machines with poor heat controls on the sealers 
will want to continue to use cellulose. 

Unlike cellulose film which has good dimensional stability 
because it is a type of paper, plastic films become oriented as they 
are cast and have a tendency to shrink differentially in the two 
dimensions. Techniques have been developed to control the 
orientations in each direction effectively so that the machine 
handling, shrinkages when sealed and tear strength are suitable for 
wrapping operations. Most polypropylene films used for biscuit 
packaging are orientated polypropylene, referred to as OPP films. 

Polypropylene is a naturally good moisture barrier and its 
strength is such that to achieve similar performance to coated 
cellulose films it can be used at much thinner gauge (giving improved 
yields) at competitive prices. 

Polypropylene films are described by trade names and non- 
standardised code letters followed by a number which indicates the 
thickness in micrometres, pn (0.001 mm). Typical biscuit films are 
about 20 ,urn (0.020mm) gauge so it will be appreciated that a 
polypropylene biscuit wrap will feel much more flimsy than a 
cellulose film. However, the advantages are that polypropylene is 
tough, more tear resistant, more puncture resistant and is not 
affected by low temperature or high humidities in storage as are 
cellulose films. 

Polypropylene films may also be coated with copolymer emulsion 
based on PVC and PVdC. The coating improves the moistureproof 
properties and infers heat sealability that does not depend upon 
melting the base film. If plastic films are overheated during sealing 
operations, they shrink and form a sticky mass that adheres to the 
heated jaws; thus temperature control is critical. If cellulose films are 
overheated they char and do not stick to the heat seal jaws. The 
sealing range is 115-140O"C at a dwell time of 0.5 s. 

Plastic films are also made from other base materials, but they are 
not used to any significant degree for biscuit moistureproof 
wrapping. 

Plastic films are not governed by the need for such careful storage 
as cellulose films. They are not affected by moisture or normal 
ambient temperatures and can be stored for long periods. 
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6.1.3 Aluminium foil 

This is pure aluminium which is rolled to thicknesses as low as 
0.006mm. It offers particular advantages for packaging as it is a 
complete barrier to light, moisture, grease and gas provided that it 
does not have any pinholes. It also has excellent dead fold properties, 
which means that as you fold it it does not have the tendency to 
spring back. The flexibility is not very good until it is very thin and 
then it does not have good tensile strength either. 

It is possible to roll aluminium without pinholing to about 0.03 mm 
but this is rather too thick and expensive for use around biscuits. The 
principal use of aluminium foil in packaging is as a laminate with 
waxed paper, polyethylene or polypropylene. The barrier performance 
is then spectacular compared with most other wrappers. 

Aluminium foil does not heat seal unless coated with a 
thermoplastic coating of which wax is the simplest (usually in 
conjunction with tissue paper), but polyethylene, polypropylene, 
PVdC or a lacquer are the most usual. 

6.1.4 Metallised films 

Many of the advantages of aluminium foil laminates can be achieved 
more economically by using metallised cellulose or OPP film. This 
material comprises a PVdC coated film which has been metallised on 
one surface by vacuum deposition of high purity aluminium. The 
appearance is of aluminium foil, but the film has the flexibility, 
strength and thickness of the base film. If the metallised film is not 
laminated to another film or specially coated on the metallised side it 
can be heat sealed only on the non-metallised surface. The colour of 
the metallised surface can also be tinted with heat resistant gloss 
lacquers. The wvp properties are the same or slightly better than the 
base film. The oxygen permeability is significantly lower than the 
base film and this, plus the light excluding properties, is the main 
technical advantage of metallised films. 

6.1.5 Laminates 

Great improvements on nearly all the film properties described for 
the various base films may be achieved by combining two or more 
sheets of material to form laminates. The variety of combinations 
possible is great and thus is impossible to describe concisely. For 
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example paper, OPP, polyethylene, aluminium foil, metallised films 
and even thick card may be combined. Usually only two materials are 
laminated together but sometimes more may be used. 

Laminating permits the sandwiching of a printed surface so that a 
high gloss is displayed or the printing ink is protected. The 
converting (printing and sandwiching) process is expensive so 
laminates should always be considered against the costs and 
disadvantages of single films. 

6.1.6 Pressure sealing 

Developments in very high speed wrapping, for example of small 
bars in flowpacks, has meant that the dwell time in the jaws of the 
packaging machine has become so short that normal heat sealing has 
become almost impossible. For these applications pressure sealable 
systems have become useful. The film is coated with a pressure 
sensitive adhesive and the jaws of the wrapping machine apply the 
pressure to effect the seal. No heat control is then needed and the 
speed of the wrapping is not critical. In  fact in many cases the speed 
of the wrapping machine is varied to suit the length of the queue of 
product approaching the wrapper which is a technique that cannot be 
used where the temperature of the sealing jaws is critical. The 
pressure sensitive adhesive is normally applied only in the appro- 
priate areas and only on one side of the film. Thus lap seals are not 
possible and the technique is more or less restricted to flow pack or 
vertical form-fill-seal wrapping machines (see later). 

6.2 Materials used within packs for added protection 

The majority of biscuits are packed directly within moistureproof 
films of the types described above. Sometimes a layer of printed 
paper, plastic skillets, formed pieces of corrugated paper or 
chipboard cartons, etc. are used to hold the biscuits within the 
overwrap. Fat migrates from biscuits onto any materials with which 
they come into contact. In  the case of many papers and all uncoated 
boards, the fat moves though the fibres forming visible grease spots. 
The extensive surface area so produced combined with traces of 
metals in the paper encourages rancidity and hence a bad smell 
together with product deterioration in the pack. Moistureproof 
cellulose and plastic films do not absorb grease so that grease spots 
do not form. 
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Greaseproof paper and glassine are paper films which have been 
heavily calendered (rolled at great pressure) and polished to reduce 
the tendency for the fat to be absorbed. Most greaseproof papers are 
expensive, hard and brittle and difficult to print well. 

Corrugated paper for use in contact with biscuits is usually made 
up from greaseproof paper which forms the corrugations that touch 
the biscuits, glued to a cheap sulphite kraft paper. Loose biscuit 
crumb in the pack may result in some fat staining of the sulphite 
paper. 

Cartons of chipboard in contact with biscuits should be lined with 
glassine or made from coated board to prevent grease staining. 

It is important to check that any printing ink solvents or adhesives 
used on wrappers included within the moistureproof wrap are devoid 
of odours which could taint the biscuits. 

In most cases rigid plastic trays have replaced cardboard cartons 
within packs to overcome the greaseproof and hygiene problems. 
These trays are moulded by a process of vacuum forming when 
heated from reels or sheets of plastic of appropriate thickness. The 
deeper the forming the thicker must be the base sheet otherwise the 
corners at the bottom of the deepest parts of the mould will be very 
weak and too flexible. 

Particular care should be taken in the design of these trays to 
ensure that they are strong enough for the handling and purpose for 
which they are required and also that the cut edges of the unformed 
base film, around the top of the tray, do not have sharp corners 
which could pierce the moistureproof wrapper. 

6.3 Overwraps and cases for transportation and storage 

6.3.1 Cartons 

It is sometimes decided to place the basic biscuit pack within a paper 
board carton. This may be for display, to form multipacks or to give 
added mechanical protection. Although this is another packaging 
operation and adds to the cost, it does give a tidy package, and being 
outside the moistureproof wrapper, the carton can be constructed 
from non-greaseproof materials, including waste paper pulp. It can be 
sealed with strong adhesives without too much concern about odour. 

The significance of the waste paper pulp is that this is cheaper 
than new wood pulp but has a hygiene hazard which precludes its use 
in containers which come into contact with food. 
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Card for cartons should be selected with due regard to the 
thickness and hence mechanical strength, whiteness of the surface for 
printing and, of course, cost. It is a false economy to use a board 
which is too weak as it may give handling problems in a carton 
erection machine and if stored in slightly unfavourable conditions 
become quite useless. 

6.3.2 Multipacks 

Small groups of the basic packs are known as multipacks. These are 
formed on a second wrapping machine and it is usual to use an 
overwrap film of low or only modest moistureproof properties to 
save expense. Cellulose or polypropylene offer the best appearance, 
but it may be satisfactory to use shrinkwrap (see Section 6.3.4). 

