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1. INTRODUCTION 
In considering quality control in the baking industry it is appropriate first 
to comment on the quality control enforced by legislation. Such legislation 
serves to guard the health of the public against malpractices in the industry 
and to ensure a minimum content of important constituents in certain foods; 
nevertheless, it is of limited scope. Indeed the manufacture of bakery products 
may satisfy the requirements of such legislation by being carried out under 
ideal hygienic conditions and the products may be sound bacteriologically 
and yet they may be unacceptable to the consumer; they may even contain 
all the nutrients appropriate to each particular product, but if they are 
unpleasing to the eye or to the palate they will not be purchased, let alone 
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be eaten. In other words, quality control by legislation establishes only a 
minimum standard. 

The quality control which the food manufacturer must excercise over his 
products covers far more than control of ingredients and of the hygienic 
conditions of manufacture; it requires control of all the operations that 
constitute the art of the chef and the skill of the baker to ensure that the 
texture, flavour and appearance please the customer and do not vary from 
batch to batch and from day to'day. It includes also control of packaging, 
storage and transport to the point of sale. It may even take the form of advice 
to the customer, who may hold the goods for a period before the product is 
consumed. 

The ingredients used, being mostly of natural origin, are of course subject 
to natural variations, and therefore appropriate provision needs to be made 
for adjustment of the formula or of the processing conditions of the product. 
Quality control of the materials used is discussed in detail in other chapters, so 
it is necessary now to include only supplementary comments when such materi-
als are required to have special properties as ingredients in flour confectionery. 

The control exercised during manufacture varies of course according to 
the scale and the techniques used in the operation. These techniques are 
going through a phase of active development towards continuous and 
automatic processing, with a view to both standardization and increased rate 
of production. Different products have reached different stages in this develop-
ment, which may be considered in three phases. The first is essentially the 
home cooking method on a somewhat larger scale with mechanical aids, e.g. 
power whisks and beaters, mechanical mixers, large ovens, but involving 
much hand labour. In the second stage, partial mechanization is introduced 
with a further increase in rate of production. Machines replace operatives 
at many points in the processes and, in the case of a baked article, continuous 
baking is adopted but the whole operation remains a batch process. The 
third stage is represented by a completely mechanized continuous plant with 
continuous metered flow of ingredients to continuous mixing and processing 
machines, followed by mechanical portioning and packaging. 

Bakeries generally have not advanced beyond stage two but some are 
actively proceeding towards the attainment of continuous, totally mechanized 
processes represented by stage three. 

Whether a process is of the batch or continuous type the quality control 
of the product requires (i) a knowledge of the likely variation in properties, 
and (ii) a clear specification for (a) processing conditions and (b) product 
characteristics at intermediate and final stages of manufacture, and after 
storage under normal conditions for a period known as its "shelf-life". 

The methods of testing the ingredients and the products throughout their 
manufacture are of course fundamental to quality control. Tasting panels 
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have certain limitations for they are applicable to only a relatively small 
number of samples while uncooked samples taken at intermediate stages in 
the manufacturing process generally cannot be so examined. The need for 
objective tests to supplement the findings of taste panels is therefore evident. 
The consideration of such tests is the main objective of this chapter. 

The results of the above tests often need statistical treatment to convert 
them into a form that can be used to adjust the process. An illustration of this 
applied to biscuit manufacture is given by Falconer.1 If the measurements 
are continuous and sufficiently frequent they can be "fed back" (possibly 
electronically) to adjust earlier operations in the process. It must be admitted, 
however, that very few baking operations have yet reached a degree of 
automation which would justify this latter treatment. 

2. OUTLINE OF MANUFACTURING METHODS 

Flour confectionery covers so wide a range of products that a detailed 
study of quality control is a very formidable task. For the sake of simplifi-
cation, therefore, the products may be considered to fall into four main 
groups, the manufacture of each of which will be outlined. 

However, a further simplification is possible as most of the stages in 
manufacture are common to two or more of the groups, and therefore 
appropriate steps to maintain quality will be described for the most part 
under headings of stages in processing. Additional comments are made when 
processes in the various groups of products differ significantly and when there 
are differences due to the scale of the operation. The latter applies particularly 
to differences between batch and continuous processes and when different 
types of plant and machinery are used. 

The four groups into which flour confectionery may be divided are as 
follows. 

A. Fermented Goods 

Fermented goods consist chiefly of buns of various types with crumpets 
(and muffins) as a seasonal addition. Some biscuits, e.g. cream crackers, are 
also fermented. The basic ingredients are flour (some fat), sugar, water and 
yeast and sometimes dried fruit. The process consists of mixing, bulk fermenta-
tion, dividing or proportioning, proofing, baking, cooling, packing (if any) 
and despatching. These products, except biscuits, are essentially for immediate 
consumption but a recent development enables the staling to be delayed by 
freezing the baked buns and defrosting them shortly before consumption. 
Crumpets consist of a fermented flour-water batter cooked in rings on a hot 
plate. 
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B. Pastry Goods 

Pastry goods contain as basic ingredients flour, fat (possibly sugar) and 
water. There are two main types: short pastry and flaky (or puff) pastry. 
The dough from which short pastry is prepared is homogeneous whereas in 
flaky and puff pastry most of the fat is present as discrete layers between 
layers of (relatively) fat-free dough. In addition to the normal sequence of 
mixing, proportioning, baking, etc. there is a rolling process which is particu-
larly critical in the case of flaky or puff pastry. 

C. Biscuits 

Biscuits, except for special types, are essentially a form of short pastry, 
usually sweetened. The main difference between biscuits and pastry is that 
the former are baked to a much lower moisture content and, as they are 
produced in small pieces at a high rate, the scale of operations introduces 
special problems of control at the various stages of manufacture. 

D. Sponge Goods and Cakes 

1. Sponge Goods 
In sponge goods the basic ingredients are flour, egg, sugar (and water). 

The texture is produced by aerating the liquid mix in which aeration depends 
largely on the whipping properties of the egg. There are in addition some 
products which may still be classed as sponge goods as they depend upon 
egg for their aeration, but they also contain some fat. After portioning in 
some way the mix is baked, cooled, possibly spread with jam or cream filling, 
packed, despatched and stored until consumed. 

2. Cakes 
Cakes differ from sponge goods in that they contain a fairly high proportion 

of fat (and frequently dried fruit) in addition to the other three basic ingred-
ients. Aeration is obtained by beating the fat with either sugar or flour before 
the addition of the remaining ingredients. The process then follows the usual 
pattern, i.e. proportioning, baking, cooling, (finishing and decorating), 
packaging, despatching, and storing until consumed. 

3. STAGES AT WHICH CONTROL MAY BE INTRODUCED 

A. Quality of Ingredients 
1. Flour 

Less variation in quality of flour can be tolerated on a large mechanical 
plant than during small batch operations. When considering the use of flour 
it is important to note that high flour temperatures can adversely affect the 
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resulting product quality. A rise in temperature may have occurred during 
milling and in pneumatic handling, and the heat may be dissipated only 
slowly if the flour is stored in bulk. 

