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VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 
OF WHEAT FLOUR AND ITS RELATION TO 

BAKING STRENGTH 

BY PAuL FRANCIS SHARP WITH Ross AIKEN GoRTNER 

INTRODUCTION 

It has long been a matter of common knowledge that flours pro
duced from different wheats vary in their baking qualities. Millers. 
and bakers commonly designate flours of good baking qualities as 
"strong" and those of inferior baking qualities as "weak." The defini
tion of "strength" found in the literature which is commonly accepted 
is that formulated by the English workers Humphries and Biffen 
( I907). 

"A strong wheat is one ,:which yields flour capable of making large 
well-piled loaves; the latter qualification thus excludes those wheats 
producing large loaves which do not rise satisfactorily." 

Guthrie ( I896) makes the following statement, altho his use of 
the term "strength" is not commonly employed. 

"The property possessed by flour of absorbing water, known tech
nically as the strength of the flour, is known to vary considerably in 
the different samples. In order to produce a dough of a given con
sistency, flour from different grain takes up quite different proportions 
of water. This-- is a factor· of the greatest importance to the b'read
maker, and consequently to the bread consumer, as well as to the 
miller and farmer, since upon it depends the volume and lightness of 
the baked loaf." 

In England, Humphries has evolved a method of grading bread 
in which a numerical value called "bakers' mark" is assigned to the 
bread. Humphries ( I908) states that in fifty or sixty cases he had 
awarded marks in the usual way and then measured the loaves. He 
found that the marks indicated the volume within a small percentage 
of error . 

. In the United States the volume of the loaf produced by a definite 
weight of flour when baked under a given set of conditions is usually 
taken as a measure of strength. Briggs ( I9I3), in a discussion of the 
baking test, emphasizes the significance of loaf volume and points out 
that large volume of loaf and good ·texture are related. Thomas 
( I9I7), in addition to showing the relation of volume to strength, also 
pointed out that there was a correlation of strength with texture of the 
loaf as well. 
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As the 'iolnme of the loaf enters to a or less into all 
these was made in this work to use that as the 

correlation has been established between the 
of the flour different vvheats ::md tbe distribu-
tion of the wheats. Thomas ( amount o~ 

season, and moisture are 
factors as inclicatecl m.any 

Shutt ( Clerc and Leavitt ( 1910), Thatcher 
Le Clerc and Yoder 1914). 

Millers and bakers have Jong known ll:lat the wheats in the 
N orthe:rn Great Plains area 
\vheat to those 
grown 

source of the wheat is often tal>:en as an indication of 
or weaki.1'ess of the flotF that can be n:~illed from ic 

grovvn in the san1;: 
than others. Tbe 

of the. in v\fhich the diffe1·ent 
and local and seasonal 

wheat in instances 
data 

othe.rs :;: 9I 3), }{O\V.C~.rd ( 1913) 

tance of this {actor) and br~~~eders have 1.1:1adr:: a n~ar1ced 
advance m gTO\iVil 11_1 varli.OtlS 

the introduction and of ne"v"v varieties aJJ_d elin1in3.-
tion of undesirable 

tests are nov·v 
Such tests are in many 
standardization of methods is to be desired. Various formulas 
are and various treat11lents are accorded in the sev-eral 
laboratories. The skill of the baker also deterrnines in 
the characteristics of the test loaf. For these reasons it 
to compare the restd.ts of tests made in ditierent laboratories unless 

are all stated in terms of a common contml whicb is 
not the case. 

Vvhile the 111 a.ncl the 
w1se the comparative cubical 
texture of the loaf are commonly In 

the .latter the of the 
while the former may be measured ·<:vith more 01: less a.nd 
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expressed in numerical values. For this reason loaf volume is most 
frequently employed as a criterion of flour strength. 

Even tho an exact and .standarc]. method were available for con
ducting practical baking tests, it would still be necessary to regard the 
characteristics of the resultant loaves as the function of several vari
ables. Thus the test might indicate any substantial deviation from 
the standard or type flour, without, of necessity, demonstrating the 
factor. Numerous workers have investigated almost every known 
chemical and physical property of flour that could po5sibly be correlated 
with strength. As yet all the limitii1g factors have not been discovered, 
or their inter-relationship recognized. The investigations reported 
in this paper constitute an effort to determine the significant properties 
of wheat gluten which may be correlated with baking strength. 

HISTORICAL REVIEW 

FLOUR STRENGTH 

In the following discussion no attempt is made to review all the 
contributions to the literature on flour strength, but rather to review 
the more important factors which have been investigated by various 
workers in the attempt to throw light on the problem of flour strength. 

Crude' gluten.-Beccari (1745), professor of medicine, anatomy, 
and chemistry at the University of Bologna, was apparently the first 
to report the washing of crude gluten from flour with water. He 
says that he orally communicated to the Academy, in 1728, the fact 
that wheat flour can be separated into. two parts, one of vegetable, the 
other of animal character. 

Many investigators have attempted to correlate the amount of this 
crude gluten which a given flour will yield, with its baking strength. 
The process of determination, as ordinarily carried out, is to weigh 
out a definite quantity of flour, add enough water to form a dough, 
allow it to stand for some time, and then wash away the starch with 
water. The material remaining is called the wet gluten. It may be 
weighed and the results expressed in percentage of wet gluten on 
the basis of the original flour. The wet gluten is usually dried and 
the results are expressed in percentage of dry cmde gluten on the basis 
of the original flour. The percentage of dry matter in the wet gluten 
is frequently calculated. 

Millon ( 1854), while investigating the composition of wheat, pointed 
out the relationship between wet and dry gluten, and between dry 
gluten and the protein content of various flours. 

As the different investigators began .to use the amount of cmde 
gluten as a measure of the baking properties of flour, they discovered 
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many sources of error 111 the determination. Benard and Girardin 
( I88r) found that the of 
out the Balland ( 

of 

influenced a !naximum. The 
tirne of reaching this rnaximum 'civets found t,::, yary with different flours. 
He showed that ;Jnder the same con•licions the 

s1Ze •)f the 
also that 

per roo gran1s of flour 

the lirnits ~Jf 40 [() 6o gratns of vvate:r 

v.ras the same altho h:cn·der to 
He found that hard v.rhe,~t 

th&D did soft 
ture at vvhich tlvo 
a difference in the 

cent. 
., 

ll1·2 

\l\lhen ·\Pia::,hed 
per ·CEnt : c.t 

at _,- 0 
..._) .. ) 

the of gluten 
amounts of vvater. 
continued 

the tempera-
and n1ade 

and thac the ease with vvhich 

o£ flour 
per 

at 

~he L~~~ ~-~-:; per cent ~£ ha.rd -.vater instead o£ dis-> 

ont 
that 1Ttoist -\'vou1d take up additiD:nai vvater 11 al1o-\;ved to stand in 
water, and tbat than the usual 

n_-J.oist c1.nd 

of 
the 

-yv·ith 
and fnnnct that sorne 

norrnal Hours and in n1an~'{ cases obtained 
Lindet and Amrnann ( 

nor1.nal flours 

others tried the effect 
an(i then out 
l~Jad little effect '.vith 

no glutoz:n. 
rhe eff.:ct of acltT:ixtures of 

from 

F"leur~·nt 1905) recon1rnends tbaC distill~,=:-d "',1\.-ater o.r 
,grar11 1)£ calciu111 car"bonate per liter be used in frorr1 

tht flcur for tb.~-:: i1rst eleven nlhT;_·.rtcs and that then be 
vvashed iE disti11ed 'Nater for tvvo J.ni:r.:nte;;:, l~e found that the san1e 
effect could not be obtained \vith calcin1Tl 
or .:;f thes'O: saits 

v~hen the solutions of 
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and salts. He found that the general effect was to decrease the yield. 
The solutions varied considerably in this respect. Upson and Calvin 
( 1916) investigated the effect of washing out the gluten with carbon 
dioxide-free distilled water, tap water, various concentrations of sodium 
chloride, dibasic potassium phosphate, hydrochloric acid, and mag
nesium chloride. They came to the conclusion that carbon dioxide
free distilled water gave the best results. The influence of drying the 
crude gluten under various conditions was investigated by Neuman and 
Salecker (I 908) . 

Macfarlane ( 1905) showed that crude gluten contained considerable 
other material in addition to protein. The amount of protein dissolved 
in washing out the gluten with water was determined. The gluten was 
then washed with 70 per cent alcohol, and the material dissolved by 
alcohol was determined by loss in weight and by nitrogen determina
tions of the alcohol extract, and finally the protein in the residue was 
determined. 

Norton ( 1906), in his investigations of the protein content of crude 
gluten, found it to consist of only about 75 per cent gluten proteins, 
the range of protein content in the crude glutens which he investigated 
being from 68 to about 83 per cent. His results have been confirmed 
by many other workers. Norton also presented data which showed 
that the actual weight of the crude gluten varied from about ro per 
cent less to over 17 per cent more than the total protein as shown by 
nitrogen determination on the flour. Olson ( r9r2b) also investigated 
the composition of crude gluten. Kepner ( 1914) reviewed the various 
errors in washing out crude gluten. 

We thus see that altho the influence of several factors on the crude 
gluten determination has been investigated, in many instances the work
ers arrived at diametrically opposite conclusions. Part of the difficulty 
may have been that each worker used a different type and grade of 
flour for his investigations. However, the results point out inherent 
sources of error in the quantitative determination itself. 

While few investigators daim a direct parallelism between the 
quantity of crude gluten and the baking strength, J ago and J ago ( I9II) 
recommended the crude 'gluten determination and characterize it as 
follows: 

"A gluten determination is an estimation of the amount of those 
bodies which are in such a physical condition as to impart elasticity 
and gas-retaining power to the dough at the time when the determina
tion is made." 

The principal suggestion of the above investigators regarding the 
crude gluten detem1ination is that it should be made at the time the 
~ermented loaf is ready for the oven. Balland ( r896), while pointing 
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out that content of flours does not parallel nitrogen 
gluten content tells the 

out that hard wheats 
content, nevertheless seem.s to believe that the 
quality of the flour. Flenrcnt ( 
are richer in than soft wheats. K.i:inig and Rintelen ( 1904) find 
no dir·ect between content and strength. Norton 
( and I\eumann and Mohs (J9IO) come to the same conclusion. 

Unable to find a direct between gluten content and 
Brerner ( 1907) and Schneide,Nincl ( 1909) state that 

of Hour is dependent upon both and qual-
Their opinion is shared many other investigators, 

m the It is the practice in 
most of the laboratories which make the crude gluten determination to 

the the quality of the obtained. 
confined to such clescrip

sticky, etc., the 

been n1any 

flour anci to compa.re the loaf volume 
the addition of IO and 20 per cent wheat 

flour vvithout the loaf altho of course the <wnnr-.·,·t· 

in the rnixture decreased. In another set of 
'Nashed starch from a Hour to increase the 

one case I I per cent and in another 25 per cent without 
fhe siz,e of the loaf. Stein ( fou.ud. that 
the extent of 7 per cent increased the volume of the loaf 

m one instance -from L:j.O to :r6o cubic centimeters and another 
instance from 144 to I/O and 172 cubic centin1eterso Stockham (1920 

an increase in loaf volume due to addition of He does 
not state abouL 

In this connection it is to note that Olson ( rgr I) at 
one time seemed to gluten in Hour in order to· 

have shown that the 
basis of their 
came to the conclu

strength and 
content of 

of vvheat and pro-
tein Thomas ( , in the comparison of total 

tests. showed the average of 

of between loaf volume 
It seems safe to conclude that taken as a 

there 1s a relationship between protein content and baking strength. 
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but such a method of comparison is of little value when it is a ques
tion of comparing individual flours. 

Gliadin-glutenin ratio.-To Einhof (r8o5) is attributed the dis
covery that wheat flour contained ~n alcohol-soluble protein which he 
considered the same as gluten. Taddei ( r82o) found that gluten 
consisted of two substances, one of which was soluble in alcohol. Since 
that time many investigations were carried out on the proteins of 
wheat gluten, namely those by Berzelius ( r827), DeSaussure '( 1833), 
Boussingault (1837), Leibig (r84I), Scherer (I84I), Dumas 
and Cahours (I843), Mulder (1844), Giinsberg (r862), Martin 
(r886), Fleurent (1893), O'Brien (1895), and Ritthausen (1896) 
( r 899), but the most thoro and exhaustive work was that done by 
Osborne and Voorhees ( r893), also Osborne ( I907), Osborne and 
Harris (I905) (r9o6), and Osborne and Clapp (1906), who show~d 
conclusively that true wheat gluten was composed of only two pro
teins, i.e., gliadin, soluble in medium concentrations of alcohol, and 
glutenin, insoluble in alcohol but soluble in dilute acids and alkalies. 

No sooner had the identity of the proteins in the wheat gluten. 
been established than investigations were carried out to ascertain the 
ratio of the two proteins in the glutens of strong and weak flours. 
Fleurent (I896a) (I896b) (r898a) (I898b) (1905) was one of the 
early workers to come to a conclusion on this point. He claimed that 
there was an optimum ratio of gliadin to glutenin of three to one, 
indicating a strong flour. If the ratio was greater or less than this 
optimum the flour was weak. He arrived at this conclusion by deter
mining the ratio for different flours and by adding the protein neces
sary to correct this ratio and finding an improvement. Snyder ( I897) 
(I899a) (r899b) (I90I) came to the same conclusion with the excep
tion that he thought the optimum ratio was 65 per cent of gliadin and 
35 per cent of glutenin for greatest baking strength. He arrived at 
his conclusion in much the same way as did Fleurent. Snyder (Igor) 
found that he could increase the gluten content from II to 25 per cent, 
the ratio of gliadin to glutenin remaining unaltered, without making 
an appreciable chang~ in the volume of the loaf. This led him to the 
conclusion that it was not the quantity of gluten but the ratio of gliadin 
to glutenin that was the determining factor. Kosutany ( 1903) ( 1910) 
considers the gliadin-glutenin ratio of importance in determining the 
'-laking strength of flours. 

Guess ( I900) came to the conclusion that the quantity of the gluten 
as well as its quality as expressed by the gliadin-glutenin ratio was a 
factor in determining the strength of flour. He proposed that the· 
gliadin-glutenin ratio be called the quality factor and that the actual 
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taken into consideration <:ts a 

Norton ( 
Rintelen ( 

the 
The 

sarne con

' Shutt 
( 1909), and others can1e to the eor1cldsion that 
ratio vias not the 

salt solutions 
the corrections for the 

factor m the 

another 
propor

as 
soluble m 
soluble m 

he con-
eluded th2,.t 

arrlOtH1tS. (~:b.arnberJ.ain ( 
occur m the flour 

found that a 
water- and sait-solu'ole diss~Jl-\.red 111 70· .. per ce:nt 
alcohol 
berlain's 

£rCJn1_ Hours 
of th;~_ fact that thl-~ 

1n the 
ths.n does 
the acid 
mine th,e 

G butm con ten t.-In addition to 
tion for the est-in1atior1_ 
that th': 
accuracy 

I~/Iathe-v'lSOn 

sohxtions for such difi'erences as would be met 
"would allmv rather a narrov<,r limit for 

, Osborne and H<Ctrris (1903 , 
Mathewson Shaw 

Thi2 coagu-
the an:Jounts 

vvere able to deter-

determin2.
fonnd 

, Marion 

sufficient 
solution; 

and ft_,,J:nrnann 

( I9II), and others 
the t1se dissolved in alcohol 
as a means of its determination, Robertson and Greaves ( I9I I) in-

the refractive index of in various solvents as a 
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. 
means of its determination. These methods of determination of. glia-
din in aleoholic solution have not attained very wide use. 

While Greaves ( I9I I) seems to conclude that pure gliadin reaches 
its maximum solubility in about 70 per cent alcohol, the percentage of 
protein extracted directly from flour by various concentrations of alco
hol seems to go through a maximum at a concentration of alcohol of 
from 50 to 6o per cent as shown by Snyder ( 1906), Hoagland ( 19I I), 
Schleip.1er (I9II), Greaves (19II), Olson (1913), and others. 