6.3.3 Fiberites 

For the purpose of collation, transportation and storage, biscuit 
packs are usually filled into corrugated brown paper cases known as 
fiberites. The size and shape of these depends on a number of 
factors, but normally there are about 24 or 30 packets giving a total 
case weight of around 6kg or 7kg. The cases are normally 
constructed from two webs of brown kraft paper separated by a 
corrugated layer of similar material. The board so produced is 
resistant to compression when the flutings are vertical but at 90" the 
strength is not as good. It is, therefore, important to consider the 
construction of these cases and never to stack them lying on their 
sides. This is a common error seen in biscuit factories or during 
transport. 

As with other papers, fiberites lose much of their strength if 
allowed to become damp. 

At extra cost, but for improved display purposes, fiberite cases 
may be made from white faced board. This prints and therefore 
displays much better than the brown paper. 

6.3.4 Shrinkwraps 

Shrinkwrapping involves the use of plastic films which are strongly 
orientated in construction so that they shrink in the longitudinal 
direction when the plastic is warmed. 

The biscuit package or case is first wrapped relatively loosely in 
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the shrinkwrap film. It is then passed through a short tunnel where 
warm air is blown onto it. The film shrinks and on cooling a rigid 
package is formed. 

Several different plastics may be used for shrink wrapping films, 
but polyethylene is the cheapest. This does not have good clarity but 
is sufficiently transparent and strong for most applications. When 
selecting shrinkwrap film the specification for shrinkage both in 
terms of temperature and amount in each direction should be 
considered against requirements. 

6.4 Tins 

In the early days of biscuit manufacturing tins were the main form of 
packaging. This is because a tin gives exceptionally good protection 
against moisture, light and physical damage. However, tins are now 
used only for specific types of packaging for biscuits. This is because 
they are expensive, take up a lot of space when empty and are not 
suitable for high speed filling operations. Where tins are used they 
are for the most part filled manually although there are robotic 
systems that take biscuits straight from a cooling conveyor and place 
them into paper cups and into the tins (for example some types of 
Danish butter cookies). It is usual to line tins with paper or to place 
biscuits in paper within a tin. This is because a biscuit that rubs 
against the tin surface may develop black spots. Clearly the paper 
must be of a greaseproof quality. 

After filling, lids are pressed onto the tin and the lids are normally 
secured with adhesive tape all round. 

Tins are used principally for high value products and sale as 
presentation gifts. Over the years some ornate designs of tins have 
been used. These promoted company and product images and are 
now collectors items. 

Commonly biscuits in tins comprise an assortment for added 
attraction. Assembling assortments of biscuits is usually a manual 
operation and as most tins are filled manually the assembly of 
assortments is often combined. 

Tins are also used for the packaging of biscuits that have to be 
stored for very long periods. In  this case the tins are sealed 
hermetically with solder. 

Plastic boxes that closely resemble tins are also used for special 
biscuit packs. 
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6.5 Palletisation techniques 

Packets of biscuits are usually collated in cases, fiberites, for storage 
and transportation. These cases are stacked on floor pallets and are 
moved with fork lift trucks or something similar. The orientation of 
the cases on the pallet needs some careful thought to achieve a stable 
structure. Individual cases should not fall off and damage due to 
pressure should be minimal. Unless the cases are square in basal 
shape they can be stacked like house bricks so that they overlap gaps 
and thus lock together. Some additional locking of the cases can be 
achieved by placing sheets of paper between the 1ayers.The cases are 
normally stacked to a height of about 2 m which is 6 or 7 cases high. 
Remember that the strength of fiberites is only good if they are 
placed upright due to the orientation of the fluting of the board (see 
Section 6.3.3). Additional locking of the cases in a pallet may be done 
by wrapping shrinkwrap film around the completely loaded pallet or 
with straps. 

It is important that handling of the cases is such that the biscuits 
in the packs within are not damaged. Common causes of damage are 
from cases placed so that they overlap the area of the pallet and 
pallets that are stacked too high one upon another creating excessive 
pressure on the bottom cases. If high stacking is needed, choose 
fiberites of suitable mechanical strength. 

It is recommended that the orientation and stacking of cases on 
pallets is recorded on the process audit chart (see Section 4.2) so that 
operators know what is required for each product. This not only 
ensures that the correct number of cases is put on a pallet (useful for 
easy checking of output and stocks) but also for optimum protection 
of biscuits from mechanical damage during transportation and 
storage. 

6.6 Storage of packaging materials 

Requirements for the storage conditions for cellulose films have been 
given (Section 6.1.1). Rather less care is needed for plastics. 
Cardboard, however, whether as cartons or cases needs careful 
storage. The main problem is moisture. If the paper should become 
damp it will lose its strength and may become loosened from the 
adhesives inherent in the case design. It is not normally possible to 
wrap stocks of cases for protection so they should be stored off the 
floor (on pallets), flat, to prevent distortions, and in a well ventilated 
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area, with low relative humidity. To ensure low humidities in damp 
climates it may be necessary to install space heaters or dehumidifying 
machinery. Recent developments in the latter have made them 
effective and economical. 



7 Types of pack and associated wrapping 
machines 

7.1 Types of primary packages 

The primary pack is the moistureproof unit which is to be offered for 
sale to the consumer. Secondary packaging into groups of 6,12 or more 
in boxes or cases is for ease of storage and transportation, but as this 
packaging may have a sigdicant effect on the mechanical protection 
afforded to the primary packs, it should be designed carefully. 

There are only a few basic types of primary packages. The 
wrapper may be rigid in the form of a tin or plastic box, but much 
more commonly it is some form of flexible material. If flexible it may 
be a preformed bag which is sealed after the biscuits have been 
placed in it, or it may be formed round one or a group of biscuits and 
heat sealed automatically. Some biscuits are collated and placed into 
preformed bags which are hand sealed, but by far the most common 
form of biscuit packaging is by sophisticated machines which carry 
groups of biscuits through wrapper forming and sealing arrange- 
ments at high speeds. The group of biscuits may be a column, a set of 
piles, or jumbled (see Fig. 2). The biscuits in the pile packs are 
usually determined by number, those in column packs by thickness 
and those in jumble packs usually by weight. In some cases biscuits 
are wrapped individually and in this case small numbers, for example 
five, are grouped and overwrapped to form what is termed a 
multipack. Individually wrapped biscuits are also referred to as 
‘countlines’. 

The pack sealing may be by fin seals or lap seals (see Fig. 3). Fin 
seals require only one surface of the wrapper to be heat sealable, but 
lap seals require both surfaces to be heat sealable and pressure must 
be applied against the pack contents. Sometimes there is a 
combination of seal types to utilise the greater efficiency that fin 
sealing allows in respect of moisture protection combined with the 
nearness that lap sealing gives to pack appearance. 

37 
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Fig. 2 Types of biscuit pack. 

lap seal fin seal 

Fig. 3 Types of flexible wrapper seals. 

Printed or unprinted wrapping materials are usually fed from 
reels and the action of the wrapping machine may be intermittent or 
continuous. Continuous fin sealing involves the formation of a tube 
around the product which is crimped and cut at appropriate pitch 
after the pack is completely formed. The tube may be formed 
horizontally or vertically. The horizontal type allows the introduc- 
tion of a group of biscuits in a preformed arrangement, but the 
vertical type is used for preweighed biscuits in a jumbled arrange- 
ment. Product overwrapped and sealed with fold seals, particularly 
on the pack ends, permits the simultaneous feeding of more than one 
wrapper (for example, paper within a moistureproof heat sealable 
film) and card or corrugated materials for additional protection and 
rigidity (for exaniple, corrugated folds or base cards). Wrapping 
material for packs with fold seals is cut before the pack is formed so 
transportation of the materials through the wrapping machine is 
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much more critical. Within these generalised methods of pack 
construction there are many sophistications of engineering design 
which give particular advantages and characters to meet different 
requirements. 

Where printed wrapper is used it is necessary to control the feed 
against register marks to ensure that the design remains central on 
each consecutive pack. 

It is extremely unusual to print the wrapper at the same time as it 
is used for wrapping, but there is an  almost universal demand for 
‘every-package’ coding to communicate the age or shelf life of the 
biscuits to the consumer. This necessitates in-line printing with a 
few characters. T o  overcome smudging problems as the film is 
drawn past folding and driving devices on the wrapping machine, 
special dry printing techniques must be used. Obviously the film 
cannot be perforated as this would spoil the moisture barrier 
properties and the most commonly used method is by heatlpressure 
transfer from a coated ribbon. The technique is known as hot foil 
printing and the method is similar to that used on carbon ribbon 
typewriters. 