2. Fats 
The baker has available a considerable range of fats suitable for a variety 

of purposes. The properties of fats which are of importance are consistency, 
aerating properties, and keeping properties (resistance to oxidation). The 
temperature at which a fat is used is also important and particularly so in the 
case of a semi-fluid pumpable fat. The reader is referred to Section 4 (p. 238) 
where methods of examining physical properties of fats are described. 

3. Sugar 
Sugar must be dry and should conform to specification for particle size 

and colour. When used in the form of syrup, the specification should include 
limits for total solids and invert sugar contents, pH, colour and, if delivered 
in large bulk, also temperature. 

4. Egg 
Egg products call for more detailed comment than do other ingredients, 

as the baking industry requires them to have rather special properties. They 
are normally available in bulk in a considerable variety of forms : whole egg 
and egg white may each be obtained fresh, frozen, pasteurized or frozen 
after pasteurizing. As the uses of egg yolk are limited, the supply usually 
exceeds the demand with the result that Qgg yolk is often blended with whole 
egg (to produce "fortified egg") and used in that form. Other variants are 
produced from egg white which may be separated into two fractions of 
different viscosity known as "thick" and "thin" white; the "thin" white is 
chosen when special aerating properties are required, for example for use in 
meringues. 

The number of egg products available on the market is considerably 
increased not only by variation of the ratio of yolk to white but also by each 
product being prepared in a dried form with or without the previous addition 
of glucose (corn) syrup. Although dried egg can be stored satisfactorily 
without refrigeration it is usually inferior to liquid egg in aerating properties. 

Egg quality is assessed both from the functional and the bacteriological 
viewpoints, apart of course from that of the flavour imparted to goods. The 
functional properties of egg are affected by freezing, pasteurization, drying 
and deterioration resulting from bacterial spoilage. The effect of freezing is 
to increase the viscosity and improve the baking properties. This effect takes 
place during the first few days in frozen storage after which the properties 
remain virtually unchanged for long periods if the storage temperature 
remains below - 9 ° C (15°F). Above - 9 ° C (15°F), particularly at - 7 ° C to 
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— 4°C (20 to 25°F), deterioration (insolubilization) is likely to occur. Pasteuri-
zation of egg, which is usually carried out by the packer as a bacteriological 
precaution, needs to be very carefully controlled as exposure to a tempera-
ture a degree or so high for a period in excess of that specified is liable to 
result in loss of heat-coagulating power and/or aerating properties. This may 
be detected by coagulation and aeration tests but perhaps more simply by 
means of a baking test designed to evaluate the performance of the egg in 
the particular product in which it is to be used. 

The microbiological aspect of quality control is of considerable importance 
in the case of eggs to be used in the bakery. These normally reach the bakery 
as frozen, pasteurized or dried eggs. 

(a) Frozen egg. Determinations of the total bacterial count and presump-
tive coliform count of representative samples of frozen ogg (unpasteurized) 
from a consignment have been found to give useful indications of the general 
bacteriological quality and likely keeping properties after defrosting. In recent 
years it has been found in practice that total counts of not more than 100,000 
per g (determined on plate count agar either at 37 or 25°C), associated with a 
coliform count of not more than about 1000 per g, are usually obtained, and 
that egg with such counts remains satisfactory in quality during defrosting 
with normal precautions as described below. Higher counts occasionally 
occur in frozen-egg deliveries, and such egg may be acceptable in quality, 
but there is increased risk of deterioration during and after defrosting. 
Examples of wide variations in the bacteriological condition of frozen eggs 
in the U.S.A. are given by Wrinkle et al.2 

Salmonellae in egg do not affect its baking quality, and are destroyed by 
the normal baking processes applied to flour confectionery, but strict pre-
cautions against cross-infection during use are essential. Legislation in the 
United Kingdom^ requires all frozen egg to be pasteurized before use. The 
dangers from eggs have therefore been considerably lessened but precautions 
are of course required to avoid recontamination of the pasteurized product, 
both on hygienic grounds and to ensure adequate keeping properties. 

The usual method of defrosting cans of frozen egg (ranging from 14 to 
44 lb) is in tanks of running cold water. The cans should be spaced 1-1^ 
inches apart to allow free circulation of the water, the temperature of which 
should not exceed 18°C (65°F). At this temperature defrosting will be complete 
in 15-20hr, depending on the size of the can. An alternative method of 
defrosting is to place the cans in a chill room or refrigerator at 4-7°C (40-45°F) 
for up to 48 hr. A rapid defrosting process involving the use of friction genera-
ted by high-speed rotating knives has been found liable to have an adverse 
effect on the baking quality, probably because some denaturation of egg 
protein occurs, but rapid defrosting by dielectric heating has given promising 
results. 
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Once defrosted, the egg should be used without delay, though cold storage 
of freshly defrosted egg overnight at 4°C (40°F) is practicable. Needless to say, 
strict attention must be paid to the cleaning and sterilizing of all equipment 
used. 

(b) Pasteurized egg. The legislation referred to above specifies a pasteuriza-
tion treatment of 2-5 min at not less than 64°C (148°F), and requires that egg so 
treated shall give a negative reaction for α-amylase.4 The British Egg Marketing 
Board5 has proposed in addition bacteriological standards for pasteurized 
egg specifying that the total bacterial count (at 37 and 22°C) shall not 
exceed 5000 per ml, and that coliforms shall be absent from 1 ml. Experience 
to date of egg pasteurized in this country has shown that there is little diffi-
culty in achieving these bacteriological standards when egg of good general 
bacteriological quality is pasteurized. 

The practical advantages of pasteurization of egg, apart from its safety 
from a public health standpoint, are its improved keeping properties and ease 
of handling, thus enabling bulk deliveries to be made. Tankers and connecting 
pipe-lines used for such deliveries must of course be of sanitary construction 
as used in the dairy industry. At the receiving end, chilled storage of the egg 
at about 2°C (35°F) in refrigerated stainless metal tanks with sanitary pipe 
connections and suitable pumps is required. 

Pasteurized egg delivered and stored with precautions as indicated should 
remain in satisfactory condition for use for 3-4 days. 

(c) Dried egg. Normally, dried egg products are found to give a total 
bacterial count (at 37°C) of less than 100,000 per g (frequently less than 
10,000 per g) and a presumptive coliform count of less than 100 per g; such 
products when reconstituted and stored with suitable hygienic precautions 
as indicated below should have adequate keeping properties. Some egg white 
is subjected by the packer to a bacterial fermentation to remove traces of 
naturally occurring glucose prior to drying.6 This is done to reduce caramel-
ization during drying but the product usually has higher bacterial counts 
than normal. Such egg white if satisfactory in functional properties may be 
acceptable for baking purposes if the count after reconstitution is not in 
excess of that obtained for normal frozen egg white and if it is tested to 
ensure freedom from lipase activity; use without delay after reconstitution 
will then be necessary. 

