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1. INTRODUCTION 

The manufacturer of a food assesses the standard of his finished product by 
three criteria: purity, compliance with legal specifications and ability to meet 
the demands of the ultimate user. 

Usually, the factor of purity can be taken care of in the selection and pre-
paration of raw materials, the prevention of contamination during processing 
and the avoidance of post-processing deterioration, and accordingly tests for 
impurities are not necessarily a part of a routine programme of quality control. 
Tests for compliance with legal specifications, such as, for example, the deter-
mination of supplementary Chalk B.P. in flour in the United Kingdom 
or of the moisture content of bread in Australia, may be routinely applied 
in the control laboratory as a safeguard against unintentional contravention 
of legal regulations, but they are ancillary to, rather than truly part and parcel 
of, quality control as the term is generally understood ; flour deficient in 
Chalk B.P. or bread containing more moisture than the average may attract 
a prosecution but each may be of higher quality than a competitive product 
that meets the relevant legal standard. 

The quality control laboratory, therefore, pays major attention to those 
factors that determine user acceptability and gives prominence to those tests 
that assess the "degree of excellence", which is the dictionary definition of 
"quality". What these tests should be and how the results they give should be 
interpreted depend on the purpose for which the commodity is to be used and 
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the standards adopted by the users. The control chemist in the mill laboratory 
is concerned with standards of performance required by other manufacturers, 
because the miller's finished product is the raw material of the baker, con-
fectioner or biscuit-maker, whereas control chemists in the baking industry 
direct their schemes of testing to criteria applied by the consuming public, which 
bases its appraisal partly on subjective tests. 

The quality control tests applied to flour in laboratories serving mills fall 
into two groups: those that provide a check on the operations in the mill 
and those that assess the suitability of a flour for its intended purpose. The 
tests which belong to the latter category differ in nature according to the 
use to which a flour is to be put, because an attribute that is important in, 
say, a bread flour may be of little significance in a biscuit flour. An under-
standing of the reasons for, and the significance of, the various tests used 
demands some knowledge of flour-milling and of the processes by which 
various baked goods are produced, and these will be discussed first. 

The wheat grain consists of three main parts: the outer branny skins, 
which serve as a protective envelope; the embryo, which is the genesis of the 
new plant that emerges when the grain is sown ; and the starchy endosperm, 
which provides food for the new plant until its root system has developed 
sufficiently to obtain nutriment from the soil. The aim of the milling process 
is to split the grains and to scrape therefrom the endosperm, leaving as resi-
dues the outer skins and the embryos. This is accomplished by the repetition 
of five basic operations: removal of inner endosperm from the split kernels 
by corrugated rolls; grading of the separated granular endosperm by sieving; 
purification of the fractionated granular endosperm by further sieving and 
aspiration ; grinding of the purified granular endosperm on smooth rolls ; 
and fractionation of the ground endosperm by sieving into flour and insuffi-
ciently ground endosperm. 

During these mechanical operations some of the outer branny skins of 
the grains are unavoidably ground to powder and become inextricably mixed 
with the flour. The extent of the contamination depends on the rate of extrac-
tion, that is, on the parts of flour produced from 100 parts of wheat; it is 
small in 72 % extraction flour, which is consequently white, but is relatively 
high in 85% flour, which may range in colour from khaki to brown. The 
ash content is an index of the degree of bran-powder contamination, because 
the mineral matter content of the branny skins is in the region of 30 times 
that of pure endosperm. 

Flour has a creamy tint because it contains xanthophylls; in some countries, 
however, the creaminess is removed by bleaching. Some of the oxidizing 
compounds that are added to flour to make it white have a beneficial effect 
on baking quality, but some millers obtain the same improvement in baking 
behaviour by the addition of oxidizing agents that have no bleaching effect. 
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Bleachers and "improvers" are not the only chemical additives used in flour: 
in some countries various nutrients, e.g. vitamin Bl9 riboflavin, nicotinic 
acid, iron and calcium carbonate, are obligatory addenda. 

Flour is used commercially mainly in the production of bread, confection-
ery goods and biscuits. These commodities are made to different formulations 
and by different procedures, and the differences are such that flour that 
makes good bread may be unsuitable for the production of confectionery, 
and a good cake flour may fail to be satisfactory for the production of bis-
cuits. 

Bread is produced by mixing flour with water to form a dough and aerating 
this with carbon dioxide produced by the action of yeast on sugar. The yeast 
is suspended in the water used to make the dough and the sugar comes from 
the flour. When the flour and water are mixed together, the protein forms a 
complex, known as gluten, with elastic properties, and takes the form of a 
network of interwoven strands, which serves as the skeleton of the dough. 
The extent to which the dough can be distended by and retain the carbon 
dioxide produced by the yeast fermentation depends on the number and the 
physical properties of the gluten threads, i.e. on the quantity and quality of 
the protein in the flour. 

The sugars pre-existing in a flour are insufficient to yield enough gas for 
proper aeration and, in the later stages of the bread-making process, the yeast 
has to turn to sugar produced subsequent to dough-making by enzymic 
saccharification of some of the starch of the flour. Accordingly, j5-amylase 
activity is a factor of importance in the evaluation of the quality of a bread 
flour. The α-amylase activity is also a factor of importance, because, unless 
it is low, sufficient conversion of starch into dextrins may occur during the 
early stages of baking, thus causing the crumb of the loaf to be sticky. 

