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GLUTEN QUALITY AND THE EFFECT OF DILUTION OF 

WHEAT FLOURS WITH STARCH. 

By John William Hopkins. 

INTRODUCTION 

Ever since the discovery that the peculiar suitability 

of wheat flour for bread-making was the result of the 

characteristic protein mixture known as gluten, this 

fraction of the flour has been subject to extensive 

examination by cereal chemists. 

It was early recognized that gluten content must 

play an important part in determining the baking "strength” 

of any particular flour, but during the first decade of 

the present century it became apparent, through the 

observations of numerous workers in this field, that 

although the best bread-making flours were, in general, 

those containing the greatest proportion of gluten, never¬ 

theless variations in the "quality" or physical condition 

of the gluten from different flours often occurred. Gluten 

quality was, in many cases, just as important as gluten 

quantity. More recent and extended investigations have 

only served to strengthen this conclusion; thus Bailey 

(1, pp. 258-60) gives an account of baking tests carried 

out by different workers, involving in the aggregate 
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several hundred samples of flour grouped according to 

protein content. The results indicate that when the 

averages of a sufficient number of samples are considered, 

the order of gluten content is the same as that of loaf 

volume, although individual flours were found in each 

group which varied in baking quality more or less widely 

from the mean of their group. The results also show, 

however, that comparisons must be restricted to flours 

of the same grade, since equal amounts of protein in 

flours of different grade were not in general of equal 

value in loaf production; in other words, the quality 

of the protein in the lower grades of flour was inferior. 

It is, therefore, obvious that some method whereby the 

quality of the gluten in any particular flour might be 

estimated would be of the greatest value. 

"Quality" of course is not an absolute characteristic 

of any material, but is a purely relative term denoting 

the suitability of the material under consideration for 

some particular purpose. For this reason actual baking 

tests must always remain the final court of appeal in 

the matter of gluten quality. Such tests are, however, 

laborious, time-consuming, and require a relatively 

large amount of material. More serious objections are 

the possible complication of comparisons due to 

variations in other factors, especially diastatic 

activity, and the difficulty of separating effects 
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produced by the quality of the gluten from those the 

result of its concentration, since in practice both 

quantity and quality usually vary simultaneously. There 

has, therefore, been a constant search on the part of 

cereal chemists for some comparatively simple determination 

which would be an infallible indication of gluten quality: 

an ideal which has not yet been attained. 

The investigation now to be reported represents an 

attempt to modify the usual baking test in such a way as 

to render it capable of revealing those differences in 

the baking value of different flours which are due to 

quality, as opposed to quantity, of gluten. It was 

proposed to dilute portions of the flour with starch as 

required to bring all flours in a test series to definite 

and comparable protein contents, and to bake the original 

flours and several such dilutions. There seemed then to 

be two possible ways of interpreting the results: (1) 

by the falling off in loaf volume per unit decrease in 

protein content; (£} by the absolute loaf volume at given 

protein contents. The first way being independent of 

absolute volume, it seemed at the time justifiable to 

neglect diastatic activity. The second way, however, 

called for methods of stimulating gas production such as 

would ensure all loaves reaching the maximum volume which 

the gluten was capable of sustaining. 

It was realized that the extra labour involved in the 

proposed modifications of the baking test would render 
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the method unsuitable for ordinary routine determinations. 

This objection, however, would not be an insuperable one 

in the case of plant breeders and others to whom the 

estimation of gluten quality in a restricted number of 

samples is often of great importance, and here, it was 

felt, the method, if successful, would be of considerable 

service. 

REVIEW 

The various investigations into the nature and 

measurement of gluten quality which have from time to 

time been undertaken or proposed fall naturally into 

five main groups: chemical, immunological, physico¬ 

chemical, mechanical, and actual baking. 

It is not necessary for our purpose to consider all 
* 

these aspects of the problem in detail, though had more 

satisfactory results been obtained elsewhere the need 

for the present investigation might not have arisen. 

Suffice it to say that it has not so far been found 

possible to differentiate by chemical means between the 

corresponding proteins of "strong” and "weak” flours, 

(3, 4, 9} or to demonstrate differences in the relative 

amounts of gliadin and glutenin, the two main gluten 

constituents, in such flours, (15, 16). 

Immunological reactions, which have so often proved 

valuable in differentiating between proteins, appear to 

be capable of yielding even less information in this 
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connection them the ordinary chemical methods. Thus Wells 

and Osborne (25) found that, using the anaphylaxis 

reaction, the gliadins of wheat and rye could not be 

distinguished, and also (26) that wheat gliadin and 

glutenin actually reacted with each other, though not 

so strongly as with themselves. 

Physico-chemical studies of dough have led to the 

suggestion (13) that gluten from a "weak” flour has a 

lower rate of hydration and a much lower maximum 

hydration capacity than that from a "strong" flour. 

Attempts to utilize the viscosity of flour-in-water 

suspensions, which varies with the degree of hydration, 

as a measure of gluten quality have not, however, been 

successful (5, 11). The bound-water method has also been 

applied to the measurement of hydration in flour sus¬ 

pensions (8), but any differences found were too small to 

be used as an index to gluten quality. Negative 

correlations have been found (14) between loaf-volume 

and the ease with which the gluten proteins are peptised 

by certain salt solutions, but the results from a larger 

series of samples (12) indicate that the correlation is 

not great enough to make ease of peptisation a reliable 

index of gluten quality. 

Of the various mechanical dough-testers which have 

been devised, the Chopin extensimeter (6) is undoubtedly 

the most successful. This machine measures the ability 

of a dough to extend its area without rupturing. A good 
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relationship has been found to hold between the results 

thus obtained and the loaf-volume from baking tests. 

Unfortunately, however, the apparatus is quite expensive, 

and in most laboratories not available. 

Coming now to modifications of the baking test 

involving the use of starch, we find that Bailey (1) 

gives an account of experiments carried out by Jago in 

which varying percentages of corn starch were added to a 

sample of Canadian patent flour containing 16.1 per cent 

of dry crude gluten, and the resulting mixtures baked. 

Each successive addition of starch brought about a 

diminution in loaf volume. Bailey had himself carried 

out a somewhat similar experiment and noted a steady 

decrease in loaf volume and deterioration in texture as 

the proportion of starch was increased. Bailey and Le 

Yesconte (2) determined the effect of admixture of starch 

upon the extensibility of dough, as determined by the 

Chopin apparatus. Mixtures containing 0, 10, 20, 30 and 

40 per cent of starch exhibited a continuously decreasing 

extensibility, indicating that gas-retaining capacity 

had been impaired by the added starch. That this was 

actually the case was demonstrated by Johnson and Bailey 

(17), who added to five portions of a patent flour con¬ 

taining 10.32 per cent protein, starch sufficient to give 

mixtures containing 10, 20, 30, 40 and 50 per cent starch 

respectively. Doughs made from these mixtures fell into a 

regular sequence as far as gas production and loss of gas 
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were concerned, gas retention decreasing with increasing 

proportion of starch. 

Larmour and Macleod (19), and Larmour (18) have used 

a blend of forty per cent soft wheat flour and sixty 

per cent of the flour to be tested as a supplement to 

the ordinary baking test in order to obtain a measure 

of "reserve strength" or blending capacity. This may 

afford a satisfactory means of comparing different 

flours as such, but makes no provision for estimating 

with any degree of exactitude what part of the results 

obtained is due to variations in the quantity of 

protein, and what to variations in its quality. 

