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THE RATIO O R LIQUID T O FLOUR IN Y EAST B READ 

MADE FROM 

YAEIOUS G RADES O F F LOUR. 

Flour, yeast, and water, the three necessary compo

nents of bread, have been the object of much study and" 

experimentation because yeast bread has become such a 

common a rticle in the diet. Such investigations received 

great stimulus during the war period when the quantity of 

all cereals, particularly of wheat, was limited, and when 

the quality of breads and similar products were unfavor

ably affected by the substitution of different cereal 

flours and meals. Commercial bak ers and housewives alike 

were at a loss to know h ow t o secure satisfactory results 

under the new co nditions. 

The art of bread making has been practised for years 

and unfortunately much of the experience which brought 

about the common me thods used in the making of bread have 

been forgotten. At the same time bread making, as a 

science has been almost entirely neglected and until the 

recent organization of the bread industry little atten- . 

tion has been paid to the various problems of bread mak

ing, and no p ractical .application of the greatly increased 

knowledge of physical and biological chemistry has been 

made. 

The q uality of bread depends largely upon th e kind 

and condition of the ingredients used; upon the proportions 



in which these ingredients are combined; and upo n the 

treatment of the dough during the bread making p rocess. 

It is with the second factor, i.e., the proportion 

of the ingredients, and especially the proportion of the 

liquid to the flour content of the dough, that this 

paper is concerned. 

REVIEW OP LITERATURE. 

FLOUR. 

The character of the flour depends to a great extent 

upon the variety (2) of wheat from whic h the flour was 

milled, the kind of soil upon whi ch it was grown, the 

fertilizer used, weather conditions, (1, 2) the stage of 

ripeness when harv ested (3) and the method of milling. 

Bread flour is made from the hard spring wheats grown 

in the Horthwest, and from the hard winter wheat of the 

central and western states. The flour from this wheat is 

characterized as "strong" flour and is rather granular to 

the touch, lias a higher percentage of gluten and its 

absorptive power is somewhat greater than is the case with 

soft flour. The color of the flour varies somewhat with 

the variety of wheat and also with the method of milling. 
r.J \-J 

"A- strong wheat," according to Jago & Jago, (4) who 

accept the definition of Humphries & Biffen (5), is one 

which yields a flour capable of making la rge well piled 



loaves; and the strength of the flour is "determined by 

its capacity for producing a "bold large-volumed, well 

risen loaf". The requisites (4) of a strong flour vary 

somewhat, according to the type of bread to be made from 

it, but in any ca se there must be ;first,an abundance of 

sugar to be used as a source of food by the yeast organ

isms' in the production of carbon dioxide, and second, 

"some substance present in the flour which shall be cap

able of retaining a sufficiency of the gas generated in 

the dough, and elastic enough t o be evenly distributed by 

such gas". This substance is known a s gluten, and is 

especially characteristic of flour made from wheat. Gluten 

is made up la rgely of the two proteins, gliadin and glutenin 

(6) which a re insoluble in water. It constitutes about nine 

tenths of the protein of the flour. "There must be," say 

Jago 1 Jago, (4) "sufficient gluten present to adequately 

retain gas and confer elasticity. It must be highly elas

tic, yielding readily to distention without breaking and yet 

it must be sufficiently rigid to maintain a well upstanding 

bold shape." 

It has long been kn own that a rather close relation

ship existed between the capacity of the flour to nroduce * 

good bread and the gluten content of the flour. But since 

a large proportion of gluten does not always insure that 

the flour will produce good bread, strength must be depend

ent upon something mo re than an abundance of gluten. At 



one time it was thought that the ratio of gliadin to 

glutenin in an individual gluten had much to do with the 

strength of that gluten. Fluerent (7), in 1896, after 

examining a number of flours, concluded that the most 

desirable proportion of glutenin to gliadin was 1 :3 or 

25% glutenin and 75;? gliadin. In flour containing 1 part 

of glutenin to 4 parts of gliadin, lie found that the dough 

collapsed during the baking process. V/lien the ratio of 

glutenin to gliadin increased to 1:2, the bread did not 

expand sufficiently either during fermentation or baking. 

In 1900 G-uess (8) found that the elastic quality of 

the gluten was improved as the ratio of gliadin to gluten

in increased, and he discovered no po int beyond whic h the 

increase in gliadin produced any harmful effects. 

Snyder (9) concludes that in order to produce good 

bread it is necessary to have a well balanced gluten, and 

he found the best proportion to be approximately 65% 

gliadin and 35% of glutenin. However more recent investi

gators find that there is little connection between the 

gliadin — g lutenin ratio and the capacity of the flour . 

for producing good bread. Wood (7) concludes that neither 

the percentage of total nitrogen nor of gliadin in the 

flour, nor the ratio of gliadin to glutenin can be taken 

as an absolute measure indicating the strength of the 

flour. Freeman (10) found that 7 out of 8 samples tested 

gave proportion of 43^ glutenin and 56% gliadin. Some of 

these made very good bread, others made bread of very poor 
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quality. One flour, with 36% glutenin and 63 "Jo gitalin, 

almost the exact ratio recommended " by Snyder, yielded a 

loaf of the smallest volume, 

Wood (11, 12) in studying the water soluble constitu

ents of various flours concluded that the acidity bore no 

relation to strength, but found that the greater the ratio 

of protein in a flour to the soluble ash, the greater the 

strength of the flour. Since he found some exceptions to 

this hypothesis, he thought that possibly the strength of ' 

a flour might be d ivided into two independent factors, one 

controlling the volume of the loaf, the other its shape. 

The shape, of the loaf seemed to be governed by t he ratio 

of the total protein to the soluble salts, a high ratio in

dicating a strong flour. The volume of the loaf depended 

upon the percentage of "sugars" present, and upon the 

ability of the flour to give off gas when fermented by 

yeast, especially during the later stages of the fermenta

tion process. Following these suggestions he, performed a 

series of experiments from the results of which he suggests 

"that the variations in coherence, elasticity, and water 

content, observed in gluten extracted from di fferent flours 

are due rather to varying concentrations of acid and s oluble 

salts in the natural surrounding of the gluten, than to any 

intrinsic difference in the compositions of the glutens 

themselves. These properties must undoubtedly have a direct 
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"bearing on the power whic h some flours possess of making 

shapely loaves. He concluded that there was no difference 

in the composition of the glutens (gliadin and g lutenin) 

of strong and weak flours. 

A later report by Wood and Hardy (14) shows that wheat 

gluten, like all proteins that have "been st udied, "belongs 

to the class of emulsoid colloids, and one of the typical 

reactions of this class of proteins is that they have a 

.great affinity for water. The degree of this affinity may 

"be a ltered "by the addition of salts, acids, or alkalies, 

to the solution. 