Another demand from customers is ease of opening the pack. On 
certain machines it is possible to incorporate tear strips which should 
initiate the splitting of the tough moistureproof film. Unfortunately, 
tear tapes are not common on biscuit packs and probably the most 
common criticism by consumers of biscuits is the difficulty of 
opening packets without damaging the biscuits. T o  use a knife or 
scissors cannot be regarded as convenient! Having opened the pack 
the problem of continued protection against moisture until the 
biscuits are eaten remains. Simple resealable packs are not common 
and are usually not very successful. Transfer of biscuits from an 
opened pack to a tin or plastic box in the home is still the best 
solution. As this is not universally convenient, sales of biscuits in 
relatively small packs, allowing all the contents to be eaten soon after 
opening, has increased despite the significant increase in total 
packaging costs that this involves. 

Biscuits that are fully coated with chocolate do not require the 
same degree of moisture protection and packaging is often different. 
If film with good dead fold characters, that is, the sheet remains in 
position after bending without springing back, such as aluminium 
foil or a laminate including aluminium foil, is used a seal may not be 
required. These packs are not only easier to open but also can be re- 
closed. 
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Tins and rigid plastic boxes are now rarely used for packaging 
small units of biscuits. Although these containers offer many 
advantages, they are expensive and difficult to fill. Machines have 
been developed which will collate and drop biscuits into the tins, but 
the mechanism is so elaborate that the cost is only justified for 
expensive types of biscuits made on dedicated plants. Assortments of 
Danish butter cookies may be packed in this way, but in most cases 
even these are still packed into the tins by hand. Another 
disadvantage of tins is the enormous amount of space needed to 
store them whilst still empty! Tins and boxes, therefore, are now 
used only for relatively large packs or for expensive types and 
assortments in presentation packs. 

7.2 Horizontal flow pack machines 

These machines are by far the most popular type for biscuit 
packaging. A continuously moving in-feed chain is loaded with 
groups of biscuits and flexible film is drawn around the biscuits as a 
tube. The edges of the tube are sealed as a fin with rotating sealers 
and at this point the biscuits leave the conveying chain and are 
transported in the tube to the end crimping, sealing and cutting 
station. The end seals are also fins so there is an excellent chance of 
having complete seals all around the pack. 

Normally the sealing is with heat and pressure but contact sealing 
is also available which requires only pressure (see Section 6.1.6). The 
heat and pressure conditions are critical for correct sealing and this 
means that thermostats within the sealing jaws and wheels must be 
accurate. If the wrapping machine is running fast the dwell time of 
the wrapper between the sealers is short and the temperature must be 
higher than when the machine is running slowly. If the temperatures 
are too high the film may either melt (plastic-based films) and stick 
to the sealers or burn (paper-based films) leaving residues on the 
sealer jaws. Even if the films are not overheated there is a tendency 
for the film to stick to the sealers. They must be kept clean and 
correctly spaced to suit the film being used. It is not possible to vary 
the speed of a wrapping machine where the sealing is with heat. The 
machine is either running or stopped. If there is a ‘jog’ setting which 
allows the machine to be run slowly before moving into normal 
speed, this must be used sparingly otherwise overheating and 
difficulties in the sealing jaws may result. 

The feeding of biscuits to these machines may be either manual or 



Types of pack and associated wrapping machines 41 

automatic. For manual feeding flat plates beside the conveyor allow 
biscuits to be slid into place. The locations on the conveyor are 
relatively easy to use since the operator’s eye soon registers on a 
continuously moving chain with pins to catch the groups of biscuits. 
Registering on a continuously moving conveyor is easier than on one 
that moves intermittently. The groups or ‘slugs’ of biscuits can be 
fed in either as a series of small piles or as columns on their side. 

There is a photoelectric eye that allows automatic registration of 
the film to packs, ensuring that the cut off at the end sealers is always 
in the correct place. 

Flow pack machines can run fast but the number of packs per 
minute is related to the length of each pack; if the packs are short, for 
example individual biscuits, the number of packs made per minute 
may be as high as 300 or more but for typical 200 g packs speeds of 
up to 130 per min are more usual. 

7.3 Vertical form fill seal machines 

Like the flow pack machine, vertical form fill machines form packs 
by making a tube from the reel of film and cutting off lengths after 
the biscuits have been introduced, The machine runs intermittently 
and preweighed groups of biscuit are dropped into the tube of film. 
These machines are also known as bag packers and the packs are 
known as jumble packs. 

The long seal is always a lap seal but sealing is good because the 
heater bar presses against the smooth wa.11 of the tube former. The 
end sealers are reciprocating in motion and in the same way as for the 
flow pack machines incorporate the cutting device. 

Speeds are limited to about 60 packs per minute and because the 
biscuits are dropped into the bag in a jumbled form, there is often a 
little damage. 

Weighing heads above the machine allow automatic feeding and 
biscuits are typically fed to the weighers on inclined conveyors. 

7.4 Roll wrappers and other folded film machines 

The name roll wrap suggests only round biscuits packed to form a 
cylinder but these machines can also handle rectangular and square 
biscuits. 

The most basic machines carry columns of biscuits sideways to a 
wrapping station where they are pushed into cut lengths of film. The 
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film is first sealed along the length of the pack and then folded at 
each end before being sealed by heat and pressure. The feed of the 
biscuits is continuous but the wrapping is intermittent in action. 

The first long seal may be a lap seal which is made by pressing 
against the edges of the biscuit (in which case it may be difficult to 
achieve a complete seal) or a fin seal that is later laid flat. The latter is 
preferable as it secures a more complete seal. 

The intermittent action of the wrapping station limits the speed of 
the machines to about 40 packs per minute for manually fed 
machines to about 100 packs per minute for those with automatic 
feeds. 

There is much sophistication available in this range of machines. 
It is possible to feed more than one wrapper, for example a sheet of 
greaseproof paper or corrugated paper within the outer film, or to 
form a protective ‘box’ with two ‘U’s of cut corrugated paper within 
the film overwrap (see Fig. 2). It is also possible to incorporate a tear 
tape with the overwrap to facilitate opening of the pack by the 
consumer. Some machines allow the gluing of paper seals over the 
end seals to make them look more tidy. 

7.5 Block bottom bags 
Totally manual wrapping systems usually involve placing biscuits 
into preformed bags. These bags have folded and sealed bases which 
allow them to stand. When the biscuits have been placed in them the 
tops are heat sealed with or without being folded over first. 

These square-based bags are known as block bottom bags. Fully 
automatic machines are now available to form the bags, fill with 
biscuits and fold and seal the tops. They are a relatively expensive 
way of packaging and the machine is typically slow. They are used to 
fulfil a particular marketing image and are most suitable for relatively 
large packs. 

7.6 ‘Every-packet’ coding 

Legislation and consumer pressure have resulted in widespread 
application of ‘every-packet’ coding in the biscuit industry. All food 
products that are packaged should be coded to ensure that they are 
likely to be in satisfactory and safe condition when they are bought 
and consumed. For perishable foods where there is a potential for 
food poisoning ‘Sell by’ coding is used. For other foods, like biscuits, 
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were deterioration is not dangerous ‘Best before’ marking is usually 
adopted. In  some countries it is also necessary to show the date of 
manufacture of the product. In  this way consumers are protected 
from the possibility of purchasing packets that are likely to be so old 
that they will taste awful. 

There are two problems. What ‘Best before’ date should be used 
and how can this coding be printed onto packs? 

Biscuits will taste at their best if they are eaten within a few days of 
baking. With good packaging which protects them against moisture 
pick-up (softening) and oxidation (fat rancidity and flavour changes) 
3-6 months life can .be acceptable. For some manufacturers distribu- 
tion difficulties dictate that longer shelf lives are necessary so up to one 
year from the day of manufacture may be printed as the ‘Best before’ 
code. Remember that the care and attention that is put into process 
and quality control activity during manufacture will be considerably 
downgraded if the product is not good to eat when the pack is 
purchased. Therefore before accepting extended shelf life periods, 
both trials to see what changes may happen and the implications for 
the company’s image and reputation should be considered. 