Chamberlain ( 1906), in attempting the separate analysis of the 
salt-soluble and alcohol-soluble proteins from the same sample of flour, 
confirmed his earlier work and that of Teller ( 1896)-that alcohol 
removed a large portion of the salt-soluble proteins. Chamberlain 
found in addition that if he extracted first with salt solution and sub
sequently ~ith alcohol, he removed less protein than if he extracted 
in the reverse order. For example, in a given flour alcohol extracted 
7·47 per cent protein, the subsequent extraction with salt solution re
moved 0.57 per cent in addition, or a total of 8.04 per cent removed 
by the two treatments. The direct extraction of the flour with salt 
solution: removed 2.I8 per cent and the subsequent extraction with 
alcohol removed 5·50 per cent, or a total of 7.68 per cent. His results 
point out still more strongly the difficulties encountered in a correct 
gliadin determination. 

Most of the attempts to correlate gliadin content with strength have 
been based on the amount of protein extracted directly from the flour 
with 70 per cent alcohol. While Konig and Rintelen ( 1904), Norton 
(I9o6), Thatcher (I907), Wood (1907a), Rammstedt (!909), and 
Olson ( I9I7) find no direct relationship between baking strength and 
gliadin content, nevertheless Norton believed that the best method at 
hand was the determination of the gliadin content together with the 
total protein content and the characteristics of the crude gluten, while 
Shutt ( I907) ( I909) thought that, in general, there was a relation 
between gliadin content and strength. 

Fenyvessy ( I91 I), attacking the problem in a somewhat different 
way, found that the loaf -:olume was increased by the addition of 
gliadin to flour. He. found that rye gliadin would produce the same 
effect and that most of the added gliadin could be recovered in the 
crude hand-washed gluten. 

Martin ( I920) has recently carried out an investigation of some · 
of the properties of wheat flour which he thought might be correlated 
with strength. He finds for the flours investigated that, "Flours· with 
high gas-retaining capacity and high bakers' marks have been shown 
to be those in which the 'amended gliadin' figure is high, 
for flours having a satisfactory gas-producing capacity, bakers' marks, 
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, and 'amended content are re-
,:onsidered that the estimation of either of the latter 

vvith the determination of 
indicate the of the Hour.'' 

of 
1\Iartin ~wa.s determined 

extracted from a 
rneans of 50 per ceni: 
:25 grams of Hour 
time of extraction 

cubic centimeters of water at 
three huurs. 

Glutenin conicnt. ----Guthrie 
-fiour to its content. 

per cent of its. 
,al1CJUt 40 per cent 

remembered thaJ C~c:tthri'c considers thl:': <,va.ter 
Hour 

"The 

"H 
he the 

tic, 
"Increased 

when he says; 

the 

of 
that dried 

dried 

of a 

and inela::>tk. 

"'~JVoodrnan ( 1922) J 1n a paper) conciu.d~e:s that the di:ffer,c:r};~_\:: 

betvv-een a and a weak flour is ch1e to a. diHerence the 
tenin fraction. He bases his evidence on the behavior of the 

racemized at with dilute alkali. He i~nd::; 
the of flour be but the 
possess different 
different racemization 

rotations and when treated ·vvith alkali shov1 

occaston to 

connected vvith the the size of the lcm.f is most 
of the flour as was by this 

the other tht: fs.ctot which determines the 

and the vveak wheat a different 
refer later to these views of I;Voodman 

results. 

l:he 

on the 
results 

one 
have 

111 connection vvith 

out that the addition of 
caused a deterioration in the of the 

Hour 
.most 



VISCOSITY AS A l!lBA.'WRE OF HYDRATION CAPACiTY IS 

of the added protein could be recovered in the crude gluten determina
tion. He was unable to obtain crude gluten from rye flour to which 
glutenin had been added. It ·perhaps might be mentioned here that 
Nasmuth (r903) stated that had a definite coagulation tem
perature of 70° C 

Water-soluble proteins._._ ·while Bremer ( 1907). Shutt 
Rammstedt ( 1909), and Olson ( found no correlation between 
strength and water-soluble Rousseaux and Sirot (1913) 
( 1918) believe that the strength of flour bears a direct relationship to 

the ratio of water-soluble protein to total The ratio for good 
flours was found to be I to s.;z. The flours were considered weak if 
the ratio fell to I to _5.2. The ratio 1.vas found to be higher for the 

grades of flour. The ratio varied with the mill streams investi
report a. ratio of I to 8 for a strong, glutenous American 

flour, and a bdcrw I to 2 for a of Hour that had been in 
storage for a long time. 

As a point interest in this IIumphries ( made 
the observation that the addition of a bran extract to the flour in the 
doughing process of the loaf. This effect vvas 

later coni1rrned ~vVillard and Swanson (I9I3). 
Stock:harn water extraci: from the different 
grades of flour when used in 
increase in the volume. J{e states: 

the for causes an 

"It may be seen that the extract from that the 
est quantity of extract though the weakest when baked alone has the 
most accelerating and benef-icial influence" 

Chen1icat consi·itution the and weak 
-Wood (r907a) found that 
same in the 

identical in 
Blish ( 

and weak Hours to 

distribution vvas the 
and weak flours. Groh and Friedl 
from strong and weak flours to be 

the Van 
prepared from 

method of amino 
acid fractionation, and came to the conclusion that as far as the Van 

method would the proteins frorn and weak flours 
were identical. 

conicnt.-Vvhile it is a well known fact that the sugar 
content of the flour ·will affect the resulting in manv cases 

, and that the addition of sugar to flours which ordinarily 
give loaves of small volume \viii in many cases cause a improve-
ment, this of the will not be considered as Shutt 
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(1908) and others have shown that the sugar content is not the limit
ing factor and as the sugar content is usually corrected in the experi
mental baking, especially by the addition· of sugar to the dough. 

Fat contcnt.-The effect of fat or shortening on the baking prop
erties of wheat flour is a matter of common knowledge. Salmon 
( 1908) found that if he extracted wheat flour with ether and then 
allowed the flour to dry spontaneously, the loaf made from it was much 
larger than was· one made from the original flour. He also noted 
that the viscosity of the fatty matter varied within wide limits with 
the age and variety of the flour. Mohs (1915a) added increasing 
amounts of fats up to ro per cent and found the volume o£ the loaf 
was increased, different fats varying in their ability to increase volume. 
Stockham ( 1920) found that extracting flour with ether caused a de
crease in the volume of the loaf. He investigated the effect of adding 
o.6 per cent of various fats and fatty acids and found that at this 
concentration wheat fat was the only one which caused a marked in
crease in the volume of the loaf while fatty acids all caused a decrease. 
He noted that the fat from a high-grade flour 'was rela,tively more 
solid than the fat from a low-grade flour. Saunders ( 1921) reports 
that the addition of about 3 per cent of lard increased the volume of 
the loaf on an average of 7 per cent. The effect of other fats and oils 
was studied. 

Phosphorus content.-The relation of phosphorus content to 
strength has been investigated by many workers. White and Beard 
(1913), in their study of the problem, determined total phosphorus, or
ganic phosphorus, inorganic phosphorus, and water-soluble phosphorus. 
They show that in general large loaves have less of all these groups 
of phosphorus. They concluded that the large loaves contained higher 
percentages of organic phosphorus than the smaller ones, the values 
for the larger being 93·5 per cent and for the smaller 87.:3 per cent, 
altho the largest loaf contained only 85.8 per cent and the smallest 
94.6 per cent. 

Enzymes of wheat flour.-The diastatic enzymes of wheat flour 
have received much attention. Baker and Hulton _( 1908), Ford and 
Guthrie (1908), Swanson and Calvin (1913), and others have investi-

, gated their relation to strength. The results of investigations show 
that weakness in many instances is apparently due to a lack of suffi
cient diastatic power in the flour to supply the sugar necessary for 
proper fermentation. To correct this difficulty it is a common baking 
practice to add malt flours and extracts, and sugars. Koch ( I9I4)' 
as a result of his investigation, concluded that there was no difference 
in the amount cif either diastase or invertase in strong and weak flours. 
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The proteolytic enzymes, while perhaps playing an important part 
in the strength of flour, are very difficult to study. Vines ( 1903) 
found considerable proteolytic activity in · extracts of wheat germ. 
Proteolytic enzymes are present only in small amounts in flours, as 
shown by Baker and Hulton (r9o8), Ford and Guthrie (1908), Wea
ver and Wood (1920), Stockham (1920), and others. Stockham re
ports some very interesting experiments which indicate that the prote- . 
olytic enzymes found in flour come mainly from the germ. His results 
also show an increase in proteolytic enzyme activity as the grade of 
the flour decreases, and in flours made from sprouted wheat. 

Gas-producing capacity.-Wood (1906-8) found for a series of 
flours with which he worked that the gas-producing capacity was 
closely related to bakers' marks, and believed that the determination 
of the gas-producing capacity gave an accurate indication of strength. 
The determination as first recommended by Wood was carried out by 
measuring over bril).e the amount of carbon dioxide evolved in 24 hours 
when 20 grams of flour was treated with yeast and water and incu
bated at 35 o C. While this method has been .used by Wood ( r 907a), 
Baker and Hulton ()908), Martin ( 1920), and many other workers, 
Alway and Hartzell ( 1909) concluded that the method was of little 
value. These authors found, in a series of tests extending over a 
month, in which the gas-producing capacity of the same flour was 
measured in duplicate 22 times, a difference amounting to as much as 
·170 per cent in the amount of carbon dioxide evolved in the first hour 
of fermentation and differences as great as r8 per cent at the end of 
22 hours. These authors state: 

"There is clearly no direct connection shown between the size of 
the loaf and the volume of gas evolved. The 13 flours which gave the 
largest loaves evolved on the average somewhat less gas than the other 
13 flours." 

Jago and Jago (I9II), in their studies of the amount of gas 
evolved, used whole loaves and found that the strang flours evolved 
less gas than the weak ones. Stockham ( 1920) thinks that the amount 
of gas evolved is related to the grade of flour, the lower grades of flour 
as a rule evolving more carbon dioxide. The important relationship 
existing here has perhaps been expressed more clearly by Bailey ( 1916) 
when he says, "The strength of flour is determined by the ratio between 
the rate of production of C02 in and the rate of loss of C02 from, 
the fermenting mass of dough." He devised an automatic maximum 
reading expansimeter for measuring the maximum expansion attained 
by a given weight of flour in the form of a fermenting dough when 
treated exactly like another portion which was baked. His results show 
a close relation between the maximum expansion reached by the dough 
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and the volume of the loaf Bailey and vVeigley ( 
with a and a weak flour, the rate of loss of 

carbon dioxide from made and from doughs which. 
\'Vere to go into the oven. Their results 
show that the rate of :loss of carbon dioxide is nmch from the 

than fFnn the strong-Hour the differences 
\Yith 

rate than fresh 
a rnuch 

To attain 
of loss of 

carbon dioxide from th·~ Tveak-fioctr than from 

CO"Jl.CC-7It'ratiO'Jl.

tC• point out the influence of 
-::iotu.rne of the lo8J Oj~ bn::c1Jj 

cm:cenrrai:ion of 

of 
of Cohn and Henderson 

( rgr I) was the first 
concentration on the 

flot~r. He found 

Henderson 
r:n<:th.od for the detere1ination of the 

of the baked loaf wh;ch consists in lhe color 
when a few of an 
the 
doubt on the beneficial 

of red are 
and Collatz ( I92I) cast some 
on los.£ volume . 

devis:;::d fc(t 
. ~~---"\1 ariot1s 111e.cl1anica1 testers h::~-ve been 

value of: flm:tr. One of the Erst 
was the so-c:cdled. "aleurometer'' devised Boland which con·· 

would attain 
Kunitz ( 

volurne that hand-washed 
and heated in an oil ba.th. 

a definite 
when baked. .Sellnick (I 
ated as an oven and was heated 

gram of sodirnn 
20, or 22 cc. of water, and baked 
relative values o:f the Hour 

tester 
and rneasures the distance a 
!S 

alcohol in a 
of 

the 
Liebe1;man:n ( I90I) baked the 
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washed from 20 grams 
immersed in an oil bath heated 
the volume of the baked 
the f-lour. 

Boland, 

The methods devised 
Mamizio 

of flour in a holiow 
to a temperature of 
he the 

also 

·which he 

of 

de-
of gluten of small amounts of flour. 
men and others are described 

thern to several flours. In this connec-
tion it is to note that 1\ll:ohs devised a mechanical 
gluten washer. 

vVood (I9I2) used a method for 
The flour was shaken with water for one hour and a 
m iodide was added to an •:>f the filt-ered extract and 
allovved to for one houL The \Vl1ich 
an electric bulb could be seen was though! to be related to the 

which the bulb 

means of which a bub
thin dough n1endxanc · fJ:e 

'.vas related to the volume of the bubble and 
to the pres~ure the bubble \V01Jld maintain. (I(j2I described 
a similar means of vvhich he measured the 
a dough tbe rnaximum size of a bubble which could be 
blown from doueh !11embra1v:. He fmn.td a direct relation be-
tween the square root of volume of tht: bubble and the volume of 
loaf which a given flour 

the structure of 
the wheat kernel and its relation to. strength. Sh(: concludes from 
her investigation that the wheat kernels that 
:Hours do not differ from 

the particular! y 
the on the 
of flour strength has been turned to the study of the colloidal factors 
that might influence the quality of Hour. 

Ballancl ( 1883) ( not realizing the signifi-
cance of his work from the coHoicl sho"Yved that tritu-
rated with saturated sodium chloride lost some of its and 
attained the consistency of rubber. B} in distilled -.vater the 
gluten again took up the water which it had lost and attained its 
original weight, altho all the salt was as the ash was 
2B grams, ihe ash of an untreated o.I.J4 grams. He 
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found solutions of the following salts to act similarly to sodium chlo
ride, but with greater or less intensity : ammonium acetate, potassium 
carbonate, copper sulfate, iron sulfate, magnesium sulfate, zinc sulfate, 
alum, and· glycerine. After in'imersion in I-10 solutions of potassium 
bromide, potassium iodide, potassium nitrate; and r-20 solutions of 
potassium chlorate and potassium borate ; and in olive oil for Z4 hours, 
the gluten did not appear to be modified. The gluten which was placed 
m the following solutions was attacked more or less and· disappeared 
completely by washing in an excess of· water: dilute nitric and hydro
chloric acids, I-Io citric and tartaric acids, dilute alcohol, dilute ammonia 
water, crystalline lead acetate, lead subacetate, and mercuric nitrate. 
He dried IOO grams of gluten in air apd found that it lost 56 grams 
of water. In washing in water it took up all the water it Jost and 
attained its original elastic properties. A similar sample dried at I00° 
C. lost 65 grams of water, but when washed in water it took up only 
a part of the water lost and its elastic properties had disappeared. 
Stein (I904) tried the effect on the yield of crude gluten qf mixing 
various salts with the flotlr. 

Wood (I 907a) (I 907b), Wood and Hardy (I 908) , and Hardy 
( I910) were the first to apply the methods used i~ the study of emul
soid colloids to the gluten from wheat flour. Hofmeister ( I89o) and 
many others had previously studied the effect of acids, bases, and salts· 
on the imbibition of typical emulsoids. 

Wood ( I907b) extended these studies to the gluten from wheat 
flour. He wa.s the first to .attribute the differences between strong and 
weak flours to the colloidal properties Qf the proteins rather than to the 
chemical properties. This conclusion was reached only after a careful 
investigation of the chemical properties, as noted previously, such as: 
total nitrogen, total gliadin nitrogen, amide nitrogen in the gliadin, 
ratio of gliadin to total protein, total ash, acid, and carbon dioxide 
produced in the different flours. 