The aeration of many confectionery goods does not involve yeast fermenta-
tion but is accomplished either by the entrapment of air in an egg batter or 
by the liberation of carbon dioxide from sodium bicarbonate by an acidic 
substance or by heat. Usually, therefore, jS-amylase activity is not a factor of 
importance in confectionery flours. On the other hand, a high a-amylase 
activity may be a matter for concern, because it can have an adverse effect when 
flour is used for the production of boiled goods. Because the progress of 
aeration in a confectionery batter differs from that in a bread dough, most 
confectionery flours contain less protein and a weaker protein than is usual 
in bread flours. Most biscuits are aerated chemically. Thus, the biscuit 
manufacturer, like the confectioner, does not view a flour with a poor ß-
amylase activity with alarm. Also, the nature of biscuit doughs and the 
conditions under which they are baked allow him to be more tolerant than 
the baker and confectioner of an a-amylase activity that is higher than usual. 
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2. CONTROL OF FLOUR QUALITY 

A. Bread Flour 
1. Moisture Content 

The moisture content of freshly milled flour is governed by the moisture 
content of the wheat going on to the mill and the evaporative loss that occurs 
during the milling operation. It will therefore vary with the conditioning 
treatment applied to the wheat and with the climatic conditions, but is usually 
within the range 13-0-15-5%. In the hotter countries it is accepted that the 
figure should not exceed 14-5 % if deterioration duringstorage is to beavoided. 
The baking quality of flour is not affected by the moisture content, provided 
that it is within the normal range, but an abnormal moisture content is a 
pointer to unusual conditions in the mill, which may well have had some 
influence on quality. 

The moisture content of flour is usually determined by a heating method, 
but the figure obtained depends on which of several established procedures is 
employed; some of the methods in use include heating for 5 hr at 100°C,1 

for 1 hr at 130°C,2 for 15 min at 140°C,2 and for 15 min at 155°C.i Electrical 
methods are also in use.1 The figures obtained by testing a flour by two differ-
ent methods may show a difference of 0-5-1-0%. 

2. Protein Content 
The protein content of a flour is arrived at by determining the percentage 

of nitrogen in the flour by one of the variations of the Kjeldahl method and 
multiplying this by the factor 5-7.1»2 The average protein content of the 
bread flour of one country may differ greatly from that of another. In Canada 
and the U.S.A., each of which countries grows large quantities of wheat of 
high protein content, bread flour may contain well over 12 % protein, whereas 
in New Zealand, where the native wheat from which it is produced is low in 
protein, bread flour may contain less than 10% protein. In the United King-
dom, which has to import 70 % of its wheat requirements, bread flour is 
milled from blends of native and imported wheat, the blends being so formu-
lated that the flour has a protein content in the region of 11-5%. 

The baking quality of bread flour is positively correlated with its protein 
content, and a serious drop in the protein level to which a baker was accus-
tomed would be reflected in inferior and perhaps unsatisfactory bread. Much 
depends on what the baker is used to, because a protein content of 10% 
would warrant strong criticism of a bread flour in the United Kingdom, 
although it would be acceptable in New Zealand. 

3. Ash Content 
The object of the milling operations involved in the production of white flour 

is the separation of the starchy endosperm of the grain from the enveloping 
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skins. The ash content of a flour is an index of how well the separation 
has been accomplished, because the mineral matter content of wheat skins 
is in the region of 30 times as great as that of pure endosperm; a flour milled 
in the United Kingdom to 72% extraction might well have a natural ash 
content of 0-42 %, whereas for a flour of 85 % extraction produced on the 
same mill the corresponding figure might be 0.72%. 

Because ash content is a measure of the grade and brightness of flour and 
is a check on the efficiency of the milling operations, the determination of 
ash ranked high in the list of quality control tests applied in cereal laboratories. 
Indeed, in some countries flours were sold on guaranteed ash contents and 
in others statutory Orders have prescribed ash figures for various grades of 
flour. The ash content, however, ceases to be an index of bran-powder 
content and of brightness if the flour contains much added mineral matter. 
In the United Kingdom flours have to contain between 235 and 390 mg of 
calcium carbonate per 100 g and the ash determination has ceased to be a 
quality control test; this indirect assessment of bran-powder content has 
long been replaced by a direct measurement of brightness (see under "Grade 
Colour", pp. 201, 209, 211). 

The ash content of flour is determined by incinerating a weighed sample 
in a muffle furnace at a controlled temperature. Recommended temperatures 
widely used are 550°C2 and 600°C.1 A result can be obtained more quickly 
by moistening the flour with an alcoholic solution of magnesium acetate and 
performing the ashing at 850°C.2 

4. Diastatic Activity 

A flour that contains an adequate amount of protein with satisfactory 
physical properties will fail to make a good loaf if at any stage of the yeast 
fermentation the quantity of sugar in the dough falls short of that needed to 
provide the gas required for proper aeration of the mass. The determination 
of diastatic activity, therefore, must be included in the list of tests applied 
to evaluate the quality of a bread flour. The test must be so designed that it 
reveals the extent to which the diastatic enzymes in a flour are able to produce 
sugar when the substrate is the starch of the flour under test. Usually, a bread 
flour has an adequate /?-amylase content, but this enzyme is able to act 
on only damaged starch, which varies in amount from flour to flour. The 
test is performed by incubating an aqueous suspension of the flour for a 
fixed time at a fixed temperature and then determining the amount of reducing 
sugar present. The most widely used method is that of Blish and Sandstedt,3 

in which a suspension of the flour in a buffer solution of pH 4-6-4-8 is in-
cubated for 1 hr at 30°C and, after inhibition of further diastatic action 
and precipitation of protein, is analysed for reducing sugars by oxidation with 
alkaline ferricyanide solution. In the U.S.A., where this method originated, 
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the results are expressed as milligrams of maltose per 10 g of flour2 but 
in the United Kingdom it is common practice to record the "maltose figure" 
on a percentage basis, i.e. as grams of maltose produced per 100 g flour. 

Experience has shown that if an adequate supply of sugar is to be produced 
diastatically in a bread dough to which no diastatic corrective has been added, 
the Blish and Sandstedt maltose figure should not be less than 2-5, i.e. 
250 mg per 10 g flour, and preferably higher. 