Most biscuits are wrapped in plastic films that are formed into 
packs from reels. It is normally impossible to include a ‘Best before’ 
coding onto the film at the time that it is printed because the time 
when it will be used is uncertain. Thus techniques have to be used 
that print the code as the pack is made and this can mean high speed 
movement of the film on the wrapping machine. Of all the possible 
methods the only practical one for biscuits is hot foil printing. This 
involves setting a small die assembly with the desired information 
and placing it in an apparatus that heats it and presses it against a 
film with transferable material, usually plastic ‘ink’, which is pressed 
against the wrapping film at the correct place. In the early days of 
this technique more problems arose from this printing device than 
from all other adjustable points on the wrapping machine. Thank- 
fully hot foil printers now are much more reliable. Their good 
performance needs constant vigilance as it may be an offence to 
supply biscuits with no coding or illegible coding. 

7.7 Cartoning machines 

Machines are now available both for placing individual biscuit packs 
into chipboard cartons and for collating biscuit packs and placing 
them into storage cases (fiberites). 
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These machines erect the cartons and cases from flat stocks and 
fold and secure the ends after they have been filled. The successful 
and smooth operation depends largely on the quality and strength of 
the flat stocks provided. One of the commonest causes of problems is 
board that has become soft and weak due to storage in a damp place 
(see Section 6.6). 

7.8 Setting up machines for changes in pack type and size 

All wrapping machines, except vertical form-fill-seal types, are 
designed to accept biscuits that vary slightly in dimensions. 
However, in all cases the changeable parts and the settings for 
adjustable parts must be closely matched to the biscuits in question. 
The machine should be designed to suit the biscuits and it is much 
less satisfactory to try to make biscuits to suit a machine. 

Most biscuit manufacturers make more than one type of biscuit on 
a production plant. This means that either more than one set of 
wrapping machines must be provided to pack the biscuits or, more 
usually, changes are made to the wrapping machines to make them 
accept different products. 

There are two aspects that affect the efficiency of any wrapping 
operation, one is the accurate setting of the machine to the size of the 
biscuits to be wrapped and the other is the uniformity of the biscuit 
feeding arrangements. Many wrapping machines are fed manually 
and operators vary in the way that they place and squeeze biscuits 
into the machine in-flights. This affects the wrapping operation. 
Automatic feeding systems are normally adjustable to cope with 
different biscuits. Making these adjustments requires either skill or 
excellent calibration facilities (or both!). Many lower cost wrapping 
machines have inadequately calibrated adjustable parts and these can 
cause many start up problems after the settings have been changed to 
suit a different biscuit type. Settings for the adjustable parts of 
wrapping machines should form an essential part of data recorded on 
the process audit chart. 

7.9 Troubleshooting 

Some common faults found in packs: 

There are pinholes in the film. Possible causes are: 
- coarse crystals of sugar on the biscuit surface puncturing the film 
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- sharp ‘tails’ at the back of the biscuits formed at the rotary 
moulder 

- sharp comers on biscuits 
- sharp comers on plastic trays used to hold the biscuits. 
There are poor seals. Possible causes are: 
- the sealers are not hot enough 
- dust or crystals of salt or sugar that fall off as the pack is formed 
- dirty seals from biscuits caught and crushed in the seals 
- biscuits not vertical so that end sealers do not have a base to 

press against 
- biscuit length or width varies so that side sealer does not have 

an even base to press against 
- the film is shrinking or charring because the sealers are too hot. 
The packs are not separating after wrapping. 
- the jaws are not set correctly so that the film is not cutting well 
- the knife in the jaws needs resetting or replacing so that the 

film is not cutting well. 



8 Feeding biscuits into wrapping machines 

8.1 Collation and feeding biscuits into wrapping machines 

Many years ago all biscuits were collected and wrapped by hand. 
The improvements in efficiency that mechanical wrapping has 
achieved have been followed by the mechanisation of feeding to these 
wrapping machines. Although many wrapping machines are still fed 
by hand, developments have been made so that no manual 
intervention is required between the oven and the fully packed 
biscuits. Provision can also be made for occasional stops of the 
wrapping machine or for automatic diversion of product to other 
machines should the need arise. 

Automatic handling of biscuits and the relatively close tolerances 
required by wrapping machines in respect of biscuit size to achieve 
satisfactory pack seals has demanded maximum attention from 
process control techniques. In  fact, it can be said that the success of 
process control functions in a biscuit factory can be judged primarily 
by the performance of the wrapping machine and the average weights 
of the packs it produces. 

8.2 Feeding by biscuit volume or number 

Stacked biscuits on the packing table may be transferred by hand to 
the flights of an in-feed conveyor of a wrapping machine. This 
usually involves placing a column of biscuits into a chain conveyor 
which may be moving continuously or intermittently. The biscuits 
are not counted, they are ‘metered’ by thickness or volume. Packing 
operators can become quite adept at manoeuvring the correct column 
length. However, packers who are not so good may fill the flight too 
loosely or too tightly causing a detrimental effect on the structure of 
the final pack. A feature of this method of loading the wrapping 
machine is that columns from individual lanes of biscuits form packs. 
The weights of packs will reflect variations in biscuit thickness (and 
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possibly also weight) from lane to lane. A packing operator can 
conveniently collect columns of biscuits from several lanes across a 
packing table and feed them to the wrapping machine so that lane 
reduction prior to stacking is not necessary. If, however, lane 
reduction techniques are used to give only a few lanes of well-mixed 
biscuits, it may be that the speed of the packing table will be too fast 
for ease of pick-up by the operators. 

Note here that a LANE of biscuits is a continuous line in the 
direction of travel and a ROW is a line across the width of the 
conveyor. 

If the lanes of stacked biscuits are channelled or hand fed into 
more or less vertical feeders it is possible mechanically to pick off and 
transfer an exact column length (plus or minus one biscuit) to the 
wrapping machine in-feeder (these are known as length metering 
feeders, LMF). The feeding is, of course, determined by volume. 
Biscuits in vertical feeders may also be pushed out one, two or three 
at a time in such a way that piles are built up in the wrapping 
machine in-feed based on number of biscuits rather than on 
volume. This arrangement offers better weight control because there 
is no problem with packs that have one biscuit extra or less, as is 
inevitable where a column length is the determining factor. It is also 
a better arrangement where large or thick biscuits are to be packed, 
for example sandwich creams, where small variations in thickness 
can become significant if multiplied in a column of product. 

A problem of feeding biscuits from vertical magazines is that 
pressure on the lowest biscuits may result in damage (especially to 
types with delicate structure or blisters) and scuffing as the biscuits 
are divided or pushed out. ‘Pressureless feeders’ involving gripping 
the upper parts of the column while biscuits at the bottom are 
extracted offer some advantages in these situations. 

The design ingenuities and potential production advantages of 
automatic feeders for biscuits have, not surprisingly, resulted in 
many patents protecting designs. Most of these patents are held by 
the manufacturers of wrapping machines, as the techniques and 
precision used for the biscuit handling must be related to and 
synchronised with the mechanisms of the wrapping machines. 
However, a wrapping machine with a linked automatic feeding 
arrangement represents a set of machinery which can be very 
expensive. 
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8.3 Changing a wrapping machine to accept a different biscuit 

The relatively close tolerances in biscuit dimensions required to 
make good packs often means that change parts must be fitted to the 
wrapping machine when different types of biscuits are to be 
wrapped. It may be a substantial and time consuming engineering 
task to fit these change parts and in each case careful final 
adjustments are needed to allow good machine performance. 
Comprehensive calibration of the adjustable parts of a wrapping 
machine is essential. 

Thus, it is worth drawing attention to the following points about 
wrapping machines. First, it is unusual to succeed in forming and 
baking more than one type of biscuit with exactly the same size and 
range of dimensions. If one wrapping machine is to be used for 
different biscuits, it is best to load the biscuits into standard sized trays 
or boxes for overwrapping before presentation to the machine or to fit 
sets of changeable parts specially designed for each type of biscuit. 

Some wrapping machines have sufficient adjustable parts to allow 
different biscuits or different pack sizes to be produced. 

The problem of flexibility becomes all the more complex if 
automatic feeding systems are expected to cope with more than one 
size of biscuit. 

Secondly, the wrapping machine parts and wrapper size should be 
designed and built to match the biscuits, not vice versa. It is difficult 
to form dough pieces which will give biscuits of a predetermined size 
and within a specified range. Thus, wherever possible, a good sized 
sample of representative biscuits should be sent to the wrapping 
machine manufacturer so that the critical parts can be built 
accordingly. Where this procedure is not possible, for example when 
there is not enough time between a first production run and product 
launch, it is likely that some expensive remedial engineering may be 
needed in the light of production experience. Both new biscuit 
cutters, rotary moulder rolls and wrapping machine parts are 
expensive so it is best to be logical in the definition of sizes rather 
than to guess in the interests of speed. 