The colloidal swelling of gluten was nest studied by 

Upson an d Calvin (16) who, using Hofmeisters (18) method 

for the study of the swelling of animal proteins/ found 

that the addition of salts to the solution decreased the 

amount of water absorbed by the gluten. In dilute acid 

solutions, the disks of gluten "puff up and take on an 

appearance somewhat resembling cotton balls, finally be

coming tr ansparent, soft, and gelatinous". 

They foun d that by neutralizing the acid solution 

after the disks had puffed up, the water would actually be 

given off from th e gluten, which wo uld again resume its 

firm consistency. 

Later, Upson & Calvin (17) arrive at the conclusion 

that "strength is related to soluble acid and s alt content 

of the flour. Flours containing acids and salts in such 

combinations as to favor absorption will behave as 1weak !  
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flours, whereas these containing acids and salts in such 

combinations as inhibit water absorption will behave as 

'strong* flours when bake d1 ' .  

In 1918 Gortner & Doherty (19), assuming t hat the 

previous work on glu ten had been don e on the gluten 

obtained from a single flour and that usually a strong 

one, carried out a series of experiments using 5 glutens 

obtained from " strong" and "we ak" types of flour. Prom 

their results they conclude that although the moist glu

tens from these different flours differ greatly in quality 

and in physical properties, they are hydrated to almost 

the same extent. The rate at which the gluten becomes 

hydrated is however, much m ore r apid in the glutens which 

come from " strong" flours. The weak flour gluten has a 

much lower "maximum hydrat ion capacity" than has gluten 

from' a strong flour, and it changes from a gel to a sol at 

a much lower degree of hydration. They no ticed that the 

curves representing the rate and degree of hydration of 

these glutens are of two types. In dilute hydrochloric and 

oxalic acid the water is rapidly absorbed, but in slightly 

stronger concentrations of these acids the wet gluten 

actually gives up water to the acid solution. In the case 

of dilute solutions of lactic, acetic, and ohosphoric acids, 

the gluten strongly absorbs water, but increasing the con

centration of the acid decreases only slightly the amount 

of Y/ater absorbed by the gluten. 



These investigators think that the hydrogen ion con

centration of acid is probably not the only factor con

trolling the absorption of water by g luten, and they point 

out that "the anion of the undissociated molecules, as 

well as their relative absorption by the protein must in 

all probability be taken into consideration. 

On adding inorganic salts to the acid solutions, the 

relative absorption of the glutens was lowered but in this 

case they found that the different glutens reacted differ

ently on the addition of the salts. 

They conclude that the difference between st rong and 

weak gl uten is due to something ot her than *the acid and 

salt content of the flour. There is, they think, some 

innate difference in these glutens, the physico-chemical 

properties of which are not identical and "would not be 

identical even if the flour had originally had the same 

acid and salt content". 

From their experience with these different glutens 

they make the following conclusion: 

"The difference between a strong and weak gl uten is 

apparently that between a nearly perfect colloidal gel 

with highly pronounced physico-chemical properties, such 

as perta-in to emulsoid, and that of a colloidal gel in 

v/hich these properties are less marked." 

These differences, they suggest "may be due to the size 

of the gluten particles and that at least a part of the 

particles comprising the weak gl uten may l ie near the 



boundary betw een t he colloidal and crystalloids! states 

of matter than is the case with the stronger glutens." 

Golm and Hend erson (20) in "The P hysical Chemistry 

of Bread Baking" report that "the acidity of the dough at 

the time of baking seems to be the most important variable 

factor in bread making." By increasing the acidity, the 

production of carbon dioxide by the yeast organism i s in

creased and the tenacity and the elasticity of the dough 

is controlled. This increase in acidity may be accom

plished with much the same effect by the addition of such 

acids as lactic or acetic. However, the amount of acid 

which should be added varies with the flour used, with 

the amount of yeast, and with the length of the ferment na

tion orocess. 

Jessen-Hansen (21), and Henderson (22) et al., agree 

that the optimum h ydrogen-ion concentration for bread mak

ing is about PH 5. A colo rimetrie method for quickly de

termining the acidity of bread is given by Co hp, Catheart 

and Hend erson (23). It is as follows; "The loaf is cut 

cleanly, and upon a point near the center of the loaf four, 

drops of a 0.02 per cent solution of the indicator (methyl 

rod) in 60 pe rcent alcohol are allowed to fall. After 

waiting 5-minutes the color is observed. By compa rison" 

with a color chart, or -with a loaf of bread of known a cid

ity, the hydrogen ion concentration of a loaf of bread may 

be estimated." 



Thus it appears that, although there is yet much t o 

be learned before one can definitely say what factors are 

most important in determining the strength of a given 

flour, most investigators agree that the strength is- due 

not to the ratio of gliadin to glutenin, in an individual 

gluten, but rather to the roactions, not yet thoroughly 

understood, between the proteins of the wheat and certain 

acids and s alts which may be normally present in the 

wheat kernel or ma^be added to the dough in the process 

of bread making. 

EM. 
Bread is leavened by the yeast organisms which fer

ment the sugars and to some extent part of the starch of 

the flour with the production of carbon dioxide which 

aerates the mass of the dough. The organisms are ordi

narily added either in the form of compressed yeast or 

dry yeast cakes. Commercial b akers sometimes use brewers * 
or distillers yeast. 

Compressed yeast is made by cultivating pure strains 

of the yeast organism, which a re especially adapted to the 

bread making process in suitable media a fter which the 

organisms a re washed carefully, filtered, and comp ressed 

into cakes, sometimes with the addition of starch or some 

such binding material. Compressed yeast deteriorates quite 

rapidly, and so it must be used only when f resh and in good 

condition. According to Jago and Jago (4), compressed 

yeast should have the following characteristics, "it should 



be very slightly moist, not sloppy to the touch, the color 

should be a creamy w hite; when broken it should show a 

fine fracture; when olaced on t he tongue it should melt 

readily in the mouth; it should have an odor of apples, 

not like that of cheese; neither should it have an acid 

odor or taste. Any cheesy odor shows that the yeast is 

stale, and that incipient decomposition has set inM. 

Dry yeast is prepared in much the same manner except

ing that the organisms are mixed wit h corn meal or some 

other carrier, pressed into cakes and d ried. The organ

isms are consequently in an inert state, and more time 

must necessarily be allowed for its use, but after it be

gins to grow i t is equally as good as the compressed 

yeast. Dry yeast will keep almost indefinitely. (24) 

The quantity of yeast used varies considerably with 

the method of making the bread, and the time which can be 

allowed for the completion of the process. Bevier (26) 

and Williams (33) state that as the amount of yeast in

creases the time of rising decreases, the texture becomes 

finer, the volume of the bread is greater, but an e xcess 

of yeast produces crumbliness and so me loss of color in 

the crust. 