In their study of the effect of acids, bases, and salts on the gluten, 
Wood (1907b) and Wood and Hardy (I908) suspended strings of 
gluten across V -shaped glass rods and immersed these strings of gluten 
in beakers containing the solutions that were being investigated. They 
found that if the gluten was suspended in distilled water it retained 
its coherence almost indefinitely, but if suspended in o.ooi normal 
hydrochloric acid, it immediately began to disperse, the rate of dis
persion increasing as the concentration of the acid increased up to 
about 0.033 normal. As the concentration of acid increased from this 
point the dispersion rate decreased until the gluten finally became more 
coherent in 0.083 normal hydrochloric acid th<m it was originally. · It 
was noticed that with sulfuric, phosphoric, and oxalic acids, dispersion 
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took place even in high concentrations. Wood ( 1907b) also noticed 
that if salts were added to the acid solutions the effect of the acid was 
in a large measure counteracted. I{e concludes from his· experiments 
that "the variations in coherence, _elasticity, and water content observed 
in gluten extracted from different flours, are due rather to varying 
concentrations of acid and soluble salts in the natural surroundings of 
the gluten than to any intrinsic difference in the composition of the 
glutens themselves." 

Olson ( 1912a) studied the effect of modifying the gluten environ
ment of the flour on the crude gluten determination. The method he 
used was to dough up IO grams of the flour with 6 cubic centimeters 
of the solution being studied. After standing for one hour the gluten 
was washed out with distilled water and the results were tabulated 
under the heads of percentage of gluten, weight of nitrogen in the 
,gluten, percentage of nitrogen in the gluten, percentage of total nitro
gen, and percentage of total nitrogen calculated from the nitrogen in 
the gluten from the original flour as IOO. 

These determin~tions were carried out with the original flour, with 
flour that had been made up into a dough and then dried and remilled, 
with flour that had been made ~p into a dough and then dialyzed for 
about three days with frequent changes of water and then dried and 
remilled, and finally with flour that had been stirred with a large vol
ume of water and allowed to settle and the supernatant liquid decanted. 
After this process 'Yas repeated several times, the material was dried 
and remilled. He found that by mixing the untreated flour with o. IO 

normal solutions of acids, salts, and alkalies the yield of gluten decreases, 
the effect being in the following order, sodium phosphate having the 
least effect : sodium phosphate, sodium chloride, magnesium sulfate, 
potassium phosphate, calcium phosphate, aluminum sulfate, sodium 
hydroxide, potassium hydroxide, sulfuric acid, phosphoric acid, and 
hydrochloric acid. It was found that the mere doughing up and drying 
process changed the character o.f the gluten to a small extent. The 
glutens that had been dialyzed showed marked differences from the 
original flour, the gluten yield being smaller. In the case of the de
canted flour, it was almost impossible to collect the gluten, and values 
were obtained only in the case of soqium and potassium hydroxide, 
sodium sulfate, and magnesium sulfate. The gluten could. not even 
be collected when treated with water only. Olson states that acids 
have a greater prejudicial effect than alkalies, and that of the alkalies, 
calcium hydroxide has a greater prejudicial effect than sodium or po
tassium. He concludes "there is as yet some unknown substance which 
is important in causing a transformation of the physical properties of 
the gluten." 
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acids and salts are such as to favor water absorption, the quality of 
the gluten will be poor, whereas the presence of acids and salts in such 
amounts as to tend to inhibit wafer absorption makes for an improved 
gluten." 

Gortner and Doherty (1918) applied the method used by Upson 
and Calvin to gluten separated from flours of different strengths. The 
other workers in this field had worked with only one type of gluten 
and had drawn conclusions for the other types. Gortner and Doherty 
found that glutens from strong flours had a greater rate of imbibition 
than glutens from weak flours. This difference was noted in solutions 
of hydrochloric, acetic, lactic, orthophosphoric, and oxalic acids. They 
tried the effect on the swelling rate of five different glutens in various 
<:oncentrations of these acids alone; ana in the case of three of the 
glutens, the effect of hydrochloric and lactic acids in the presence of 
o.oos molar solutions of potassium chloride, potassium phosphate, po
tassium tartrate, calcium chloride, mercuric chloride, aluminum sulfate, 
and magnesium sulfate; and in addition the effect of the last named 
three salts on swelling with oxalic and acetic acids. While the effect 
of the addition of salts to the various acids was to decrease the imbi
bitional rate, the ratio of the effect on the strong and weak glutens 
remained about the same, that is, the strong flour· glutens still had a 
higher rate of imbibition than the weak flour glutens. This is the first 
instat)ce in which a ll).arked difference in physico-cheniical properties 
has been found between the glutens from strong and weak flours, 
except, of course, in the general appearance of the gluten. Gortner 
and Doherty show that their results refute the conclusions of Upson 
and Calvin regarding flour strength in that the crude glutens investi
gated by both Gortner and Doherty and by Upson and Calvin con
tained almost the same amount of moisture. This would not be the 
case if the conclusion of Upson and Calvin were true. The differences 
in imbibitional power shown by the glutens that Gortner and Doherty 
used are so great that they could not possibly be correlated with the 
original moisture content of the wet gluten. These authors show that 

· in addition to a marked difference in the rate of imbibition, there is 
a marked difference in the maximum hydration capacity, the weak
flour gluten dispersing much sooner and at a much lower water content 
than the strong-flour gluten. These results also refute the contention 
of Wood and Hardy (1908) that the difference between them is due 
to the strength of the electric double layer. If this were true the 
glutens would all have the same imbibitional rate but it would be found 
in different concentrations of acid. 

Gortner and Doherty conclude that the glutens are different even 
at the isoelectric point and that, "the difference between a strong and 
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weak gluten is apparently that between a nearly perfect colloidal gel 
with highly pronounced physico-chemi'cal properties, such as pertain 
to -emulsoids, and that of a colloidal gel in which the properties are 
much less marked. It is suggested that such differences may be due 
to the size of the gluten particles and that at least a' part of the par
ticles comprising the weak gluten may lie nearer tl).e boundary between 
the colloidal and crystalloidal states of matter than is the case with the 
stronger glutens." 

Henderson, Fenn, and Cohn ( 1919) report some very interesting 
studies of the effect of electrolytes on the viscosity of dough. The · 
method used was to prepare a dough from a given flour, using a con
stant volume of water or solution. Twelve grams of this dough were 
placed in a small chamber with pins protruding from the bottom to 
hold the dough firmly, a paddle wheel was thrust into the dough and 
rotated by means of a weight on the end of a string which passed over 
a pulley, and the time taken for this weight to move through a dis
tance of 2 meters was used to indicate the viscosity of the dough. In 
studying the effect of hydrogen-ion concentration, it was found that 
the viscosity of the dough passed through a minimum occurring at ap
proximately a pH of 4·7· By adding increasing . concentrations of 
sodium chloride to the dough the viscosity first fell and then rose to 
above its original value. Magnesium sulfate caused a greater fall over 
a longer range of concentration and a slight ris.e at the higher concen
trations. The effect of various concentrations of sodium chloride at 
a pH of 5.8 and of 4.8 was investigated. The viscosity fell more at 
4.8 and the rise in the higher concentrations of salt was very slight. 
By using a constant quantity of the various salts and· varying the 
hydrogen-ion concentration, the minimum viscosity values were found 
at widely different hydrogen-ion concentrations. The minimum with 
sodium chloride was found at a pH of about 3.8, while w:ith calcium 
chloride the minimum was at 5.8. The authors state, "It is advan
tageous to employ a dough of relatively low viscosity or, speaking more 
correctly, to reduce whatever quantity of gluten may be present to a 
condition in which the viscosity is low." 

In a later paper Henderson, Cohn, Cathcart, Wachman, and Fenn: 
( 1919) report some of the results of their study on the conductivity,. 
hydrogen-ion concentrations, and binding power of gluten in the pres
ence of acid or alkali. These authors conclude, "The results seem to 
show that simple chemical phenomena are most important in such 
systems and that the modification of these resulting from colloida! 
and heterogeneous characteristics are of secondary importance in deter
mining the condition of equilibrium tho somewhat significant in the 
progress of the system toward the· condition of equilibrium." 
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:\Iohs (I9I 5b), in a g-eneral theoretical points out the 
importance of the different phases, the relationship of the 
sui-face involved and the resulting power of adsorption. He emphasizes 
particularly the behavior of gliadin as a colloid. He ex-
plained that the gluten in the dough is in the state, in the flour it 
v,;as said to be present in a more form, while if the flour 
\vas heated the gluten was irreversibly coag-ulated and would not again 
take np water to form gluten. 

OstwaJcl (1919), Li.iers ( HJICJ), and Ltiers and Ostwald ( 
( 1920a) ( investigated the problem of bread making from the 
colloid standpoint. Ostwald ( , in the first paper of the series, 
gave a general discussion of the bread baking process from the colloid 
viewpoint. He said that Hour is a coarse dispersion of several poor
in--water hydrogels, such as protein gel, carbohydrate gel, the starch 
grains, and cellulose gel of the cell walls (crude There are 
also present the molecularly dispersed substances, salts, sugar, acid, 
and especially water, also gases not only dissolved but adsorbed on the 
surface. The clongh is described as a polydisperse system where water 
is the dispersion medium in which dextrin, sugar, alcohol, and espe
cially salts, acids, and gases are molecularly dispersed, the dissolved 
plant albumin, swollen starch and finer gas bubbles are colloid--

dispersed, and finally the yeast ceils and lactic acid bacteria make 
up the coarse dispersed part. The dough has a combination of the 
properties of a solid and a liquid. In the baking process the starch 
becomes gelatinized and the protein coagulated, the carbon dioxide and 
some of the water are driven from the molecular dispersion over into 
a gas dispersion 1vhich becomes fixed in the gel SJ:>onge structure of the 
bread. Ostwald suggests that the staling of bread might be due to 
syneresis. He also points out many lines of investigation in which 
viscosity determinations under certain conditions would throw lighr 
on the problem of bread baking. 

Luers and Ostwald (r9r9), in the second paper· of the series, began 
a study of the viscosity of the flour paste made by heating the flour 
\vith water at I00° C. They considered that there were two great 
regions offered for viscosity study, the one which has to do with dough 
formation and the other with dough baking. They believed the prop
erties making for a good dough and those making for good baking 
conditions are distinct. The method used in preparation of the flour 
pastes was first to dough up the accurately weighed amount of flour 
with small amounts of water, finally adding a total of ro cc. This 
material was poured into roo cc. of boiling water and heated one min
ute, and then filtered through muslin into a tared .500 cc. Erienmeyer 
flask, washed, and made up to a weight of 2oo grams, dosed with a 
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c•r•nr'"''" carrymg a placed in a boiling water bath for half 
an hour, cooled to 20° and the viscosity determined in an Ostwald 
capillary viscosimeter. The viscosimeter used had a capacity of about 
10 cc. and the time of outflmv for water was about two minutes. 

Using this method it was found that boiling from half an hour to 
two hours decreased the time of outflow from 1098 to 1079 fifths of 
seconds. When working with the concentrations it was found 
that if a more concentrated solution was first made up and then diluted 
the readings were nmch higher than if the more dilute solution was 
made up directly. The viscosity of the diluted solution eventually fell 
to a value nearly the same as the one made up directly without pre
vious dilution. The offered for this phenomenon is that 
in more concentrated flour pastes larger particles are present and the 
dilution causes an increase in the degree of dispersion. In an investi
,gation of the different grades of flour, these authors found the vis-

of flour divided themselves into three classes; the patent 
flours showed a than the while the 
first clear flour showed the least This was found to hold for 
both the wheat and the rye flours concluded that 
the of the flour was directly rwnn.nfrt·• 

of the might be 
starch eon tent o£ flours. It was· 

concentratiohs of sulfuric aeid 
to from :7 to 9 per cent, fol-

lovved attribute this the 
since Samec and Samec 

and have shovvn acids to have the reverse effect 
on pure starch 

In the measurement of the 
and Ostwald used a viscosirneter 

3·5 xnillimeters in diameter and a of The 
time of outflow for water was 24 fifths of seconds. solu-

were to the Hour one and one-half times l.ts 
of water a then water from a 

burette until the; desired amount had been added. These authors in
solutions ranging in concentration from 7 to 2.0 per cent 

Hour. They found that rye flours of the same grade and concentra-
tion gave much more viscous solutions than did wheat 
and this is as. a method of differentiating the two. \Vith 
wheat flour the lower the the more viscous was the solution, 

the reverse of the behavior of the flour heat .. 
the flour in water, With the same mle 

that the dear and the 94 per cent flour both showed a low 
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attribute this to the presence of more of the proteins from the 
aleurone which a effect on the viscos~-

It was of the wheat t1our solutions de
creased ~with titne except in in a Hotlr-\va.ter 

of 13.05 per cern (the ) in \V hich there 
increase followed a. decrease. \7\/ith rye how-

ever, there vvas an increase vvith time of cases amount-
to I J per cent in the 40 p_er cent a flour-1,;vater 

of 13.05 per cent. the 
unable to l1nd in the literature any illstance m ~which this 
had been taken into consideration. 

The investigation which these authors out on the effect of 
various concentrations of lactic acid on the rye and wheat Hours of 
different is so that some of their data are 
in Table L 

TABLE I 

EFFECT oF o.o5o NmnL-'>L So:Lunor..;s <:JF LACTIC Ac:m ON RELATIVE VrscosrT'l:· (\VATEll TAKEt--r 

AS TJNITY) OF SoLFTIO~S OF v,>r;:E_,\.T FLotm OF DlFl;EE'ENT GRADES AND OF 0.015 

NoR:\.fAL ;;;oLllTTON. ClF L.t~.cTrc AciJJ O'i 6.98%· SoLuTroxs RYE 

Fr.ouRs ()F DrF;.-ERSNT GRADES. TEMPERATURE 20° C.'.ft 

20 pe:r cent wheat i1owr sc!lutions 6.g8 p:=r cent rye flour solut'ions 
JI/Iillgn>de 

per ct>nt extraction V isc()sit)r in ·viscosity in 
\Vater ~.''.rater 

c-40 3-54 r6.16 2.Ij' 2.00 

o-6o -t-24 .22.29 3-33 J.02· 

0-75 --J--54 YI.O-t 3·96 3.88 
0-90 ).71 7.67 4·38 4.68 
0-94 S.IJ 7.70 2.88 2,6,j. 

6o-go g.67 9-79· 
dear 

*Data taken -from work of LUers and Oshva1d (Kolloid Z. Ed. 2·5, S. r26-I27). 

·j Intermediate concentrations we1·e also irn:est'igated but the differences are most apparent 
in the values selected for this table. In the case of the 759() rye flour, a rise to 4.46 'was 
found in lactic acid of o.llOJ8 nonnality" 

\iVith wheat flours, except the 40 per cent patent, the effect of acid 
in increasing the viscosity diminishes as the grade decreases. One of 
the most striking results of this study is the difference in effect of lactic 
acid on the rye and the wheat flours. Acid seems to have relatively 
no effect in increasing the viscosity of rye flour solutions. 

These authors investigated the hydrogen-ion concentration of the 
solution filtered from 7·5 per cent dough solutions of various grades 
of flour when made up with water and when made up vvith 0.0038 
normal lactic acid, and found that the higher the grade the more acid 
was the water solution, also the higher the grade the more acid was 
the lactic acid solution. The actual hydrogen-ion concentration of the 
water extract of rye and vvheat flours of the same grade was nearly 
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the same. The spread of the difference of hydrogen-ion concentration 
between water and lactic acid solutions decreased with the A 
more· thoro of this has been carried out by Bailey and 
Peterson ( 1921) who found a close relationship betvveen the buffer 
value of the water extract the of the the lower grades 
having the greatest buffer value. 

Luers and Ostwald studied the effect of sodium chloride on the 
of the different grades of flour and found that it decreased 

In their of the effect of the various hard waters 
they found that some of them raised the while others low
ered 1t. In one instance a weak rye flour of 94 per cent extraction was 

in with the 94 per cent rye flour used 
and was found to have about two-thirds the viscosity of the lat
ter. It was found that the addition of salt to the concentration used 
did not decrease the viscosity of the 'Neak flour. 