Calibration of adjustable parts is essential. During commissioning 
of a new product it is frequently necessary to make trial and error 
adjustments to get the wrapping machine to perform well at the 
desired speeds. If the final positions of all adjustments can be 
recorded accurately, from scales provided, it is much easier to return 
to optimum settings should the machine be used for more than one 
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biscuit size. The  best wrapping machines are provided with 
calibration scales attached and it is worth requesting similar facilities 
on all wrapping machinery. 

8.4 Jumble packaging 

Some biscuits are wrapped in bags jumbled and in no particular 
arrangement. This system is suitable for small or very hard biscuits 
as the bag does not give much mechanical protection. The biscuits 
may be automatically fed to the bagging machine via a volume feeder 
or a weigher. The labour requirements for jumble bag packing are 
particularly low as there is no need to maintain a regimentation of 
biscuits between the oven and the packaging machine and should it 
be necessary to remove biscuits from the line, due to a machine stop 
or substandard quality, they can be collected in bulk in trays or 
boxes. Good biscuits can be returned to the packing line merely by 
tipping back into the system. 

8.5 Are manual or automatic systems better? 

The organisation, mechanisation and labour requirements for biscuit 
collating and transfer to wrapping machines is of great importance. 
Manual packing operations benefit from periods of training. The 
operations seem simple but untrained and inexperienced operators 
can quickly cause jams and substandard packs to be produced by 
wrapping machines. An advantage of using people rather than 
machines for certain biscuit handling operations is that decisions can 
be made and alternative tasks undertaken more easily. If, for 
example, burnt or misshapen biscuits arrive to be packed it is easier 
for people to decide what should be done with them rather than 
sensors linked to diverting mechanisms. Also, it is inevitable that 
from time to time a wrapping machine will stop. It may be simply to 
change a reel of paper, or it may be for an engineering adjustment. In 
these cases biscuits arriving to be packed must either be absorbed 
automatically in a buffer store, be temporarily removed for 
subsequent return to the system, or be allowed to fall away and be 
treated as scrap. Although at a cost, total automation is possible, it is 
usually found more economical to use people to cope with these 
disruptions. This situation draws into question just how much 
mechanisation should be provided as it is better for labour to be 
constantly employed rather than only intermittently. 
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8.6 What speed should a wrapping machine be set for? 

It is always necessary to program for some wrapping machine stops 
and the accepted rule is to arrange that the capacity of the wrapping 
machine(s) is 10% greater than the maximum output of the biscuit 
plant for any particular product. Furthermore, it is usually better to 
run the wrapping machine at a fixed speed and to stop for short 
periods if the supply of product is insufficient. Remember that the 
reason for this is that the temperatures of heaters for sealing usually 
need adjustment for the dwell times when they are in contact with 
the wrapping films. Changes in machine speed will usually involve 
changes to the heater temperatures and these need periods of time to 
settle down. Also, automatic feeders often need slight adjustments to 
suit speed. Tuning these adjustments may not be easy. 

Pressure sensitive, cold seal wrapping films have been developed 
that do allow for the variable speed of the wrapping machine. 
Sensors can detect the length of the queue of biscuits coming to the 
machine and speed or slow the wrapping machine appropriately. 
These wrappers are particularly useful for individually wrapped 
biscuits where wrapping machine speeds are very high. 



9 Biscuit handling and storage before packaging 

9.1 

Not all of the biscuits that are baked are of suitable quality to be 
packed and sold as prime product. It is therefore an important 
production task to ensure that any substandard biscuits are removed 
before they reach the wrapping machine. 

Identification and handling of substandard product 

9.1.1 

1 All the biscuits are of the wrong colour. 
This fault should be detected at the oven exit. 
- If too dark they may be burnt and will have an unpleasant taste 
- If they are too pale they will be underbaked and will probably 

have too high a moisture content. The taste and eating texture 
will be unsatisfactory 

- The top and bottom surfaces of the biscuits may be uneven in 
colour reflecting bad baking. 

Action 
- Attention to baking conditions is urgently required 
- These biscuits are generally unsatisfactory. It is best that they 

are removed from the production line immediately after the 
oven. This can usually be achieved by withdrawing the 
nosepiece of the panning web, the conveyor immediately after 
the oven band, and allowing the biscuits to fall onto a 
transverse conveyor and be collected in a box beside the plant 

Responsibility for this action should be with the baker and 
he or she will ensure that the time while rejection is taking 
place is kept to a minimum 

- It is recommended that these biscuits should be scrapped and 
sent for animal feed or possibly be bagged up and sold as 
substandard product 

- In  some factories substandard biscuits are recycled into the 

Types of quality problems and what should be done 
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mixing department. The economics of this should be carefully 
considered. First, by their very nature substandard biscuits 
will produce a variable material for inclusion in a dough (which 
puts into question all the quality control effort that should be 
used to ensure consistent and reliable ingredient materials). 
Secondly, doughs with recycled material will produce different 
qualities and sizes of biscuits compared with doughs made 
without recycled materials. This will give problems for the 
process and could result in even more substandard biscuits! 

2 Some of the biscuits are of unsatisfactory colour. 
This fault should be detected at the oven exit. 
- Uneven heat distribution in the oven due to malfunctioning 

burners, inspection doors not closed, windy conditions outside 
the factory giving extraction problems 

- Missing dough pieces causing those next to the gaps to become 
overbaked 

- Uneven weights of dough pieces across the oven band 
Action 
- Urgent checks on oven burners and controls 
- Check dough piece forming and weights 
- Decide whether the poor biscuits should be rejected or whether 

allowing them to pass to the packaging area will result in packs 
with biscuits of mixed appearance and quality 

- Pick off the bad biscuits. 
3 The biscuits are not of the desired weight or thickness for 

packing. 
This fault should be detected at the oven exit. 
Action 
- If the biscuits are not rejected at the oven, exit warning marks 

or indicators should be placed with the biscuits which will 
continue on the cooling conveyors to the stacking table OK 

location near to the wrapping machine. At this point they 
should be removed from the plant into boxes for disposal as 
substandard biscuits. 

4 A few, but not all, of the biscuits are misshapen. 
This fault should be detected at the oven exit. 
- The poor biscuits may be as a result of dough pieces which are 

incomplete or have touched adjacent pieces during baking. 
Action 
This is a comnion situation and requires constant vigilance. In all 
these cases operators must remove the substandard biscuits by 
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hand. It is difficult to see and pick out individual biscuits after 
they have been stacked so surveillance and picking off must be 
done while the biscuits are flat. The only places where this can be 
done are at the oven exit or immediately before the stacking point. 
Normally there should be operators positioned on each side of the 
plant so that the whole width of the plant can be seen and reached. 

9.2 Handling of biscuits that are not to be wrapped from the 
cooling conveyors 

In many cases baked and satisfactory biscuits are not wrapped 
directly after they have been baked and cooled. This may be because 
there is a fault at the wrapping machine or because the biscuits are to 
be subject to some secondary process that cannot be an in-line 
operation. I n  all these cases the biscuits must be manually 
transferred into storage boxes. The design and size of these boxes 
is critical to efficient operation. They may be made of tinplate or 
plastic. The tin types have the advantage that the sides are vertical 
and thus columns of biscuits can fit tightly and neatly into them but 
the plastic types do not become bent and are easier to wash. The size 
should be such that when full of biscuits they can be easily lifted and 
placed without dropping. This means that they should not be too 
heavy and should have good handles. They should have lids which fit 
tightly or they should stack well to protect the contents from 
exposure to the air, see below. 