Williams, however, finds that yeast in large quanti

ties resulted in the loss of the delicate flavor of the 

bread. Results at the University of Kansas (3$) show t hat 

an increased amount of yeast increases the volume of the 

bread and decreases the time factor, but the texture is 



usually somewhat coarser. (39). As to the effect of yeast 

upon the flavor of the bread there seems to be a differ

ence of opinion. Wardall (35), after studying1 33 c ultures 

of yeast, in pure cultures, thinks that the flavor is not 

affected by the yeast. Jago and Jago (4) think that the 

variety of yeast employed has much to do w ith the result

ing flavor of the bread. Simmons (36) and Grossfeld (37) 

believe that any chan ge in flavor which m ay occur in con

nection with the yeast is due to the products of fermenta

tion and consequently a small amount of yeast allowed to 

ferment for a long period of time may produce greater 

changes in flavor than a larger amount acting for a shorter 

time. 

The ye ast organism is most active at a temperature of 

about 30°0. It is readily affected, not only by r ather 

slight changes in the temperature, but also by v ariations 

in the dough. As has already been suggested the sugar con

tent of the dough, either that which is normally present in 

the wheat (11), or that which may be added, has much to do 

with the volume of the loaf. This sugar the yeast uses as 

food, with the production of carbon dioxide and alcohol. 

The lack of sugar will greatly retard the activity of the 

yeast (20-), while the use of added sugar up to 4% hastens 

the rate of fermentation, increases the volume of the 

bread, and produces a finer more even texture, (26) Salt 

retards the growth of the organism (26y 20, 34) and d e

creases the amount of carbon dioxide produced (20). Jago 
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and Jago (4) find that up to 3% the fermentation is not 

greatly retarded by the salt, but more than that amount 

decidedly diminishes the quantity of gas produced. This 

figure however, seems rather high and Bevier (26) records 

considerable retardation of fermentation when using 1.64fa 

of salt, and she recommends the use of a little less than 

1% salt. 

The s timulating effect of potato and potato water up

on the yeast has long been kn own and its use practiced 

by the housewife. Jago and Jago (4) state that boiled 

potato induces a "more rapid and copious evolution of gas", 

and that the use of potato water was almost as efficient 

as the potatoes themselves. These results are confirmed 

by a rather extended series of experiments at the University 

of Kansas (39), which sho w that the use of potato or potato 

water is of great value in increasing the quantity of car

bon dioxide produced by the yeast organism and thus de

creasing the time of fermentation and increasing the volume 

of bread. The time of fermentation was almost 50% sho rter 

when e ither potato or potato water was used. 

During the process of fermentation there is a gradual 

increase in the acidity of the dough and this increase in 

acidity up to a certain point,, stimulates the yeast organ

isms to greater activity with an accompanying increase in 

the rate at which the carbon dioxide is evolved. Thus the 

dough rises more rapidly as the process of fermentation 

proceeds. 



During th e last fev; years a good d eal of investiga

tional work has keen carried on in an effort to discover 

other substances which w ill hasten fermentation and shorten 

the time of the bread making pr ocess. Dudley (34) finds 

that yeast .grows faster when n o potat'o is added to the 

water, but the addition of a little ginger hastens the re

action. Koilman and his collaborators (27) report that the 

addition of .015 part of potassium bro rnate or .005 part of 

potassium iodate to 1000 p arts of the usual mixture of 

flour, yeast, etc., hastens the rate of fermentation, de

creases the time, and the amount of yeast required. The 

addition of 0.06)2 a mmonium chloride and 0.1 2)2 of calcium 

sulfate to the dough also decreases the time of fermenta

tion or permits the use of less than the normal amount of 

yeast : (23). ' The use of malt extract too, is re

commended by K ohman (29). " The amounts that can be success

fully used den end upon the strength of the flour and the 

diastatic activity of the extract.These same investiga

tors (30) find that.it is possible to use from 50 to 65;C 

less than the ordinary amount of yeast by adding a small 

amount of ammonia and calcium, together with minute quanti

ties of potassium bromide. The use of these substances also 

affects a "saving of about 2)1 of the fermentable starches. 

Cheese and other nitrogenous substances such as amino acids 

from wh eat gluten, bean or pea press cakes, so treated as 

to make their proteins soluble, and peptonized milk have 

been found (31) to serve as food for the yeast organisms 



and to hasten the rate of fermentation, 

Hoffman (32) finds that ammonium chlo ride when added 

to the dough s erves as food for the yeast and is used for 

building new yeas t cells. By us ing i  pound to 1000 pounds 

of flour 30)2 less yeast may be used, and the quality of 

the bread at the same time is improved. 

LIQUID. 

In this connection there are two factors which must be 

considered; first, the kind, and second, the proportion of 

liquid. Water is the liquid which is generally used in or

dinary bread making. From a series- of experiments with 

hard and soft water Jago and Jago (4) conclude that there 

is very little difference in the character of the resulting 

bread, and such differences as do occur may easily be con

trolled by s light changes in the blend of the flour or the 

method of fermentation. 

According t o Bevier (26) there is no l iquid better than 

water, at least as far as flavor of the bread is concerned, 

many people, however, prefer the flavor of bread in which 

most of the water is replaced by m ilk. (4, 39). In addition 

to modifying so mewhat the flavor of the bread, milk improves 

the keeping quality of the bread, and contributes to the 

tenderness of the crumb, -the color of the crust and the 

elasticity (26). According to some authorities (38, 3)9), 

however, the use of milk decreases the rate of fermentation 

thus increasing the time factor. This may he due to the 

fact that the use of milk instead of water decreases (40) 



the acidity of the bread quite perceptibly, and that stim

ulus to rapid ferine nt at ion is thus lacking. When usi ng 

20;? o f the substitute flours (corn or barley) the results 

of investigations on y east bread made in the Experimental 

Kitchen of the United States Pood Administration show an 

increased rate of fermentation when water was replaced by 

milk (40). 

The b eneficial influence of potato water upon t he 

growth of the yeast organism has already been mentioned. 

In addition to this, the use of potato water is accom

panied by a decided improvement in the texture and color 

of the bread, in the color of the crust, in the tender

ness of the crumb and in the. e lasticity or spring of the 

baked loaf (25, 39). 

The literature on bread offers very little definite 

information concerning the proportion of liquid to flour 

in bread making. Host recipe ... call for one cup of liquid 

to three cups of flour. Bevier (26) however, find's that a 

somewhat stiffer dough, 1 cup o f'liquid to 3.6 cups of 

flour (260 c c. of liquid to 440 g. flour) gives the most 

satisfactory bread Has regards shape, size and general 

characteristics of loaf.T? A slacker dough, she finds, is 

quite likely to produce a loaf of poor shape with a ten

dency to be clammy and coarse in texture. Stiffer doughs 

make a loaf well rounded on to p, of finer texture, and one 

which shows a tendency to crack open du ring baking. 
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"Williams (33) finds that soft doughs produce loaves 

somewhat flat on top, with coarse texture and dar k color, 

and a tendency to "be tough and clammy. However, they 

yield larger weights of bread in proportion to the flour 

used than do s tiffer doughs. 