In the case of dried whole egg it is common practice to remove the above 
mentioned trace of naturally occurring glucose by fermentation with yeast 
or an enzyme (glucose oxidase).7 With these procedures the finished product 
should not give high bacterial counts. 

Dried-egg products should be reconstituted by mixing with mains water, 
using clean and sterile mixing equipment and storage containers. If the dried 
egg is of satisfactory bacteriological quality initially, the reconstituted material 

9 
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may be stored for 24 hr at 4°C (40°F) ; reconstituted albumen may be kept for 
3 days at 4°C (40°F). 

5. Dried fruit 
In certain bakery products dried fruits are an important ingredient. The 

control or assessment of quality is largely a question of size and cleanliness 
of the fruit (freedom from stalks and debris and in particular stones and grit). 

6. Miscellaneous Ingredients 
(a) Baking powder. The most important criteria from the point of view of 

the flour confectioner are the nature of the acid ingredient, the available 
carbon dioxide, and the final pH after the interaction of the ingredients in 
the presence of water. Acid ingredients include potassium hydrogen tartrate 
(cream of tartar), tartaric acid, sodium acid pyrophosphate, acid calcium 
phosphate, glucono-á-lactone and sodium acid citrate. As the acid ingredient 
affects both the rate and the temperature at which carbon dioxide is evolved 
during baking, precise specifications together with analytical control are 
essential to the maintenance of uniform standards in the baked goods. The 
effect of acid ingredients is discussed by Kent-Jones and Amos8 and by 
Tucker.9 Baking powders in general are discussed by Mendelsohn.10 

(b) Soya flour. Full-fat soya flour contains 18-20% of fat and 40-45% of 
protein. As partially or wholly defatted soya flours are marketed, it is neces-
sary to determine the fat content to ensure compliance with specification. 
Flavour in soya flour may vary considerably and this is obviously an im-
portant consideration when using this flour in bakery products. Certain 
grades are debittered during processing by acid or alkali treatment. Lear-
month,11 discussing quality standards for soya flour, suggests that urease 
activity is a useful index of heat treatment, high or low values indicating 
respectively under- or over-processing. From the flavour point of view, he 
stresses the importance of low activity of both lipase and lipoxidase. 

(c) Glucose (corn) syrup. From the point of view of flour confectionery 
the most important property of glucose syrup is the extent to which the con-
version of the starch has been taken by acid or enzymic hydrolysis. A low-
conversion syrup, as the name implies, contains a relatively high proportion 
of dextrins and a correspondingly low proportion of mono- and disaccharides. 
On the other hand, a high-conversion syrup contains a relatively high pro-
portion of sugars and a lower proportion of dextrins. The latter syrup is 
more effective than the former, of similar solids content, in reducing the 
equilibrium relative humidity (ERH) of products. In some types of product, 
however, a high-conversion syrup may have an adverse effect on crumb 
structure. 

(d) Milk powder. Milk prior to being spray or roller dried should have 
been subjected to a heat-treatment considerably greater than is necessary 
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for pasteurization. This has a dual purpose, it destroys lipase which may cause 
development of undesirable flavours in bakery products and it denatures the 
milk proteins. This heat denaturation is important as otherwise there is a 
possibility that the milk proteins may limit aeration of a product when in 
contact with flour proteins. This applies to aerated bakery products whether 
or not they are fermented but it is mostly with reference to bread that the 
phenomenon has been studied.12 

(e) Colours. Only pigments and soluble colours permitted (according to 
the country) may be used. They must be of suitable purity for use in food-
stuffs. The British Standards Institution published in 1960 methods13 for 
analysis of the water-soluble coal-tar colours, and specifications issued by 
the Institution for the individual colours have been appearing at intervals 
since that time. Methods of analysis and specifications are also dealt with 
in detail by FAO/WHO.1* 

For the extraction of colours from foods and their separation and identifi-
cation, reference should be made to the monograph by the Association of 
Public Analysts15 and the report of the British Food Manufacturing Industries 
Research Association Committee.1^ 

(f) Salt. Salt for bakery purposes should be highly purified, free from 
lumps and refined by a process that promotes rapid solubility. To prevent 
caking during storage, salt should not be allowed to absorb moisture from a 
humid atmosphere. 

(g) Emulsifying agents. Emulsifying agents permitted in food products 
are limited to those specified by the appropriate authority in the individual 
country. The most important from the bakery point of view is glyceryl 
monostearate. 

The so-called "self-emulsifying" monoglycerides contain soap, and the 
regulations in Great Britain17 limit the proportion that may be present to 2 % 
or less. The non-self-emulsifying grade should be soap free. Soap may be 
detected by the alkaline pH of the dispersion, and by the ash; the proportion 
present may be calculated from the alkalinity of the ash. 

Commercial monoglycerides usually consist of a mixture of mono-, di-
and triglycérides. The proportion of α-monoglyceride present may be deter-
mined by the method of Pohle and Mehlenbacher.1 s 

B. Measurement of Ingredients 

Not the least important factor in quality control is the measuring of the 
ingredients (sieved when necessary) with a degree of accuracy commensurate 
with the limits allowed in the specification of the final product. The method 
of measurement, apart from the question of accuracy, depends on the type 
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and quantity of material to be measured and whether the process is of the 
batch or continuous type. 

The measurement of the minor ingredients is subject to error not only 
because of the small quantity to be measured but also because one or other 
of the ingredients may be unintentionally omitted. In order to avoid these 
potential errors, particularly when there are several minor ingredients, it is 
common practice to prepare them in the form of a blend. The minor ingred-
ients constituting such a blend, with a proportion of a major ingredient, if 
required, can be measured with the necessary degree of accuracy. A further 
advantage of this procedure is the opportunity it offers to control the amount 
of the minor ingredients in the main mixing. Provided that the composition 
of the blend is correct, it is necessary only to check the content of one of its 
constituents in the final mixing to be assured that all the blend constituents 
are also present in correct amounts. The constituent of the blend chosen for 
checking will of course be the one most easily determined. It may for example 
be a colour or salt. 

When weighing of minor ingredients has to be done on conventional scales 
there is a possibility that small weights may be lost and a danger that they may 
inadvertently get into the product. Such dangers can be minimized by using 
counterpoises made of plastic of equal weight to the weights of low denomina-
tion. Such counterpoises, which should be suitably stamped, are of consider-
able volume and are therefore much less likely to be mislaid. 

C. Mixing and Aeration (Fermentation) 

The four groups of products into which flour confectionery has been 
divided exhibit both differences and similarities at the mixing and aeration 
stages. These relate to (a) the extent to which the mix is aerated before 
baking and (b) whether it is the flour or the egg protein which is mainly 
responsible for stabilizing the aerated product. With reference to (b), the 
indications are that the proteins of the flour and of the Qgg are not entirely 
compatible and therefore when the aeration of the product is dependent upon 
the latter, as for example in sponge goods, the flour protein should not be 
significantly hydrated. Limitation of hydration of the flour protein is normally 
achieved by (i) using "improved" flour, (ii) increasing the proportion of 
sugar in solution and (iii) avoiding extensive mechanical mixing. This is 
illustrated by the following comments on the mixing and aeration of each of 
the four groups of products mentioned in Section 2 (p. 221). 