The diastatic activity of a flour can be evaluated indirectly by measuring 
the amount of gas produced during the fermentation of a dough prepared 
from it, provided that the conditions under which the dough is made and main-
tained during the test are carefully standardized and controlled. Numerous 
appropriate procedure have been described,1»4_n some of which measure not 
only the total gas produced but also the amount retained within the dough, 
but they are too time-consuming for a measurement of gas production to be 
a common feature in the routine control tests applied to flour. 

If the maltose figure determined by the Blish and Sandstedt procedure, 
expressed on a percentage basis, is above 3-7, it usually means that the flour 
has an undesirably high α-amylase activity; flour milled from sound wheat 
shows very little α-amylase activity but flour milled from sprouted wheat 
may have a high α-amylase content. This enzyme produces dextrins of high 
molecular weight from starch, and these impart a stickiness to the crumb of 
bread. 

The quality of a bread flour must be suspect if its Blish and Sandstedt 
maltose figure, expressed on a percentage basis, lies outside the range 2-5-
3-7, but because the ß- and α-amylase contents of flour do not invariably run 
parallel, a high maltose figure, although a danger signal, is not a sure sign 
that the α-amylase is excessive. When a high maltose figure is encountered, 
therefore, further guidance should be sought from a baking test or a Hagberg 
Falling Number test.12»13 The principle of the latter method is to heat a 
standardized suspension of flour in boiling water and to measure, by the rate 
of fall of a plunger, the time of heating required to reach each of two 
arbitrarily defined viscosities. The first measurement is termed the "gelatin-
ization time" and the second the "liquefaction time". The "diastatic number", 
which is defined as 

100x60 
liquefaction time—gelatinization time 

is related linearly to α-amylase activity over a broad range. 
It is possible to determine α-amylase activity directly, although none of the 

several methods available is commonly included in the routine programme 
of the control laboratory. Appropriate are the methods of Sandstedt, Kneen 
and Blish,14 Kneen, Sandstedt and Hollenbeck,1* Stone,16 Jongh17 and 
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Farrand.18 They are similar in principle, depending on the dextrinization of 
erythrodextrin to an end-point determined by the colour developed on addi-
tion of a solution of iodine. 

5. Grade Colour 

Bakers pay particular attention to the brightness of a flour, because this is 
an index of its grade, i.e. of the extent to which it is contaminated with bran 
powder. In the absence of extraneous mineral matter, ash content is also an 
index of flour grade and. therefore, an indirect measure of colour, but a 
determination of ash content takes several hours, whereas the brightness of 
a flour can be measured in a few minutes. It is because the ash test is some-
what lengthy and loses its significance when extraneous mineral matter is 
present that the determination of ash content has been superseded in many 
countries by a direct evaluation of brightness. 

The best-known and most widely used method of measuring flour brightness 
is by means of the Kent-Jones and Martin Flour Colour Grader. This instru-
ment1» 19 measures by means of photo-electric cells the reflectance of a flour 
paste relative to that of a standard. Illumination of the surfaces under test 
with light of a wavelength in the region of 530 ναμ precludes the brightness 
readings being seriously affected by differences in degree of bleach, and the 
use of a flour paste prevents interference from differences in granularity. 
Thirty grams of flour are mixed by hand with 50 ml distilled water for a 
period of 45 sec. The resulting smooth cream is poured into a glass cell of 
rectangular cross-section and the cell is inserted in the instrument. The 
appropriate control is rotated until the galvanometer no longer shows a 
deflection, whereupon the reading on the dial connected with the control is 
recorded as the grade colour of the flour. The grade colour of a flour can be 
measured in 2 min and duplicate tests usually agree within 0*2 unit. 

A typical grade colour figure for 72 % extraction bread flour milled in the 
United Kingdom would be 2-5; the grade colour figures of Patent flours 
range from —0-5 to +0-5, according to the length of extraction. Wheatmeal 
flours give figures of from 11 to more than 18, according to the amount of 
branny stock they contain. 

6. Bleach Figure 
In those countries where the bleaching of flour is permitted, a determination 

of the extent to which the natural creaminess of a flour has been reduced is a 
standard test in the control laboratory. The main purpose of the test is to 
check whether the finished flour has the desired degree of whiteness and will 
accordingly satisfy baker customers on the score of colour, but the bleach 
figure may also give forewarning of an abnormality in baking quality if the 
additive used to remove creaminess is both a bleacher and an improver. 
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The procedures most used for assessing the whiteness of flour have a com-
mon principle, which is the determination of the intensity of the yellow 
colour imparted to the flour by the residue of unoxidized xanthophylls, 
carotenoids and flavones. These yellow pigments are extracted with solvent 
and the yellowness of the resulting solution measured instrumentally. In the 
United Kingdom the extraction is made with a 1 : 1 mixture of high-grade 
petrol and benzene, and the yellowness of the extract measured on an absorp-
tiometer.1 The "bleach figures" are reported on an empirical scale; a figure 
of 8-0 or more indicates absence of bleach, a figure of 3-5 a moderate bleach 
and a figure of 1-5 a high degree of bleach. In the U.S.A., the degree of 
creaminess of a flour is often expressed as ppm carotene. The solvent may be 
n-butyl alcohol20 or a mixture of cleaners' naphtha and ethyl alcohol,21 and 
the creaminess imparted to it by the pigments in a flour may be determined 
by visual assessment in a colorimeter21»22 or by a spectrophotometric reading 
at 435-8 τημ.20,22 

7. Baking Test 
The three main factors governing the baking quality of flour are protein 

content, diastatic activity and protein quality. The first two of these are 
evaluated by analytical tests, but other means must be used to determine 
whether the physical properties of the protein are satisfactory. In some labora-
tories protein quality is assessed by measuring such factors as viscosity, 
elasticity, extensibility or breaking strength on dough-testing instruments; 
valuable though such tests may be on flours intended for purposes other than 
bread-making, they are not as reliable nor as informative as a baking test 
for the assessment of bread flours. 