This same investigator concludes that moderately 

stiff doughs give the most satisfactory results, and she 

finds the best proportion to be the same as that recom

mended by Bevier (26), i.e., 260 c c. of liquid to MO g. 

of flour. Bread made from s tiffer doughs is more rounde d 

on top, has a tendency to crack open on the side, is 

finer in texture, the crumb is whiter and d ryer, and the 

color richer, moderately stiff doughs rise more in the 

oven and thus yield larger volumes than do either the very 

stiff or very slack doughs. 

Prom a report made by the Home Conservation Division 

of the United States Pood Adm inistration (42) on f tPactors 

Affecting the duality of least Breads Containing wheat 

Flour Substitutes" it appears that much importance rests 

upon the proportion of the liquid to flour in the dough. " 

In these breads it was found that doughs which we re too 

soft oftoii rose well, but fell considerably during the bak

ing period, or if they did not fall, they were very coarse 

textured, often being filled with large cavities. When t he 

doughs were too stiff they did not rise well, and the re

sulting loaves showed a tendency to crack. In breads con
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taining from 25 to 40)1 substitute the ratios of the 

weights of the liquids to the weight of the flour ranged 

from 1;1.47 to ljl.63 with an average optimum ratio 

around 1 :1.60. This ratio seemed to increase with the 

increase in substitute, and varied slightly with the 

kind of substitute used, but as a good g eneral working 

principle upon wh ich to begin the study of any f lour, it 

appeared that the ratio of If1.6 was to be recommended. 

EEPORT O P E XPERIMENTS. 

OBJECT. 

These experiments were undertaken in order to de

termine if there is a relation between the weight of the 

flour and of the liquid which remains constant for high 

patent flours; and to see if this relationship varies with 

the grade (or brand) of flour. 

FhO'JRS U SED. 

Throughout the experiments seven different flours 

were used. Two of these, A and B, were high patent flours; 

one, 0, was a second or standard patent; two, 13 and E, were 

straight grade; and two, P and 0, were low gra de, P being 

what is called by the manufacturers, a fancy clear grade. 

All of these flours were made from hard winter wheat grown 

in Kansas, and with the exception of flour D, all were to 

be had in the public market. Plours A, D a nd E w ere manu

factured by one mill, and B, 0, P, and G by a nother. 
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The p atent flours were "b oth r ather hard, dry, and of 

very fine granulation. The content and character of the 

gluten was goo d and both flours were slightly creamy in 

color, A somewhat more so than B which had a very faint 

bluish tinge. 

Flour 0, a second patent flour, was slightly less 

.granular to the touch than the first patent flours and 

somewhat more creamy in color. It contained a very small 

percentage of tiny particles of bran. 

The s traight grade flours, D an d E, were slightly 

yellow in color and contained more of the bran particles. 

The gl uten v/as somewhat softer and less elastic, and the 

flavor of the wheat was more pronounced. Of these two 

flours, E se omed to contain a good d eal more of the outer 

portion of the kernel than D a nd in handling it, it felt 

and acted more like a low grade flour. Flour D was made 

by combining 8 0% of the patent flour, A, with 20% of the 

low grade flour G-, and its properties were such as would 

be expected from such a combination. 

The low grade flours, F and Or, were still less granu

lar than the straight grade flours, 0 showing this charac

teristic to a .greater extent than F. Both contained lar

ger amounts of the bran particles and had a higher ash con

tent. They we re much m ore creamy be ing almost yellow in 

color, and had a very charactoristic wheat flavor. Both 

flours showed a decided tendency to clamminess, i.e., when 

a handful of the flour was gripped firmly, and then released 
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and allowed • to lie on t he oalm of the hand, the flour 

would stick together, holding the shfi} )e into whi ch it was 

pressed. 
The percentage composition of each of these flours, 

as determined by the company chem ists was as follows; 

Flour Gluten Ash moisture absorption 
wet drv quality 

absorption 

A 33.10 11.03 good " .43 12.0 50 
E 12.13 " .33-.41 12.17 61 
0 12-13 ?f  .42-. 45 13 — 

D 30.06 13.2 ? l  .48 11.6 47 
1 12.5to " .47-.51 13 — 

13.25 
F 13-14 " .59 13 — 

0 46.04 14.07 ; ?  .76 11.6 51 

UATEEIALS O THER T HAI F LOUR, 

LIQUID 

Since in previous work'it had been found that potato 

water hastened the rate of fermentation and produced a bread 

of good texture and flavor, it was decided to use it as the 

liquid throughout the experimental work. Occasionally milk 

and water were substituted for a part or all of the potato 

water. 

In order that there might be as little variation as 

possible in the potato water it was-always made as follows; 

Approximately one -pound of potatoes, washed and pared, were 

sliced into one and one-half quarts of cold distilled water 

and cooked u ntil done. The water was then drained from th e 

potato and cooled to about 40°0. 
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YEAST. 

Pleischman's compressed yeast was invariably used. It 

Y/as purchased daily, and as fresh as possible but there 

were some slight variations in quality from day to day. 

The q uantity of yeast to be used in a day fs experi

ments wa s crumbled into small bits and carefully mixed, to 

insure uniform quality in all loaves. Then the required 

amounts were accurately weighed. 

SALT. SUGAR. AND FAT. 

kith only one or two exceptions, these ingredients 

were kept constant thru out the experiments. In every 

case they Y/ere measured instead of being weighed, and 

slight variations in measuring these ingredients undoubtedly 

help to account for part of the slight variation in weight 

among the individual doughs. 

METHOD Ok P BQOEDTJEE. 
f 

In the first series of experiments a short sponge 

method with three risings, (including one after the dough 

was formed into a loaf), was used. Later because of the 

time required to complete the process, the long sponge 

method with only two risings was used. 

SPONGE. 

The p otato water was cooled to about 40°0 and to it 

Y/as added the yeast, sugar and enough flour to make a 

batter. In case of the short snonge method, an hour was 

allowed for the orocess of fermentation. For the long 

snonge, fourteen hours were allowed. During t his time the 
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Sponge rose to two or three times its original volume, 

and then fell. 
In both methods, the sponge was kept at a tempera

ture of approximately 30°0. 'The temperatures recorded, 

however, represent that of the batter itself, and not of 

the air surrounding the bowls. 

hiiBig. 
At the completion of the fermentation period for the 

sponge the reminder of the flour was added together with 

the salt and melted fat. 

In the first series of experiments the mixing and 

kneading was don e by hand, approximately ten minutes being 

required to mix each loaf. 

The bread in the remaining experiments was mixed in an 

ordinary small sized bread mixer, driven by an e lectric 

motor of 1/6 horsepower. The mixer turned at the rate of 

90 revolutions per minuto and the time of mixing wa s two 

minutes excepting in those experiments wher e the effect of 

kneading was being tested. 

HSIIiGG. 