L Fermented Goods {Group A) 
The mixing operation for such items is not only intended to ensure a 

homogeneous product, it is also designed to develop the flour gluten, i.e. 
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to cause the protein to form a matrix. Control of this depends upon time and/ 
or mixing speed. Some mixing machines used for this purpose are fitted with 
electrical devices for measuring the work done and these devices can be set 
to control the operation by terminating it at the required stage. In fermented 
goods the aeration is achieved by yeast activity and is controlled by time, 
temperature, amount of yeast present and the concentration of fermentable 
materials in the mix. 

2. Pastry Goods and Biscuits (Groups B and C respectively) 
For short pastry appreciable development of the gluten in the mixing stage 

is to be avoided. This is achieved either by pre-mixing the fat and flour and 
then adding the remaining ingredients, including the water, or by mixing all 
the ingredients together. In both cases a homogeneous dough is produced by 
running the mixer at slow speed for the minimum time. By both methods of 
mixing the development of the gluten is restricted. This results from the 
coating of the flour particles with fat and from the limited mechanical 
treatment. 

Aeration of goods in these groups is simply by the air occluded by the 
flour or by carbon dioxide produced from baking powder, which includes 
ammonium or sodium bicarbonate. In contrast, hard sweet biscuit dough, 
cream cracker dough and puff pastry require the gluten to be fully developed. 

Hard sweet biscuit dough is prepared by mixing all the ingredients in a 
high-speed mixer for about 30 min until the temperature of the dough has 
reached 38-47°C (100-110°F) and the gluten has been developed to give a 
smooth silky dough. For this purpose a flour giving a dough of weak consist-
ency is used. 

For cream crackers a dough is made containing some fat. After fer-
mentation, this is rolled out and a layer of a powdered-fat-flour mixture is 
then placed on top of the dough sheet which is folded, turned and folded 
again until the necessary number of layers has been produced. Alternatively, 
this same layering effect may be produced by a mechanical device termed 
a "laminator". 

In the case of puff pastry a virtually fat-free flour-water dough is first 
made and the fat added at a later stage in lumps or blocks. The "rise" from 
this type of dough is generally considered to result from expansion of steam 
strapped in the extensive layering which is the essential characteristic of this 
type of product. 
3. Sponge Goods and Cakes (Group D) 

In terms of gluten development, cakes are intermediate between the fully 
developed gluten of fermented goods and the minimal development required 
for short pastry products. The main aeration results from the beating of the 
fat with either the sugar or the flour before adding the other ingredients, the 
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sugar present causing some limitation on the hydration of the gluten during 
the mixing. 

Sponge goods, on the other hand, contrast markedly with cakes in that 
they are highly aerated but usually require minimal hydration of the gluten 
as the retention of the air is largely dependent upon the egg ingredient. In 
batch operations the mixing and aeration are usually combined in one stage, 
the aeration sometimes being assisted by mixing under about 15 lb/in2 

pressure. In continuous manufacture the mixing and aeration are carried 
out separately to facilitate the control of the two operations, which control 
is effected by adjustment of time of treatment, temperature, pressures and of 
course "throughput". 

D. Rolling or Sheeting (where applicable) 

This treatment, which applies only to pastry and biscuits, causes the dough 
to have its surface area increased and its thickness decreased. The rate at 
which the thickness of the pastry sheet is reduced varies widely and is only 
critical when the gluten is fairly well developed as in puff pastry and cream 
cracker biscuits. Gradual reduction in thickness to avoid amalgamation 
between the fat and flour layers, turning of the dough to change the direction 
of rolling, and folding to increase the number of layers, are all necessary to 
avoid uneven shrinking in the later stages when the dough is allowed to 
"rest", and during the early stages of baking. 

E. Depositing or Portioning, Release Agents and Glazing 

1. Depositing or Portioning 
The portioning of mix to produce cakes, sponge and fermented goods, 

including buns and crumpets, is generally effected mechanically by inter-
mittent depositing by volume from a hopper. The control of weight deposited 
is by periodical or continuous check weighing followed by appropriate 
manual or automatic adjustment of the volume or specific gravity of the mix 
being deposited. 

Sponge for a Swiss roll type of product may be made by a continuous 
process in which case the mix is extruded under constant pressure through 
an adjustable orifice on to a moving band passing through an oven. Here 
again periodical check weighings of the mix deposited on to paper placed 
on the band are made and when necessary the specific gravity of the mix may 
be modified or/and the depositor adjusted. 

Another method of portioning applicable to short paste for tarts and bis-
cuits is by a form of pressure moulding whereby the maximum volume of 
the mix is limited by the volume of the mould. Very little can be done to alter 
dough piece weights at the rotary moulder once the machine has been 
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correctly set, and any variation in weight that occurs will probably be due 
to variations in consistency or density between different doughs. Weight 
control of rotary moulded biscuits is normally applied to the baked product. 

Paste for pies is produced as a sheet whose thickness is adjusted according 
to check weighings of a known area of the sheet cut by mechanical means. 

The weight (count per pound) of biscuits is controlled on the cutting 
machine by adjusting the thickness of the dough sheet so that the weight of 
the cut dough pieces is correct. The baked biscuits will then be the correct 
weight provided that the oven conditions remain standard. Frequent check 
weighings of the baked biscuits will determine, in conjunction with moisture 
determinations and examination of colour, whether any adjustment in oven 
conditions is necessary. 

The dimensions of the biscuits are important and variations could result 
in the contents of fixed dimension cartons being overweight or underweight. 
The dimensions are affected by the properties of the raw material, dough 
consistency, mechanical treatment of the dough on the cutting machine and 
of course the baking operations. Control of all these factors is necessary. 

2. Release Agents 
It is perhaps appropriate at this stage to draw attention to the importance 

of "release agents" normally applied as an aerosol to prevent adhesion and 
build-up particularly of sugary products in hoppers and other equipment. 
Originally this was effected by lubrication with an edible oil or with a trace 
of liquid paraffin and latterly by silicone applied as an aerosol spray. Knives 
of cutting and slicing machines remain clean longer and therefore cut more 
cleanly when sprayed with silicone but its use is attended with risk of damage 
to the product. Reduced volume, even complete collapse of sponge cakes 
has been reported to be caused by 1 ppm of silicones.19 In one case the source 
of the silicone was a barrier cream on an operative's hands.20 

In large scale factory operations the baking and oiling treatment of equip-
ment is slowly being superseded by glazing with coatings of silicones, epoxy 
resins or polytetrafluoroethylene (PTFE). Silicone and PTFE coatings have 
marked "anti-stick" properties: epoxy resin coatings are less efficient in this 
respect but are more resistant to abrasion and last much longer than the other 
two. None is very effective with high-sugar cake mixes, greasing of the tins 
being still necessary. Silicone treated papers are also of value as they can be 
more easily stripped with less damage to the baked goods. 