In the U.S.A. and Canada the baking test included in the quality control 
programme is in essence a laboratory test and is often performed by a chemist. 
Only 100 g flour is used in the test, and the volume of the small loaf produced 
by a rigorously standardized procedure is measured and the external and 
internal characteristics of the loaf assessed on a numerical basis.2 In the 
United Kingdom the practice is very different: in a test bakery attached to 
and under the supervision of the control laboratory full-size loaves are made 
by an experienced baker, who reports on dough properties and dough be-
haviour but does not measure their volumes.1 The British method of test 
baking has the advantage that the conditions under which it is performed 
are very much like those under which bread is made in a small commercial 
bakery, but its successful operation demands the services of a skilled baker. 
It is certainly better suited to the evaluation of European flours than the 
more artificial American "pup" loaf test,23»24 although the latter, with its 
numerous modifications, is undoubtedly a reliable guide when applied to the 
more restricted range of bread flours encountered in North America. 
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8. Water Absorption 
In the United Kingdom, and elsewhere where baking tests on flour involve 

the production of full-sized loaves by an experienced baker, the water ab-
sorption of a flour is assessed by the baker during the making of the dough, 
just as it is commercially. In some other countries, however, water absorption 
is determined instrumentally; indeed, in some instances, such tests are made 
in the United Kingdom. A piece of equipment ancillary to the Simon 
"Research" Extensometer1 is suitable for the test and is widely used in the 
United Kingdom, but elsewhere the Brabender Farinograph1 has found 
favour. 

9. Nutrient Additives 
In a number of countries nutrients are added to flour or bread either 

voluntarily or because of legislation ; they include calcium carbonate, thia-
mine, riboflavin, nicotinamide and iron. The thiamine content of flour is 
usually determined chemically by the thiochrome method.1»2 Chemical 
procedures can also be used to determine riboflavin and nicotinamide,1»2 

but often microbiological methods are preferred.1»2 Iron can be determined 
by the dipyridyl method1» 2 or by the thioglycollic acid procedure.1 Several 
methods are available for the determination of calcium carbonate in flour.1 

10. Fibre Content 
It is not unusual to find a determination of fibre content included in the 

routine tests applied to wheatmeal and wholemeal flours. An accepted measure 
of fibre is the amount of material that remains when the sample has been 
digested at boiling temperature first with a standard solution of sulphuric 
acid and then with a standard solution of caustic soda.1»20 Wholemeals have 
fibre contents in the region of 2% whereas very light wheatmeals—often 
called "brown" flours—may contain no more than 0-6%. 

In addition to the foregoing routine control tests, additional information 
may be required on occasions owing to abnormal features in the wheat, 
because a flour is destined for a special purpose or market, or because it is 
necessary to decide whether a complaint about a flour is justified. 

11. a-A my lase Activity 
In countries where the bread grist consists entirely or mainly of weak 

native wheat, wet seasons add to the tasks of the control laboratory. The ever-
present possibility of some of the wheat in the grist being sprouted makes it 
necessary to keep a special watch for excessive α-amylase activity. The 
maltose figure is not an infallible guide to α-amylase activity and a more 
specific test should be applied. The Hagberg Falling Number test12» 13 is 
suitable and is being increasingly used. Sound flours give falling number 
figures of 125 or more, perhaps as high as 250, whereas flour made from 
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sprouted wheat will give a figure below this range, the magnitude of the reading 
depending on the extent to which germination of the wheat has proceeded. 
Flours with a very high a-amylase activity may show falling number values 
of 30 or less. 

The Amylograph1 is another instrument that portrays the a-amylase activity 
of a flour. It is a rotating-cup viscometer fitted with a heating device that 
raises the temperature of the contents of the cup at a standard rate. The 
viscosity of the test sample in the cup is recorded continuously as the tempera-
ture rises to 95°C. A flour of low a-amylase activity will give a maximum 
reading on this instrument of at least 450, whereas the curve produced by a 
flour of high a-amylase activity may give a maximum reading of less than 
200 units. 

12. Damaged Starch 
The extent to which the starch granules of wheat are mechanically damaged 

during the milling process varies with the nature of the wheat and, for the 
same wheat, varies from mill to mill. Because it is only the damaged starch 
that is attacked by ß-amylase and because differences in degree of starch 
damage can affect dough behaviour, determinations of the damaged starch 
content of flours are sometimes needed. The method of Greer and Stewart25 is 

TABLE 1. Damaged starch contents of U.K. flours 

Protein Damaged 
content starch 

Type of flour (%) (%) 

Bakers' 
Bakers' 
Bakers' 
Bakers' 
English Bakers' 
English Bakers' 
English Packers' 
Milled from all-French wheat 
Milled from all-French wheat 

12-4 
12-5 
11-8 
11-0 
9-6 
8-8 

10-8 
9-2 
8-4 

8-6 
9-5 
7-7 
8-1 
6-2 
6-3 
4-9 
4-0 
4-7 

commonly used in the United Kingdom. The flour is refluxed with 82-5 % v/v 
alcohol to inactivate the enzymes, after which it is incubated for 4 hr with 
an excess of ß-amylase in a buffer solution at pH 4-6 and a temperature of 
30°C, and the amount of sugar produced is determined. Other methods are 
in use in the U.S.A. The method of Sullivan, Anderson and Goldstein26 is 
similar in principle but the inactivation is accomplished by treatment with 
trichloroacetic acid in butanol. In the method of Sandstedt and Mattern27 
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the sugar produced by the flour and an excess of α-amylase when incubated 
for 1 and 2 hr, respectively, is determined and the curve of sugar production 
against time extrapolated to zero time. A recently described method in use 
in some control laboratories in the United Kingdom is that of Farrand.18 

Flour from hard wheats contains more damaged starch than does that 
from soft wheats. The figures in Table 1 show the amounts of damaged starch 
found in various flours milled in the United Kingdom28 when analysed by 
the method of Greer and Stewart. 