DETAILS OF PROPOSED INVESTIGATION 

From the foregoing review it will be seen that no 

satisfactory chemical or physico-chemical method of 

estimating gluten quality has so far been found. The 

experiments there referred to involving the use of 

starch were all designed to demonstrate the effects of 

variation in gluten concentration; but the question 

arose as to whether information concerning the quality 

of the gluten could not also be obtained in this way. 

In particular it was thought that if several flours were 

diluted with starch, in such a way as to reduce the 

protein content by successive steps, the relation between 

decrease in protein content and decrease in loaf volume 

might prove to be a linear one. The decrease in loaf 
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volume per unit decrease in protein content might, hov/ever, 

vary from flour to flour, the effects of starch dilution 

being most marked in those flours whose gluten was "weak" 

or of poor quality. When it is considered that the 

greater part of the Western Canadian wheat exported to 

Europe is used to blend with home-grown or imported 

wheat of inferior quality in order to improve the resulting 

flour, the practical significance of any test of quality 

based on blending or "carrying-power" becomes obvious. 

It is, as a matter of fact, known that some British 

millers habitually test the quality of Canadian wheat by 

mixing flour milled from it with home-grown wheat flour 

in proportions ranging from 10 to 90 per cent Canadian 

wheat flour, and noting the resulting improvement. As 

a quantitative measure this is open to the criticism 

that no two home-grown wheat flours would necessarily 

yield the same results. The use of a standard starch, 

as in the method now proposed would not however be 

subject to this criticism, all results thus obtained 

being truly comparable. It was proposed, therefore, to 

investigate the effects of starch dilution on flour, 

and if possible to establish a relation between such 

effects and gluten quality, in the hope that a method 

for the estimation of the latter might thus be provided. 

It is to be noted that the British miller estimates 

the quality of Canadian wheat flour by the improvement 

it effects when added to his home-grown wheat flour, 
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whereas in the proposed method quality would he estimated 

rather by resistance to deterioration on dilution with 

starch. There is a fundamental difference in these two 

methods, the importance of which will appear more fully 

in later discussion. 

EXPERIMENTAL 

Preliminary Experiments 

Preliminary experiments were first carried out to 

determine the best type of starch to use as a diluent. 

Jago used corn starch. Bailey and Le Vesconte (2) and 

Johnson and Bailey (17) do not state what kind they 

used. Inasmuch, however, as the starches from different 

species of plants often vary considerably in their 

physical properties, it was thought that perhaps actual 

wheat starch would be the most suitable. A quantity of 

a commercial patent flour, found to contain 12.6 per 

cent of protein, was obtained, and diluted to a series 

of lower protein contents with five different starches. 

These were commercial corn starch, starch prepared from 

the original flour by the method of Rask and Alsberg (22), 

one lot washed with distilled water and one lot with 70 

per cent alcohol, and technical and c.p. wheat starches 

supplied by Eimer and Amend. The nitrogen content of 

these starches was determined, with the following 

results, which indicate a satisfactory degree of purity. 
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Table 1. Nitrogen content of starches. 

Kind of starch Nitrogen 
content 

7o 

Corn starch 0.09 

Starch from flour (by distilled water) 0.06 

Starch from flour (by 70$ alcohol) 0.05 

E. and A. wheat starch (tech.) 0.05 

E. and A. wheat starch (c.p.) 0.06 

It was assumed that in the processes incidental to 

the preparation of these starches, any protein present 

would be denatured; hence no allowance was made for 

protein in starches when calculating the amount to be 

used in dilutions. 

Sufficient starch was added to portions of the flour 

to reduce the protein to 12.0, 11.0, 10.0 and 9.0 (dry 

basis), series of this nature being prepared using each 

of the five starches. The mixtures obtained, together 

with the original flour, were then baked according to the 

following formula (all bakings being performed in duplicate). 

Flour.100 grams (at 13.5$ moisture) 

Yeast. 3 " 

Salt... 1 " 

Sugar. 2.5 " 

Water .sufficient 

The resulting loaf volumes are shown in Table 2 
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Table 2. Loaf volumes obtained with flour diluted with 
various starches. 

Protein Loaf volume 
content 

Corn 
starch 

Starch 
from 
flour 
(dist. 
water) 

Starch 
from 
flour 
(70% 
ale .) 

E. and A. 
wheat 
starch 
(tech.) 

E. and A. 
wheat 
starch 
(c.p.) 

cc. cc. cc. cc. cc. 

12.6 498 498 498 498 498 

12.0 475 458 458 460 456 

11.0 433 444 432 425 422 

10.0 427 406 410 376 395 

9.0 380 382 369 342 371 

These results have also been plotted (Figure 1}. 

In the case of some of the starches the points thus 

obtained are rather irregularly distributed, but in each 

instance a straight line could be fitted to them. It 

will be seen that the rate of decrease of loaf volume 

with dilution is not the same for the different diluents. 

The technical wheat starch supplied by Eimer and Amend 

gave the line of steepest slope and also showed the 

least scattering of points. It was, therefore, decided 

to use this in all future experiments. 

Determinations of the resistance of certain of these 

starches to diastatic action was made by the method of 

Malloch (El) . Similar determinations were also performed 

in the case of the flour and the dilutions of it made with 

Eimer and Amend tedhnical wheat starch. 
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Table 3. Starch resistance of flour, starches and 
starch dilutions. 

Material Starch 
resistance 

Starch from flour (washed by distilled water) 40 

Starch from flour (washed by 70 per cent 
alcohol) 

39 

Wheat starch, E. and A. (tech.) 151 

Flour, 12.6 per cent protein 38 

Flour, 12.0 per cent protein (diluted with 
E. and A. wheat starch (tech.) 

34 

Flour, 11.0 per cent protein (diluted with 
E. and A. wheat starch (tech.) 

33 

Flour, 10.0 per cent protein (diluted with 
E. and A. wheat starch (tech.) 

37 

Flour, 9.0 per cent protein (diluted with 
E. and A. wheat starch (tech.) 

38 

The figures for starch resistance represent one 

thousand times the reciprocal of the number of milligrams 

of maltose produced by 10 grams of dry material when 

digested for one hour at 27° C. with 0.03 grains of taka- 

diastase. It will be noted the starch prepared by washing 

out from the flour had the same resistance, within the 

limits of error of the method, as had the original flour. 

The Eimer and Amend wheat starch had a much higher 

resistance, but the resistance of the mixtures in which 

it was used as a diluent did not differ significantly 

from that of the original flour. This seeming anomaly 
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may be explained by assuming that, since only a small 

proportion of the total starch available is converted 

into sugar, there was present, even in the highest 

dilutions, an excess of the more easily hydrolyzed 

flour starch over the total amount capable of being 

converted into sugar by the enzyme. This flour starch 

might then be supposed to be attacked by the enzyme in 

preference to the more resistant starch used as a 

diluent. 

The diastatic activity of these mixtures was also 

determined, using Malloch1s (20) modification of 

Rumsey’s method. 

Table 4. Diastatic activity of flour and starch 
dilutions. 

Protein content Diastatic activity 

7o 

12.6 188 

12.0 178 

11.0 195 

10.0 192 

9.0 168 

These results, whilst subject to some fluctuation, do 

not indicate any significant downward trend with in¬ 

creasing dilution. This seemed rather surprising, for in 

the starch dilutions the amount of diastase present would 
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presumably decrease in the same ratio as the proportion 

of flour. The added starch was shown to have no 

diastatic activity, and was in addition much more 

resistant to diastatic action than the starch which 

occurred in the flour. A decrease in diastatic activity 

with dilution was therefore certainly to be expected. 