5. Glazing 
Immediately prior to baking, some goods are covered with a thin super-

ficial coating of diluted egg wash or sometimes of a gum solution. No special 
control of this operation is required, but the maintenance of hygienic con-
ditions must receive attention, as the glazes used, particularly those containing 
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egg, are subject to microbiological spoilage. Thus, glazes made from egg 
should be freshly prepared daily; those made from gum solutions and 
pasteurized in manufacture may be kept chilled in cleaned and sterilized 
containers for up to three days before use. Glazes which are left over at the 
end of the day after exposure to air temperatures should be discarded, and 
equipment with which the glaze has come in contact should be regularly 
cleaned and sterilized. 

F. Baking 

The conventional baking operation requires control of oven temperature 
and time of baking to ensure the correct temperature gradient from the centre 
to the outside of each article baked. The humidity of the air in the oven also 
needs some control which is only very approximately adjusted by injection 
of steam into the oven. Evaporation of water from the goods baked also 
contributes to this. 

The temperature gradient is achieved by heat transmitted by a variety of 
ways—by radiation, conduction and by convection of hot gasses. It is affected 
by the quality and type of other goods in the oven, and therefore it follows 
that better control is possible in a continuous oven fully loaded with one type 
of product at a time. 

The above comments apply particularly to batch (peel) ovens heated by 
coke, gas or electricity and to continuous ovens heated by gas, oil or electri-
city with or without induced turbulence of the oven atmosphere. Of recent 
years, however, there has been a new development, namely the use of radio-
frequency (R.F.) as a means of heating products throughout their mass without 
depending upon conduction of heat from the surface to the centre. This 
technique has the advantage of speed but it is not universally applicable as 
it does not produce an outer crust which is a special feature of certain 
products. It is appropriate, however, for reheating previously cooked or 
baked products. At the present time the use of R.F. heating is largely limited 
to products of homogeneous composition and with relatively small cross-
sectional area. It therefore has obvious application in the biscuit industry 
for completing the baking operation immediately after leaving the oven. 
The advantage of this is twofold : (a) increase in production by baking to a 
higher moisture content in the conventional oven and then removing the 
excessive moisture very rapidly by R.F. heating; (b) "checking" (cracking) 
is eliminated since the residual moisture is evenly distributed throughout the 
biscuit after it has passed through the R.F. heater. 

G. Cooling 

The cooling of bakery goods by natural or induced draught normally 
causes surface drying which in some goods is undesirable. Such is the case 
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with biscuits in which too rapid cooling causes the outer layers to be signifi-
cantly drier than the centre with the result that "checking" is liable to occur. 

Access of mould spores to the surface of products during cooling is possible 
with the likely result that the shelf-life may be reduced. Scrupulous cleanli-
ness and suitable treatment of wall surfaces in proximity to the products 
while cooling are therefore important. 

The wrapping of a product before it has adequately cooled will reduce 
the rate of cooling and tend to maintain a humid atmosphere inside the pack-
age. 

H. Shelf-life 

The term "shelf-life" has appeared in the Introduction to this chapter and 
two factors affecting it have been mentioned in connexion with the cooling 
of products. Reference to shelf-life inevitably becomes more frequent in 
later stages and therefore it is appropriate to consider here the fundamental 
factors on which it is based. Shelf-life is determined by the rate of quality 
deterioration of a product during storage under normal conditions. When 
the quality deterioration has reached a stage at which the product ceases to 
be acceptable as reasonably fresh its shelf-life terminates. This deterioration 
may in general terms be ascribed to (i) moisture changes, (ii) staling, (iii) 
flavour deterioration and (iv) microbiological spoilage. 

The lowering of quality by changes in moisture content of the product 
may be caused by loss of moisture to, or absorption of moisture from, the 
surrounding atmosphere; this usually can be controlled by suitable packaging. 
For instance, in the case of biscuits, usually the lower the initial moisture 
content and equilibrium relative humidity (ERH), and the better the packaging 
as a moisture barrier, the longer the shelf-life. 

Transference of moisture from one part of a product to another also can 
cause deterioration, e.g. passage of moisture from a fruit filling of a pie to 
the pastry would cause the latter to lose its crispness and ultimately to become 
mouldy. The control of such moisture migration within a product requires 
in the first place knowledge of the cause, namely the difference in water 
vapour pressures of the different parts of the product, and then the adjust-
ment of the formulation in order to reduce or eliminate that difference. This 
could be effected by increasing the sugar content of the fruit filling in the 
example cited, provided of course that it does not result in too great a change 
in the character of the product. 

The shelf-life of a product is not only dependent upon a uniform ERH 
throughout its constituent parts, but also on the actual ERH of the product 
as a whole, the latter being an important indication of whether or not moulds 
and yeasts are liable to develop. These are mostly inhibited at ERH circa 
70-74 % but for complete suppression of their growth an ERH as low as 
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65 % is necessary. The ERH of a product at which it is required to be main-
tained usually represents a compromise between a satisfactory product with 
a limited shelf-life (high ERH) and possibly a somewhat less attractive one 
but with improved keeping properties (low ERH). Other factors being con-
stant, therefore, it follows that the ERH of a product bears a close relationship 
to its shelf-life. 

Although some imply by the term "staling" a general deterioration in 
flavour and texture, bakery technologists reserve it for a toughening or 
"firming" of the crumb which takes place even when moisture loss is pre-
vented. The actual mechanism of this change is not yet known but it is 
generally attributed to rétrogradation of the gelled starch. This change is a 
crystallization phenomenon of starch detectable by X-ray analysis and is 
believed to involve a transfer of a small quantity of water from the starch 
to the gluten phase. This occurs most rapidly at — 3°C, and is arrested at 
—20°C. It is reversed when the stale product is heated to 50°C, and this well 
known process of "refreshening" is regarded as a regelatinization of the 
starch. 

It is not proposed to discuss the voluminous literature on the physico-
chemical phenomena of staling but the minimization of these changes as a 
means of controlling quality is clearly very appropriate to the subject of 
this chapter. It has already been indicated that storage at very low tempera-
ture, thereby reducing water migration, is one method. Increasing the sugar 
content (reducing the ERH) also minimizes staling. This explains why cakes 
of relatively high sugar content remain fresh so much longer than bread or 
unsweetened pastry. This method of course has only limited application and 
explains the present search for so-called anti-staling agents which are 
believed to function by combining with starch thereby blocking the staling 
change. 