TABLE 2. Damaged starch indexes of U.S. flours 

Protein 
content Starch damage 

Type of flour ( %) index 

Milled from North Dakota spring 
Milled from Texas-Oklahoma winter 
Amber durum 
Illinois soft 
100% soft wheat cake 
100% hard wheat cake 

14-00 
12-20 
14-30 
9-70 
7-70 
7-70 

116 
98 

205 
50 
51 

247 

Flours milled in the U.S.A. gave the figures in Table 2 when they were 
examined for damaged starch by the method of Sullivan, Anderson and 
Goldstein.26 

13. Fungal Amylase Content 
A flour that has a low maltose figure can be diastatically corrected by the 

addition of α-amylase. At one time the corrective used was malt flour but 
in recent years fungal oc-amylases have found favour. Because fungal a-
amylases do not affect the maltose figure, other tests have to be used to check 
that the correct treatment is being properly and uniformly applied. A suitable 
test is that of Hayden,29 which depends on the selective inactivation of cereal 
amylases by bentonite; residual activity due to the presence in a flour of 
fungal α-amylase is evaluated by a cup plate technique using a starch-agar 
substrate. An alternative method is that of Knight,30 which depends on the 
decrease in α-amylase activity that occurs when a flour extract containing 
calcium ions is heated at 68°C for 30 min. This treatment destroys only 10% 
of the cereal α-amylase activity but 83% of the activity of fungal a-amylase. 

14. Rope Spore Content 
The natural bacterial flora of wheat includes bacteria of the Bacillus 

subtilis group, some of which gain access to the flour during the process of 
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milling. These micro-organisms form spores that are not killed during the 
baking of bread and, given the opportunity to become active in a loaf, 
will cause the crumb to become sticky and discoloured and to have an un-
pleasant smell. This disease, which can develop if loaves are kept in a warm 
and humid atmosphere, is known as "rope". The cause of an outbreak of 
rope is more often the conditions under which the bread is made, baked and 
stored than an abnormal rope spore population in the flour,31 but when one 
does occur a rope spore count on the flour may become necessary. A suitable 
method is that of Barton-Wright,32 which depends on pellicle formation in a 
liquid medium. Bread flours milled in the United Kingdom often give figures 
well below 20 spores per 10 g when tested by this method. A method 
depending on the formation of bacterial colonies on a solid medium2 is also 
available. 

15. Acidity 
If flour is subjected to an unfavourably high temperature during storage 

or is stored under normal conditions for a protracted period, it may become 
acid, with consequent impairment of its baking quality. On occasions, there-
fore, it may be necessary to determine the acidity of a flour. This can be done 
by extracting the flour with petroleum ether, re-dissolving the extracted fat 
in a mixture of benzene and alcohol, and titrating with phenolphthalein as 
indicator.2 

16. Taint 
On occasions it may be necessary to examine a flour for the presence of a 

foreign odour. Flour readily acquires a smell if stored in close proximity to 
odoriferous substances or exposed to fumes; a strong smell of apples and the 
odour of diesel oil fumes have been encountered on more than one occasion. 
Other causes of a taint in flour are the presence of odoriferous seeds, such as 
melilot seeds, in the wheat or the inclusion of some out-of-condition, i.e. 
musty, wheat in the blend. 

Taints can be tested for by placing a slurry of the suspect flour and water 
in a glass-stoppered flask, heating this on a boiling-water bath for, say, 
30 min, and then removing the stopper and smelling the steam. Alternatively, 
a loaf can be made from the flour and the crumb of it smelled while still hot. 

17. Filth Test 

This test is common in the U.S.A. but is rarely applied in other countries, 
except to flours that are to be used to produce goods for export to America. 
After treatment with acid and pancreatin, the digest is shaken with petrol. 
The material that collects at the water-petrol interface is filtered off* and 
examined under the microscope. A count is made of the number of insect 
fragments and of rodent hairs. Official limits for these contaminants have not 
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been published by the U.S. authorities, but the view generally held in the 
United Kingdom is that the number of rodent hairs should not exceed 5 
per pound and the number of insect fragments should not be more than 
30 per pound. Detailed instructions for performing the test will be found in 
"Microscopic-Analytical Methods in Food and Drug Control",33 published 
by the U.S. Department of Health, Education and Welfare, and also in a 
paper by Kent-Jones, Amos, Elias, Bradshaw and Thackray,34 which gives 
results obtained by applying the test to cereal foods produced in the United 
Kingdom. 