In the third paper of this Lliers ( took up a of 
from wheat and rye flours. 

and salts on the viscosity of 
He studied the effect 

s~!ls. In each 
of carbon dioxide-free distilled v1ater 

m the vis•:'Jsimeter and 2 cc of an alcohol sc,lutioH of of a 
knovvn concentration was added. The outlet tubes of the viscosimeter 

from carbon dioxide 'N~th soda Erne tubes, and air 
vvas i:he to stir the solution. The effect of 
tb_e studied vvas caxried out 
of a cor:centrat:::d solation to the rnateria1 
~:orrections rr.tade fcrc the dilutioE, 

carbon dioxide was that he found 
the trace of ca.:tbon c1io:::~ide the dJ.stiHed vlate:l~ 0 

Gliadin was., however, found to dissolve 1n water s<U:urated with car~~· 

·lxm dio3_ide. 

acid were add,cd the 

'JVith sodium 

~acid, 

concentrations, pfhe 1nax:irrrLHTl 

o.ooo4 for 
obtained 
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with sulfuric acid occurred at a of 0.0022 normal for 
both wheat and rye gliadin. \Vith l;:,ctic acid the values were o.or8 
and o.oi I normal. ·vVith sodimn the maximum was found 
to be at 0.0022 normal for ·vvhile the maximum for the vvheat 

in bariurn was at o.OI3 normal and for 
0.014 H()ftnaL 

Salt solutions were found to have 
in the presence of lactic acid. 

have a 1r1arked effect or1 the 

wa.s shown thzct the 
solution vV"ith 

if o.os cc. of 0.5 nor1T1al 
the decreas-c::d with dilution. 

effect on the vis
acid was found to 

when 

in the first instance as due to dilution of the alcohol which per-
mitted a water, while vvith 
acid of the concentration mentioned no could take 
In all the 
tween the 
cbded that 
of GrC>h and 

no essential diilerence vvas noted be
from wheat and that from rye and the author con

identical. Thi~' conf-irms the earlier conclusions 

Liters At 

1s near 
the isoelectric 

concentration c·f { .. c 

cond.uded that the 
'~Nas so sensitive. to 
SOlGo I:--Ie found the 
different in characte;: 
trations of acid. I~e 

sw•Jllen condition 
sho\:vn to ' De th_e 

sized its -..;alue as 
must also 

bound rnore base thc-m acid. 

(l9II) hctd 
seerned tc c.on

and 
rnentioned that 

In the fourth paper, Li.iers and ()stvvald ( the 
of the of two vveak rye flours. They found that one 

has about c·ne-fourth the oi the normal rye flour of the same 
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gr9-de. It is emphasized that the best flour should probably show a 
meqium viscosity, neither too high nor too low. · 

In a fifth paper, Luers and Ostwald ( 1920b) discuss the work of 
Upson and Calvin ( 1916). They state that their conclusions are in 
essential agreement. While both emphasize that it is the quality and 
not the quantity of the gluten which is important, they seem to think 
that tpe quality is regulated by the acids and salts present in the flour, 
or those added to it. 

In a later paper, Luers and Schneider ( 1921) discuss the methods 
of measurement of the swelling of colloids as applied to the proteins 
of flour. They found that by using the viscosity and sedimentation 
method as affected by acid and alkali they obtained results which when 
expressed graphically gave curves similar to the ones obtained by 
Upson and Calvin ( r9r6) for the swelling of gluten discs by the 
weight method. These curves were also similar to the ones obtained 
by Luers ( 1919) for the viscosity of gliadin. They conclude that all 
three methods accomplish the desired object. 

Whymper ( 1920) emphasizes the importance of the starch in the 
colloid chemistry of bread making. 

Stockham ( 1920) determined the concentration of various salts 
necessary to overcome the dispersing effect on gluten of several acids 
in different concentrations. He also states ,"Gluten may easily be ob
tained in a coherent form from the dispersed state but attempts to 
secure gluten in this manner identical in properties with the original 
were not satisfactory." 

Sharp and Gortner ( 1922) in a continuation of work along the 
line begun by Gortner and Doherty ( 1918) found, in a study of the 
imbibitional properties of the glutens from four different flours, that 
the• strong flour gluten had a much higher rate of imbibition than the 
weak flour gluten. Sharp and Gortner found this difference in rate 
held in solutions of various concentrations of hydrochloric acid, lactic 
acid, and potassium, sodium, barium, calcium, and ammonium hydrox
ides. They conclude that the presence of salts decreases the imbi
bition in alkalies in somewhat the same manner as in acids. They find 
the reaction of glutens in alkalies to be somewhat different from the 
reaction of the glutens to acids, dispersion taking place much more 
rapidly and at lower concentrations in the case of alkalies. 

They state, "Drying the glutens washed from the different flours 
in a vacuum oven at 45-50° C. markedly altered the physico-chemical 
properties of the glutens, the properties of the different glutens studied 
'p,ecoming more nearly alike. This conclusion is in complete accord 
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with the theory that the strong gluten is strong because of more pro
nounced colloidal properties, inasmuch as it is well known that alter

~ nately wetting and drying a colloidal gel breaks down the gel structure." 
Sharp and Gartner present evidence tending to show that the opti

mum hydrogen-ion concentration for the imbibition of discs of gluten 
is the same for the various acids. They conclude that their findings 
are m accord with the earlier of Gortner and 
Doherty ( 

Mohs ( 1922) makes a three-fold division of the water content of 
the gluten of flour: I) The which is found in flour that has 
been heated; that which is found in normal flour (in this division 
the "hard" vvheat contains less water than the "weak" wheat 

that obtained when flour is mixed with water this divi--
sion the: weaker the flour the the o£ -vvater absorbed 
the . This representation is in close with the explana-

and Calvin ( r9r6) who m addition believe that a 
special combination of causes the to take up more 
water and thus behave as a weak gluten. Gortner and Doherty ( 
did not agree with the of Upson and Calvin. 

Mohs that the particles of the flours ad-
sorbed the wate'r on their surfaces but that no water penetrated them. 
Such flours were too In the: case of the normal flour it was 

of the water was adsorbed on the surface and pan 
entered the them to S'Nell ; while with the 
weak flour gluten the: water all entered the: vvith none or rela-

little en the outer interior 
had a great 

This review of the main lines of investigation on 
seem:o to indicate that the advance toward a solution of the 

has been made in of the colloidal 

of the 

of 
their imbibitional rates, was abandoned 
ure Li.iers and Ostwald ( , which consisted essentially 
in determining the of a flour-in-water suspension. 

Sharp and Gortner ( had found that when glutens were dis-
solved in various concentrations .of potassium hydroxide the gluten 
from a flour exhibited a than that from a weak 
flonr. The concentration of dispersed gluten was ascertained means 
of a Kjeldahl determination on an aliquot of the potassium hydroxide 
solution. 
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Where 'I and ,71 are the viscosities of the standard and unknown 
uids t and t 1 are the times of outflovv and D and D 1 

liq-
are 

the densities. For very refined Bingham and vVhite ( 
a correction for differences in kinetic energy. 
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\, 
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measurernents ha-v·e attained a wide use in the testing of 
lubricating oils. Technical viscosimeters have been 
purpose by Saybolt, Enger, Tagliabue, Dudley, Doo
little, Magruder, and others. These instruments and tbe methods of 
use are all described Gill ( as chairman of a committee of 
the American of Testing Materials on standard tests for 
lubricants. 

Equatzons the ·uiscosity colloidal 
( l<;JI I), Hatschek ( 191 I), ,'\rrhenius 
(1916), and Hess (1920a) have developed equations for 
of colloidal solutions based more or less on theoretical considerations. 
These equations all express the of the colloidal systems in 
terms of the viscosity of the dispersion medium and some relationship 
with the volume occupied the dispersed 

Bingham and Durham ( 191 I) found that the decrease in Huidity 
of clay suspensions was directly proportional to the volume concen
tration of the dispersed phase. Bingham (r9r6), in a further 
on clay suspensions, showed that as the concentration of the m
creased, the systen1 from the viscous to the How. In 
order to cause the flow of plastic substances, the shearing force must 
exceed a definite minimal value. Thi:s minimal value he calls the fric-
tion constant. In his oi plastic flow through capillary 
Binghani found that if tbe friction constant was su1Yracted from the 
pressure producing the flow. within ce1iain tbe volmne of fto·N 
was then directly proportional to this difference. He thus showed 
that there were two factors entering into the flow of materials. 
namely, the friction constant and the mobility. has 
Tecently published in book form a discussion of fluidity and 

factors 'Which the colloids.~The VIS-

cosity of pure liquids and molecular solutions vvas found to be inde
pendent of the rate of shear within the lmver limits. Even at 
low rates of shear, Duff ( I905), ( ) , and GriHiths and 
Griffiths (r92I) found that Poiseuille's law held. This was not found 
to be the case with some colloidal as shown 

( (1920a) (r92obL Hatschek I9I}3.), Rothn1ann 
and especially Rothlin (1919), the colloidal solution 

becoming less viscous at tbe higher rates of shear. 
Rothlin, using the horizontal capillary tube found that for 

a I per cent gelatin sol at rs.so c. the deviations from Poiseuille's 
la\v were greater the longer the stood after preparation. He 
also found that the lower the temperature at which the determination 
\vas carried out the greater the deviation, Albumin solutions deviated 
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both rhe soluble and 
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agar or soap solutions, R.~Jthli:n C()nc.lude.s thc~_.t P'oisev.ille-~s Jav; does 

and 

found that 

was IOOf1-. lie believed 
on the ratio rd-: 

of t}:1s rati\) the 

toward 

on th<: 
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b·nt it djd nt'Jt hold 
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the value 

and HCJ):schek n1od"ified c·ouette alJJ?fJ-· 
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rate -of ::~JJear. 

:~:IIJc:rter ( 
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of r1ol~cui::s io-rn1.ed 011 the .srcrfa.c:t·:::, Di~::Jj_f:S 
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increased •Nith of ln11nersion o£ the d.isc; '\v·hile \~'~Iitll sols of-
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very much at first, but later increased rather 

111 

up the 

not 

this failure of the sol to show an immediate increa:oe m vis-
cosity as due to time required for the 

Chick and Martin ( 1912), Chick and 
Chick ( used the 
the determination of the 
by Hatschek's 
·water was taken up 

I9IL1.), and 
solutions as a means for 

to such 

in solution. 

one gratn of casem. .Arrhenius 
hydration values and by 

equation obtained much lower 
Effect 

found 
8.6 cc. of 

took 

and 
Sac:kur ( 1903) of casem found that the addition of acid 
and alkali to the casein sols affected their 
this effect to a 
that the 
ion concentration. 
chloric add on the gelatin. 
and Handovsky ( I9IO) studied the effect of the 
amounts of different acids and a1kaEes on the 

addition of vanous 

These authors found that the different 
albumin. 

on the 
basis of affected the various ways. Sulfuric 

as did acetic acid ; tric:hlor acetic 
acid caused a slight mcrease and then a fall; dichlor acetic add caused 
a rise and then a fall: while monochlor acetk add caused 
a rise over the entire range. Citric acid caused a 
nse over the entire range; oxalic acid caused a rise and then a fall; 
while acid caused a very rise and then a verv 
fall in as the concentration of ana mcrea.sed. 

T'he effect of alkalies was found to be related more or less to their 
dissociation constants, the the dissociation constants the 
the increasein viscosity produced. There was no 
at the higher concentrations. Theil" was 
to the monovalent bases. The highest concentrations 
the case of both acids 8.nd bases was 0.05 normal. 

l\fichaelis and Mostynski ( studied the effect of acid and 
alkali on serum from which the globulin had been separated pro
longed dialvsis. They found that the addition of acid at first caused 
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a decrease n1 in the of a hydrogen-ion concentration 

of 0.28-- 2.0 ><I o·3 , and then an increase 'Nith This 
The decre8 .. •>e was not n1entioned and 

addition of alkali to caused an in-

crease m 

Pauli that on the addition of acid to 
albumin tbe maximum point where the 
value for the difference between bound and bound chloride 
wns vvas the He also the addition of 

amounts of hydrochloric acid to the osmotic pres-
sure at first increased to a maximum and then decreased. Expressing 
the results, , the curve for osmotic pressure was very similar 
in form to the curve under the same conditions. 

In recent years numerous have studied the effect of 
of protein sols. among these 

( I92Ia), who presented evidence 
to show that the ·\vith the various acids 

was reached at the same and that for 
the same high point was reached with the vanous 

with the of sulfuric ;;vhich a smaller 
chan the other 2.dds. The same results in 

were found to hold true with the alkalies. The monovalent bases 
reached the same rnaxin1um at the same concentration .. 

d:ivz:lent bases differed in that did not cause such 
crease m the behavior of salts in 
the effect of acids on due to 
cation was thought to be the effective ion 

the anion while the 
in the case of the alkalies. 

( I 92 If) agrees with the Loeb ( 192 ( 

of imbibition as put forward J:-'t octor ( , Proctor 
and Wilson ( , and Vifilson and Wilson ( , based on the 
Donnan ( rgr I) as established Donnan and Harris. 
( rgr I), Donnan and Alhnand ( , and Donnan and Gamer ( 

studied the effect of different Zoller ( ( I92I) 
concentrations on the of casein solutions and found 

tne maximum occurred pH of 9· 
out that while the of a molecular 

concentration and the temperature, anothe,
factor enters into the definition of the 
the of 

factors which 

thermar 
treatment, 
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small quantities of ·more viscous colloids, (9) time, and (ro) addition 
of both electrolytes and non-electrolytes. Another factor which is of 
extreme importance should be added to this list, namely, the rate of 
shear. 

Practical applications of the viscosity of colloids.-The viscosity 
of colloidal solutions of rubber, soluble cellulose compounds, starch, 
soap, paints, clays, glues, gelatin, etc., has been investigated by nu
merous workers. With certain limitations it has been found that the 
viscosity determination could be made to serve as an index to quality. 

In biology and medicine certain changes in the animal organism 
have been found to manifest themselves by changes in the viscosity 
of the body fluids such as the blood, milk, etc. 

EXPERIMENTAL 

THE PROBLEM 

The object of this work was to continue the investigations of flour 
strength along the lines of colloid chemistry, (I) by studying the use 
of viscosity measurements as a means of determining the imbibitional 
power of the gluten proteins without their removal from the flour; 
( 2) to see what correlation, if any, could be derived between the 
viscosity measurements and the baking strength of the flour. 

In the work reported here no attempt was made to investigate all 
the factors which might influence the viscosity of flour-in-water sus
pensions but rather to keep as many factors constant- as possible while 
comparing the behavior of the various flours subjected as nearly as 
possible to the same conditions. The measurements reported here 
are more truly a measure of the imbibitional capacity of the flour 
constituents in a state of coarse suspension as shown by the resistance 
of their suspensions to a shearing force. In this work no attempt has 
been made to distinguish between viscosity and plasticity or to deter
mine the plasticity constants for those mixtures which were undoubtedly 
plastic. The term "viscosity" has been used in a rather loose sense 
throughout to indicate all resistance offered by the suspensions to the 
shearing force applied. 

FLOURS USED 

For the first phase of the work, that is, the effect of various acids 
on the imbibitional power of the flour as measured by viscosity, two 
flours were used; B-78o, a strong flour milled from northern spring 
wheat, an especially strong. patent flour prepared for a select trade; 
and B-783, a patent flour milled Irom soft club wheat grown at 
Genessee, Idaho. These two flours contained practically the same 
percentage of crude protein. B-78o had a total protein content 
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(NX 5.70) of 12.13 per cent; the water-soluble protein, determined 
by digesting for 40 minutes at I0° C., was I .63 per cent; and the loaf 
volume, using 300 grams of flour, was 1639 cc. Flour B-783 contained 
12.15 per cent of total protein and r.67 per cent of water-soluble 
protein, and gave a loaf volume of 1530 cc. Additional analytical and 
baking data may be fotmd in the paper by Sharp and Gortner ( 1922). 
At the beginning of this investigation a considerable quantity of tl).ese 
two flours was placed in air-tight containers and stored in a cold 
stor.age plant at a temperature of approximately 3° C. 