Flavour changes are not generally ascribed to a true staling effect. They 
may result from contamination by foreign flavours (noted particularly in 
fatty foods) the prevention of which is normally a packaging problem. 
Although gas chromatography is being used with success in the evaluation 
of flavour, it is believed that that technique has not yet reached the stage at 
which it may be applied with confidence to quality control. Taste panels 
still reign supreme in that field. Some undesirable flavour changes, however, 
merit brief comment. These stem from changes in fatty constituents by 
oxidation21 and lipolysis.22» 2*>24 The latter is more frequently troublesome 
when palm kernel or coconut oil is present and therefore it is recommended 
that the use of such oils be avoided. Bitter flavours (mostly of fillings) may 
develop as a result of proteolytic changes and of course a whole variety of 
other flavour changes may be brought about by microbiological means when 
the moisture content, or more precisely the ERH, is too high, 
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Although the development of most of these undesirable flavours can be 

arrested by choice of good quality ingredients, suitable formulation, pro-
cessing and packaging, sometimes the extended shelf-life needed for wider 
distribution of goods may not be achieved. The majority of fats of good 
quality available to the baker have sufficient natural resistance to oxidative 
rancidity, but should they contain animal fat, in which the content of natural 
antioxidants is often low, the limited use of chemical antioxidants may be 
necessary. 

The natural antioxidative capacity of a fat may be assessed by an acceler-
ated stability test25"27 but the validity of such a test should be established 
by standardization against storage of the fat under practical conditions. 

The choice of antioxidant can be made on the basis of the effect obtained 
in an accelerated stability test but other factors should also be considered. 
For instance the two types of antioxidant permitted in Great Britain,28 i.e. 
butylated hydroxyanisole and the esters of gallic acid show different stability 
to baking conditions and to the alkaline environment sometimes encountered 
in cakes. Reports have also been made of discolorations occurring when 
gállate esters are brought into close contact with metallic iron as can occur 
in mixing machinery. 

The use of propionic acid and sorbic acid is permitted in flour confectionery 
in Great Britain and the U.S.A.; alternatively, these preservatives may be 
added in the form of sodium or calcium propionate, or sodium or potassium 
sórbate. The essential function of the compounds is to prevent or delay 
mould growth. 

Such preservatives can only be regarded as an adjunct to normal preventive 
measures, as these compounds have greater limitations than was first apparent. 
Much of the published work on their effectiveness in flour confectionery was 
carried out in the U.S.A.; experience has since shown that the maximum 
concentrations legally permissible in Great Britain are in fact the minimum 
for any practical preservative effect. With these maximum concentrations, 
the preservative effect of propionic acid or its salts under ideal conditions 
results in only a limited extension of shelf-life. Sorbic acid is more effective, 
but the extension of shelf-life achieved by its use is also dependent upon other 
factors which include ERH, pH and the storage temperature. A warning 
should be given that adverse effects on flavour have been noted both with 
propionic and sorbic acid. 

Mould spores are destroyed by baking, but during and after cooling 
bakery goods are liable to be exposed to mould contamination. Ideally such 
mould contamination could be prevented by aseptic packaging in a sterile 
atmosphere, but such a process would be costly and difficult to achieve in 
practice. With certain goods, however, effect of mould contamination can 
be countered by applying a heat treatment after wrapping. 
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I. Finishing and Decorating 

The products used in the finishing and decorating of flour confectionery 
goods are very varied but they mostly consist of a fatty phase and an aqueous 
phase containing sugar. 

In considering the composition of a filling or icing it is necessary to bear 
in mind not only its keeping properties but also its possible effect on the 
shelf-life of the products of which it is to form part. The fatty phase of fillings 
and icings normally introduces a limiting factor in shelf-life as a result of 
oxidative or lipolytic changes already discussed. 

With reference to the aqueous phase, it has already been indicated that 
the ERH of the different parts of a product needs to be reasonably balanced, 
for which purpose it is usually the sugar content of the filling (cream or fruit) 
which is adjusted to meet the requirements of the baked base, provided the 
general character of the composite product is not thereby significantly 
changed. 

Bakers' "cream" fillings call for special comment as they are also subject 
to structural breakdown. These "cream" fillings, fall into two main classes 
dependent upon whether or not the unwhipped "cream" has a continuous 
aqueous phase. Those in the first class are true oil-in-water emulsions and 
have a dispersed fatty phase of butterfat, or of vegetable fat. "Creams" of 
this type require to be whipped at 4-5°C to give a reasonably high overrun29 

within a short time. They then possess a stiff structure (formed by the clump-
ing together of the fat globules) which should not collapse or show serum 
drainage within the expected lifetime of the product. Methods of testing the 
stability of these "creams" are described in Section 4 (p. 241). 

Fillings of the other type sometimes termed "buttercream". have a con-
tinuous fatty phase but are only crude emulsions ; they are not homogenized 
but usually are prepared by beating together a mixture of fat with sugar and 
in some cases also with the addition of gelatine solution or boiled meringue. 
Aeration occurs during the process of preparation. 

It is not usually practicable to reduce the ERH of "cream" fillings to a level 
sufficient to inhibit completely microbiological spoilage without affecting 
palatability and whipping properties. By suitable formulation and adjustment 
of sugar content it is, however, possible to produce an imitation cream filling 
with an ERH below 95 % at which level most bacteria are inhibited. Staphy-
lococci (including Staphylococcus aureus of potentially food poisoning type) 
are an exception, as they are capable of growth at ERH levels below 95 %. 
However, experience has shown that if a filling with an initial ERH of not 
more than 95 % is in contact with sugary material such as jam, diffusion of 
sugar into the filling occurs, with the result that after 24 hr at ambient tem-
peratures the ERH drops to approximately 88 %, at which level growth of 
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staphylococci is considerably retarded. (This diffusion effect has also been 
referred to by Wood30 in connexion with cream-filled sponge sandwiches.) 

Application of these principles in formulation enables products such as 
sponge sandwiches containing imitation cream fillings to be given a safe 
shelf-life of at least three days at moderate air temperatures, provided the 
fillings have been correctly prepared with due regard to pasteurization con-
ditions and hygienic precautions. 

The physical tests to which bakery "cream" fillings should be submitted 
include (i) overrun determination after different periods of whipping, (ii) 
measurement of stiffness, (iii) serum drainage (applicable only to the oil-in-
water type of fillings) and (iv) change in volume while in the appropriate 
product during storage. These are considered in Section 4 (p. 241). 

Bakery products are frequently decorated with artificial ornaments of 
various kinds (leaves, sprays, figures). Although it is obviously preferable 
that they should be of edible material, this is not always so. Tests should be 
carried out to ensure that they introduce no hazard from poisonous ingredients, 
e.g. lead from colours, and no objectionable flavour, if they are accidentally 
placed in the mouth. 

J. Packaging 

The part which packaging plays in quality control is an important one. 
Perhaps the most important properties required of the packaging material 
relate to the degree of permeability to water vapour, and non-permeability 
to odours. Some products require a package that will completely inhibit 
moisture transfer, e.g. biscuits, while others need some moisture to pass from 
the product at a controlled rate to prevent too humid an atmosphere develop-
ing inside the package, thereby encouraging mould growth. 

K. Assessment of the Finished Product 

Theoretically there should be no need for a final examination of a product 
if controls throughout its manufacture have been properly chosen and appro-
priate adjustments made. However, the last operation is usually the packaging 
and a check of the package, as distinct from the wrapping material, can be 
made only after wrapping. 