18. Particle Size Distribution 

If more detailed information is needed about the granularity of a flour 
than can be provided by a standardized sieving test, it can be obtained by a 
sedimentation procedure. One such method1 enables the rate of sedimentation 
to be measured by changes in the deflection of a galvanometer connected 
with a photo-electric cell illuminated by a beam of light passing through the 
flour suspension. A sedimentation method that has been used in the U.S.A.2 

involves the use of a special centrifuge. The use of an automatically recording 
sedimentation balance method35 for the determination of particle size distribu-
tion in fine flours produced by centrifugal air-classification has been reported 
on favourably by Stevens.36 

19. Bleachers and Improvers 
(a) Chlorine. This is not now used as an improver in bread flour but is 

applied in high dosages to speciality cake flours. Its determination involves 
extracting the fat from a flour, saponifying this and determining the chloride 
present.1 

(b) Benzoyl Peroxide. This bleaching agent is converted into benzoic acid 
in flour and, accordingly, assessment of the level of treatment calls for a 
method that will determine both benzoyl peroxide and benzoic acid. A suitable 
procedure is that of the Association of Official Agricultural Chemists.2** 

(c) Potassium Brómate. The potassium brómate content of flour, which 
may be in the region of 20 ppm, can be determined by extraction followed by 
an iodometric titration.1 

(d) Ammonium Persulphate. The quantity of ammonium persulphate in 
flour, which may amount to 180 ppm, can be determined by allowing an 
extract to react with reduced fluorescein and measuring the fluorescence.1 

20. Hydrogen Cyanide 
It is sometimes necessary to analyse flour for hydrogen cyanide after a 

mill has been fumigated. This can be done by steam-distilling an acidified 
suspension of the flour and titrating the distillate with silver nitrate.1 
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B. Confectionery Flour* 

1. Moisture Content 
The moisture content of confectionery flours can be determined by any of 

the methods used for bread flours. As a precaution against deterioration 
during storage, the moisture content of a confectionery flour that contains 
self-raising ingredients should not exceed 14-5% or, better still, 14-0%. 

2. Protein Content 
The protein contents of most confectionery flours are lower than those of 

bread flours. Many confectionery lines, such as pastry, cakes, sponges and 
choux paste, are made from flours that contain 9-10% protein, but cakes 
of the high-ratio type are made from special flours that have a very low protein 
content, sometimes as low as 6-5%. 

3. Ash content 
Some confectionery flours, but certainly not all, are higher in grade than 

an average bread flour and, consequently, have a lower ash content. Figures 
of general applicability cannot be quoted because of variations between 
country and country, and, indeed, between different regions in the same 
country. Moreover, there has been a marked trend in recent years for deter-
minations of ash content to be superseded by measurements of brightness. 
However, figures quoted for the U.S.A. are given in Table 3. 

TABLE 3. Ash contents of various American flours 

Ash content 
Type of flour (%) 

Flours for high-ratio cakes 0-32-0-35 
Flours for layer-cakes and pound cakes 0-35-0-38 
Flours for general-line cookies, crackers and doughnuts 0-39-0-42 
Flours for general confectionery purposes 0-45-0-48 

4. Dias tat ic Activity 
The sugar-forming power of a flour, i.e. its jS-amylase activity, is of little 

moment in confectionery work. Most confectionery goods are not made by 
yeast fermentation and those that are often have sugar as an ingredient of the 
recipe. A confectionery flour with a high a-amylase activity, however, may 
be a source of trouble if it is used to produce goods that are baked, or other-

* Literature references for tests applied to confectionery flours are not given if they 
have already been cited in Section 2A. 
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wise cooked, at a relatively low temperature for a somewhat lengthy period. 
It is for this reason that plain and self-raising flours for domestic use, which 
may be used by the housewife to make steamed puddings, must not have a 
high α-amylase activity. 

5. Grade Colour 
The grade colour of a flour can be determined more easily and much more 

quickly than its ash content, and is as reliable an index of the grade of the 
flour. Indeed, it is a more informative figure if the flour contains added 
chemical aerating agents, as do some confectionery flours. 

6. Bleach Figure 
Even in countries where it is standard practice to bleach bread flours, un-

bleached confectionery flours are readily obtained. Indeed, it is not unusual 
to find unbleached and bleached confectionery flours being made by a mill, 
because of the demand for both creamy and white flours for confectionery 
purposes. 

7. pH Value 
Speciality cake flours devised primarily for the production of high-ratio 

cakes are treated with chlorine at a high dose level. It is usual to include a 
determination of pH in the control tests applied to these flours as a check on 
the treatment. The test is performed by determining the pH of a 10 % aqueous 
extract of the flour. The value obtained depends on the level of treatment, 
which varies with the brand of flour, but may be influenced by the presence 
of added calcium carbonate. Usually the pH value falls within the range 
4-6-5-1. 

8. Particle Size Distribution 
The chlorine-treated flours of low protein content used in the production 

of high-ratio cakes and other types of confectionery are much finer in granu-
larity than the usual run of flours. Bread flours milled in the United Kingdom 
contain approximately equal proportions of particles with diameters greater 
than and less than 45 μ, whereas in speciality cake flours the proportion of 
particles with diameters less than 45 μ is 75-100%. It may be sufficient for 
control purposes to determine the particle size distribution about the 45 μ 
division, in which event a simple sedimentation method1 can be used, but if 
a more detailed analysis of very fine flours is required, recourse must be had 
to other methods.35»36 

9. Aerating Agents 
Flours containing added chemical aerating agents are produced for some 

confectionery purposes, more particularly for retail sale. The aerating mixture 
consists of sodium bicarbonate and an acidic compound, often an acid 
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phosphate. Control measures applied to these flours should include tests that 
reveal whether they contain the expected proportion of sodium bicarbonate 
and sufficient acid body for neutralization. It is not necessary to make a direct 
determination of the acidic compound present in the flour; the required infor-
mation can be obtained by determining the total and available carbon dioxide. 
Appropriate methods are those prescribed by law for the examination of 
self-raising flours in the United Kingdom.1 If a flour contains added chalk, 
the carbon dioxide due to the sodium bicarbonate present can be ascertain-
ed by using a 2-5% solution of sodium acid pyrophosphate in place of the 
sulphuric acid in the determination, because it does not liberate carbon 
dioxide from the calcium carbonate.1 

10. Baking Tests 
A confectionery flour may be used to produce such a wide range of goods 

that often the dough-quality test is a better guide to the suitability of its protein 
characteristics than is a single baking test. In some control laboratories, 
therefore, baking tests are not made routinely on confectionery flours other 
than self-raising flours, which, because of possible interference from the 
chemical aerating agents, do not lend themselves to examination by dough-
quality tests. Baking tests on other confectionery flours may be required from 
time to time because of special circumstances, and when these occasions 
arise, the circumstances may well determine the type of goods that should 
be made. 