Gluten Quality and Decrease in Loaf Volume 

per Unit Decrease in Protein Content. 

Having established a linear relationship between 

protein content and loaf volume for this particular flour, 

using E. and A. technical wheat starch as a diluent, the 

next step was to apply the dilution procedure to a selected 

series of flours. This consisted of flour from three lots of 

Marquis wheat, grown at the University of Alberta and having 

an identical protein content but showing varying degrees of 

frost injury, and also, for comparison, Quaker flour (a 

commercial patent), and flour milled from Marquis wheat grown 

in Southern Alberta. All but the commercial flour were milled 

in the laboratory. The following is a description of the series: 

No. 332. Marquis U. of A., after fallow. Injured by 

frost, grade No. 6+. Protein content of 

wheat 16.3 per cent, of flour 14.5 per cent. 

No. 333. Marquis U. of A., after fallow. Injured by 

frost, grade No. 4-. Protein content of 

wheat 16.3 per cent, of flour 14.4 per cent. 
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No. 335. Marquis U. of A., after fallow. Injured by 

frost, grade "Feed".' Protein content of 

wheat 16.3 per cent, of flour 14.4 per cent. 

Quaker. Used as standard in baking laboratory. 

Protein content of flour 13.0 per cent. 

Southern Alberta Marquis. Protein content of 

flour 13.9 per cent. 

Three dilutions of each sample were made, using E. and A. 

technical wheat starch, all percentages being calculated on 

the dry basis. Bakings were performed as before with the 

results shown in Table 5 and Figure 2. 

Table 5. Bakings of starch dilutions of selected series 
of flour samples. 

Flour Protein 
content 

Loaf 
volume 

Flour Protein 
content 

Loaf 
vol¬ 
ume 

Flour Pro¬ 
tein 
con¬ 
tent 

Loai 
vol¬ 
ume 

7o cc. % cc. ~ cc . 

No. 332 14.5 598 No. 333 14.4 577 No.335 14.1 597 

13.0 521 13.0 531 13.0 553 

11.5 475 11.5 466 11.5 494 

10.0 428 10.0 404 10.0 413 

Quaker 13.0 539 Southern 13.9 479 
Alberta 

12.0 511 Marquis 13.0 456 

11.0 470 11.5 425 

11.5 425 10.0 405 
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Figure 2. Decrease in loaf volume with dilution of 
selected series of flours. 
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Table 6 shows a single-figure estimate1 of the 

baking quality of the five original flours, together with 

dV/dP, the slope of the line in Figure 2 showing the rate 

of falling-off in loaf-volume with decrease in protein 

content. 

Table 6. Baking quality of flours, and decrease in 
loaf volume per unit decrease in protein 
content. 

Flour Baking 
Quality 

av/dp 

No. 532 101 38.0 

No. 533 98 39.1 

No. 335 92 44.1 

Quaker 87 33.0 

S. Alberta Marquis 57 19.0 

It will be observed (from Fig. 2} that in each case 

the falling-off in loaf volume with dilution was directly 

proportional to the decrease in protein content, or so 

nearly so as to make the fitting of a straight line quite 

justifiable. In the first three cases (the frost-damaged 

samples), the decrease in loaf volume per unit decrease in 

protein content was in the inverse order of the baking 

The single-figure estimate of baking quality was computed 
as follows: 

Loaf volume - 400 x 0.2 
Texture score (possible 10) x 3 
Crumb color score (10) x 2 
Gen. appearance score (10) x 1 
Per cent absorption - 60 x 1 
Total = estimate of baking quality 
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Figure 3. Decrease in loaf volume with dilution of 
flour from wheat grown after Timothy, 
Western Rye Grass, Brome Grass and Alfalfa. 
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Table 7. Dilution bakings of flour from wheat grown 
after Timothy, Western Rye Grass, Brome 
Grass and Alfalfa. 

Flour Protein Loaf dV/dP Flour Protein Loaf dV/dP 
content vol- content vol¬ 

ume ume 

fo cc. ¥~ cc. 

Wheat 17.7 498 Wheat 17.8 505 
after after 
Timothy 13.0 586 22.7 W. Rye 

Grass 
15.0 582 25.8 

10.0 515 10.0 519 

Wheat 17.0 512 Wheat 16.9 515 
after after 
Brome Grass 15.0 401 26.3 Alfalfa 15.0 404 28.4 

10.0 528 10.0 519 

Starch Dilution and Diastatic Activity. 

Although the preliminary experiments indicated that 

diastatic activity was unaffected by dilution, it was 

suspected that these results were not typical. It 

certainly seemed unlikely in the extreme that when, as in 

some of the mixtures worked with, over forty per cent of 

the flour had been replaced by starch which contained no 

diastase at all and in addition was quite resistant to 

enzyme hydrolysis, the amount of sugar produced would be 

unchanged. Accordingly, the influence of dilution on 

diastatic activity was studied in three additional cases; 
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the Quaker and Southern Alberta Marquis flours already- 

referred to, and a third, designated "Flour A", which 

was available at the time in the laboratory and consisted 

of a mixture of residues from trial millings, etc. 

The diastatic activity of the original and diluted 

flours was determined by the method used before (20), and in 

each case a definite downward trend with dilution was 

established. In Table 8 the actual decrease in diastatic 

activity on dilution is shown, together with a "theoretical" 

diastatic activity calculated on the assumption that the 

diastatic activity was directly proportional to the amount 

of flour (and hence of diastase) in the mixtures. Although 

the agreement is far from perfect, there is, nevertheless, 

some indication that the diastatic activity is roughly 

proportional to the amount of flour in the mixture. 

Table 8. Starch dilution and diastatic activity. 

Flour Protein content Diastatic 
activity as 
determined 

Diastatic activity 
calculated from 
dilution 

Flour A 

ah 

12.9 155 
12.0 131 144 
11.0 121 132 
10.0 118 120 

Quaker 13.0 282 
12.0 198 260 
11.0 204 239 
10.0 179 217 

Southern 13.9 149 mm 

Alberta 11.5 136 126 
Marquis 10.0 121 107 
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From the foregoing work the following facts emerge:- 

1. When flour is diluted with starch, a linear relation 

between protein content and loaf volume is obtained. 

2. In one case at least (the three frost-damaged samples) 

dV/dP, the decrease in loaf volume per unit decrease in 

protein content, seems to be related to glutenty*-. 

It was now thought that possibly the diastatic activity 

factor should not be ignored after all, even in method (1) 

(see page 3} . In the case of the Quaker and Southern Alberta 

Marquis flours, wide differences in diastatic activity 

(Table 8), and d?/dP (Table 6) occurred, these differences 

being in inverse directions. It seemed possible therefore 

that the anomalous behaviour of the Southern Alberta Marquis 

might be due to its gas production being so low as to be the 

limiting factor in loaf volume, protein scarcely coming into 

question at all. 

In method (2) of course there was no doubt that differ¬ 

ences in diastatic activity would have to be eliminated. 

Sherwood and Bailey (24) concluded from their own and 

Rumsey*s (23) work that a diastatic activity of about 250 was 

the optimum for bread-making purposes, but for high protein 

Canadian wheat flours, forming doughs of greater extensibility, 

this would be a somewhat conservative estimate. It seemed 

fairly safe to assume, therefore, that in the majority (if 

not all) of the flours here dealt with, gas production was a 

limiting factor in loaf volume. The gluten was not being 

extended to the full amount of which it was capable, and there 
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was no reason to suppose that in a series of flours the 

ratio of actual to maximum possible loaf volume would be 

the same in any two cases. 