Checks on the final product usually take the following form. 
1. By means of electronic devices, detection of contamination by minute 

pieces of metal in the product or package followed by automatic rejection.31 

2. Subjection of hermetically sealed packages to reduced pressure as a 
test of the effectiveness of the seal. 

3. Storage of samples under normal and extreme conditions of temperature 
and humidity for the accepted shelf life and then examination by a taste 
panel and other appropriate means. 



238 J. H. BUSHILL 

4. PHYSICAL METHODS OF TESTING AT 
DIFFERENT STAGES OF PROCESSING 

From the introduction to this chapter it will be appreciated that, apart 
from the limited application of taste panels, systematic quality control must 
rely on physical measurement of essential characteristics of the product at 
appropriate stages in its manufacture. 

The skilled artisan baker from time immemorial has made and still makes 
these physical measurements, although he may not recognize them as such, 
when he judges a product by touch, appearance, odour and taste. As a result 
of his assessment suitable modifications are made in the process when 
necessary. This technique, which can only be learned by long experience is 
being supplemented and partly replaced by purely objective means of measur-
ing some of the properties concerned. Such aids to the control of processing 
vary from simple manually operated instruments measuring for example 
flow rate or viscosity to complicated electronic devices which record the results 
continuously and may even control a process automatically. 

In reviewing the various techniques applicable to the processing of flour 
confectionery no attempt has been made to indicate specifications for various 
products, but only to outline the general principle of the devices and to give 
references where fuller information may be obtained. Furthermore, in some 
cases indications have been given of an apparatus which has not yet been 
developed to the stage of practical application but which shows likely 
promise of being so developed. 

A. Consistency 

1. Fats and Pastry Doughs 
The consistency of a fat is dependent both on the proportion of hard fat 

present and the way in which it has been texturized. A convenient apparatus 
for measuring consistency is the extrusion apparatus designed by Prentice.32 

The fat is filled into a cylinder at the end of which a small nozzle is fitted. 
The fat is forced out through the orifice by means of a piston and the pressure 
required is recorded graphically. By this means a measure of stiffness is ob-
tained, as well as an indication of smoothness. Tests are of course made with 
temperature controls and for that purpose it is convenient to allow the whole 
apparatus and the samples first to reach temperature equilibrium in an adjust-
able air thermostat. 

By means of this apparatus the consistency of fats can be measured over 
the temperature range likely to be encountered in bakeries, thereby indicating 
the expected performance of the fats under varying temperature conditions 
in cake mixes and doughs. Short pastry doughs may themselves be similarly 
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tested with a view to assessing their relative applicability to different factory 
operations. 

A further application of this extrusion apparatus is the testing of pastry 
margarine, an important criterion of which is its ability to withstand "work-
ing" treatment without softening. Tests with the extrusion apparatus before 
and after suitable standardized "working" treatment serve as a very con-
venient means of evaluating the above property. 

2. Dough 
The methods normally adopted for testing doughs having a consistency 

of bread dough, and doughs of softer consistency, are (a) by the Farino-
graph, initially developed by Brabender33 and (b) in some instances by the 
extrusion method of Halton34 or Müller and Barron.^ The extrusion method 
is used for doughs which are too stiff for testing on a Farinograph. 

B. Aeration (Overrun) Measurements 

The degree of aeration of a cake or sponge mix is usually controlled by 
making frequent intermittent checks on the specific gravity of the mix followed 
by appropriate adjustment of the mixing or aeration process. 

The specific gravity determination may be accomplished by weighing a 
container (of known volume, 200-300 ml) both empty and filled with mix. 
The container is conveniently similar in shape to a tumbler and, after over-
filling, the volume of mix is standardized by removing the excess by scraping 
off level using a palette knife. For routine purposes it is sufficient to record 
the weight of this known volume but the percentage of air incorporated can be 
calculated if the density of the unaerated mix is known. The percentage in-
crease in volume as a result of aeration (whipping) is termed "overrun". 

The development of continuous, as distinct from batch methods of manu-
facture, already referred to in the Introduction, presents new problems of 
control.The measurement and control of overrun in such an operation is an 
example of the problems exercising the industry at present, and although the 
complete answer may not yet have been produced, it may be of interest to 
comment upon one method under investigation. 

The principle is to measure the attenuation of y-rays from a radioactive 
isotope (e.g. caesium-137) as a result of their passage through the aerated 
batter while the latter is forced along a pipeline. This attenuation is related 
to the mass of material in the path of the rays, namely the sides of the pipe 
(a constant) and the material of the batter; the greater the aeration of the 
batter the less the attenuation of the y-rays. Clearly such a device lends itself 
to continuous measurement which in turn may be made to control automatic-
ally the aeration of the material passing along the pipeline. 



240 J. H. BUSHILL 

Although several y-ray gauges capable of measuring density with an ac-
curacy of ±0-1 %, are available commercially, under the conditions outlined 
above much less accuracy is to be expected in the operation described due to 
likely fluctuations in the pressure (thereby compressing occluded gas and 
affecting the density of the mix) necessary to force the batter along the pipe-
line. Furthermore, the overrun figure which is required to be controlled is 
that of the mix when it emerges from the pipeline and reaches atmospheric 
pressure. A second factor likely to affect accuracy of overrun measurement 
is therefore introduced. Nevertheless, the application of the radiations of a 
radioactive isotope to the continuous recording and also to continuous control 
of overrun is likely soon to be an accomplished fact. 

C. Determination of Equilibrium Relative Humidity (ERH) 

By circulating air over the sample in a closed circuit until the moisture in 
the air and that in the sample come to equilibrium (usually 15-20 min), 
determination of the relative humidity ofthat air gives the ERH of the sample. 
In a search for a convenient and accurate method of making the determina-
tion the classical dew-point method and an electrical one involving the use 
of a dew-cell have been tried but one based on normal gas analysis tech-
niques may be preferred for reasons of accuracy. By this method the volume 
of water vapour in a sample of the air, at equilibrium with the sample under 
test, is determined by measuring accurately the contraction in volume when 
the water vapour is absorbed by concentrated sulphuric acid.36 Although 
the apparatus used is somewhat complicated, a determination can be made in 
about 30 min with an accuracy of ±0-25 %. 

An alternative method, which may have an appeal to some, has been 
described by Landrock and Proctor.37 This method takes longer but does not 
require special apparatus. 

D. Temperature Measurement during Baking 

A promising method for following the temperature changes of a cake 
during baking or cooling utilizes a miniature modulated radio transmitter 
housed in a small Dewar flask. The modulator, a low-frequency resistance-
capacitance oscillator, generates a signal whose frequency varies with the 
resistance of a thermistor which in turn varies with temperature and therefore 
acts as the sensing element. Temperature measurements are effected by placing 
the sensing element in the cake which is then passed, with the transistorized 
transmitter, through the oven (see Fig. 1). The radiated signals are picked 
up by an aerial installed in the oven and fed to a radio receiver which extracts 
the low frequency oscillations and feeds them to a frequency meter which 
records the corresponding temperature. 
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The equipment responds rapidly to temperature changes and satisfactory 

results are possible provided that the transmitter remains stable in operation 
and the radiated signal is sufficiently strong to penetrate the severe electrical 
interference often encountered in factories. 

w ~w (2) 

FIG. 1. Radio transmitter in Dewar flask and cakes passing through oven. 