The second group of flours investigated was kindly supplied by 
Walter Marshall, of the United States Bureau of Markets. The bak
ing and analytical data were also furnished by him. 

The third group of flours was a series collected by the American 
Institute of Baking from various parts of North America and sub
jected to a joint investigation by L. A. Rumsey, F. A. Collatz, and 
Paul F. Sharp, in an eff<_:>rt to investigate as many factors as possible 
which might be related to flour strength. Rumsey ( 1922) and Collatz 
( 1922) presented separate reports upon their phases of the investi
gation. 

METHODS AND GENERAL OBSERVATIONS 

In beginning the experimental work on the viscosity of flour-in
water suspensions, the.method employed by Liiers and Ostwald ( 1919) 
was used. A viscosimeter of the Ostwald type was constructed which 
had a bulb of about 23 cc. capacity. A bulb of this size was chosen 
in order that 25 cc. of liquid might be used to operate the viscosim
eter. The capillary had a length of about 9 centimeters and a diam
eter of 0.85 millimeters·. The time of outflow for water as determined 
by a stop watch was 9 I/5 seconds. The viscosity determinations were 
all carried out in a glass-walled thermostat at a temperature of 25° C. 

As Liiers and Ostwald ( 1919) used a 20 per cent flour-in-water 
suspension for their investigations of the effect of lactic acid on the 
viscosity of wheat flours, this same concentration was chosen for the 
first part of the investigation. 

In the first place it was noticed that successive readings on the same 
20 per cent flour-water mixture without the addition of acid gradually 
decreased. This behavior was observed more or less with all the flours. 
investigated. As an example of this behavior some of the data ob
tained with flour No. 2116, milled from No. 3 dark northern spring 
wheat and producing a loaf of large volume, are given. The deter
minations were made one after the other as fast as possible. After 
each reading, air was blown through th~ mixture in the viscosimeter 
to stir it thoroly, and the next reading was taken immediately after-
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ward. It was at first thought that this decrease in viscosity might be 
due to the effect of carbon dioxide of the air, so in several instances 
the air used in stirring the mixture was first passed through a solution 
of sodium hydroxide. However, this procedure did not in the least 
affect the results. 

One set of results obtained with this flour, expressing the rate of 
' outflow in fifths of seconds, the first reading being taken IS minutes 

after preparation of the flour-in-water, is as follows: 3::!9. 324, 329, 
3I4, 304, 302, 303, 289, 2.83, 283, 28I, 28I, 270, 262, 260, 250, 252, 
242, 242, 236, 236, 236, 230, 229, 225, 2I3, 2I9, 2I3, 2I4, 2I7, 2I2. 
From other observations it was believed that this effect was not due 
to time of standing. This point was investigated by preparing mix
tures of flour and water, determining their viscosity, and then letting 
them stand for an hour or more. Results obtained with the same 
flour are presented as an example of the effect of standing. The 
time of outflow observed I 5 minutes after the preparation of the 
mixture was 34I and a reading immediately aftenva:rds gave 346. 
The material was then allowed to stand for a:n hour in the viscosimeter. 
It was then mixed by blowing air through the apparatus and the read
ing obtained was 346 and the subsequent reading was 341. 

It was thus very difficult to decide which reading was the correct 
one. It was thought that perhaps the difficulty might be due to the 
method of preparation of the suspension, therefore three different 
methods were tried : (I) the weighed amount of flour was mixed with 
the required amount of water by suddenly shaking; (2) the weighed 
amount of flour was placed in a beaker and water was added slowly 
from a burette, the flour being stirred in the meantime with a stirring 
rod; (3) enough water was first added to the weighed amount of flour 
in a mortar to make a dough, and this dough was kneaded with the 
pestle for about three minutes and then the rest of the water was 
gradually worked in with the dough, forming the suspension. 

The results obtained with the three methods seem to indicate that 
the third method gives the most concordant· results with the original 
suspension before acid was added. Serious difficulties were encoun
tered by the use of Methods 2 and 3 when adding the acid to mixtures 
obtained in this way, for after the addition of a given amount of acid 
the viscosity gradually increased until after a time a maximum was 
reached and from then on the viscosity declined. In one instance it 
was only after, the twenty-ninth reading that the maximum viscosity 
was reached, the readings increasing from 462 fifths of seconds to 
IOOJ fifths of seconds. In the first method this behavior was not so 
marked, the maximum being reached after the second and third read
ings. This was believed to be due to the fact that in the first method 
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the gluten particles were mechanically separated to a extent, 
thus presenting a surface upon the acid might act; 
while in the other cases, in of the care taken to prevent small 
particles of were present and time was required for the acid 
to diffuse to their center, thus maximum 

Another difficulty encountered was the effect of air bubbles pro-
the shaking, in the first or the air that was blown 
the to stir the mixture. In an to 

the formation of air bubbles it was necessary in many cases to remove 
the viscosimeter from the bath and invert it several times 
in order to accomplish the mixing. 

The difficulties encountered indicated that a definite mechanical 
procedure must be adopted if results were to be obtained, 
also that the time factor must be kept constant. The greatest objec
tion to the Ostwald type of viscosimeter was found in attempting to 

the time factor constant. In the of the effect of 
:additions of various amounts of normal lactic add to the 20 per cent 
flour-in-water the time of outflow for the flours investi-

was found to range from 41 seconds to more than 8 minutes. 
The was made to run at least four for each 
addition of acid. The effect of various concentrations of lactic acid 
on twelve different Hours was but the results were so 
erratic that it was not worth while to the data 
.and the use of the Ostwald v1seostmeter was abandonect 

It vvas that a viscosimeter of the torsion balance 
type elin1inate some of the difficulties. encountered with the 
Ostwald viscosimeter, A lVIacMichael ( I9I viscosimeter of the old 

was used. It was soon realized that results were all 
that could be obtained ·without the unnecessary 
an:1ount of time. were all carried C. The 
deter1ninations ·vvere 

thus 

in constant The 
allowed to come to the of the 

"Were made. In tbis first set of: deter
was taken to make 2,5 grarns m1 the moisture~ 

of flour vvater was added to make 
The actual amount of ·water added was 

grams. This mixture of flour and vvater was 
allovved to stand one hour '?vith occasional This interval of 

and Co11atz ( 19:2r) had found that 
~·•--"~''~·•·~~ extracted from Hour water at first increased 

extraction but that later the amount extracted be
It was therefore believed that an 

content could be obtained at the end of one 
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hour and that the proteolytic action of enzymes on the gluten would be 
inappreciable during this short period. A departure from the general 
method for using viscosimeters of this type was adopted because com
parative results are all that were expected, and the attempt was made 
to make the method as rapid as possible. Instead of waiting for the 
r-eading on the dial to become constant, the motor in the .instrument 
was started and the first high rotation of the dial was read. The motor 
was then stopped, the material in the cup was stirred several times 
with the plunger while the cup was rotated with the hand, and another 
reading was immediately taken. This procedure permitted duplicate 
readings to be taken very rapidly and did not introduce appreciable 
errors due to settling out of the suspension. The duplicate readings 
obtained by this method always checked as close as the dial could be 
read accurately. The results of the determinations carried out by this 
method are all reported in terms of angular rotation in degrees Mac
Michael, a reading of 300 degrees MacMichael indicating that the <Hat 
has made one complete revolution. The wires were tested frequently 
to see if the limit of their elasticity had been exceeded. The readings 
were not converted over fo absolute viscosity units because doubts were 
entertained as to the true value of the results expressed in absolute 
units. 

The results would seem to indicate that the viscosity in some of 
the flour suspensions, at least, varied with the rate of shear and that 
even the different flours vary in this respect. Most of the shear pTob
ably came between the bottom of the disc and the cup where the rate 
of shear increased from zero at the point of common axis to probably 
its maximum value near the outer under edge of the disc, thus the 
material was not all subjected to the same rate of shear. 

In order to have some idea as to the absolute viscosity values, the 
instrument was always standardized against sucrose solutions. Owing 
to its inertia the liquid did not attain its maximum speed at the time 
the reading was taken, and as a volume of roo cc. was used in each 
case, any difference in density between two liquids would affect the 
viscosity readings. In this first series of experiments the wire was 
standardized against a sucrose solution whose specific gravity com
pared with water at 25° C. was r.185 and whose absolute viscosity 
standardized by means of water in an Ostwald viscosimeter was 
found to be 5-73 centipoise. The speed of the motor was so ad
justed that the reading obtained with this sucrose solution was as 
nearly as possible I4·3 degrees, MacMichael. The specific gravity of 
the flour-in-water suspension compare'd with water at 25° C. was deter
mined in two instances and was found to be approximately r.o86. 
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VISCOSITY OF THE ORIGINAL FLOUR-IN-WATER SUSPENSION 
AS AFFECTED BY VARIOUS AMOUNTS OF DIFFERENT ACIDS 

The strength of the various normal.acid solutions was determined 
by titrating aliquots with o.Io normal sodium hydroxide, using phe
nolphthalein as an indicator. 

In this first series of experiments the effect of the addition of dif
ferent amounts 'of normal solutions of various acids on the viscosity 
of flours B-78o and B-783 was studied.· For each determination IOO 

cc. of the suspension prepared as previously described was placed in 
the cup 'of the viscosimeter and four separate readings were made. A 
definite amount of a normal solution of the acid being investigated 
was then added. A I-cc. burette graduated to o.oi cc. was used to 
measure the acid. After each addition of acid the mixture was stirred 
and four separate readings were taken. The additions of acid were 
continued until a total of IO cc. had been added. 

The effect on viscosity of this dilution with 10 cc. was studied by 
taking mixtures of various readings ranging from 17 to 230 and adding 
IO cc. of water. In all, forty such determinations were made and the 
average taken. The dilution was found to cause a decrease in the 
viscosity of 22.9 per cent, the maximum deviation from this average 
was found to be 1.9 per cent. The effect of dilution was the same 
with the two flours within experimental error. The assumption was 
made that the effect of dilution on the viscosity was linear and the 
results given in the tables have been corrected for dilution on that basis. 

The effect on the viscosity of the addition of the following· total 
amounts of normal acid was determined: o.Io, 0.20, 0.30, 0.40, 0.50, 
o.6o, 0.70, o.8o, 0.90, I, 1.20, 1.50, 2, 2.50, 3, 4, 5, 6, 8, and IO cc. 
With flour B-783 there was practically no change in viscosity until a 
total of I cc. of acid had been added, while with flour B-780 the increase 
began with the addition of a lesser amount. It was thought not worth 
while to record all the results obtained with the smaller additions of 
acid, so these were omitted in Table III, but in order to show the onset 
of the increase in viscosity the effect produced by the addition of the 
smaller amounts of a few of the acids is given in Table II. 



VISCQ5,'!TY AS ,':/ k!EASURE OF HYDRATION CAPACITY 45 

TABLE II 

'\TrscosrTY~ rN DEGREES MAc:;}ircHAELl oF FLOURS B~78o A"!'~D B-783 AS INFLUENCED BY THE 

ADDITION oF VARIOUS AMOUNTS or NoRMAL Aero SoLuTIOKs 

Tv.renty-fi.ve grams of flour on the dry basis \Vas treated •vith enough distilled water to 
.make- roo cubic centimeters of water and digesfed with occ&sional shaking at 25° C. for one 
hou:r. One hundred cubic centimeters of this mixture was taken for the viscosity cieasurements. 
All dete:rn1inations were carried out at the temperat'ure of .25 c C., and \vere corrected for dilution 
back to the original volume of roo cubic centimeters. The wire \Vas stand_ardized with a 
sucrose solution ~.vhose absolute viscosity \Vas 5.7:3 centipoise. This solution gave a. reading 
of 14.3 degrees l\1acl\iichael. 

l{yclrochloric acid Lactic acid Acetic acid 
cc. 

B-78o B-783 B-78o B-783 B-78o B-783 
-------~-~ ----- ----- --~~---- ----- ---~---

0.00 63 39 64 36 6-
"' 37 

O.IO 66 4I 65 37 62 37 
o.z.o 68 .j2 67 38 63 37 
0.30 69 42 71 38 63 37 
0.40 76 41 S2 38 64 37 
0 • .)0 88 40 94 38 6g 37 
o.6o 99 40 IIO 39 72 37 
OojO I20 4I I24 4' 78 36 
o.So I42 43 14:1 4+ 82 J6 
0-90 I65 48 "57 4.7 88 ;36 
1'.00 187 54 I72 5.:? 9I 36 

Fig. I. Viscosit'y of roo cc. of 20% Fiour~in-VVater Suspensions of Strong Flour B-780 as 
Affected by Different Amounts of \?arious Acids (Compare 1-vith Fiz. 2.) 
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In Table III and and 2 the results obtained with the 
amounts of acid All the values in the follow-

tables are the average of the deterrninations carried out on at least 
two flour In order to show the accuracy 
these duplicate determinations a few have been to-

and are in Table IV, 

TABLE III 

VrscosnY., JN DEG.l:~.EES iv1AcJVhcHAEL 1 OT' FLOURS B--;8o .u:D B-783 AS INFLUENCED BY THE 

ADDITION OF V .ARious A0.10u:-rTs o:r NoRMAL AcrD Sol,UTI:)NS 1 WITH 

PH oF THE RESULTING lvhxTURE 

]\venty-five grams of flour on. the dry basis \vas take:E in each instance~ treated vrith 
100 cubic centimeters of distilled vvater, and digested \vith occasional shaking at 25° C. for 
one hou-r. Onf:: hundred cubic centimeters of this mixture \Vas taken for the viscosity measu1oe~ 
1nent. All det'enninations ·~vere carried out at the temperature of 25" C., and vvere corrected 
for dilution back to the original volume of I oo cuhic centimeters. The vvire \vas standardized 
\Nith a sucrose solution whose absolute viscosity 'Nas S-73 centipoise. This solution gave a 
reading of 14.3 degrees IvJac!v.IichaeL 

cc. 

cc. 

0.00 

·o.so 
"i.OO 

LSD 

2.00 

J.OO 

4.00 

s.oo 
6.oo 
8,00 

IO.OO 

I. 50 
2.00 

2,50 

S.oo 
10.00 

273 

2C9 

145 
IOJ 

8g 

66 

66 

I79 
28I 

320 

30' 

:;:88 

Hydrochloric acid 

B-78o 

pH 

3-32 

2.6s 
2.2? 

:t .gtl 

I.79 
1.60 

1.39 
L23 

l.I 7 

Vise. 

39 

93 
s6 
4I 

34 
2'9 

Tartaric acid 

pH 

2·.52 

2.26 
2.06 

Vise. 

J:I3 

I r8 
ro6 

94 
72 

54 

pll 

:c.6g 
I. 55 

I ,2·2 

nH 

5-90 

3-42 

3-21 

2.86 
2.50 

2.25 

2,0I 

Vise. 

Vise. 