There are certain efficiency, biscuit quality and hygiene points to 
monitor when biscuits are handled in boxes: 

Boxes should be placed on stands at a convenient height for 
operators to fill them. 
Biscuits should be placed neatly in rows and layers in the boxes to 
prevent damage and misalignment during transport and to allow 
easy removal without breakage at a later time. 
Filled boxes should be lidded or stacked in a way that protects the 
contents from exposure to the atmosphere. This is because 
biscuits pick up moisture very quickly from the air and become 
soft and much more prone to fat rancidity. If lidding is not 
possible the filled boxes should be stored in a room at a relative 
humidity of less than 30%. The temperature of this storage room 
is not as important as the relative humidity. 
Boxes should always be handled and stored on pallets to prevent 



54 Biscuit, cookie and cracker manufacturing manuals 

the outsides of the bases becoming contaminate with dirt from the 
floor which may fall onto the contents when boxes are stacked. 
(Do not walk on pallets. Keep their surfaces clean!) 
Boxes should be cleaned thoroughly regularly and any loose 
crumbs taken out before new biscuits are placed in them. Old 
crumbs are a source of fat rancidity, flavour or colour contamina- 
tion. 



10 Post-wrapping operations 

Packets passing from the wrapping machine are in the form that the 
biscuits will be presented to customers. Before they are collected into 
boxes for storage and transportation it is necessary to do some final 
checks to ensure that the packs comply with legal requirements and 
the company’s quality requirements. 

10.1 Check weighing 

Most biscuits are sold by weight and this must be declared on the 
pack. There are two systems based on minimum weight or average 
weight. The former is easier to understand and administer and is 
more satisfactory from the consumers’ point of view, but the average 
weight system has become the standard in all EC countries and many 
other places in the world. The system benefits the manufacturer 
because it recognises that transient variations do occur during 
production runs and therefore, waste in productivity is reduced 
should a limited period of low weight packs be produced. 

Briefly, the minimum weight system declares that no pack 
shall be offered for sale which is below the net weight stated (that is 
the weight of the pack less all the packaging materials). With some 
exceptions the overweight is without limit and, if high, is to the 
customers’ advantage. The manufacturer can protect himself by 
check weighing every pack and rejecting those which are lightweight. 
The customer and inspectors from the appropriate authorities may 
also check and complain or prosecute if necessary. The manufacturer 
need keep no records of weights except in so far as it is useful to 
know the average weight of the production run because there is a cost 
implication. Lightweight packs must be opened and the contents fed 
back into subsequent production or they may be offered for private 
sale, for example to production staff, as long as the fact that the packs 
are substandard is clearly advertised. There is obviously a strong 
motive for pack weight variation to be as low as possible so that the 
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average weight is close to the minimum weight. The difference 
between the two weights is referred to as the excess weight, 
overweight or give away. Automatic ‘every-packety check weighers 
can be used to reject lightweights and to compute the average 
weights of all those not rejected. 

The average weight system states that over a given period the 
average net weight of the packs must be as stated or above. Records 
must be kept to show how the weights varied throughout the run, but 
only samples need be checked, not every packet. There is a lower 
weight limit below which no pack may be sold and this is roughly 5% 
below the stated average weight. The exact value is stated in the 
legislation. The onus is on the manufacturer to keep records at the 
factory and inspectors can demand to see these records and can make 
spot checks of stock either in the factory or in shops. It is necessary 
for the quality control department to maintain all these records and 
understanding the principles of probability associated with normal 
weight distributions is a distinct advantage. It is possible to arrange 
for the average pack weights from a production run to be a lot closer 
to the stated weight than in the minimum weight system so that give 
away weights may be low or negligible. 

To  aid in controlling and recording pack weights check weighing 
machines are commonly sited immediately after each wrapping 
machine so that every pack is weighed. These machines can be set to 
record average weights over given periods, the standard deviations of 
the weights, and to reject packs that are below or above given limits. 
In addition to satisfying legal requirements these machines therefore 
are useful for detecting packs that may not have the full number of 
biscuits due to malfunction of the biscuit feeding systems. 

It is necessary periodically to check the correct performance of the 
check weighers and there are various means for doing this. The most 
common is to pass over a ‘standard’ pack and to observe the weight 
recorded. It is desirable that the results of such checks are recorded 
so that all can see that the machine was checked as prescribed. 

10.2 Metal detection 

Processing of food always involves the risk of inclusion of foreign 
matter. A few materials such as slivers of metal, glass or toxic 
chemicals may be dangerous to health, but mostly the effect on 
consumers is one of revulsion rather than danger. Every means 
possible should be taken to ensure that foreign matter does not 
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become included and that foreign matter that does is detected before 
the product leaves the factory. 

Foreign matter in biscuits is more likely to lead to prosecution and 
bad publicity than any other defect of the company or its products. 

Foreign matter such as glass, stone and metal have significantly 
different densities than biscuit and this property has been used in the 
development of detection methods using, for example, X-rays. 
However, at present, there is no widely used instrument for every 
pack scanning of biscuits densities. The problem is that pieces will 
probably be small and detection at the speeds involved must be 
linked to automatic rejection. 

Metal detectors capable of finding and rejecting packs containing 
particles of metal of 1 mm or more in size are commonplace and it is 
recommended that each production line should be equipped to scan 
every pack after the wrapping machine. The quality control 
department should be intimately involved in the use of metal 
detectors, not only to ensure that their performance is checked 
regularly at least according to the manufacturers’ recommendations, 
but also to see that packs rejected are reliably collected and 
subsequently examined for the offending metal. Since prevention is 
the aim, it is worth trying to identify the source of each piece of 
metal, by consultation with engineers if necessary, so that action 
aimed at preventing further cases may be taken. As well as protecting 
the company reputation attention at this stage may also provide early 
indication of the need for machine maintenance. 

Attention to operators’ hand wounds and skin conditions are dealt 
with in Section 3. By using adhesive plasters containing a fine metal 
strip the crisis which may occur as a result of a chance loss is reduced 
if the metal detector can reject the offending piece. Unfortunately, 
detectors are not yet available which will find human hairs or pieces 
of fibre such as cotton, nylon or polyester. Although there is no 
particular danger involved in eating any of these, customers are not 
particularly impressed by such finds! 

10.3 Quality control checks 

In  addition to pack weight checks it is necessary to have procedures 
in place for other checks on packs before they are put into boxes and 
are taken away from the production area. 

Superficial checks include: 
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- pack appearance and 
- seal qualities and pack integrity. 

In depth checks include: 

- shelf life testing 
- tasting tests for flavour and texture. 

It is obviously not possible to check every pack so sampling 
procedures must be designed to give as much information as is 
considered necessary. The cost of surveillance and checking must be 
weighed against the consequences of poor or substandard product 
falling into customers’ hands. Fortunately, or perhaps unfortunately, 
very few aggrieved customers complain; they merdy remember and 
are reluctant to purchase again. 

10.3.1 Pack appearance 

The customer is much influenced by the pack appearance and faults 
with wrapper printing or position on the pack should not be allowed 
to pass for sale as they may suggest a casual approach to the quality of 
the contents. It will be the job of all operators associated with 
packaging to watch for these faults as spot checks by quality control 
staff are unlikely to be adequate. 

10.3.2 

The moistureproof qualities of flexible wrappers have been discussed 
in Section 6. However, as a result of folding and heat sealing, it is 
possible that the protection offered by the wrapper is less than 
expected. The main reasons are imperfect seals and perforations of 
the film by sharp edges such as sugar crystals, etc. Quick checks can 
be made of the seal performance by observation, blowing through the 
folds to see if the pack inflates, or by immersing the pack in water 
and then either reducing the pressure over the water to encourage air 
to bubble out, or increasing the pressure inside the pack by pumping 
through a hollow needle slipped into the pack. These tests will give 
an idea of the position and size of poor seals or perforations. 

Seal qualities and pack integrity 

The seals may be imperfect because: 

- the temperature of the sealing jaws is not correct 
- the jaws are dirty and the film is sticking to them, thus being 

pulled apart at the point when a seal should be created 
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- the pressure is insufficient, as may happen if the pack is slack 

In the case of horizontal flow pack machines if the tube of film 
which carries the biscuits from the end of the in-feed conveyor to the 
sealing and cutting station is not of the correct size there will be a 
tendency for the biscuits to slip or fall in the tube and they could 
become caught within the jaws. This causes two packs to be damaged 
and the jaws to become dirty. 

or the biscuits within the pack are of incorrect size. 

10.3.3 Shelf life testing 

Moisture which passes into the pack from the atmosphere results in 
loss of crispness and may be combined with deterioration in flavour 
and appearance. The changes are known as staling. Not all the 
changes which occur in store are due to moisture pick-up, but as this 
is likely to be the major cause of loss of quality, accelerated shelf life 
tests are often made to estimate the reasonable life of a pack. 