Further complications became apparent owing to the 

fact that on dilution with starch, both the diastatic 

activity of a flour and the maximum loaf volume that it 

could sustain would be reduced. There seemed to be three 

possibilities with regard to the relationship between 

actual gas production (governed by diastatic activity) 

and the gas production necessary for maximum loaf volume: 

(a) both might decrease with dilution by the same 

relative amount; 

(b) the gas production necessary for maximum loaf volume 

might decrease relatively more rapidly than actual gas 

production; 

(c) actual gas production might decrease relatively more 

rapidly than the gas production necessary for maximum 

volume. 

It seemed quite possible that (c) could be the case in 

flours of high diastatic activity, whilst (b) held in those 

of very low diastatic activity. In viev/ of these 

possibilities and the above mentioned facts it seemed that 

perhaps the best way to obtain true comparisons might be 

to adjust the diastatic activity of all flours and their 

dilutions, so that the maximum possible loaf volume was 

produced in every case. 
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Experiments Involving the Stimulation of Gas 

Production. 

In the attempt to eliminate diastatic activity as a 

complicating factor, and definitely to establish, if such 

existed, the relationship between gluten quality and 

behaviour on starch dilution, further experiments were now 

designed. In these experiments it was planned to use flour 

milled from wheat of four standard varieties, chosen so as 

to form a graded series in respect of baking quality. Wheat 

of these four varieties, Marquis, Red Bobs No. 222, Huron 

and Vermilion, had been grown in adjacent plots at Clover 

Bar, near Edmonton, during the summer of 1929. A considerable 

quantity of each variety was milled, the protein content of 

the flour determined, and dilutions made. 

As a first step the original and diluted flours were 

baked in the ordinary way and also with the addition of 

0.001 per cent of potassium brornate. This substance acts 

as a flour improver, its effect as a rule being more 

pronounced the higher the protein content of the flour. 

The precise nature of its action is not yet known, -tei 

oordain workers^,Working (27, 28) and Geddes (10), believe 

that it affects the physical condition of the gluten, 

possibly as the result of a dispersing action on certain 

phosphatides intimately admixed with the gluten con¬ 

stituents, but it still remains to be proved that this 

effect alone explains all the changes resulting from its 

use. Table 9 and Figures 4, 5 and 6 show the results 
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thus obtained. 

Table 9. Dilution bakes, with and without bromate, of 
flour from Marquis, Red Bobs No. 222, Huron 
and Vermilion wheat. 

Variety Protein Loaf dV/dP Loaf Response 
content volume, volume, to 

standard bromate bromate 
method method 

% cc. cc. cc. 

Marquis 18.5 573 748 175 

16.0 516 573 57 

14.0 470 24.1 518 48 

12.0 421 462 41 

10.0 371 397 28 

Red Bobs No. 17.0 529 644 115 
222 

14.0 450 
24.8 

492 42 

12.0 405 420 17 

10.0 370 400 30 

Huron 15.7 480 590 110 

14.0 417 
30.4 

477 60 

12.0 372 406 34 

10.0 312 358 56 

Vermilion 14.8 337 417 80 

13.0 302 
16.8 

332 30 

11.5 287 290 3 

10.0 267 269 2 
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Figure 4. Decrease in loaf volume with dilution of 
flour from Marquis, Red Bohs No. 222, 
Huron and Vermilion wheat. Baked by 
ordinary method. 





Figure 5. Decrease in loaf volume with dilution of 
flour from Marquis, Red Bobs No. 222, 
Huron and Vermilion wheat. Baked with 
the addition of 0.001 per cent potassium 
bromate. 
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Figure 6. Variation in response to hr ornate with 
dilution of flour from Marquis, Red Bobs 
No. 222, Huron and Vermilion wheat. 
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With the ordinary baking procedure, the falling-off 

in loaf-volume was again proportional to the decrease in 

protein content, and in the case of three of the varieties, 

namely Marquis, Red Bobs No. 222 and Huron, the slopes of 

the curves obtained (Fig. 4), by plotting the loaf volume 

against protein content were in the inverse order of baking 

quality, although the difference in slope between Marquis 

and Red Bobs No. 222 was but slight. Vermilion, however, 

which is known to be very inferior in this respect, 

although giving a small loaf volume at first did not fall 

off to any great extent on dilution, thus behaving in a 

similar manner to the Southern Alberta Marquis of a previous 

experiment. 

It is apparent from Fig. 5, that when these bakings 

were performed with the addition of potassium bromate, the 

linear relation between protein content and loaf volume 

disappeared. The resulting curves do not appear to be 

related to gluten quality in any simple manner. The 

response to bromate (i.e. the difference between loaf 

volume with and without bromate), plotted in Fig. 6, also 

fails to reveal any helpful differences between the varieties. 

Since it was felt that in all probability these results 

were complicated by variations in diastatic activity, an 

effort was now made to control this factor. If some fairly 

wide range existed over which, owing to its no longer being 

a limiting factor, such variations had no appreciable 

effect on loaf volume, then it was thought that the problem 
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might he fairly readily solved. It should he possible, hy 

means of a relatively few experiments, to determine the 

amount of some diastatio preparation to add to any flour 

of known diastatic activity in order to bring its sugar 

production within the desired range. 

With this end in view, varying amounts of each of 

two highly diastatic preparations, takadiastase supplied 

by the Parke-Davis Co. and malt extract of 200 degrees 

Lintner, supplied by Standard Brands Ltd. were added to 

each of the four experimental flours and the resulting 

changes in diastatic activity determined. (In the case 

of the malt, 0.05 per cent of mono-ammonium phosphate, 

NH4H2PO4, which acts as a yeast stimulant, was also added). 

The results are summarized in Table 10 and Figures 7 and 8. 

With takadiastase the increase in sugar production in each 

flour follows a similar law, although the actual amount of 

the increase varies in each case, owing probably to 

differences in starch resistance. The results obtained 

by the use of malt are more irregular. This may be 

accounted for, in part at least, by the difficulties in¬ 

volved in manipulating small amounts of this substance, it 

being of a thick syrupy nature. There is also the 

possibility of non-homogeneity of the malt, thorough 

mixing being impossible. In general, however, the results 

seem to be of a somewhat similar nature to those obtained 

with takadiastase. 

It was also planned to bake loaves containing the 

same proportions of these preparations, in order to 
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determine the region of optimum diastatic activity, as 

judged by the attainment of maximum loaf volumes. When 

this was attempted, however, it was found that in addition 

to being highly diastatic, both the takadiastase and malt 

evidently contained proteolytic enzymes. These adversely 

affected the gluten during fermentation, resulting in 

sticky, "runny" doughs which could not be handled. By 

reducing the amount of water added in mixing the dough 

(in certain instances by as much as 12 cc.), some loaves 

were obtained, and the volumes of these have been 

included in Table 10. 

Table 10. Results of adding takadiastase and malt 
extract to experimental flours. 

Flour Amount of 
prepara¬ 
tion 
added 

Taka-diastase 
Malt extract + 0.0^ 
ammonium phosphate 

Diastatic 
activity 

Loaf 
vol¬ 
ume 

Diastatic 
activity 

Loaf 
volume 

~v cc. cc. 