11. Dough-quality Tests 
There are several dough-testing instruments in use that are suitable foi the 

control of the protein characteristics of confectionery flours. Cereal chemists' 
preferences differ, their choices depending on their experience with the different 
instruments and the type of flour they have to test. The best-known instru-
ments are the Brabender Extensograph,1· 2 the Swanson Mixograph,2 the 
Chopin Alveographe,1 the Simon "Research" Extensometer1 and the Bra-
bender Farinograph.1»2 A control laboratory will establish its own standards 
for the flours it has to control, using the instrument of its choice and possibly 
introducing modifications into the basic operational procedure. 

C. Biscuit Flour* 

1. Moisture Content 
Any of the methods listed in Section 2A can be used for the determination 

of moisture. The range of figures encountered is the same as that found with 
bread flour. 

* Literature references for tests applied to biscuit flours are not given if they have already 
been cited in Section 2A. In North America biscuit flours are known as cookie flours. 
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2. Ash Content 
It is common practice to mill biscuit flours to the same extraction as bread 

flours; usually, therefore, the two types of flour are similar in ash content. 
Recorded specifications for American practice, however, give a maximum 
ash content of 0-44% for cookie flours compared with a maximum of 0-50% 
for bread flours. 

3. Protein Content 
For the production of most types of biscuit a flour of relatively low protein 

content is wanted and a figure of 9-5 % is commonly accepted as a maximum. 

4. Diastatic Activity 
A high diastatic activity is undesirable, but usually there is no objection 

to an activity that would be regarded as too low in a bread flour, because 
biscuits are not usually produced by yeast fermentation. Indeed, some 
biscuit manufacturers in the United Kingdom insist on a low maltose figure 
as a safeguard against the goods taking on too much colour during baking, 
and a figure of 1-5 (150 mg per 10 g flour) has been quoted as a maximum. 

5. Grade Colour 
Biscuit flours are milled to the same extraction as bread flours, although 

they are produced from different wheats, and accordingly have a similar 
grade colour. In the United Kingdom, where flours are normally milled to 
72% extraction, the grade figure of a biscuit flour on the Kent-Jones and 
Martin instrument is normally about 2-5. 

6. Bleach Figure 
In those countries where the use of flour bleacher is permitted, it is common 

practice to include a bleach figure determination among the control tests. 

7. Baking Tests 
Rarely would a small-scale biscuit-making plant be found in the test 

bakery attached to a cereal control laboratory. The usual practice is to 
assess the protein characteristics of biscuit flours by means of dough-quality 
tests. It is not sufficient to assess only the over-all strength of the dough; 
particularly is it necessary to measure the resistance offered by the dough 
to an applied stretching force and the extent to which the dough can be 
stretched without breaking. What is wanted is a weak dough that is not highly 
elastic but readily distensible. The Simon "Research" Extensometer, the 
Brabender Extensograph or the Wallace and Tiernan apparatus37 can be 
used to evalute the protein characteristics of biscuit flours, but the Chopin 
Alveographe, which is equally as informative when used to test untreated 
flours, does not give true assessments of flours that have been treated with 
sulphur dioxide. 
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8. Sulphur Dioxide 
The residual sulphur dioxide in biscuit flours that have been treated with 

this compound can be determined by removing the sulphur dioxide by steam 
distillation and converting it into barium sulphate.1 A qualitative test for 
treatment with sulphur dioxide is that of Freeland.38 

D. Flour for Soup Manufacture 

Flour used as a thickener by the manufacturers of canned soups has to 
meet specified requirements. A weak flour of low protein content is needed 
and it must have a low α-amylase activity so that the gel produced during 
processing has a sufficiently high viscosity. In addition, the flour must meet 
a prescribed standard of bacteriological purity. A typical specification for 
flours for soup manufacture is as follows. 

1. a-Amy lase Activity 
This is usually assessed by a test that reveals the viscosity of the gel 

formed by heating an aqueous suspension of the flour. The Brabender 
Amylograph1 will provide this information on an automatically produced 
curve. A typical specification requires that when a suspension of 60 g flour 
in 450 ml distilled or soft tap-water is tested on this instrument, it should give 
a reading of not less than 450 units. 

It is not unusual for a limiting maltose figure also to be quoted ; this may 
be a maximum of 160 mg maltose per 10 g flour. 

2. Bacteriological Purity 
The bacteriological specification relates to those organisms that are liable 

to cause spoilage in canned goods and usually calls for "counts" of four classes 
of micro-organisms.2»39 Typical requirements would be: 

A maximum of 150 thermophilic spores per 10 g and an average on five 
samples of not more than 125 per 10 g. 

A maximum of 75 flat sour spores per 10 g and an average on five samples 
of not more than 50 spores per 10 g. 

Sulphide spoilage spores present in not more than two of five samples and 
not more than five spores per 10 g in any one sample. 

Thermophilic anaerobic spores present in not more than three of five 
samples and not more than four tubes positive in any one sample. 

3. CONTROL OF BREAD QUALITY 

Examination and tests to which bread is subjected in the control laboratory 
are particularly directed to the assessment of those factors that have an 
influence on consumer acceptability; most of them can be evaluated only 
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subjectively. In the main, the objective tests have as their purpose the detec-
tion of deviations from the formulated composition or a failure to comply 
with legal standards. 