Each lo af was lightly greased and placed in a Tetlow 

Expansion jar to rise. Thus it was possible to tell quite 

accurately .just when t he bread had doubled in balk. 

for the first experiments the dough was kept in a well 

insulated fireless cooker oven which w as warmed by the in-. 

termittent use of a small gas flame. An e ffort was made to 
keep the temperature at 30°0 but this method was not very 



satisfactory, and so throughout the later experiments a 

small, well insulated icebox, fitted with an electric 

"bulb an d a thermostat was used to maintain a constant 

temperature. This was quite successful, the the temper

ature varied siightly from day to day. 

The dough wa s allowed one or in some cases, two ris

ings before being formed into a loaf. In the first series 

of experiments the dough wa s allowed to double in bulk, 

and wa s then kneaded or cut down twice and then formed into* 

a loaf and w hen a gain double in bulk, was baked. In later 

experiments the dough wa s allowed to rise for an hour, when 

it was cut down, shaped into a loaf, allowed to rise for 

seventy minutes, and then baked. 

This latter method was adopted because it was thought 

that greater uniformity could thus be secured and any d if

ferences in the character of the bread would be more c on

spicuous. 

. BAKIHGr. 

The bread was baked in gas ovens which we re kept at a 

constant temperature by means of an ordinary chemical ther

mometer inserted through the top of each oven and held in 

place by a cork. Usually not more than two loaves were 

baked at'the same time in each oven, thus allowing plenty 

of space for free circulation of the air. 

The first two series of bread were baked at 225°0 for 

15 minutes after.which the temperature was reduced to about 

195°0. The remainder of the bread was bake d at 210°0 for 



15 minutes and then reduced to 195 °0 for the remainder of 

the time. 

•Small loa ves (using cup liquid as a basis) were 

baked for 30 minutes and the larger loaves for 50 minutes. 

The bread was baked in pans made of a medium w eight 

tin. The cans for t to smalle r loaves measured 5 inches 

long by 3 inches deep and were 2i inches in width cat the 

bottom of the pan and 35/8 inches in width at the top. 

The- larger loaves were baked in tins 7s* inches long, 

2 5/8 inches deep, inches in width at the bottom and 

4-h inches in width at the top. 

YOLITbh. 

The volume of the bread was obtained by displacement. 

A large nan of the same g eneral shape as the loaves of 

bread,was filled level full with rape seed. Part of the 

seed were removed and the loaf to be measured was put in 

and the top leveled again. The seed which we re displaced 

by this loaf were measured in a .graduated cylinder and 

that number- taken as the volume of the loaf. 
pgpugyp .VTT) PTpaTJOp JQI'g 

Altogether forty-two series of loaves were mode in 

most of which the ratio of the weight of the liquid to 

that of the flour ranged from 1 :  1.3 to 1; 1.8, the weight 

of the flour being increased by one-tenth of the weight of 

the liquid for each succeeding loaf. Prom previous work 

done at the University it appears that the ratio of 1 ; 1.4 



made a dough so slack that the resulting bread was q uite 

undesirable from ev ery standpoint. However, in order to . 

be quite sure that the maximum a mount of liquid was be ing 

used most of the series was begu n wit h the ratio of 1 ; 1,3 

and extended to 1; 1,3 in the majority cases, to 1; 1.9, 

occasionally. ' -very series was r eseated at least twice, 

and usually three or more times for each of the flours 

used. 

The ingredients, and the amount of each used, were as 

follows: 

For the small loaves: 

potato water 

yeast 

salt 

120 gram s 

1 teaspoonful 

2 teaspoonfuls 

1 teaspoonful 

6 !T  

sugar 

fat 

flour 142 to 224 gra ms 

For the larger loaves: 

potato water 

yeast 

salt 

190•grams 

10 

1 teaspoonful 

2 tablesnoonfuls sugar 

fat 2 teaspoonfuls 

223 to 361 grams * flour 

FLOUR A . 



26 

Plate I illustrates the character of the resulting 

loaves. Those containing the larger proportions of liquid 

were coarse in texture, of small volume and of very poor 

shape and color.. The dough itself was so slack that it 

was impossible to handle it and it had to he stirred 

rather than kneaded. When the ratio of 1 ; 1.6 was 

reached the dough wa s just stiff enough to be handled 

without its sticking. The texture of the bread made from 

this dough w as much f iner, the shape of the loaf good and 

the color of the crust a golden brown. As the dough be

came s tiffer, the texture of the resulting bread grew 

finer and som ewhat more even, the volume of the loaf in

creased and the time of rising decreased. The yield of 

bread, as expressed by the ratio of the weight of the 

baked loaf to the Weight- of the flour used decreased from 

1; 1.5 when on e part of liquid was used to 1.3 parts of 

flour, to 1; 1.394 for one part of liquid to 1.8 parts of 

flour. The stiffer doughs also showed a marked tendency 

to crack during the baking process. This tendency wa s 

greatly aggravated by any uneveness in the temperature of 

various marts of the oven. 

For the average taste the ratio of 1 ; 1.7 seemed to 

be the most desirable from eve ry standpoint. For those 

who preferred a coarser less compact loaf the ratio of 

1: 1.6 was considered best, and some chose as most de

sirable the rather close compact bread containing 1.8-
parts of flour to 1 of liquid. 



Plate I. 

Yeast Bread made irom Hi pi )rade 'at ent Flour using an 

Increasing Proportion of Flour to Liquid. 
Flour - A 

Grade - High P atent. 

1:1.4 1:1.5 1:1.6 1;1.7 1-1.8 
Patio of liquid 

to flour. 



Flour B. 

This series is illustrated in plate II. The ratio 

of 1 ; 1.2 was included in an e ffort to make a bread 

which wo uld not be stiff enough to bear its own we ight 

or to retain the carbon di oxide and would fall. As is 

shown in the illustration, this did not hanoen but the 

bread was of very poor quality in texture, shape, color, 

crumb and flavor, hith the increase in flour content 

the loaf improved in shone until the ratio of 1 1 1.7 

was reached. The texture became finer, the color of the 

crumb and curst was g reatly improved, and the bread was 
most desirable in every resoect. 

Again the most desirable bread was made using the 

ratio of 1 ; 1.7 parts of liquid to flour. As in the 

former case a few people chose the ratio of 1 :  l.G as 

host but very -few pref erred the bread made from a slack

er dough than that which con tained 1 part of .liquid to 
1.6 parts of flour. 

The volume of the loaves increased with the in

crease in the flour content, but the yield decreased 

from 1.57 to 1.42. The slack doughs required a longer 

period of fermentation in order to make a loaf of any

ways near the same volume as that produced by the stiffer 

dough, when the loaves were allowed to rise to the same 

height before being baked the softest dough, ( 1 part of 



Plate II. 

Yeast Broad -ia de from a Fancy rstent Hour siny —n 
Increasiny Proportion of Flour to inui' .  

Flour - B 

Grade - Fancy P atent. 

1:1.2 
Ratio of liquid 

to flour. 