Marquis — 140 554 140 554 
0.05 273 745 187 642 
0.10 318 — 199 661 
0.15 350 340 305 687 

Red Bobs No. 222 — 184 541 184 541 
0.05 358 660 283 570 
0.10 431 - — 322 618 
0.15 455 — 385 650 

Huron — 131 498 131 498 
0.05 268 638 165 544 
0.10 301 — 221 584 
0.15 332 616 279 582 

Vermilion — 95 450 95 450 
0 ,05 154 538 149 512 
0.10 172 520 166 522 
0.15 208 456 190 520 
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Figure 7. Effect of addition of varying amounts of 
takadiastase on the diastatic activity of 
the four experimental flours. 
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Figure 8. Effect of addition of varying amounts of 
malt extract (200 deg. Lintner) on the 
diastatic activity of the four experimental 
flours. 
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It was realized, however, that owing to their proteo¬ 

lytic action, as a result of which the physical condition 

of the gluten was affected, these preparations were un¬ 

suitable for use in the present studies, and so some 

other method of augmenting sugar production was sought. 

The addition of starch which had been finely ground, and 

was hence very susceptible to enzyme hydrolysis, in 

constant amount in each dilution, although this would 

make impossible comparison with the loaf volume of the 

original flour, seemed to be a possible line of attack. 

A portion of wheat starch was therefore ground for forty 

hours in a ball mill, mixed with some of the Marquis 

flour, and the mixtures baked. The results given in 

Table 11 show that the increase obtained by the use of 

the finely-ground starch alone is obviously not of the 

required order. 

Table 11. Use of wheat starch of low resistance in the 
endeavour to stimulate gas production. 

Mixture Loaf volume 

cc. 

1. Marquis diluted to 16.0% protein with 516 
unground wheat starch 

2. Marquis diluted to 16.0% protein with 548 
finely ground wheat starch 

3. As in (1) but with addition of 0.05% 650 
Taka-diastase 

4. As in (2) but with addition of 0.05% 670 
Taka-diastase 
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These attempts to increase the production of sugar in 

the dough by natural means (i.e. enzyme hydrolysis) having 

proved impracticable, it was thought that possibly the 

desired result might be achieved by the addition, not of 

diastatic preparations or readily hydrolysed starch, but 

of the product which was actually used by the yeast, 

namely maltose. It is true that this might appear to 

entail a departure from the conditions usually occurring 

in fermenting dough, in which the amount of maltose 

produced by starch-splitting is negligible at the 

commencement of the fermentation period, but has become 

fairly large in the later stages, when it is most needed. 

Inasmuch, however, as a considerable quantity of sucrose 

(2.5 per cent), which must be in excess of the early needs 

of the yeast, is added in the ordinary baking procedure, 

it was thought that probably the added maltose would not 

lead to over-stimulation of the yeast in the early stages 

but would instead ensure the presence of an adequate supply 

of sugar during the important final period of fermentation. 

A few preliminary experiments demonstrated that 

considerable increases in loaf volume could be obtained 

with maltose, added in solution to aid in thorough 

mixing. In addition, the texture of the loaves thus 

obtained was superior to that of the original flour, whereas 

those resulting from the use of Taka-diastase or malt were 

impaired in texture. Maltose and 0.05 per cent ammonium 

phosphate, it was found, gave better results than maltose 

alone. Thus Marquis flour baked with the addition of 



- 83 

xix ‘iBQua to ncxd’ox/JbO'iq ©rid- esse*idSfet ot atqnatts eaaciT 

. 3.9, IB ©I 

ailz ‘/X-liaaoc tsxt ttgxfoat saw tx <sldaoJ:toa^rqicr j: l>9Vo«xq 

to ten ?noxtxoiDB exit Ya" ssvsirios ed tngtiii tlx/a©i f)9ilaeJ& 

tud ,xlo'xsta £93Ylox!#£.d yXx£bs*x *io anoxts"zsq9iq ottstastL 

? tasev exit Y&r fsean YXXsntos esv/ totifw tontoic sat to 

ot tasqqs trigtni atilt tsxit exnt at tt . esotXsjn YXsnian 

;: j X'i£ijjooo YtlBsau art Ltitrcoa ©rft ao-rx eiufrcQqeb b Xistne 

ssottam to tm/cina exit AoXxIw at .tai/ot) anitnexiriet nx 

sixer ts eXtit3-1;laea •:i: enxttXtt-tontts y^ tsoi/So'iq 

©moose asn tool ^tot'xsc noxSst.xcti'xel tit to tn9meo£ceOTOo 

. 

9CGX3US to itnairp elcfsm&tanoo s sb tnev9woii ^doimeoal 

: 

,8‘ijsoooaq anitsd o xsnxoao exit ft setts sx 4tasoY sdt to 

ton. tli/ow ©sotIsii tests exit YXcisdoxcq tsxit txlguoxlt ssw ti 

- t 

‘ Xq etsupets xijb to eoneas'tq exit ©xuana tsetarxi tix/ow tx/cf 

. x: itst,-.■ toieS to toxisq Isntt tnstioquxx exit axiiaort issua to 

tsilt Setsitanomst atfianix^sqxs Y^niiiiileaq wet A 

tsxiistcfo ecf ttuoo emuloY tsoI fix aeasexonl: e Id a mb x shod 

xiiOj.i.t nx bis ot xiottsXoa ni tests 19aotXjsnx xftJew 

. 

* t/olt Xanxgxio. ©At to tsxlt ot *xoxneque saw bantstd© 

S~'' r'ia:: T0 ®e3d-2siS-B3£BT -to 930 9ifj iaoit gniilL-aei eecuM- 

, 

lo £ioxJxi)iB 9dj dj-iw 593iBcf 10OI-1 ai0|>isM 80I@ .snola 



29 

2.0 per cent maltose gave a loaf volume of 642 oc., whereas 

with 2.0 per cent maltose and 0.05 per cent ammonium 

phosphate, a volume of 668 cc. was obtained. 

It was decided, therefore, to investigate the effect 

of adding varying proportions of maltose to flour, in order 

to determine whether, with increasing concentration, the 

loaf volume rose to a sharp maximum and then fell off 

again, or whether any considerable region of Optimum con¬ 

centration" existed. A number of bakings of the four 

experimental flours (Marquis, Red Bobs No. 22, Huron and 

Vermilion) were made with the addition of varying amounts 

of this sugar and 0.05 per cent of ammonium phosphate, the 

results being included with those of subsequent work in 

Table 12 and Figs. 9, 10, 11 and 12. In each case a 

maximum loaf volume was obtained, but whilst with Red 

Bobs No. 222 no significant change in volume occurred 

over a range of concentration extending from four to 

six per cent, the volumes given by the other three flours 

increased to well defined maxima and then fell off again 

with varying degrees of abruptness. 

As no genera!”optimum zone” of maltose concentration 

had been established for the undiluted flours, the 

foregoing procedure of baking with the addition of 

varying amounts of maltose was applied to the various 

starch dilutions. The loaf volumes obtained are shown 

in Table 12 and the accompanying Figures 9, 10, 11 and 12. 
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Table 12. Loaf volumes obtained by the addition of 
varying amounts of maltose + 0.05 per cent 
ammonium phosphate. 

Flour Protein 
content 

Maltose 
added 

Loaf 
vol¬ 
ume 

Flour Protein 
content 

Maltose 
added 

Loaf 
vol¬ 
ume 

% i ■ cc. $ c c. 