6s 

337 

302 

274 
227 

!94 

Lactic acid 

pH 

3-c(.6 

3-32 

3-02 

2.95 

Vise, 

I05 

II9 
:!:25 

Oxalic acid 

pH 

~;;.88 

J,74 

3,49 

.3-04 

0---------~--

pH Vise. pH 

""-32 

'<l.ij.2 

Z.. I 5 
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TABLE III-Co,tinued 

Sulfuric acid Acetic acid 

cc. of N. acid B-780 B-783 B-78o B-783 
added 

Vise. pH Vise. pH Vise. pH Vise. pH 

0.00 66 5-91 38 5.85 63 5-95 37 s.83 

o.so 67 4-76 38 69 s.o8 37 s.r6 

I,OO 86 4-02 33 9I 4-7' 36 4.82 

r.5o 98 3-4' 33 3.62 "4 4-55 4' 4-60 

2,00 90 2.86 33 133 4-43 46 4-46 

2.50 79 2.42 33 147 4-29 50 4-40 

3.00 74 2.19 33 2.40 r63 4-23 54 4-3' 

4-00 73 '-9' 3I !78 4.11 63 4.!8 

5.00 74 '-75 31 r89 4.01 74 4-07 

6.oo 74 r.62 30 20! 83 4.01 

8.00. 72 !.45 28 2·09 3-83 92 3.88 

IO.OO 69 I.36 27 '-39 216 3-76 I05 3·79 

Citric acid Ortho-phosphoric acid 

cc. of N. acid B-780 B-783 B-78o B-783 
added 

Vise. pH Vise. pH Vise. pH Vise. pH 

0.00 65 5-96 37 5.82 66 5-90 37 5.85 
0,50 68 4-97 36 .).!6 69 5-24 39 5-43 
r.oo 83 4-60 36 4-72 94 4-73 38 4-97 
r.5o 103 4-29 35 4-46 r56 4-25 48 4-02 
2,00 126 4-07 38 4-25 222 3.86 72 4-28 
2.50 I 50 3.88 43 4-07 270 3.62 1IO 3-98 
3.00 168 3-76 so 3-93 299 3-32 138 3.65 
4-00 199 3-55 68 3.6o 326 2.95 157 3-25 
5.00 2!7 3-37 81 3-49 332· 2.66 163 2.91 

6.oo 226 3.26 91 3-35 322 2.47 155 2-47 
8.00 240 3-09 99 3.18 304 2,26 146 2.38 

10.00 247 2-95 103 3-03 z8s 2.!4 136 2.22 

Nitric acid Meta-phosphoric acid 
--- ----

cc. of N. acid B-780 B-783 B-78o B-783 
added --------

Vise. pH Vise. pH Vise. pH Vise. pH 

0.00 64 5-96 35 5.85 63 5-90 34 5.85 
0.50 77 4-85 34 5.o6 63 33 
I.OO 140 3·99 39 4-48 62 32 
1.50 193 3·33 57 3.6o 62 
2,00 195 2.82 66 3.08 61 31 
2.50 154 2-35 55 2.63 
3.00 !!8 2.15 43 2.27 62 
4-00 85 I.87 33 I.79 62 
s.oo 73 28 r.69 27 
6.oo 64 '-54 27 6o 
8.oo 58 I.36 26 !.35 

10.00 55 !.23 23 I.23 55 2.26 26 2-33 
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Fig. 2. Viscosity of xoo cc. oi J:t"lou1 -1n-\\T2.:t,~r StxspeEsions of \Veak }1-J_ov:r :B~78.3 c~~: 

A.ffected by Difi-t:Tent Amounts. of '{arions Acids (Compare with Fig, r.) 

TABLE IV 

AND J3) DETEP.YiH'<ATIONS 

dry -,vas take·n in each instance, tn::;;C~_ted \'\+::·!."! 

-e!1o:ugh war:~r to 1Y1ake Ioc cubic centimeters and digested "Vvith occasional shak-ing at' 
ior one hour. Onr..: htt11d·red cubk centhneters o:E i:his r-r1ixtttre '\Vas tak;~n f:o:r th .. ~ vJ.scosit::r 

at the t'emp=~ratt•.n:: o£ ::.s 0 ;:md :'1re 

corrected fm· cEhrdon b3.ck to the original vo'lu1n~ of IOU cubi1.:: centinlet'e:;:s, Th:~ ;;vi"l'·<:: vras 
standardized wH:h a bU(Tos .. : so1uti_;J1J 1.vhosc :~1_bsolute >riscosity w2.s centipois-e. '1'lrLs soh.l· 
tio:n gmTe reac~.lng of Lci-·3 dr.~grees JVIacJ~vik1~.:::v~L 

Lactic Acetic acid 

------·--
A B }.'\ B A B 

0.00 6~ 64 36 37 65 61 37 
o.so Oj 94 39 38 70 68 37 37 
!.00 l 7 ~~- I/0 so 53 91 90 

I. SO ;:;:::8 2!2 8o 8,::(. II6 II::2 

z.oo IC.) I 3-~ TJI 

2._JO 2.]0 2-!.6 II9 I 19 147 :':47 so 
3.00 .25-4 255 J 2;) !:24 !66 I 6o 54 54 
4.00 26j :zt\s I 3:, 129 179 177 
5.<)0 272 272· 1J9 13.3 I90 :t88 
6.oo 27I 139 !3 21 202 I9·J 
8.-oo 276 .277 I.:j . .) 135 20:_) 209 

):0.00 280 280 144 136 2-I 5 2I7 

In Table V are the results obtained with 
chlor and c!ichlor acetic acids. In this case a 
the wire in the viscosimeter was made. For standardization a 6o per 
cent sucrose solution of a and whose abso1tJte 

centipoise ( L 
of the fron1 the 

bottom of the cup were so rea(ling as 
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:as 
obtained with 
obtained with it in 

It was feared that the results 

on the o£ the two 

wire would not be the same as those 
condition, The effect of lactic acid 

flours ',vas therefore redetermined in order 
to give a basis for 
noted that the first 

with the senes It will be 
is practically the 

same in both but \Vith the original reading is much 
higher in tbe second series than m the first, This difference be
t-vveen the two flonrs holds more or Jess when the effects o:f the dif
ierent additions oi lactic acid are 

TABLE 

VrscosiTY1 IN DEGREES J\L'-c1ILCHAEL, OF FLou~s B-;8o A~D B~t83 AS IN2LUENCED BY THE 

.._l!._;_nDITIOK OF v_~RIOCS AMOUNTS OF NoRiiU.-L }·\CJD SoLGTI(JKS, "WITH THE 

PI-I oF Rr:suLTING IvirxTURE 

Twenty~five gran1.s of flour on ihe -._l_ry basis \Yas taken in each instance, treated with 

:too cubic centimeters of distilled \Yater and digested '\"vith occasional shJk.ing at 25° C. for 
one hour. One hundred cubic ccntimeten of this rni_v;:ture was taken for the viscosity measure
ment's. .All determinations vrere carried out at the temperature of 25 ° C., :md are cot·rected 
for dilution back to th'3 or·iginal volume of roo cubic centimete!·s, The wire in thi.s case 1.vas 

standardized with a Go per cent sucrose solution v~l10se absolute viscosity is 43.26 ceu'dpo.lse~ 

This solt1tion gave a 1·eading of 87.7 degrees ]\1aciVIichae1. 

cc. 

cc. 

0.00 

o.so 
I.OO 

J .so 
2.00 

2.50 

3-00 

4-00 

5-00 

6.o:J 

8.01) 

ro.oo 

0.00 

0 . .)0 

LOO 

I. 50 
2.00 

3.00 

4,00 

s.oo 
6.oo 
8.oo 

:1:0.00 

Lactic acid Phosphoric acid 

B-;8o 

Vi;:;c. 

79 

293 

297 

J02 

pH 

3-9 I 

3-7 5 

3·55 
3.46 

J,03 

2.95 

Vise. 

;o 
1:()2 

I.:?2 

I-+3 
::--J.6 

:I!.Ionochlor acetic acid 

B·78o 

Yisc, 

79 
IT') 

206 

JII 

JII 

pH 

s.8s 
4-/0 

3-9-+ 

2.74 

2,59 
2,{9 

B-78.1 

Yisc, 

35 
39 

I29 

:n.S 

ro6 

pH 

J.88 

J.O.f 

pH 

J.2 I 

3·03 
2.8 ~ 
2.6g 

So 

90 

i ~8 

257 

Vise. 

I20 

I35 
IIS 
IO...j. 

g6 

Vise. 

Trichior acetic acid 

B-;8o 

pH Vise. 

33 

39 
4! 

37 
35 
JI 

3I 

pH 

2.76 
2-49 
.2.!8 

pH 
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EFFECT OF A.DDITION OF VARIOUS A.~lOUNTS OF NORMAL 
SOLUTIONS OF VARIOUS ACIDS ON HYDROGEN-

ION CONCENTRATION 

The 

cent flour-water mixture 
amount of normal acid was added to 

determined when there 
c-f the mixture. For each 

20 cc. of the 20 per 
tube and a proportional 

to the additions as 
shown in Tables III and V. The test tube was shaken at intervals 

then the concentration was meas-
ured. potentiometer was used for the m.eas-
urement of the R was 
used as a current detector, and the 

', so modified as to contain a larger volume of 
All determinations were made in a constant temperature room kept 
at C. A normal KCl calmnel electrode 
o:C saturated KCI v1ere used. The millivolt 

of the table of Schmidt and 
ordinates 

F'ig. 3" ""~lisc0sity of 100 cc. 1}£ 20% F1our-in~\Vater Suspensions of Strong Flour B-780 at 
Different I-Iydrogen-ion Concentrations Produced by \T arions Acids 

(Compare ,-vith Figs, I and ct,,) 
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An attempt was made to measure the hydrogen-ion concentration 
in the case of the additions of trichlor acetic acid, but constant readings 
could not be obtained, especially of the higher additions of acid. It 
was suspected that the trichlor acetic acid was being reduced on the 
platinum electrode and that hydrochloric acid was being liberated. In 
order partially to test this hypothesis, a bubbling electrode of the 
Hildebrand ( 1913) type was placed in a o.ro normal solution of 
trichlor acetic acid and hydrogen was permitted to bubble around the 
electrode for several hours. At the end of this time the liquid gave 
a heavy precipitate with silver nitrate. The original solution gave no 
precipitate. It was later found that dichlor acetic acid behaved in a 
somewhat similar way, altho not to such a marked extent. No trouble 
was encountered in the use of monochlor acetic acid with the hydrogen 
electrode. This would seem to indicate that the first chlorine atom is 
split off rather rapidly from trichlor acetic acid, the second less rapidly, 
and the third not at all or only at a very slow rate. 

6 

·~-

0 H,Po_. ok ffl. TARTARIC 
IUO OXALIC 
IUO CITRIC /6' I 0 a:::® LACTIC 

0 00 ACETIC 0 @::---@~ 
IUO HNO.- ;) /o I 
Cl"' HCJ @ "'1 

zOH,SO. • //~ 
0 ~~ l/jij?lf-' . Vic 0 :;; • / I \ 

o- e ~, 
u2: -i1,~ oSJ ' 0 5~ ~7~1: ~~~ ~ e~ ~~ ' 0-e~£_~4 ~,.""-

0 HYDROGEN ION CONCENTRATION \ 0~ 

18 

14 

10 

PHz 

Fig. 4· Viocosity of 100 cc. of 20% .f1our-in-Wafer Suspensions of Weak Flour B-783 at 
Different Hydrogen-ion Concentrations Produced by Various Acids 

(Compare with Figs. 2 and 3.) 

EFFECT OF ADDED SALTS ON IMBIBITION PRODUCED BY 
LACTIC ACID 

The water with which the flour was digested was made o.or normal 
with respect to various salts with the exception of dibasic potassium 
phosphate, of which a solution of o.oos molar was used. The effect 
of these salts on imbition produced by lactic acid was measured. 

In preparing the suspension, 25 grams of flour on the dry basis was 
treated with enough water and various salts to make roo cc. of o.oT 
normal or o.oos molar salt solution. The mixture was digested for one 
hour with occasional shaking. The data obtained on the addition of 
various amounts of lactic acid to the flour suspension, using flour B-780, 
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are gwen m Tabl,~. VL The results obtained with Hour B-783 are found 
m Table VIL The d2J<t of Tables VI and VII are shovvn 
111 

Fig" "":/:iscosity of ::oo cc. Df 20% Flour-in-V'later .Suspensions c,f B-780 a.nd B"78J JM:adJt: 
O.OI I\Yonnal \vith Respect to v-arious Salts and vvith the Subsequent 

Addition of 'larious _Am.ounts of Lactic Acid 
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TABLE VI 

V1scosiTY~ lN DEGREES lvi.a.cJ\.ilCE:AEL1 OF FLours B-780 AS INFLt:-ENC:ED BY VJ·.RIOUS ..~.~MOUNTS 

oF NoRMAL LACTic AciD IN TB:E PRES£:NCE or o,oi NoRMAL SoLuTror~s oF VARious SALTS 

Twenty~:five grarns of flour un the dr-y basic \vas taken in each instance and treated. with 
enough salt a~d wate:r to make :roo cubic cen~:imeters of o.or normal salt solution. After one 
hour digestion ~,dth occasional shaking, -roo cp.hic centimeters of this mixture 1.vas taken for 
viscosity measurements. AH determinations vvere made: at 25° C.J and al'e corrected for dilu~ 

'don back i.o the original ·v·alue of I oo ('Ubic cent'imeters. The wire was standardized with a 
sucrose solution vvhose absolute 7iscusi"C.y was 5.73 centipoise. This solution gave a reading of 
!4.3 degrees l1liaclVfichae1. 

cc. of N. acid 
added 

0.00 6.q 64 63 64 65 65 03 63 
o.so 9" OI 6S 6-t 62 70 69 6x 
I.OO I I;~ 62 95 70 68 90 39 63 
L50 2I~ 

n. 
oo IIS 83 76 II4 II'.: 73 

2.00 .2J5 J07 I28 9I 87 I28 I25 82 

2•.50 2-1.8 I 2,3 Lj.O IO! 96 I.<.,U !3;~ 88 
3.00 255 136 L.J./ ro8 98 :.:sr I45 93 
4.00 265 rs.: x6o II7 :wg r64 rs3 IO.}. 

s.oo 272 r66 r67 126 I I..f IJO r66 !09 

6.oo 2/2 If4 I73 IJ2 I23 IjtS I72 :us 
8.oo ::3/7 135 x8o I4 I I29 I87 !79 I2! 