1:1.3 1:1.4 1;1.5 1:1.6 1:1.7 1;1.C 



liquid to 1.2 parts of flour by weight) required 4 

hours and 35 minutes for the total time of fermenta

tion while the stiffest dough, ( 1 part of liquid to 

1.0 narts of flour) required 3 hours and 49 minutes, 

excluding in "both c ases the time of baking. 

PIour 0. 

This series ranged from 1 :  1.2 to 1 :  1.9 inclusive, 

and the resulting bread is illustrated in Plate III. As 

was the case with both of the patent flours the quality 

of bread again improved with the increase in the flour 

content. The ratio of 1; 1.9 produced a loaf of exceed

ingly close texture, too close to be desirable. Again 

the optimum ra tio seems to be about 1 :  1.7 with not a ' 

great deal of difference between it and the ratio of 

1: 1.6, which in one case seemed b est. 

The volume of the bread increased considerably with 

the larger amounts of flour. The loaf containing 1.9 

parts of flour was 4-6% larger than the one containing 

1.2 parts. The ratio of 1; 1.7 increased the volume by 
36g. 

The flavor and color of the bread made from t his 

flour was quite like that made from a high patent flour. 

The characteristic flavor of the wheat may have been 
slightly more pronounced. 



Plate III. 

Yeast Bread Made from "econd or standard Patent Flour 

Using an Increasing Proportion of Flour to Liquid. 

PIour - 0 

Grade - Second or Standard Patent. 

1:1.2 1;1.3 1:1.4 1:1.5 1;1.6 1:1.7 1:1.8 
Patio of Liquid 

to Flour. 
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Flour D. 

This straight gratfe flour produced broad quite 

similar to that made from f lour A, Since this flour 

was made by mixing 80 % of flour A with 20% of flour 

B, one would scarcely have- ex Dec ted any ver y g reat 

differences. 

The flavor of the bread was quite good, being 

somewhat more c haracteristic of the wheat than the 

standard flour but-not as strong as that made from 

low grade flour and much l ess pronounced than the 

flavor of Graham or whole whe at flour bread. 

The c olor of the bread, both crust and crumb was 

darker than that made from high patent flour. 

The optimum ratio, in this case, seemed to be 

about 1: 1.6. The texture was so mewhat closer and 

more comoact when a higher proportion of flour was 

used, but the loaves showed r. decided tendency to 

crack. 

The vol ume of the loaf which w as made with 1.6 

parts of flour to "1•of liquid was 30 % la rger than the 

one containing 1.3 parts of flour. 

The yield as expressed by the ratio of the weight 

of the flour content to that of the baked loaf decreased 

from 1; 1.54 to 1 :  1.38 as the flour content increased 

to 1.8 parts by weight for each part of liquid. 
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El our i. 

Plate IV i llustrates the "bread obtained in this 

series. As in the previous experiment the bread im

proved in quality as the ratio of liquid to flour de

creased. The texture grew co nstantly finer and closer 

until'when 1.0 parts of flour were used, the bread was 

quite solid and compact. 

The shape of the loaves, with the exception of 

the two containing the larger ratios of water, was ve ry 

good and with this flour there seemed to be less ten

dency for the loaves to crack on t he sides. 

The optimum ratio appeared to be 1 : 1.6 with a 

possibility of either 1; 1.5 or 1 :  1.7, depending upon 

the character of the bread desired. The r atios of 

1 :  1.8 and 1 * 1.9 were entirely too close and compact. 

The volume of the loaves increased with the increase 

of the flour content. The ratio of 1 : 1.6 was 2Jd% 

larger than that of 1 ; 1 .2. 



Plate IV. 

least Bread m ade from a straight Grade Flour Using an 

Increasing Proport ion of Flour to Liquid, 

Flour - E 

Grade - Straight 

1:1.2 1:1.3 1:1.4 1:1.5 1:1.6 1:1.7 1:1.8 1:1.9 
Eatio of liquid 

to flour. 
-



PIour P. 

Plato ¥ illustrates the results in this series. 

As before, the character of the bread improved as 

the proportion of the flour was increased. The slack

est loaves were coarser in texture than the correspond

ing loaves in the better grade flours, but the shape of 

the loaves was b etter and improved more r apidly than 

was the case with the better grade flours. Again there 

see nod to be less tendency for the loaves to crack 011 

the sides durino; the "baking p rocess. 

The color of the bread was m uch d arker, and the 

flavor much mo re pronounced than in the former series 

of loaves. 

The optimum ra tio was in the vicinity of 1 ; 1.6 

with 1 : 1.5 and 1 « 1.7 both producing desirable 

breads. The vol ume of the loaf made w ith 1.6 parts 

of flour was 32p la rger than the one containing only 

1.2 parts of flour to 1 part of liquid. 



Plate V. 

least Bread made from F ancy Cle ar Grade Flour Using 

an Increasing proportion of Flour to Liquid, 

Flour - F 

Grade - Fancy C lear. 

Ratio of liquid 
to flour. 
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PI our Or. 

This flour seemed to be of much poorer quality than 

P. The resulting bread was quite dark in color and the 

flavor rather strong. Probably the majority of people 

would object to using this flour for bread because of 

these facts. The color of the crust, however, was more 

desirable than in the patent flours. 

Excepting for the differences in color and flavor, 

the characteristics of the bread as illustrated in plate 

YI, were much the same as were those of the other flours. 

The texture grew f iner, the volume larger, the shape and 

color of crust and crumb better with the increase in the 

flour content. 

The optimum ra tio apaeared to he 1 ; 1.6 or even 

1 : 1.5. The ratio of 1 ; 1.7 seemed too stiff and the 

resulting bread too close and compact for most tastes 

at least. 

These results agree quite closely with those ob

tained by Y/il liams (33) who found that the most, satisfac

tory breads were obtained from moderately s tiff doughs. 

She states that the stiffer the dough, the finer the 

texture, the whiter and drier the crumb, the more rounded 

the top of the loaves and the greater the tendency of the 

loaves to crack. They yield larger volumes too, due she 

thinks to the fact that they rise more in the. oven. She 
decides that the best proportion, when using bread flour 



Plate VI. 

:east Bread ade from L ow G rade Flour Using an Increasing 
Proportion of Flour to Liquid. 

Flour - G 

Grade - Low 

1:1.2 1:1.3 1:1.4 1:1.5 1:1.6 1:1.7 1:1.8 



23 

made from spr ing wheat, is 260 grams of water to 440 

grams of flour or a ratio of 1 part of liquid to 1.69 

parts of flour. 

Prom th e results of the experiments here reported 

the optimum ra tio of liquid to high patent and standard 

patent flours, made from hard winter wheat was 1 ; 1.7 

or almost identical with Hiss hilliams1 proportion. For 

lower grade flours, which absorb more wa ter, the amount 

of flour necessary decreased considerably, and the ratio 

of 1 : 1.6 and in very low grade flour 1 j 1 .5 seemed 

desirable. 