Marquis 18.5 0 573 Red Bobs 17.0 0 529 
2 627 No. 222 3 571 
3 648 4 620 
4 663 5 623 
5 639 6 616 

Marquis 16.0 0 516 Red Bobs 14.0 0 450 
4 604 No. 222 4 517 
5 600 5 565 
6 628 6 567 
7 614 7 565 

Marquis 14.0 0 470 Red Bobs 12.0 0 403 
4 578 No. 222 3 480 
5 615 4 494 
6 577 5 508 

6 507 
7 490 

Marquis 12.0 0 421 Red Bobs 10.0 0 370 
4 455 No. 222 5 404 
5 546 6 460 
6 480 7 453 
7 452 8 390 

Marquis 10.0 0 371 
3 370 
4 384 
5 370 
6 423 
7 400 
8 402 

Huron 15.7 0 480 Vermil¬ 14.8 0 5537 
3 553 ion 2 489 
4 577 3 534 
5 582 4 510 
6 554 
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Table 12 (cont’d.) 

Flour Protein 
content 

Maltose 
added 

Loaf 
vol¬ 
ume 

Flour Protein 
content 

Maltose 
added 

Loaf 
vol¬ 
ume 

% % cc. % 7o cc. 

Huron 14.0 0 417 Vermilion 13.0 0 302 
4 520 3 472 
5 518 4 472 
6 536 5 468 
7 551 6 471 
8 552 

Huron 12.0 0 372 Vermilion 11.5 0 287 
4 479 4 451 
5 470 5 462 
6 497 6 460 
7 477 7 466 

8 452 

Huron 10.0 0 312 Vermilion 10.0 0 267 
4 397 3 420 
5 450 4 423 
6 435 5 430 
7 435 6 452 

7 438 

The curves obtained by plotting loaf volume against 

concentration of added maltose are of some interest. In 

general there is an increase, with dilution, in the amount 

of added sugar necessary to produce maximum loaf volume. 

There are also marked differences in the types of the curves 

themselves. In the case of the Marquis, for example, the 

loaf volume of the three highest dilutions (lowest protein 

contents) rises sharply to a maximum, and then falls off 

again; with the original flour and the first dilution, 

however, there is no such peak. 
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figure 9. Loaf volumes obtained by the addition of 
varying amounts of maltose + 0#05 per 
cent ammonium phosphate to the original 
and diluted flour - Marquis. 
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Figure 10. Loaf volumes obtained by the addition of 
varying amounts of maltose + 0.05 per 
cent ammonium phosphate to the original 
and diluted flour - Red Bobs No. 222. 
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Figure 11. Loaf volumes obtained by the addition 
of varying amounts of maltose + 0*05 
per cent ammonium phosphate to- the 
original and diluted flour - Huron. 
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Figure 12. Loaf volumes obtained by the addition 
of varying amounts of maltose + 0.05 
per cent ammonium phosphate to- the 
original and diluted flour - Vermilion. 
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Per cent protein 

Figure 13. Maximum loaf volumes obtained by the 
addition of maltose + 0.05 per cent 
ammonium phosphate to the original 
and diluted experimental flours, 
plotted against protein content. 
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This ’’peak" in the loaf-volume curve occurs to a 

varying degree in the higher dilutions of all the varieties. 

The fact that a similar type of curve was obtained with the 

undiluted Vermilion flour suggests that it is possibly an 

indication of ’’weakness”, although the other curves 

furnish several exceptions to such a generalisation. 

The maximum loaf volumes of the various flours and 

their dilutions obtained with the addition of maltose and 

ammonium phosphate have been plotted against protein content 

in Fig. 13. Whilst gas production as a limiting factor 

has now undoubtedly been eliminated, the resulting curves 

do not appear to lend themselves to any simple quantitative 

estimation of gluten quality. As a matter of fact three 

different types of curves are obtained from the four 

varieties. The Marquis curve is concave downward, Red 

Bobs No. 222 and Huron give practically straight lines, 

and Vermilion a curve concave upward. The Marquis curve 

may perhaps be explained on the assumption that, owing 

to the good quality of the gluten, considerable 

quantities of starch can be added to the flour without 

causing any great decrease in loaf volume, but that when 

a certain critical decrease in protein content has been 

effected, the cumulative effect of the added starch results 

in a sudden large diminution. Similarly the relatively 

large initial decrease with dilution in the loaf volume of 

Vermilion may be taken as evidence of inferior gluten quality. 

The subsequent "flattening-out" of this curve is not, 

however, so easy to explain. 
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Figure 14. Loaf volume obtained by the brornate 
method, minus maximum loaf volume 
obtained by the addition of maltose 
and ammonium phosphate, plotted 
against protein content. 





The differences between the loaf volume obtained by 

the bromate method (Table 9) and the maximum obtained by 

the addition of maltose and ammonium phosphate (Table 12) 

are plotted for the various flours and their dilutions in 

Figure 14. There seems to be no systematic difference in 

the curves given by the different varieties. It is 

worthy of note, however, that in the case of the four 

undiluted flours, Marquis, Red Bobs No. 222 and Huron 

gave a greater, and Vermilion a lesser, loaf volume by 

the bromate method than with the addition of maltose. 

The magnitude of the differences, it will be noted, is 

precisely in the order of baking quality of the 

original flours. The ability to give a greater loaf 

volume with bromate than can be obtained by the addition 

of maltose and ammonium phosphate would therefore appear 

to be correlated with baking quality. Some confirmation 

of this hypothesis was obtained by baking a sample of 

pastry flour, known to be of inferior bread-making 

quality, by the ordinary method, with the addition of 

bromate, and with the addition of maltose. By the 

ordinary method a volume of 430 cc. was obtained. This 

was only increased to 440 cc. by the addition of 0.001 

per cent potassium bromate, but with 5 per cent maltose 

a loaf of 502 cc. resulted. 

From the nature of the curves in Figure 14, however, 

it appears that this relation does not necessarily hold 

when a number of flours are brought to some similar 

protein content by the addition of starch. 
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DISCUSSION OF RESULTS, AND CONCLUSIONS. 

In the preliminary discussion, attention was directed 

to the fundamental difference between the method here 

employed and that used by some British millers as an 

index of flour strength. In the latter, the greater 

the difference between the strong Canadian flour and 

the weak flour with which it is being mixed, the greater 

is the improvement effected. In the former, on the other 

hand, it was assumed that the greater the difference in 

properties between the flour to be tested and the starch 

added to it, the smaller would be the resulting 

impairment. 

Emphasizing this fundamental difference, two 

opposing tendencies seem to be discernible in the 

results of those experiments in which no attempt was 

made to stimulate gas production. These are: 

(a) The better the quality of the gluten, the 

greater the resistance of the flour to reduction in 

loaf-volume by starch dilution. 

(b) The poorer the gluten, the less the difference 

in properties between flour and added starch, and hence 

the less the change on dilution. 

It would appear that in flours with good quality 

gluten, tendency (a) is dominant, and that differences 

in gluten quality can be detected by the starch dilution 

method. In those of a markedly inferior nature, however, 
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(b) seems to become increasingly dominant, rendering 

comparison with superior flours impossible. On this 

account the method cannot be capable of any general 

application in the estimation of gluten quality. 

The stimulation of gas production, in order to 

obtain the maximum possible loaf volumes, has led to 

more complicated, rather than simpler, results. No 

explanation of these, other than that already suggested, 

can be offered here, though in view of the fact that 

loaf volume is largely governed by physical factors, the 

possible effect of st&rch dilution on the physical 

properties of the dough (apart from mere reduction in 

protein content) should not be overlooked. Certain facts 

of interest have emerged however. 