IO.OO :.;So r8g 183 !<[6 134 r88 I83 !27 

TABLE VII 

\TiscosrTY~ IN DEGREES J\tL.~..cJV.bcHAEL, OF 'B.'LOUR B-783 A'2 INFLUE~CED BY V_\RJ.ous AMoUNTs 

OF NoRMAL LA('TIC AcrD rN TH.E PRESENCE oF o.oi NoRMAL SoLuno::;-s OF VARious SALTS 

Twenty-:fi\~e gJ:ams of 11oni' on rhe dry basis was taken in each instance and treated with 
enough salt' and water to n~ake roo cubiz; centim_eters of o.or normal salt solution. After one 
lwur diges1ion with occasional shaking, roo cubic centimeters of this mixture" was taken for 
viscosity measurements. AH detennhw.tions vvere made at 25 o C. and are eo:rtected fo!.~ dilution 
hack to t'he original value of IOO cubic centimeters. 'The vvire was standardized with a suc1·ose 
solution whose absolute ··.riscosity was 5o73 c-entipoise. This solution gave a :reading of 1:4.3 
degree::; MacMichaeL 

Lactic 
cc. of N. acid acid 0.005 i\1. o.o; N. O.OI N. 

added alone KzHP04 K2S04 CaClz 
--~---.~-

o.oo 30 37 36 37 37 37 36 35 
o.so 38 38 35 36 35 36 35 33 
LOO 52 36 37 J,> 32 35 35 30 
LSO 82 40 43 35 JI 42 40 JO 
2.00 IOS 45 54 .J.O 33 49 49 32 
2.50 II9 51 63 43 36 ss 58 35 
J.OO I25 56 70 46 39 66 64 36 
4.00 I32 69 79 50 43 74 72 4·3 
s.oo I36 79 82 59 47 8I 78 46 
6.00 IJ6 ss 83 63 49 85 8z 49 
8.oo 139 93 ss 66 s6 go 83 s:l 

IO.OO L:j.O 97 87 69 6o 92 87 55 
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EFFECT OF ELECTROLYTES PRESENT IN THE ORIGINAL FLOUR 
ON VISCOSITY 

It is a matter of common that the addition of various 
salts to an acid solution decreases the power of the acid to 
imbibition in emulsoid colloids. That the gluten of wheat is no excep-· 
tion to this rule has been shown Vvood ( 1907b), \lV ood and Hardy 

and Calvin (rgr6), Gortner and Doherty (1918), and 
and Gortner ( 1922). The presence of a large amount 

of soluble in the water extract of wheat flour ·was shown 
Collatz ( 1921), who, in addition, found that the quan

bore a definite relation to the ash content of the 
It was believed that the presence of these salts was 

an inhibiting effect on the povver of the acid to imbibition in 
the flour suspensions studied. In order to ascertain whether or not 

marked imhibitional power of flour B-780 with the various acids 
as due to the difference in ash content 

25 gran1s of flour was treated 
for one hour with occasional 

shaking the material was the the soluble 
ash was and the residue vvas made up to a total volume of 
IOO cc. with distilled water. The effect of lactic acid on the 
of the mixture vvas determined. It was noted that imbibition 
·with the addition of the first o.IO cc. of normal acid and that the maxi-
mum in1bibition reached was much than when the 
were not first extracted. This indicated that a considerable 

of the soluble been removed and that the 
reported in Tables 

to a considerable extent the power of 
present. The true imbibitional powers of 

were thus masked to a or less extent the effect 
of the saits in the water extract. Even with the electrolytes 
partially removed this flour B-780 still shows a much 
greater power of imbibition than does flour B-783, altho the differences 
were not so marked as in the untreated flour-·water 
In the in which the ·water extract has been 
viscosities are more in accord with the loaf volume of the flours 
than in the instance. In the of the effect of the various 
acids w·ith the water extract the of flour taken was 
decreased so that the high readings obtained would not exceed 
the limits of elasticity of the wire of the viscosimeter" 

In order to ascertain whether or not this treatment removed all 
the electrolytes which were inhibiting imbibition, an investigation was 
carried out on two flours selected because of their different 
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ash content. Flour I004 had an ash content of 0.92 per cent on 
the dry basis and flour No. IOoS had an ash content of o.sz per cent, 
thus the ash contents of the two flours were in a ratio of I to L77· 

Experiments were carried out in which IS grams of flour on the 
dry basis was treated with enough water to make a total volume of 
IOO cc. and the mixture was digested with frequent shaking for one 
hour. At the end of this time the material was centrifuged, the super
natant liquid decanted, and its electrical conductivity measured at 30° C. 

A second IS grams of flour on the dry basis was treated with one 
liter of distilled water and digested .for one hour with occasional shak
ing. At the end of this time the material was centrifuged and the 
supernatant liquid discarded. The residue was treated with enough 
distilled water to make a total volume of IOO cc. and shaken at inter
vals during IS minutes, again centrifuged, and the conductivity of the 
supernatant liquid determined. This procedure was repeated with the 
exception that after making up to the final volume of IOO cc. the effect 
of the additions of various amounts of normal lactic acid on the vis
cosity was determined. 

A third set of experiments was performeC. in which IS grams of 
flour on the dry basis was treated with one liter of distilled water and 
digested with occasional shaking for one hour. The supernatant liq
uid was removed and the residue again made up to the volume of one 
liter and digested for half an hour with occasional shaking. The 
supernatant liquid was then removed and the residue made up to a 
total volume of IOO cc. and allowed to stand with occasional shaking 
for IS minutes. The material was centrifuged and the conductivity 
of the extract measured. This procedure was repeated except that 
after making up to the final volume of IOO cc. the effect of the addi
tion of various amounts of normal lactic acid on the viscosity of the 
mixture was determined. The results of this study are given in Table 
VIII. 

TABLE VIII 

ExTENT TO WHICH SoLUBLE ELECTROLYTEs ARE REMOVED FROM FLOUR BY ExTRACTION WITH 

VARious AMOUNTS OF WATER, ToGETHER WITH EFFECT OF SucH REMOVAL oN 

MAXIMUM INCREASE IN VISCOSITY PRODUCED BY THE ADDITION OF 

Flour 
No. 

1004 

roo8 

VARIOUS AMOUNTS OF NoRMAL LACTIC Acm 

Ash. 
per 
cent* 

0.92 
0.52 

Specific conductance at 30'C. of 
residue made up to roo cc. 

Direct After r After 2 

extraction extraction extractions 
with roo cc. with I liter with I liter 

of water of water of water 
--- -----

O.OOI7Z 0.000110 0.000034 

0.00109 0.000071 0.000028 

* Ash calculated on dry basis. 

Highest viscosity reached with 
lactic acid at 2·5' C. 

After I After 2 
Wit'hout extraction extraction~ 
previous with I liter with I liter 
extraction of water of water ---

75 329 '324 
393 502 498 
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An examination of the results shown in Table VIII indicates that 

FLOUR 
B780 • 

200·----+--

--1 
180~--+----ffl 

::c 
<J 

~ 
~ 

140 ::E---+-
(/) g 

100~!----+-
;;!: 

PH6 

Fig. 6. Viscosity of Extracted Flour, 18 Grams of Extracted B-780 Made Up fo roo cc. aud: 
Treated with Different Amounts of Various Acids (Compare with Fig. 7.) 

The ratio of the ash contents of the two flours is I to 1.77. The ratio· 
of the conductivity of the first extracts is I to 1.58, of the second ex
tracts I to 1.55, and of the third extracts I to I.2I. The results ob
tained in the viscosity measurements are the same, within experimental 
error, whether extracted with one liter of water or with two. That is. 
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the actual content of the electrolytes was so small that changing the 
ratio from I to 1.55 to I to 1.21 and decreasing their amounts from 
2.5 to 3.2 times seemed to make no appreciable difference in the vis
cosity readings. These results were therefore taken to indicate that the 
effect of salts on imbibition could be eliminated by digesting with one 
liter of water and discarding the extract. Later results seem to indi
cate that this is not strictly true, but that subsequent extraction may 
cause some increase in, viscosity. 

EFFECT OF VARIOUS CONCENTRATIONS OF DIFFERENT ACIDS 
ON VISCOSITY OF EXTRACTED FLOURS 

The test showing the effect of the various acids on viscosity was 
repeated, using r8 grams of flour on the dry basis, extracting one hour 
with occasional shaking with one liter of water, centrifuging, discard
ing the extract, and making the residue up to a total volume of roo cc. 
The results are recorded in Table IX and expressed graphically in 
Figures 6 and 7· The values obtained for the hydrogen-ion concentra
tions given' in Table IX and Figures 6 and 7 were not obtained in the 
same way as were those given in Tables III and V. The quantity of 
flour was too small to use the previous method, therefore the expedient 

Fig. 7· Viscosity of Extracted Flour, r8 Grams of Extracted B·783 Made Up to roo cc, and 
Treated with Different Amounts of Various Acids (Compare with Fig. 6.) 
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was of a Hildebrand electrode and the 
concentration after the addition of each amount of ac1cL For 

this purpose 1.8 gram.s of Hour on the basis ¥/2,S treated with roo cc. 
of water vvith occasional for one the super--
natant and the residue made up to a total volume of 
IO cc. \vho~.e stem he~.d been cut of£ <md dosed with 
rubber ·was used for the electrode vesseL This 
escape of frotll -which dow·n with 
and the use of 
normal acid solutions for the first solutions 
were used until a tota.l of one cc had been from then on normal 
acid was added. As far as could be detected this additional dilution did 
not affect the concentration. The results i11 this case 
are not as accurate as 1D the set but are correct tc 
within o.o.s 

TA~BLE IX 

·\fiscosrTY, IN DEGREES lvi:AcJ\IrcnAl~L, oF .FLouRs B.-78o _~>,.ND B-78.::; AS INFLUE?'-TCED BY ADDITION 
OF VA.RIOUS /\ IVIOLTNTS 07 I'{oBMAL ACID Sor.uTIOE 1 \VlTa THE PH OF REsULTING J\'IrxTu:.::.E'" 

The sol.nble substm1ces 9r~sent in i.he natural Hous were largely removed by digest'ing· 
18 grams of flour on the dry basis \vitb 1000 cnbi.c centimeters of d3st·illed Virater j~or one hour 
at 25 ° YFith occAsional ;::"haking. The supernatant liq11id ,_-,,as re1noved by' centrifuging and 
the :materi2l n':t11c>jni11g was made L1lJ to 2. volume of roo cubic centimeters with dis:~:i.ll.::d ·;vater. 
The 7iscos1ty vah1~s .have all been eorrected for diluHoa bacj: t'o the origi11al volume of roo 
cubic centimete·,'s, All det~:rmi:nat\.one w~re ·sarried out at lhe ter:1perature of 25° C. The 
·wire in this case -.,vas standc.rdized wit:h :a 6o pe-r cent' sucrose solution whose absolute viscosJ.ty 
~s 43.86 cendJ.)Oise. 'I'hl.s :.ol·;;~tiu:D gz.ve a ::e2d.ing of 87,7 degrees 1/.[aciviichaeL 

Hyd1·ochloric acid Nitric acid 
-----------------

C·:!. B-;8o B-78.3 l~-7So B-783 
----------- -------

·vise, pH >;,Tisc, pH ·vise. pH Vise. pH 
--------· 

0.00 2i) s.ss IS s .. ss 20 .).8; 18 s.82 
O.I:J 6s <L97 00 "~· 77 4.3 4.3; ":-94 
0.20 :~cg il-4.3 136 4--29 187 4-38 122 4-31 
0-30 318 3-92 202 3-92 295 3-99 3-82 
0.40 J.6o 237 3-67 345 J.6g 2I9 

o.so 3-40 252 3-50 357 23~- 3-35 
o.6o 389 2.58 3.28 37.3 3·1:!: 2·34 3- :;:6 

2.-)J,. 257 3-03 359 2,89 229 2.99 
o.So 367 2-74 250 2.82 338 2-79 218 2.86 
1.09 338 2:) I 2-57 288 2.5::1; I,_:;J2 2.62 

L5C z..; .. ~ 2.1 = 172 2, I 5 I/4 2,16 I20 :2025 
2.00 174 1.97 I22 I.94- 105 ?2 !.96 
3.00 9I L7I 64 L7I 42 1.67 30 1.]:2 
s.oo 38 1.45 :27 20 L5S '4 I.40 

IO.OO ;:.I LI2 I6 :LIO 16 I.15 14 L!i:;) 

~: lvir, Axel Olsen kin.dl)- assisted :ln :maldng soE1e of the viscoslty detennination3 reported 
'i:hi;;; i:ab!e. 
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cc. of N. acid 
added 

0.00 

o.ro 
0.20 

0.30 
0.40 

o.so 
o.6o 
0.70 
o.So 
I.OO 

r.so 
2.00 

3.00 

s.oo 
!0.00 

cc. of N. acid 
added 

0.00 

o.ro 
0.20 

0.30 

0.40 

o.so 
o.6o 
0.70 

o.So 
I.OO 

1.50 
2,00 

J.OO 

s.oo 
ro.oo 

Vise. 

r8 

139 

223 

274 
300 
310 

277 
208 

129 

59 

Vise. 

20 

320 

365 

387 
401 

391 

350 
2S5 

193 

TABLE IX-Continued 

Oxalic acid 

pH 

5-90 

3-90 

3-57 

3·33 
3-14 
2.77 
2.40 

2.IJ 

r.86 
I. 52 

Vise. 

r8 

45 

II2 

I 57 

r86 
203 
2II 

189 

145 
9I 

41 

Ortho-phosphoric acid 

pH 

5-92 

4-77 

3.Ss 

3.6s 
3-50 
3.08 
2.86 
2-43 
2.13 

1.91 

Vise. 

17 

ss 

219 

pH 

4-75 

3-94 

3-75 

3-57 
3-I I 

2.64 
2.25 

I.9I 

1.56 

4-97 

4-3' 

3-92 
3.ss 
J.I6 
2.82 

2-49 
2.22 

I.93 

Tartaric acid 

B-78o 

Vise. pH Vise. 

17 

134 

211 

261 

28S 
305 
27S 
210 

133 
6r 

Vise. 

16 

So 

226 

258 

294 

323 

333 

5-92 

4-43 

3-47 

3-33 
3-09 
2.64 
2-37 
2,13 

1.94 

I. 57 

rS 

45 

109 

I5I 

r8o 
rgS 
2II 

1S9 
146 

92 
41 

Acetic acid 

B-7So 

pH 

5-90 

4-45 

3.ss 

3-57 
3·3S 

Vise. 

IS 

6r 

122 

145 

165 

203 

203 

pH 

5 So 

4-73 

3-91 

3-72 

3·53 
3-09 
2.67 
2·.30 

I.98 

I.67 

4-92 

3-96 

3.6o 
3-35 

'------------------:Clt"ric acid;===========~P:;ch=o=sp=:h;=o=r=o=u=s=a=cc;ic;d===== 

cc. of N. acid 
added 

0.00 

O.IO 

0.20 

0.30 

0.40 

o.so 
o.6o 
0.70 
o.So 
I.OO 

I. SO 
2.00 

3.00 
s.oo 

10.00 

Vise. 

r6 

r8 

so 

II8 

17S 

225 
288 
313 

322 
2S5 

pH 

s.87 

4-77 

4-35 

3-96 
3.So 
3-52 
3-30 

2.82 

2.57 

Vise. 

17 

21 

so 

93 

125 

147 
IS4 
19S 

213 

189 

pH 

4-72 

4.02 

3.Ss 
3-57 
3-31 

2.87 
2.6o 

·---------- ---------

Vise. 

r6 

32 

257 

309 
329 

339 
317 
258 

184 
IIO 

B-7So 

pH 

5-87 

4-72 

3·94 

3-67 

3-43 
2.96 

2.71 

2 ·33 
2.01 

I.67 

Vise. 

17 

35 

II6 

208 

22! 

240 

230 

190 

137 
S2 

pH 

5-7S 

3-67 

3-42 
2.96 
2.72 

2.33 

2.oS 
r.8r 



6o 

cc. 

o.oo 
O •. IO 

0.20 

O.JO 

0.4-0 

D.SO 

o.6o 
O.JO 

o.8o 
1.00 

L50 

.2.00 

5,00 

10.00 

0,00 

O.IO 

H).JO 

I .00 

2.00 

IO,OC• 

J~j.O 

339 
;}36 

22 

ss 

10? 

111 

ro6 
90 
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J\-IonochloJ· acdic acid Lactic acid 

~B-780 

pi-I 

.2.06 

220 

23/ 

230 

219 

LiO 

IOJ 

3-72 

3-5-3 

3·4-' 

.).II 

2.:~8 

2.00 

JB-;8o 

Vise 

_j(iQ 

307 

3J? 

pH 

2.74 

234 
2JI 

233 

.229 

2'>.26 

208 

Sul{ndc add Iiydro1JroTnic acid 

pH Vise pH \'isc. pl-I 

I/ 

4-97 

.~.OI 

66 

374 
3-~.8 

'58 

27 TID 

I5 LI 5 ____ ._, _______________ _ 

Tvieta-phosphod.c add 

cc --------
B-780 B-7'8o B-78o 

pH 

·'~-.2 I 

3-S7 
3-47 

pH 

·viscosity Viscosity Viscosity \Tiscosit;y 

0.00 I:) 18 

O.IO 39 22 

0.20 142 8g 
0".30 25I I79 

0.40 302 244 

0.50 3I5 273 
o.6o 322 zSz 

0.70 304 276 

o.So 284 258 
I .00 239 2!4 

Y.SO I6I 95 
2.00 I04 ,:p 

3.00 

s.oo 
IO.OO 

54 
23 
r8 

2I 

23 

2J 

22 

54 
68 

79 
87 
94 

roo 

106 

98 
78 
39 
22 

rs 

IS 
I 5 

15 
IS 

I5 

I5 
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It is noted in Table IX and Figures 6 and 7 that the difference 
between flours B-780 and B-783 is not so marked as before and also 
that the imbibition of the various acids with a given flour reaches 
more nearly the same maximum, altho the differences between the 
two flours are still very great. 