A. Ordinary White Bread 
7. Moisture Content 

Usually this is a routine test only in those countries in which there is a 
legal limit to the amount of water in bread. In the United Kingdom, where 
there is no legal standard for the moisture content of bread, the mean mois-
ture content of ordinary white bread is 37-38 %, but the legally permitted 
maxima of other countries vary greatly. For the U.S.A., for Australia and 
for Costa Rica the maximum figure is 38 %, 45 % and 30 % respectively. 
2. Ash Content 

The ash content, which is determined more by the mineral ingredients of 
the dough, such as salt, than by the ash content of the flour, is not a diagnostic 
feature of quality. Consequently, it finds a place among the routine tests of a 
control laboratory only in those countries, such as Australia, in which the 
ash content of bread is limited by law. 
3. Acidity 

In the few countries that impose a limit for the acidity of bread, deter-
minations of titrable acidity will be periodically made in control laboratories, 
but these tests, or determinations of pH, would not be routine operations in 
control laboratories elsewhere. Each of the States in Australia has a legal 
limit for the number of millilitres of decinormal caustic soda solution re-
quired to neutralize the acidity of 10 g of the crumb of bread. The limit is not 
the same for all States but ranges from 2 ml to 4-5 ml. 
4. Crumb Colour 

This is usually assessed subjectively but in some control laboratories it is 
measured by the Kent-Jones and Martin Flour Colour Grader.1 

5. Volume 
Volume is often included among the factors of quality rated subjectively, 

and is assessed visually by an observer or panel of observers experienced in 
judging bread. When a measurement of volume is required, it can be obtained 
by a seed displacement method40» 41 but in some circumstances the sum of 
the perimeters of each loaf42 in a series is sufficient guide to their relative 
volumes. 
6. Subjective Tests 

Particular, and often most, attention is paid to the assessment of those 
factors that determine eye and palate appeal, because it is on this aspect 
of quality that most consumers base their appraisal of bread. These factors 
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include volume, shapeliness, crust colour, crumb colour, crumb texture, 
crumb firmness and flavour. Some of them, e.g. volume, crumb colour and 
crumb firmness, can be evaluated objectively, but it is not unusual for all 
the factors to be rated subjectively. When this is done, the assessor or panel 
of assessors should be experienced in judging bread. Potential recruits to 
the panel should be given a thorough training in bread-judging and then 
subjected to a statistically designed programme of tests to ascertain whether 
their acuity of perception is of a sufficiently high standard. 

If the results of a series of subjective tests on bread are recorded on a score 
sheet, the assessments may be expressed on a numerical scale43 or given in 
descriptive terms. 
7. Crumb Firmness 

This can be evaluated on a numerical basis by measuring crumb com-
pressibility.44' 45 The measurements can be the force required to give a stan-
dard degree of compression or the amount of compression brought about by 
the application of a standard force. The relative merits of the two types of 
method have been discussed by Bice and Geddes.4^ 
8. Keeping Qualities 

An assessment of the rate at which bread stales can best be obtained by 
measuring the change in the compressibility of the crumb with time. Loaves 
selected at random should be set aside and used for crumb compressibility 
tests at 24 hr, 48 hr, 72 hr, etc., after baking. Several loaves should be used 
for each daily test and each of them should be cut into slices of a standard 
thickness of which not less than five, exclusive of the first two from each end 
of the loaf, should be tested. 

B. "Brown" Bread 

Breads falling within the category of "brown" bread range from those 
made from true wholemeals, i.e. 100% of the wheat from which they are 
milled, to those made from mixtures of wheatmeal and white flour. 
/ . Fibre Content 

It is not usual for determinations of fibre content to be included among 
the routine quality control tests applied to brown breads, but checks on the 
amount of fibre present may be required occasionally in those countries where 
there is a legal limit on this constituent. The determination can be made by 
the methods used on flour.1» 2o 

C. Milk Bread 

It is commonplace in North America for bread doughs to contain milk 
powder in a proportion of 4-6 % calculated on the flour. In Europe a loaf 
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containing a proportion of milk powder of this order would be regarded as a 
speciality bread and would carry a description indicative of the presence of 
the milk. In the United Kingdom bread containing 6% whole milk solids 
calculated on dry matter qualifies for the description "milk bread" and bread 
containing 6% milk solids not fat is permitted to be sold as "skimmed milk 
bread". The determination of the milk solids content of speciality bread 
subject to a legal standard is not so much a quality control test as a safeguard 
against contravention of the Regulation. In the U.S.A., however, an analysis 
for milk solids could rightly find a place among the quality control tests applied 
to ordinary bread. 

7. Non-fat Dry Milk 

The determination of the proportion of skim milk solids in bread is 
accomplished by analysing the sample for lactose and multiplying the result 
by two, because the lactose content of skim milk powder is about 50 %. The 
basis of the analytical procedure is the determination of the reducing sugar 
content of an extract of the bread after the removal of fermentable sugars 
by bakers' yeast.2 

2. Butter Fat 

If whole milk or its equivalent of skim milk plus butter fat is present in 
bread, as it must be in "milk bread" as defined by the Bread and Flour 
Regulations, 1963, of the United Kingdom, it may be necessary to analyse 
loaves for butter fat content. This is done by extracting the fat1 and deter-
mining its Reichert, Polenske and Kirschner values.47 

D. Protein-enriched Bread 

1. Protein Content 
In some countries minimum protein contents are prescribed by law for 

protein-enriched breads. In the United Kingdom "gluten bread" must 
contain not less than 16 % protein on dry basis and "high-protein bread" not 
less than 22% on dry basis. Control tests on such breads, therefore, may 
well include determinations of protein and of moisture. 

E. Starch-reduced Bread 

7. Carbohydrate Content 
In the United Kingdom bread must not be described as "starch-reduced" 

unless it contains less than 50 % carbohydrate on dry basis. It is customary 
to make control tests on such bread by determining moisture, protein, fat, 
ash and fibre, and calculating the carbohydrate by difference. 
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