(i) The unsuitability of at least two commercial 

diastatic preparations as agents for the stimulation of 

gas production in flours has been demonstrated. These 

results, together with those of Collatz and Racke (7) 

and Sherwood and Bailey (24) indicate the necessity of 

devising some method for the purification of preparations 

of this enzyme. On the other hand, it has been shown 

that by the addition of maltose and 0.05 per cent of 

ammonium phosphate, loaf volume could be increased to a 

maximum. 

(ii) As already suggested, one way of interpreting 

the results might be to compare the maximum loaf volume 

which the various flours in a test series were capable of 
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attaining when all had been reduced to some similar 

protein content. From Figure 13 it will he seen that 

there is a considerable range of protein contents over 

which the loaf-volumes at any given protein content 

would be in the order Marquis, Red Bobs No. 222, Huron 

and Vermilion; that is, in the order of gluten quality. 

Owing, however, to the differing rates of decrease in 

loaf volume with dilution exhibited by the four varieties, 

the quantitative results obtained from such a procedure 

would vary with the protein content chosen. The loaf 

volumes though they fell in the order of gluten quality, 

could not be said to be proportional to it. 

(iii) The variations in the response to potassium 

bromate and maltose are of considerable interest. It is 

believed that the response due to bromate is related to 

both quantity and quality of gluten. The discovery that 

in "strong” flours the loaf-volume obtained with the 

addition of 0.001 per cent potassium bromate was 

greater than the maximum obtained with the addition of 

maltose, whilst in "weak" flours the reverse was true 

seems further corroboration of this view, since the 

maltose presumably acts solely as a yeast stimulant. 

It is disappointing, however, to observe the irregular 

nature of the results obtained when this procedure is 

applied to the diluted flours. 

(iv) The nature of the curves obtained by plotting 

loaf volume against concentration of added maltose has 
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already been noted. A sharp maximum is, in general, 

associated with low concentration or inferior quality 

of gluten. This is analagous to the well-known lack 

of stability and narrow range of fermentation tolerance 

in weak flours. 

SUMMARY. 

1. The purpose of this investigation has been to ascer¬ 

tain whether the baking behaviour of flours when brought 

to a series of definite and comparable protein contents 

by dilution with starch could be used to estimate gluten 

quality. 

2. When flours are diluted with starch, the rate of 

decrease in loaf volume per unit decrease in protein 

content has no general application as a measure of 

gluten quality. This is true whether the baking is 

performed with or without the stimulation of gas 

production. 

3. Diastatic activity is reduced by starch dilution to 

an extent roughly proportional to the decrease in the 

amount of flour in the mixture. 

4. The addition of maltose to increase gas production 

has proved more satisfactory than the use of diastatic 

preparations, o?/ing to proteolytic enzymes being con¬ 

tained in the latter. 
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5, The maximum volumes which a series of flours are 

capable of attaining when all have been brought to the 

same protein content by starch dilution seem to be in 

the same order as, though not necessarily proportional 

to, gluten quality, provided that the degree of 

dilution is not too high. 

6. "Strong" flours give a greater loaf volume when 

baked with the addition of 0.001 per cent potassium 

bromate than can be obtained by the use of maltose 

to increase gas production. With "weak" flours the 

reverse is true. When a number of flours are reduced 

to the same protein content by the addition of starch, 

however, the differences between loaf-volume by the 

bromate and maltose methods are not necessarily in the 

order of gluten quality. 

7. When successive increments of maltose are added to 

a "weak" flour, in general the loaf volume increases to a 

well-defined maximum and then falls off again. With 

"strong" flours on the other hand, the maximum is less 

pronounced, and tends to broaden out into an "optimum 

zone". 

ACKNOWLEDGEMENTS. 

The author wishes to thank Dr. Robert Newton, who 

suggested the problem, for his constantly helpful criticism 

and advice, and Mr. G. D. Macmillan for his valuable technical 

assistance. 



,' .. 1011/1 .. ,7...' ...I. „ C 

or td-suoid need ot3d 11b ixaxfe- salnlatts to ©Xd^gso 

ni eel ot mesa noiTulle ilo^csda \<5 tn&taoo nietotn ©msa 

.is.noxd^CyO-iQ- yliiszaeoen ton sS^uodt . tas "xed’io 9msa ell 

j;c ererasl- eili , ..al .Leone tyii±ajjp netuls <ot 

.feinf oo t ton a i no it Hi id 

. a 

eaotlBin Tc 3ax; odt yo bsniettfc eo nao amid etBsaontf 

ezio 3*xjjoI1 n>lB©wn ld.ll . sxoizoubo-ic as§ ©esenonx c? 

. il 

^ddisda rio noitihhs out yd t net mo nist oig ©mss ©rid od 

sriX ©fflulov-tsoi Heewxed aeone1 oTXio add tisvawod 

- ui vlxisaaecv,; nua alooTeo;: eocTToe; hon ed&noid 

. zi ilsuo netjjlo To *xe.;Tio 

- 

••-•1 s9as©*ioxix smrlov Tsoi add Isaexiea ni t‘iuolT r?:iB©wH b 

sIIbT )-xi€ 

3^c'“ edd 'Jbrt&u nedto edit no anuoIT "grto^da** 

J,-u -i0 L'J’:a: Xeo naTeonc •:t ahneo tnn theonuononq 

. "©no.:; 

■ICCTLTIOKIXOA 

■ * ‘ , /l 

0iM'i :o XulqXe,i 'O^Btsxoo shi -io-1 ,aoIcfoTij 0£» jjeJaeastra 

oa. eldsi/Xev aXxi «* mum* .a .0 .*« fine ,eoi*fia fine 



- 39 - 

REFERENCES. 

(1) BAILEY, C. H. The Chemistry of Wheat Flour. Chemical 
Catalog Co., New York. 1925. 

(2) _ , and LE VESCONTE, A. M. Physical tests 
of flour quality with the Chopin extensimeter. 
Cereal Chem. 1(1):38-63. 1924. 

(3) BLISH, M. J. On the chemical constitution of the 
proteins of wheat flour and its relation to 
baking strength. J. Ind. Eng. Chem. 8:138-144. 
1916. 

(4) _and PINCKNEY, A. J. The identity of 
gluten proteins from various wheat flours. 
Cereal Chem. 1(6):309-316 . 1924. 

(5) _, and SANBSTEDT, R. M. Viscosity studies 
with Nebraska wheat flours. Ibid. 2(4):191-202. 
1925. 

(6) CHOPIN, M. Determination of baking value of wheat 
by measure of specific energy of deformation 
of dough. Ibid. 4(1):1-13. 1927. 

(7) COLLATZ, F. A., and RACKE, D. C. Effects of 
diastase and malt extract in doughs. Ibid. 
2(4):213-227. 1925. 

(8) COOK, W. H. The bound water of wheat-flour 
suspensions in relation to baking strength. 
Univ. of Alberta, M.Sc. thesis, (unpublished). 

(9) CROSS, R. J. and SWAIN, R. E. The amino acid 
distribution in proteins of wheat flours. 
Ind. Eng. Chem. 16:49-52. 1924. 

(10) GEDDES, W. F. Chemical and physico-chemical changes 
in wheat and wheat products induced by 
elevated temperatures. III. The influence 
of germ constituents on baking quality and 
their relation to improvement in flour induced 
by heat and chemical improvers. Can. Jour. 
Res. 2(3):195-213. 1930. 

(11) GORTNER, R. A. Viscosity as a measure of gluten 
quality. Cereal Chem. 1(2):75-81. 1924. 