Obviously, the speed of moisture pick-up is related to the ambient 
conditions. There are some very dry climates where biscuits will pick 
up very little moisture, but in most countries the humidities both 
indoors and out are quite high for most of the year and good moisture 
protection is required. It is unusual for a biscuit pack to be exposed 
on all surfaces equally so when contained in a box next to similar 
packs there is an appreciable amount of self protection between the 
packs. Estimations of moisture pick-up rates are, therefore, only 
relative and it is almost impossible to define shelf life in absolute 
terms. 

Accelerated shelf life tests are designed to test the effectiveness of 
the package for moistureproof properties rather than other changes 
which cause deterioration. A common accelerated shelf life test 
involves holding a pack in an atmosphere at 75% relative humidity 
and 25°C. This humidity can be maintained in a cabinet over a 
saturated solution of common salt. The gain in weight of the pack is 
monitored and this represents the moisture pick-up. A pack stored 
under these conditions is estimated to pick up moisture three times 
faster than under ‘normal’ British storage conditions. Whether this 
estimate of the degree of acceleration is correct or not is not really 
important because results from the tests must be viewed relatively 
and are principally a check of the moisture protection values of 
packs. 
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There is a problem in defining how much moisture can be 
absorbed by a biscuit, or what its final moisture content can be, 
before it is deemed too soft or ‘stale’ to be edible. More detailed shelf 
life testing should have been made at the time of product 
development to monitor the effects of long term storage and 
moisture pick-up on biscuit texture and eating qualities. 

Accelerated shelf life testing as described here is a destructive 
form of testing because the contents of tested packs will not be 
suitable for eating. It is, therefore, necessary to consider carefully the 
number of packs that should be tested and the use of the information 
that is obtained. The moistureproof properties of packs can be 
compared with the theoretical maximum based on the specified 
properties of the packaging film. Also, the moisture pick-up can be 
compared between different packs of the same type giving an idea of 
short term or long term variation on a particular wrapping machine. 
As the space available for shelf life testing in this way is likely to be 
more limiting than the cost of samples, some planning must be 
undertaken to decide what information would be most useful as a 
result of routine testing. A few samples a week of a particular pack 
will build up a basis for comparison and a large sample occasionally 
will show the short term variability to be expected from the wrapping 
machine. The tests will show the relative efficiencies of different 
types of wrapping machine used with different types of wrappers. 

Packs which show exceptionally poor performance as a result of 
accelerated shelf life tests should be examined and the position and 
likely cause of holes in the wrapper be recorded. Thus, seal problems 
may be due to the wrapping machine or sealability of the film, but 
holes elsewhere may reflect difficulties with sharp edges in contact 
with the film, necessitating review of the pack design. 

10.3.4 

It is commonly overlooked that biscuits are being made for 
customers to eat! Much attention is given to processing conditions 
and the weights and appearances of the packs and too little is given to 
the eating qualities. It is reasonably assumed that if the size and 
appearance of biscuits are correct that the eating qualities are likely 
also to be satisfactory. However they should be tasted critically in a 
systematic way. 

Tests to detect eating qualities are best done by a trained taster 
working in controlled conditions. Many tasters can detect differences 

Tasting tests for flavour and texture 
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from eating a single sample but the best results are by making 
comparative tests, usually testing a sample against a standard. It is 
difficult and time consuming to do critical tasting tests and many 
companies do not do this regclarly or in a sufficiently controlled 
manner. 

Even the casual tasting of product by workers in the factory is to 
be encouraged if they will report when they think there is something 
wrong. 

10.4 Palletising and organisation after the wrapping machine 

Where the scale or speed of production warrants, it is possible to use 
machines to erect, fill and seal fiberites and to print codes or dates to 
define the time of production. In other cases, these operations are 
done by hand. 

The arrangement of materials and packed goods around the 
wrapping machine requires a significant amount of space, plus access 
gangways. The ergonomics of supply, storage and handling of 
wrapping materials, cases, pallets, etc., and also finished stock, 
requires detailed planning if frustration is to be avoided. Major 
difficulties commonly arise if provision is not made for handling 
substandard stocks of, for example, badly sealed packs, or boxed up 
biscuits which have accumulated during periods of wrapping 
machine malfunctioning. Procedures should be well defined because 
trouble is usually intermittent and considerable rather than constant 
and at low level. 

10.5 Recycling of biscuits from substandard packs 

There will always be a significant number of packs that cannot be 
passed to the warehouse for subsequent sale but which contain good 
biscuits. A decision needs to be made on what to do with these. 

In  most factories the packs are opened and the good biscuits 
collected in trays or boxes for feeding back into the wrapping 
machine at a later time. Broken biscuits are separated and whether 
these are recycled to the mixing department depends on the 
management policy (see Section 9.1.1). 

It is of great importance that biscuits which are collected for later 
wrapping are well protected from moisture pick-up from the 
atmosphere. Therefore a casual attitude to the operation of opening 
substandard packs and the recycling of biscuits should be avoided as 
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it is hoped that recycled biscuits will be as pleasant to eat as biscuits 
that were wrapped directly from the oven. 

10.6 Process control efficiency records 

A well run factory keeps full records. It is clearly of great value to 
know how many packs or cases of biscuits were made during a 
production run and details of rates and stops during the run are 
important for management to correlate with other events recorded 
from other parts of the production line. 

Wrapping machine problems are a common cause of inefficiency 
in many biscuit factories. It is useful to know the details of each 
stoppage so that appropriate attention can be given to maintenance, 
biscuit process control, wrapping materials quality control or 
operator training to reduce problems. 

The quality of broken biscuits, biscuits that had to be recycled for 
wrapping and wasted wrapping materials should also be accurately 
recorded for each production period. 



11 Storage and warehouse handling 

11.1 Introduction 

After boxes of biscuits pass from the production areas and into 
storage they tend to be forgotten in terms of quality control. Ideally 
the storage and handling conditions should be monitored by quality 
control staff all the way to the customer’s shopping bag but much is 
not possible. Warehouse staff should remember that they are 
handling food that customers would like to find in prime and not 
broken condition. 

The changes in biscuit quality that may occur during storage are 
principally associated with damage and moisture pick up. The longer 
the biscuits remain in store the shorter is their shelf life with the 
retailer. 

Strict stock rotation is essential for biscuits so that old stock is not 
delivered to customers. The printing and coding on the cases which 
indicates when the biscuits were made should be clear enough for 
warehouse staff to be able to read it easily. 

11.2 Storage conditions 

Extremes of conditions are not unusual in biscuit storage areas. Of 
particular concern are high temperatures and high humidities. 

High temperatures, often found near the roof in sunny conditions, 
will be detrimental to chocolate and generally accelerate chemical 
changes related to staling like oxidation. Large fluctuations in 
temperature promote fat migration in biscuits which can lead to pale 
surface colours and softening of chocolate. 

High humidity, often found in cold winter conditions or where 
the roof is not as rainproof as it should be, is particularly serious. 
The main effect is to reduce the protective strength of the cardboard 
of the fiberites such.that they are weak in the stack and there is more 
pressure on the biscuits packs in the lowest boxes. Also with high 
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humidity around packs the moisture transmission through the 
wrapping films will be a little greater than normal and this will 
result in a lowering of shelf life. 

Cases should not be stored on floors or touching walls. Dampness 
problems are considerably reduced if air circulation is good and gaps 
left at floor/wall junctions will help in prevention of rodent and 
insect infestations. 

As much care should be given to the conditions in the storage 
areas as is normally given to the main factory. 

11.3 Stacking and handling for transportation 

A major cause of damage to biscuits is from rough handling of boxes 
in store and because of bad palletisation and stacking. Mention has 
been made in Sections 6.3.3 and 6.5 of the need to choose the quality 
of fiberite relative to its intended use and to consider palletising 
carefully. Having done these things, where the pallets are moved 
with fork lift trucks, damage should be minimal. However, there are 
many instances when boxes are handled manually particularly when 
stock is loaded onto trucks for transportation away from the 
warehouse. The nature of the work often means that the boxes are 
dropped, thrown, stacked on edge and generally handled roughly. It 
is hardly surprising that crushing and breakage occurs. This will not 
be appreciated by customers and the company’s reputation will 
suffer. 