E. Physical Tests on Cream Fillings 

1. Overrun (Aeration) 
Such measurements may be made on aerated (whipped) cream fillings as 

already described (p. 239) for cake and sponge mixes. It is also likely that in a 
continuous production operation a continuous measurement and possibly 
also automatic control may be introduced as described for aerated batters 
(p. 239). 

2. Whipping properties 
The whipping properties of a cream are related both to the overrun 

obtainable and the stiffness and stability of the resulting whipped product. 
When testing a "buttercream" type of filling the temperature of the ingredients 
during the whipping is not critical but should lie within the normal range of 
atmospheric temperatures.The oil-in-water type of cream, to give the best 
results, needs to be whipped at 4-5°C.38 For a comparison of such creams 
the whipping should be continued until the same degree of stiffness is reached. 
Mohr and Bauer39 described an apparatus to ensure standard beating which 
incorporated a watt meter to measure the load on the electrically driven 
beaters (which is related to the stiffness of the whipped product) thereby 
enabling time of whipping, overrun and stiffness of the cream to be evaluated 
on the same sample. 

9* 
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Amongst other methods of measuring the stiffness of whipped cream may 
be mentioned that of Babcock4^ who described an apparatus in the form of a 
balance by which the weight required to force a metal disc into the cream 
was measured. Blodgett and Webster41 used a curd tension meter to measure 
the stiffness. Mohr and Bauern measured the stiffness in terms of the time 
taken for two concentric rings to sink into the cream under a standard load. 
A rapid routine test sometimes used is to extrude the whipped product through 
a narrow orifice and then to examine for breakdown or serum exudation. 

3. Serum Drainage (Applicable only to the whipped oil-in-water type of 
cream) 

Blodgett and Webster41 measured the serum drainage by placing a weighed 
portion of cream over a 0-5 in disc of 16 mesh wire screen in a glass funnel. 
The sample was stored for 1 hr at 70°F and drainage was recorded as ml per 
100 g cream. Methods based on similar principles have been described by 
England and Mecham,^ Templeton and Sommer, 43 Mohr and Bauers and 
Mohr and Koenan.38 

F. Photographic Recording 

It is often extremely difficult when considering a perishable product to 
prove that some physical property, such as crumb structure which cannot be 
measured, has remained constant throughout the batches made over a con-
siderable period of time. Photography offers a partial solution. Photographs 
of the complete product, and perhaps also of the product as packed for sale 

FIG. 2. Plain Madeira cake. Shadow photograph by transmitted light. Magnification, x 3. 
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are useful and can often indicate where improvement in appearance (appeal 
to the eye of the customer) is possible. For quality control, a photograph of 
a vertical cross-section of the cake gives more information as it shows 

FIG. 3. Sponge sandwich: effect of storage at ambient room temperature. 
Area of transverse sections (in2) : 

Fresh After 13 days 

Total 12-2 9-4 
Cream only 2-3 1-7 

structure, evenness of bake, and volume, the latter being related to the cross-
sectional area. Obliquely illuminated sections are photographed on pan-
chromatic film using a filter where necessary (e.g. chocolate cakes) ; a linear 
scale is included and also a grey scale so that subsequent photographs can be 
printed to the same depth and contrast. The cross-sectional area is measured 
with a planimeter on the negative (not on a print which in processing may be 
slightly distorted). 
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The structure of the cake is better recorded as a shadow photograph 
produced by a method originally devised for studying bread.44 A thin slice 
of cake is placed in the negative carrier of a photographic enlarger and an 
enlarged shadow is projected on to bromide paper; Figs 2, 3 and 4 illustrate 
the above points. 

FIG. 4. Madeira cake. Effect of storage in ambient room temperature. 
Area of transverse section (in2) : 

Fresh After 11 days 
12-4 10-2 

G. High Speed Compressibility and Shear Tests 

There have been many attempts in the past to assess objectively all 
those physical properties of a food product which are variously described 
as texture, toughness, shortness, etc. In the baking industry such objective 
testing is even more important than in most, as the properties of the products 
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change with time (staling) and eventually become unacceptable (end of shelf-
life). It follows therefore that a rapid method of testing is required for two 
reasons: (1) to produce a sufficient number of results for statistical treatment 
and (2) to produce those results in a period of time during which the staling 
change can be regarded as negligible. 

Recorder via 
control box 

A 
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FIG. 5. Shear and compressibility apparatus. 
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FIG. 6. Madeira cake, shear and compressibility tests. All slices of each cake, except 
crusts, were tested consecutively. The force peaks shown are in pairs, the first being the 
shear and the second the compression. 
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The testing device must simulate the act of chewing which is commonly 
regarded as a combination of compression and of shearing (biting). To that 
end an instrument has been developed45 capable of making ten compressibility 
and shear tests a minute or twenty compressibility tests in the same time. 

6 h 

5 h 

~ 4 h 

2 h 

Fresh 

End 

After 3days 

End End 

0-5 

Time (min) 

1-0 0-5 

Time (min) 

1-0 

FIG. 7. Bread, rapid compressibility tests. All slices of each loaf, except crusts, were 
tested consecutively. 

The device which is illustrated diagrammatically (Fig. 5) consists of a 
compression platform capable of being raised and lowered mechanically by a 
rotating cam. On the platform is placed the sample, e.g. 1 cm thick sliced 
Madeira cake, between two Perspex plates in which are two aligned circular 
holes slightly larger than the compression block. When the compression 
platform is raised the compression block first shears the sample and then 
compresses it against the platform. The force thereby applied to the compression 
block is transmitted to a strain gauge which feeds a high speed recorder with 
a signal proportional to that force. A switch device ensures that the recorder 
chart moves only when tests are being made. When compressibility only is 
required to be determined the slices of sample may be passed under the 
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compression block without the Perspex plates. The use of different com-
pression blocks and lifting cams add to the versatility of the instrument. 

The type of results obtainable with Madeira cake is illustrated in Fig. 6 
in which the first peak in each curve represents the shear force and the second 
the force resulting from the compression of a 1 cm thick slice to 0-5 cm. 
Figure 6 shows the difference between the end slices and those in the middle 
of the cake and also the very significant "staling" effect by testing after 
different periods of time (4 hr, 1 and 5 days). 
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FIG. 8. Rich Marie biscuits, snap tests at different moisture contents. 

Typical results obtainable when only compressibility is required to be 
measured are illustrated in Fig. 7, but in this case using sliced bread. Here 
again significant differences are shown between the end (outside) slices and 
those in the middle of the loaf, due no doubt to the former being less moist. 
The results also show the difference between a fresh loaf and a similar one 
after 3 days. 

The instrument has also been applied to the testing of the shortness and 
brittleness of biscuits. An indication of the type of results obtainable is given 
in Fig. 8. 
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