In this connection it must be remembered th-i the 

moisture content of the flour itself varies considerably 

depending upon th e humidity of the atmosphere in which 

it is kept. Bailey (43) finds that flour, the moisture 

content of which has come to equilibrium with the mois

ture of the air, may vary as much a s 10 per cent in its 

water content. At a temperature of 25°0 and the relative 

humidity at 30 per cent lie found the flour to contain 5 

percent moisture. V/hen the relative humidity wa s 80 per 

cent the flour contained 15 per cent moisture. The r ate 

at which this change is brought about depends largely 

upon th e conditions of exposure. 

Then too, the ability of the flour to absorb water 

changes slightly as the flour ages. Jago and Jago (4) 

found that flours which have been stored for 5 months 

generally show signs of slight diminution in the water 
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absorbing power." Sto ckham, hofevor, found that normal 

wheat flour increased in absorption capacity during 

storage. The average increase for 34 samples which 

had been stored for 8 months was 1, 22 per cent. 

Obviously these factors must be considered when 

working wit h flours the age and water content of which 

are unknown. 

The color of both the crumb and the crust of the 

bread were iraoroved with the increase in the flour con

tent. The crust of the bread made from s lack doughs 

was pale, unevenly bro wned and generally unattractive. 

As the flour content was .gradually increased the color 

deepened to an even golden brown, and the crust became 

smooth, tender, and at the same time crisp and nliable. 

The cru mb of the bread became much w hiter, finer and 

more even, and the spring better. This was true for 

every grade of flour used, although the lower grades of 

flour developed a much deeper golden color in the crust, 

and the crumb of the bread was increasingly darker as 

the bran content of the flour increased. In the flours 

F and G-, and possibly E, the color and flavor were prob

ably too pronounced for long continued use i n making 

bread. However, for one who likes a flavor somewhat 

milder than that of graham fl our, the low grade flours 

mig <it be vory acceptab 1 e. 

The rate of fermentation in the lower grade flours 



seemed to be considerably faster than in the patent 

flours. 'This is probably due to the fact that the low 

pride flours contain a higher percentage of salts. 

Bailey (44,45) states that the ash co ntent of wheat 

flour is at hie oresent almost universally used as an 

index of the grade* Patent flours may co ntain as low 

as 0.35 per cent ash while the lower grades occasionally 

exceed 2 per cent. These variations in ash content are 

ofcourse due to the presence of more of the bran and em

bryo, both of which contain larger percentages of ash 

P-ian does the floury part of the wheat kernel. 

The beneficial effect of these salts must be due, 

either to increasing the acidity of the dough, thereby 

stimulating the yeast organisms to greater activity; or 

to the reaction between the salts and the gluten of the 

flour whereby the elasticity and tenacity of dough is 

increased. 

LOGS IP OPIGTIIT WBITj PIXIHG- APP BIO IPG-. 

This loss for all loaves in the entire series 

averaged' 4.5"', As the doughs became stiff or the loss 

was l ess, duo to the fact that the dough could then be 

handled with greater ease; there was less tendency f or 

it to stick; and p ossibly the losses during fomentation 

were less. The total loss in weight decreased from 5 .5 

nercent in bread made with "the ratio of 1 part of liquid 

to 1.2'' parts of flour by weight to 3.9 per cent when th e 

ratio of 1 : 1.8 was used. 
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In addition to the Ions during mixing and rising, 

there was d oubtless a small percentage due to evaporation 

since the dough was allowed to rise in a rather dry atmos

phere .  

The loss during fermentation varied considerably, 

depending upon th e quantity of yeast used, the kind and 

character of the flour, the length of the fermentation 

period and the extent to which the yeast organism wa s 

stimulated or inhibited by the presence of various sub

stances1 in the dough. 

Snyder and Vorhees (40) report that in experiments 

made at the hinnesota and Hew Jersey Agricultural Exper

iment Stations, it was estimated that from 1.5 to 8 

per cent of the nutrients of the flour may be used up in 

this manner. The greatest loss they found to occur in 

the carbohydrates, 1.68 per cent of which wa s lost during 

fermentation. This corresponds roughly to a loss of from 

0.9 to 4.5 per cent of the dough when using the ratios of 

liquid to flour of 1 ; 1.3 to 1 ; 1.8. 

Jago and Jago (4) give the estimate of Danglish as 

one of the highest. He reported a loss of from 3 to 6 

per cent. 'Jago, however, found that although they used 

6 times the usual amount of yeast, and allowed the fer

mentation to continue for 10 days, only 2.5 per cent of 

the fermented dough wa s lost. In this case they also 

used a soft flour, distilled water and no salt. The 

total loss in the weight of the dough they report to be 



37. 

only 0.59 nor c ent for a strong flour end 0.70 per cent 

for a we a1: f lour, when the usual breadingmaking proce ss 

was followed. 

LOSS II I V/OIGHT D URING LAST R ISING A ND BAKING. 

In all the loaves of the entire series 15.4 per cent 

of the weight of the molded l oaf was lost, a snail part 

of which way be accounted for by the evaporation during 

the last rising period but most of which was lost during 

the baking period. 

This loss in weight gradually decreased as the pro

portion of the flour was increased. Loaves containing 

1.2 parts of flour to 1 of liquid lost an average of 

18.0 per cent, while those containing 1.9 parts of flour 

lost only 12.9 per cent of their original weight. 

This loss then, is not proportional to the surface 

exnosed to the heat since the slack loaves had much 

smaller volume than the stiffen doughs, yet the percent

age loss was considerably greater in every case, though 

the time and temperature of belling w ere constant. 
-L W 

In this connection it may be noted that Yandevelde 

and L eviiin (47) found that the water-content of bread 

diminishes regularly during the baking process, but that 

the form of the loaf exercised, apparently, no e ffect 

upon the amount of water lost. 

YIELD. 
In every case the yield of bread, as expressed by 

the ratio of the weight of flour to that of the baked 
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loaf, decreased with the increase in flour. This ratio 

for bread containing 1 part of liquid to 1.3 parts of 

flour averaged 1 : 1.50 and decreased to If 1.39 for 

bread containing 1.8 carts of flour. 

The .yield , as expressed by the ratio of the weight 

of the flour to the volume of the loaf was quite con

stant throughout and for all loaves of 14 experiments 

it was 1 : 5.5. The averages for the loaves of each 

degree of stiffness varied from t his general average by 

only .1 exceoting in the case of the loaf containing 

1.2 carts of flour to 1 part of water, which °veraged 

5.7. 

The figures representing the average loss in 

weight during mixing and rising, during baking the 

ave r age y i e Id etc., are shown in t ab "1 e 1. 

.iffeet of Kneading on hou ghs Containing Varying 

Amounts of Flour. 