(12) _. Correlation of loaf volume with the 
peptizing action of salts on wheat flour proteins. 
Proc. Soc. Exp. Biol, and Med. 24:530-532. 1929. 



:m©ilO tSJQ 1% &3i to vzdai; . ,0 i 
. - - - X - • . 

- . . • . 

- ' . .. . r"~T ’ To 
1)1 , 

' ' 'ioX r, 777 3 X :: 7 .... ,:.0 7XtX ... • . 

cj qoIfslei a$i tna 'xuolt taeoXy to aaie&o*xq 
■ 

to ~r$£ trroli; ad*T 
< It 

* Xtol 

• X »vi <Y; i-Iiltt. c \3 . _ 
x,ifxx^BV noil adotoiq rtsSxrlg 

* -X 

a 9 i b irx a ^ t la o o;a 1 ¥ 
, ' 

X' <XYY?XGm o;xo , 

. call 

{c;) 

<10-1 v X9j| '10 qqt&.IO OXtXDCqc to 8X7re.06.uX vcT 

■ . . 

.ct . 
5 

* >-,u... , . . .>■ .qx : .:. : 

~J •" 1 •' ' ; • ■ Xou/oX SOX , , /, /, 

. . ■’ w x-:- - 0'.ii ixioo Ou not £ ki Xe*x r;X atci o.asrajja 
:: " - ■ -sXaouX ,oXx,X . .. : ,-xX.. . to . vXXil 

. 

* : J- - XO - :. X ; o 1 . : • 5 : , 3r;;;;7 . f\iT ; 

■ 3 * 

tax. - v.. . 7; X . aeadBieqme# bet&vele 
: 13 XX-713X.7; qixixaod no alneditaaoo 7-97 to 

^;X \x iTi •r^7:XeVC)tC;fili ct XICXtBlOl uX3.1t 
• 0 ■ 

* -xi . rla-xei: ; A )s , ae; 

IT9t L x° 9^3fla:.i s 3B {ttaooeiv 
■ . .txloxrp 

II3 

iw ov tad 

X;39jXW no 
• XS . bC! 

, 

xil 
•• •■■ ■ ■' ■ . -jx-I . 00. , 00'7 

(IX) 

(v5X / 



40 

(13) _ and DOHERTY, E. II. Hydration 
capacity of gluten from "strong" and "weak" 
flours. Jour. Agr. Res. 13(8):389-419. 1918. 

(14) _ , HOFFMAN, W. F., and SINCLAIR, W. B. 
The peptization of wheat flour proteins by 
inorganic salt solutions. Cereal Chem. 
6(1):1-8. 1929. 

(15) GREIYE, E. and BAILEY, C. H. The concentration of 
glutenin and other proteins in various types 
of wheat flour. Ibid. 4(3):230-247. 1927. 

(16) HERTZ, E. The determination of the gluten con¬ 
stituents in flour and their relation to 
bread-making qualities. Miller’s Review 
35(6):170-171. 1916. 

(17) JOHNSON, A. H., and BAILEY, C. H. Gluten of flour 
and gas retention of wheat flour doughs. Cereal 
Chem. 2(2):95-106. 1925. 

(18) LARMOUR, R. K. Relation between protein content and 
quality of wheat as shown by different baking 
methods. Ibid. 7(l}:35-48. 1930. 

(19) _, and MACLEOD, A. G. A study of the 
basic, bromate, and blend baking formulae as 
means for determining wheat quality, with 
special reference to low grade wheat of the 
crop of 1928. Sci. Agr. 10(1):1-22. 1929. 

(20) MALL0CH, J. G. Modifications of Rumsey’s method for 
the determination of diastatic activity in flour. 
Cereal Chem. 6(3):175-181. 1929. 

(21) _ . Studies on the resistance of wheat 
starch to diastatic action. Can. Jour. Res. 
1(2):111-143. 1929. 

(22) RASK, 0. S., and ALSBERG, C. L. A viscosimetric 
study of wheat starches. Cereal Chem. 
1(1):7-26. 1924. 

(23) RUMSEY, L. A. The diastatic enzymes of wheat flour 
and their relation to flour strength. Amer. 
Inst. Baking. Bui. 8. 1922. 

(24) SHERWOOD, R. C., and BAILEY, C. H. Control of 
diastatic activity in wheat flour. I. 
Production of diastatic flour and effects of large 
dosages. Cereal Chem. 3(2):107-136. 1926. 



. . 

Tlsew"' Xjxb -3noTts*' ott'a :s7ul;r to ^tir-Boao 
. ..::.«i . dto-goo : i.6 ;ra . . ... > tv , tajoX . si jo It 

. 
. 'vu oxiled'o^q 'XAio.it c? ;:e;iw to fAuitBsTTgiq erlT 

. anox 
• u'i ... . :~>X ; ;l V 

- . H . 0 • . 
as-; 3i/ox,iBT at anioioxc T9flto fine atuetvlg 

. - - . . 

ot ircxtsXas: Tiailt bne -me 11 al stnsx/tits 
■ 

.axex .i:x~o?X:(o 

. - , *. r , . 
.gZQL .oOX-d . : ;S 1 lOxiD 

* 

oai:tBd lae^ieVUb v;cf nworfa as tserfw to vtxXstfp 
; . o. . .. . . ■ 

. - 
03 ss-uxuxol; ;3£xx>IscT ftnelcf J&iis < ©tsoic-T-d , oTSSIT 

, ‘xiiioop toerior ooi'ixiioxoooo too ansa© 
adt to t.asriw .3X0*13 we I ox aoTeTatsT Xsioecra 

■ 

o'. .IQl-dVl: 

■ 
.330 . Tij-ol. .ns0 .xioxtoB oitstssXS oFlToxSJa 

.0091 .'PX-XXX: su 

1X3) 

. < . t 
• o'eu.- ...ootsO . aeiloTs j o tselv? to vbu:a 

*~v..;-x . as~? * ;x }x 
TuoXt taerfw to as^siie oitstas ,. 

* '1 ~* .rrx;.-.j.\©Tta a;a t t .ocitaXsT TxarfcJ* jbxis 

' - . . X : .. 

eoTsl 

•° ..... 
.... .woll iserfw ni ottsiaalb 

. . 

Ua) 



41 

(25) WELLS, H. G., and OSBORNE, T. B. The biological 
reactions of the vegetable proteins. I. 
Anaphylaxis. J. Infect. Dis. 8:66-124. 1911. 

(26) _. Is the 
specificity of the anaphylaxis reaction 
dependent on the chemical constitution of 
the proteins or on their biological relation? 
The biological reactions of the vegetable 
proteins. Ibid. 12:541-558. 1915. 

(27) WORKING, E. B. The action of phosphatides in 
bread dough. Cereal Chem. 5(5):225-254. 1928. 

(28) . Some oxidising effects of flour 
bleaching. Ibid. 5(5):451-455. 1928. 



' 
«-. ■:' - 0 . . u 0: i - ; , ' , s .l.v ■ 39 

... 

• - ^ ; tV. ' J JlTtl 
■ to :{.• icaa<jo iBohitOxio c\j no ixobnsues 

■- ■ : J01 .-0™-.V xd uac;: *r<j sr~ 
■' : ' • •' ' - •" .0 - .v-: . . . ...• i 

- ' ■■■••■■. S « ,... 

... : .., i .; / 
. ■ 

- - -U S' / 0© vle - . \ , ., • :.o. , /33 ; 
—so: , - :.>3*0—:3—  