11.4 Faults found in stored biscuits 

1 1.4.1 Checking 

Certain groups of biscuits are prone to spontaneous breakage at 
variable times (up to 24 h) after cooling and packaging. A 
phenomenon of hairline crack formation occurs and this is known 
as ‘checking’. Checking cracks usually extend partway across a 
central portion of the biscuit rendering it prone to complete breakage 
on subsequent handling. These cracks are the result of stresses which 
develop as the biscuit cools and are due to dimensional changes 
associated with equilibration of moisture within the biscuit. The 
drying process in the last zones of the oven inevitably cause the 
central and thicker parts of the biscuit to have slightly more moisture 
than other parts. Under certain conditions the shrinkage and 
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expansion of the various parts, as this moisture difference evens out, 
may be too much for the fabric of the biscuit to tolerate and a crack 
appears. Why some biscuits do not check and others do is still 
imperfectly understood despite extensive investigations by technol- 
ogists over many years. It has been shown that factors including 
basic recipes, ingredient qualities, mixing and baking conditions, 
cutter design and others contribute to the tendency to checking but it 
is always the moisture distribution related to the elasticity of the 
biscuit structure as it cools that is the real cause. 

Checking can be reduced or eliminated if the baking is slow and 
cooling is gradual, avoiding cold draughts in particular. It may also 
be necessary to increase the baking times so that the overall moisture 
content of biscuits from the oven is lower (below 1.5% for semi- 
sweet varieties). Crackers and semi-sweet varieties of biscuits are the 
types most likely to check, but problems can also occur in others. 
Products made with around 15 units of fat to 100 of flour and with 
low sugar seem to be the most susceptible. As the fat and sugar levels 
increase, checking becomes less of a problem due presumably to the 
fact that the biscuit structure is more flexible. Products with a more 
dense, less aerated texture are also a problem and this is probably 
because the structure is more rigid. It is also more difficult to remove 
the moisture from the centre of a dense biscuit. 

Figure 4 shows the wider relationships of factors that may result 
in checking. 

11.4.2 Moisture equilibration 

Biscuits may have cracked chocolate coatings, tough jam, crystallised 
toffee (caramel) or tough marshmallow. All of these problems are due 
to the migration of moisture within the finished biscuit. This 
migration takes a few days to be complete. 

Movement of moisture has been mentioned above as the main 
reason for ‘checking’ of biscuits but if the components of a biscuit 
start with different water activities (see Section 8.1 of Manual 5, 
Secondary processing in biscuit manufacturing), which are normally 
shown by different moisture contents, moisture will move until all 
the components have similar water activity values. Thus, if jam or 
marshmallow are used to sandwich biscuits the jam will lose moisture 
and become tougher (and may well crystallise) and the biscuit will 
become softer. The only way to avoid jam or marshmallow 
sandwiched biscuits becoming tough during storage is deliberately 
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to increase the moisture content of the biscuits or to coat the biscuits 
with a moisture impervious film of fat before the jam is placed on 
them. There could be flavour and texture problems associated with 
the technique of increasing the moisture content which is known as 
conditioning. 

A coating of chocolate is a rigid structure. If the dimensions of the 
biscuit that has been coated change by even a little the chocolate 
coating will crack and may even fall off. Thus biscuits which are 
likely to ‘check’ should not be coated with chocolate and composite 
biscuits which have jam, toffee or marshmallow should not be coated 
unless care has been taken to match the water activity values of the 
components or a moisture barrier has been introduced. 

Chocolate flavoured coatings, ‘chocolate’ that has been made with 
a fat other than cocoa butter, tend to be more flexible than real 
chocolate so in cases where changes in biscuit dimensions are likely 
after coating, these materials may offer technical advantages. 

1 1.4.3 

Sandwich cream biscuits which seemed to be satisfactory at the time 
of wrapping or after cooling and storage in trays or boxes show 
separation of the shells from the cream after a few days. 

Like chocolate, biscuit cream is a rigid material after cooling. The 
cream is attached to the biscuit shells by the development of fat 
crystals at the interface. If anything should happen to break these 
crystals the bond will be weak and the shells will separate from the 
cream. 

The most likely reason for the weakening of the fat bond is again a 
matter of moisture causing a change in the dimensions of the 
biscuits. Either there was internal equilibration of the moisture in the 
biscuit or moisture has been picked up from the atmosphere. If an 
aqueous ingredient was used in the cream, moisture from this may 
pass into the biscuit shells. Of particular concern here may be the use 
of dextrose monohydrate in the cream or an aqueous solution of 
flavour or colour. 

Another reason may be a change of fat crystal type after the initial 
cooling of the fat. It is unfortunately a fact that some fats are not 
compatible in their crystal forms and with time, particularly if there 
are significant fluctuations of temperature, components of the dough 
fat migrate into the cream fat and a rearrangement of the crystals at 
the biscuit cream interface occurs which weakens the bond. In cases 

Separation of sandwich creams 
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like this the temperature of storage should be checked and the nature 
of the fats being used in the biscuits and the cream should be 
examined for serious incompatibility. 

11.4.4 

Biscuits in store are found to have pale and possibly mottled surfaces. 
Chocolate biscuits are found to have white coatings or markings 

on the surface of the chocolate. 
Both of these problems are due to fat bloom. This is caused by fat 

which has migrated to the surface and has subsequently crystallised 
there. In both cases temperature fluctuation is responsible although 
in the case of the chocolate biscuits the temperature must have risen 
above the melting point of the chocolate which has lost its temper 
and later cooled as a mixture of crystals instead of the desired single 
crystal form. 

Fat bloom in biscuits is not a common problem and is usually 
related to the type of dough fat that was used. If there are high 
melting fractions in the dough fat, as can occur with certain qualities 
of butter, there is a greater tendency for fat bloom to occur. The best 
way to reduce the tendency is to use a dough fat which is a blend of 
different fats and which does not have a steep melting curve or a 
significant proportion of fractions melting above 40°C. 

Fat bloom and pale biscuits 

11.4.5 Tight packs 

Packs have become excessively tight during storage. 
This may be due to one of two reasons. First, there may have been 

an increase in the biscuit dimensions as a result of moisture pick-up 
after packaging, probably caused by poor seals, holes on the pack or 
poor quality wrapping film. Secondly, the biscuits may have been 
wrapped when excessively hot and the heat has caused the plastic 
film to shrink around the biscuits. 

11.4.6 

All the biscuits in an assorted pack seem to have the same flavour. 
This is a common problem in packs of assorted biscuits. Flavours, 

by their very nature, are volatile substances and the biscuit structures 
take up flavours readily. If there is one strongly flavoured biscuit in 
the assortment it will tend to dominate all other flavours during 

Flavour migration between assorted biscuits 
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storage. It is therefore important to choose flavours carefully when 
assortments of biscuits are being designed and it is wise to use other 
features such as colour and shape to emphasise differences between 
biscuits in addition to flavour. 

Flavour migration from one biscuit to another within a pack will 
be worse if the storage temperatures are high or the packs are old. 



12 Care, cleaning and maintenance of machinery 

12.1 Care 

The equipment in the packaging areas involves wrapping machines 
and a number of other unit machines which may be placed together 
to suit particular purposes. Much of this is precision and expensive 
machinery and must be treated with care. 

12.1.1 Consideration of others 

Wrapping machines have many moving and some hot parts which 
should be protected by guards. It is very dangerous to override 
safety switches so that machines can be run without the guards 
correctly in place. 
If you have to work at a high level to adjust or clear machinery, 
take particular care not to drop 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. 

12.1.2 Consideration of equipment and wrapping materials 

It is common to use tools to make adjustments to wrapping 
machine settings. Ensure that all tools are removed from the 
machines before starting and make sure that all adjustable parts 
are tightly secured before the machine is started or tested. 
Wrapping materials are expensive and can be damaged if dropped, 
stood on or left around on the floor. 
Certain wrapping materials come into contact with biscuits so 
considerable care must be taken to ensure that they do not become 
contaminated with floor dirt or oil from hands or machines. 
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12.1.3 

As biscuits leave the oven they are more or less sterile and ready for 
eating. During the wrapping and storage processing they may have to 
be handled manually. Hygiene in the packaging 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. 

Consideration of possible contamination of biscuits 

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. 
Boxes and trays used to hold biscuits even temporarily must be 
clean and not used for any purpose other than holding biscuits. 
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. 

12.2 Cleaning and maintenance of packaging equipment 

Cleaning procedures need to be considered and followed carefully. 

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 gear boxes. 
Report and record the problems precisely. 

Your vigilance could ease your job and that of your colleagues. It 
could also save much expense, inefficiency and frustration. 
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