In an attempt to improve the texture of the bread 

made from these various doughs the effect of increas

ing amounts of kneading w as tested. Different batches 

containing exactly the same ingredients were mixed and 

kneaded in the electric mixer for 1, 2, 5, 7, 10 and 

occasionally for 15 minutes consecutively. They we re 

then allowed to rise for 1 hour, were molded into 

loaves and after rising for 70 m inutes, were baked at 

a temperature of 210°0 for 15 minutes and 195°0 for the 
remainder of the 50 minute period. 



TY3LE I . 
Percentage loss in weight during mixing, risin^ and 

baking, together with ratios of yield.0 

Ratio of 
liquid to 
flour. 111. 2 1:1.3 1:1.4 1:1.5 1:1.6 1:1.7 1:1.8 1:1.9 Average 
Loss dur
ing rising 
8z mixing ( 5.5 4.8 4.5 4.8 4.4 4.3 3.9 4.0 4.5 
Loss d ur
ing last 

3.9 

rising" & 
baking 18.3 17.9 16.9 16.0 14.7 14.2 13.2 12.9 15.4 
Yield; Ba
tio of wt. 
of flour 
to 171. of 
baked loaf 1:1.51 1:1.5 1 :1.48 1 :1.44 1 :1.42 1:1.49 1:1.39 1 :1.4 1:1.42 
Yield: Ra
tio of wt. 
of flour 
to vol. of 
baked loaf 1:5.7 1:5.5 1:5.6 1:5.5 1:5.4 1:5.5 1:5.5 1:5.6 1 :5.5 
Vol. of 
baked loaf 
(in c.o) 
Average of 
14 expts. 1310* 1334 1507 1586 • 1652 179 6 1932 2080* * 

* average of 4 experiments. 
** a verage of 3 experiments. 



BoSllltS; 

The g reatest differences, due to the length of 

kneading, wore noticed in the dough itself. That mixed 

for 1 minute only wa s very rough and uneven. It also 

seemed to be stiffer than the other doughs. As the 

kneading period was lengthened the dough became smooth

er, more velvety, and s ofter to the touch; the seeming 

stiffness disappeared and the doughs whic h were kneaded 

for 10 and 1 5 minutes were much s tickier than those 

kneaded for a shorter period of time. This was true 

even i n doughs containing 1.7 parts of high patent 

flour to 1 pari of licniid. •I. L 

During the fermentation period, however, the 

doughs -which had been rough and uneven see med to grow 

smoother until by the time they were ready for the 

oven, these differences were much l ess apparent. 

The resulting bread showed very little if any 

difference due to the amount of kneading. In every 

case, whether a very slack dough or a stiffer dough 

was used, the texture of the resulting loaves was 

practically identical. In some cases the volume of 

the loaves increased by about 5 Per cent when the 

knoruling w as continued for 10 minutes, but ordinarily 

there was vary little or no d ifference in the volume. 

The loaves which wer e kneaded for 10 and 1 5 minutes 

seemed to shew le ss tendency to crack during the bak

ing process. The dough which w as kneaded for 15 



Plate V I I .  

Yeast Bread Made from High Pa tent Flour Showing the Effect of 
Various Amounts of Kneading on Do ugh o f the Same Consistency. 

Flour - A  

Grade - High Patent 
Patio - 1 part of liquid to 1.7 parts of flour by weight. 

1 minute 2 minutes 5 minutes 7 minutes 10 minutes 15 minutes 
Time of mixing 

and kneading. 



minutes seemed s ofter, and tended to bubhge out over the 

edge of the pan more than did the other loaves. This 

tendency a us frequently noticeable even in the baked loaf 

and may have been clue to a slight weakening of the gluten 

brought about by tlie long continued kneading. 

Plate YII illustrates a series of loaves which wer e 

kneaded 1 , 2, 5, 7, 10 and 15 minutes respectively. The 

irregularity in the shape of some of the loaves was 

caused by a slightly uneven temperature in the oven, the 

outer and hotter side of the loaf being baked sooner than 

the inside or the side nearest the center of the oven. 

These results hardly agree with those of hi11lams, u MO * 
who found that kneading by han d made the crumb whiter 

and more s ilky, and the distribution of idle gas more even, 

making a bettor shaped loaf, this investigator found 

that kneading f or 15 or 20 minutes added considerably to 
\ 

the whiteness and somewhat to the fineness of the bread 

but this improvement was, she thought, scarcely in pro

portion to the increase in labor that it involved. 

00113 LUP IONS, 

1. The optimum ratio of liquid to flour is 1 ; 1.7, for 

patent flours. The proportion of flour decreases slightly 

when u sing lower grado flours, when the ratio of 1 ; 1^6 

seems best. For very low grado flour the ratio of 1 ; 1.5 

may give the most desirable results. 

2. The vol ume of the broad increases decidedly with the' 
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increase in the flour content of tlie dough, loaves con

taining 1.9 parts of flour to 1 part of liquid being 

58 per cent larger than those containing 1.2 parts of 

flour. 

3. The shape of the loaf improves with the increase 

in the flour content up to a certain point, which v aries 

slightly with the grade of flour used, for patent flour 

the optimum ra tio is 1 ; 1.7, and stiffer doughs exhibit 

a decided tendency to crack during the baking process. 

This tendency see med to be less noticeable in the lower 

grade flours. 

4. As the flour content increases, the texture of the 

bread grows .gradually finer and more even, the crumb 

whiter and more springy, and the quality of the loaf in 

general is improved. The ratio which produces the most 

desirable texture is 1 :  1.7 for patent flours, and the 

proportion of liquid to flour increases slightly for 

lower grade flours. 

5. The color and character of the crust improve with 

the increase in the proportion of tho flour. The bloom 

is'better, and it becomes smoot her and mo re pliable as 

the dough becomes s tiffer. 

6. The bread made from lo w grade flours is quite like 

that made from p atent flours in practically all points 

excepting color and . flavor. The color becomes more 

yellow and the flavor stronger and more characteristic 

of the wheat flavor, as the flour decreases in quality. 
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7. Hesuits indicated that bread from low grade flours 

rise more quickly than that made from p atent flours. 

8* The yield of bread as expressed by the ratio of the 

weight of the flour to the weight of the baked loaf de

creases gradually with the increase in the flour content r  

results showed a decrease in yield from 1 :  1.51 in the 

slack doughs to 1 :  1.39 in the stiff doughs. 

9. The loss in weight during mixing and rising decreased 

from 5 .5 to approximately 4.0 per cent of the total weight' 

of the ingredients as the flour was increased from 1.2 to 

1.9 parts to 1 part of liquid. 

The loss in weight during the last rising and mixing 

also decreased with the increase in the flour content, 

for the same range in the flour content, this loss de

creased from 18.8 to -12.9 per cent. 

10. The effect of kneading doug hs of different degrees 

of stiffness for varying lengths of time seemed to he 

negligible, at least as far as texture and g eneral appear

ance were concerned. In a few cases the volume was 

slightly increased by long continued kneading. 
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