EFFECT OF SODIUM AND BARIUM HYDROXIDE ON VISCOSITY 
OF FLOUR SUSPENSIONS 

The effect of sodium and barium hydroxide on the viscosity of 
these two flours was studied both with the soluble extract present and 
with the soluble extract partially removed by the method described 
above. The hydrogen-ion concentrations were determined with the 
Hildebrand electrode previously described. It is believed that the 
carbon dioxide of the air did not interfere with the determination 
of the hydrogen-ion concentration, but was swept away by the con
stant stream of hydrogen. Experiments in which the total amount 
of 'alkali was added all at once and the hydrogen-ion concentration 
measured immediately, gave practically the same results as those in 
which the alkali was added in small portions over a longer time. In 
the experiments with barium hydroxide, a saturated solution was used 
instead of a normal solution and the results were all calculated on the 
basis of a normal solution. The results obtained with the alkalies are 

600 f~-

500.-> ~~ 
~ 1 HCI--8-780 '7 \' 
I 2 " ---13- 783 
~ 3 Hz504--8-780 

:E 4 " --13-783 t \ 400:i;~. ?NaOH-.-B-780 1--l-
"'- 6 " --B-783 

7 Ba(i)H)z-13- 780 
I) '1 --8-783 

I 
ASH NOT WASHED OUT 

100: ;(\ t~ 
[1~~3f\ 

) 5 7 9 11 -
Fig. 8. Relation of Viscosity and Hydrogen-ion Concentration with Unextracted Flour 
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m Table X and XI and 
range of pH, the effects of 

in the 

For over a 
ancl sulfuric acids are also, 

TABLE X 

Vx:scosrTY,. IN DEGREES NIAcl'.IrcHAEL: oF FLouRs B-7So AND B-783 AS INFLUENCED zy THE~ 

ADDITION OF \ .. 'ARIOUS Al\IOUNTS OF NORMAL SODI1JM AND BARIUM HYDROXIDE 

SoLUTIONS, WITH PH OF REsuLTING l\·1Un'URE0'' 

Twenty-five grams of flour on the dry basis was taken in each instance~ treated with. 
roo cubic centimeters of distilled -..vaterJ and digested with occasional shaking at' 25° C. for 
on.e hour. One hundred cubic centimeters of this mixture was taken for the viscosity 1neasure~ 
:nents. All determinat'ions 1vere carried out at the temperature of 2 5o C.~ and are corrected 
for dilution back to the original •,_roh:me of roo cubic centimeters. 'I'he wire was standardized 
with a sucrose solution whose absolute viscosity vvas 5·7 3 centipoise. This solution gave a 
reading of 14.3 degrees lV1ac}.1ichaeL 

--~-~---

c.oo 
0 .. 20 

0.40 

0"80 

LOO 

I.2Co 

1:.6o 

2.00 

2.2,S 

2.50 

2.7.5 
J.OO 

3,2,5 

4-00 

s.oo 
6.oo 
8.0G 

10.00 

'il· In case of 
The data have all 

Sodium hyd-roxide Baritun hydroxide 

B-78o 

1lisc. pH 

(!6 s.ss 
66 
66 
67 8.6.2 

79 
33 9-57 

:::o6 ro.o8 

I94 I0.47 

2·9.3 I0.62 

I0-72 

.)32 :::o.S.z 
6og 1o.go 

625 10.97 

573 Il.I6 

4II 

I I. 58 
277 I I.78 

287 IL94 

barium hydroxide it 
been calculated back 

Vise. 

39 

39 

39 

39 
40 

'~-7 

66 

321 

2II 

pH 

IO.!J 

10.57 
I0.67 
10.79 
T L02 

I I.3I 

x r.So 

B-78o 

\lise. 

IJ7 

177 
l.f4 

pH 

.S-92 

9-72 
:J0.40 

:.>1.02 

IL2I 

I I ·45 
11.58 

I L7 5 

Vise. 

39 

39 

41 

39 
40 

5I 

134 
140 

IO.Z 

55 

pH 

ILl~-· 

I I.28 

J I.36 
IL56 

ILJO 

'.vas~ of course, necessary to use a more dilute solutio·~ 
to the basis o£ a normal solution. 
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TABLE XI 

VISCOSITY, IN DEGREES MACMICHAEL, OF! FLOURS B-780 AND B-783 AS INFLUENCED BY THE 
ADDITION OF VARIDUS AMOUNTS OF NORMAL SODIUM AND BARIUM HYDROXIDE 

SoLUTIONs, WITH THE PH oF THE REsULTING MrxTURE* 

The water soluble substances present in the natural flour were largely re!\loved by digesting 
r8 grams of flour on the dry basis with 1000 cubic centimeters of distilled water for 45 minutes 
at 25' C. with occasional shaking. The supernatant liquid was removed by decantation, the 
residue was treated with sao cubic centimeters of distilled water, shaken, allowed to stand 
rs minutes, and the decanted material remaining was made up t'o a volume of roo cubic centi
meters with distilled water. The viscosity values have all been corrected for dilution back to 
the original volume of roo cubic centimeters. All determinations were carried out at the 
temperature of 25° C. The wire in this case was standardized with a 6o per cent sucrose 
solution whose absolute viscosity is 43.86 centipoise. This solution gave a reading of 87.7 
degrees MacMichael. 

Sodium hydroxide 

cc. of N. alkali B-78o B-783 
added 

Vise. pH Vise. pH 
------

o.oo I5 9 
0.20 IS 8.66 9 7·64 
0.40 36 9.62 2! 9.16 
o.8o 177 !0.55 II6 Io.68 
r.oo z82 10.72 !84 Io.8s 
1.20 339 194 I !.02 

1.40 378 !0.94 
r.6o 387 I !,II I64 I I. I I 

I.8o 381 ~ I 1.23 

2.00 358 I !.34 !07 11,41 

2.2·5 290 I 1.45 
z.so I90 I !.53 63 I r. 56 
3.00 II2 II.75 42 I 1.72 

4,00 62 1!.92 33 I 1.87 
s.oo 
6.oo 51 12.!6 3I 12.17 

8.oo 
10.00 55 12.41 44 12.41 

Vise. 

I5 
IS 
I5 
IS 

32 

so 

63 
64 
68 

73 
5I 
38 
27 
2I 

'4 

Barium hydroxide 

pH Vise. 
----

9 
9 
9 

10.09 9 

!0.63 22 

!0.97 39 

11.09 43 
43 

I 1.28 
II.39 38 
r r.s8 22 

11.70 

I 1.78 r6 
I 1.94 
12•.10 '4 

- pH 

10.14 

Io.So 

II.06 

II.26 
I 1.31 

"·45 
II.6I 

12.10 

* In case of barium hydroxide it was, of course, necessary t'o use a more dilute solution. 
The data have all ·been corrected back to the basis of a normal solution, however. 

MAXIMUM VISCOSITY OBTAINED ·WITH LACTIC ACID USING A 

SERIES OF DIFFERENT FLOURS 

The determination of viscosity with the salts partially removed 
probably represents more nearly the actual imbibitional powers of the 
proteins present in the flour. This is essentially a study of gluten, and 
hence those variables in its environment (such as electrolytes) which 
affect gluten properties should be removed, or rendered uniform. The 
ash content of flours (even of the higher grades) is so variable as to 
occasion corresponding variations in the imbibitional properties of the 
gluten, and the soluble ash components should accordingly be removed 
before gluten comparisons are attempted. It was therefore thought 
probable that some relation could be found between the viscosity values 
of flours and their baking strength. Lactic acid is probably the one 
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best suited for this study because it maintains approximately maxi
mum viscosity over a wide range of acid concentration (see Figures. 
I and 2). Mr. Marshall, of the United States Bureau of Markets,. 
kindly supplied a series of flours for this study, together with the 
baking and analytical data. The high points of the curve reached by 
the addition of increasing amounts of lactic acid were determined both 
with and without the removal of the water-soluble extract. These 
data and the baking and analytical data supplied by Mr. Marshall, 
are given in Table XII. 

It is to be regretted that the viscosity data in some instances may 
not be the exact values, for there was not enough flour in most cases. 
to run duplicate determinations. 

EFFECT OF CONCENTRATION OF FLOUR ON VISCOSITY 

In this study I2, I 5, I8, 2 r, and in some instances 24 grams of 
flour on the dry basis were made up to IOO cc. with distilled water, 
allowed to stand I hour, and the increase in viscosity produced by the 
addition of various amounts of concentrated syrupy lactic acid was 
determined. The highest viscosity obtained by the addition of lactic 
acid is given in Table XIII, together with the actual grams of crude 
protein and of glutenin contained in the ,portions of flour used. This 
ta:ble is also made to include the grams of crude protein and glutenin 
in the portions of flour used in Table XV. 

It was found that if the logarithms of the viscosity readings were 
plotted as ordinates and the logarithms of the flour concentration as 
abscissa, straight lines were obtained, as shown in Figure 10. Figure 
IO also contains the logarithms of the viscosity readings plotted against 
the logarithms of the crude protein content and the glutenin content 
of the portions of flour used. 

It will be observed from Figure 10 that the lines do not all lie at 
the same angle with respect to the axis of abscissa. 

The equation for the logarithmic curve is 
log. viscosity =a + b (log. concentration) 

where a is the logarithm of the viscosity reading when log. of concen
tration is zero ; and b is the tangent of the angle made by the loga
rithmic curve with the axis of abscissa. The equation may also be 
expressed in the following form: 

Viscosity = a (concentration) b 

The constants a and b were calculated from the data by the method. 
of least squares. The values of the constant b were also measured 
from the curve. The results of these calculations are given in Table 
XIV. 



TABLE XU 
ANALYSES OF FLouR SAli:(PLES TtEPF.ESENTJ:NG Tvvo T<AKGES t)F CRl.TDE P:t<cn:EIN CoNTENT 

The flours are <H-rangecl within each group in the order of their loaf volume. The highest _-vi5cosity obtained. with lactie acid, both \Vith and ·without the remcq.ra] 
of the soluble salts) is given in the last two columns. The milling~ baking~ and analytical data -\vere supplied b::r Mr. I\1:ar;;hall. 

6gos 
663.2 
6So6 
6727 
6gr8 
6584 

6982 
70I 7 
6989 
6725 

6723 
68.17 
6730 

6769 

6g6o 
6g6s 
6y66 

6977 
6619 

664I 
6642 
6643 

6637 
7056 
7054-

1J. S. supervisor's g1·ade 

Dark :r..i'orthern Spr.ing. 
Hard Red ·vvintcr.." .... . 
Hard ·white ........... . 
Dark N orthe:rn Spring ... . 
Dark Hard Winter ..... . 
liard Winter ..... 0 ••••• 

J Dark Northern Spring. 
Dark Northern Spring ... . 

I Dark Northern Spring ... . 
Dark N orthen1 Spring .. . 

"-' Dark N o1·t-hcrn Spring ... . 
Soft White .. 0 ••••••• 0 •• 

2 Amber Durum 
Da,-k Hard Winter .. 

r Hard Winter ... " .. 
Hard \Vinter ...... , .. . 

2 Dark Hard ¥linter ..... . 
fiard V\7inter .......... o 

r :J\1ixed ......•...... " .. . 
I Soft White . 0 •••••••••• 

I Hard 'vVhite .... , ..... o • 

Soft White ........... . 
r Hard Winter ... o • o o •••• 

Soft White .... . 
Hard White .. o ••••••• 

6?.2 

74·5 
6g.cj 

62.7 
J!J,O 

6g.I 

72.6 

74·1 

73··+ 
67.J 

}0.9 

7L7 
73·7 
72-4 

JO.Z 

7I.9 

7l-7 

74·3 
/I.J 

7 5-5 

75-5 
76.5 

75·4 
70.1 

74-7 

·f.· ~1:, o ~ignHJ_~s re~tdings in dersr.ees lVIacidiehp.el~ 

()I. s 
ss.s 
6o.o 
57 ,g 

66.s 
ss.s 
62.6 
6o.6 
6o.6 
s6.s 
ss.6 
ss.s 
64·7 
6o.9 

()2.1 

6o.g 

62.4 

6r.s 
5s.s 
6I.2 

63.5 

55-9 

59· 1 

57 .I 

65.3 

cc. 

IIo/0 t'O 
2·400 

.J270 

~~2·IO 

2180 

2170 

:n6o 
2I20 

2110 

2'[00 

2090 

1990 
rg8o 
IQ20 

gms. 
c!·ude 

507 

493 
so:{ 
'].98 
522 

,500 

$I/ 

509 

497 

494 
502 

.)I7 

bread, 

93·0 

94·5 
90.0 

90·5 
94·() 

8; .s 
88 . .s 
92.0 

90.5 
87.0 
86.s 
8g.o 
88.5 

1870 5XZ 9LO 

Hour 

8% to g'-fo crude protein in flour 
2290 

2210 

:2170 

2I40 

2CJ40 

.2010 

I99D 

rg8o 

1920 

1920 

x8go 

.)OI 

498 
so6 
.so6 
SIO 

$I4 

5'3 
493 

507 
497 
5I6 

93·5 
88.5 
92.0 

gz.s 

95·0 
95-0 
9.5-0 

9C1.0 

91.5 

91.5 
go.o 

score 

83.0 

9,3.0 

go.o 

9L5 

94.0 

9I.O 

go.o 
90.0 

ss.s 
92.0 

8g.o 
88.0 

92-5 

8/-5 

92.8 

87.0 

92.0 

9I.5 

89.5 
ssos 
S6.s 
86 .. s 
ss.s 
9I.5 
Sg,o 

IS-7 
L2.4 

12.-t 

l0.8 

14.7 
12.3 

J3·3 
1 . .:;.9 

I:2.5 

L/' 
1I.8 

I3.f 

ILS 

q.g 

12. '[ 

1:2,.) 

12.9 

JI.7 

JO.o 

9<i 

9.2 

8.g 
IO.O 

8.9 

II.4 

I L3 

I.:-?.0 

n.g 

.£L2 

II.Z 

12.0 

J:I .s 
r r .3 

II.4 

l I ,2 

II.7 

J l. 1 

II.8 

8. I 

9-0 
8.8 
8.? 
S.g 

8.3 
8.6 
8.0 
8.2 
8.g 
sos 

o.s.J 
0.48 

0.4:8 
0,46 

o .. cp 

0.43 

0-46 

0.46 

0.4q 

0.42 

( 1·43 
0.40 

0.68 
0.43 

o.,.t6 
0 . .)7 

o. 53 

u.s.s 

•LJG 

o.sr 
o.s.:~ 

0.47 

0.49 

0,47 

o.68 

l\!J. 

:;r 5 

338 

294 
382 

454 
257 
368 
375 
356 
393 
.p8 

3I:2 

20.:.j. 

.. t30 

;~o: 

334-

391 
264 

.?.63 

263 
~-,] 5 

I 57 
2/4 
I/0 

320 

M." 
cxn·act 

plTSCiYL-Y.-

2,\7 
I 5 I 

9? 
1.22 

269 
136 

194 
r8; 

Lt5 
I21 

)[ I9 
li2 

47 

'45 

I35 
147 
166 
ISS 
g6 
Sr 
66 
so 
89 
66 
67 
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TABLE XIII 
i!IrGHEST VrscosrTv REACHED BY SusPENsioNs OF DIFFERENT AMOUNTs OF VARIOus FLOURS o:rr 

THE ADDITION oF CoNCENTRATED SYRUPY LAcTIC Aero, ToGETHER WITH 

THE GRAMs OF CRUDE PROTEIN AND GLUTENIN CoNTAINED 

IN '!'HE INDICATED PORTIONS OF FLOUR 

The weighed portions of flour on the dry basis were made up to a total volume of roo cc. 
-with distilled water and digested with occasional shaking for I hour before the determinations 
were made. The determinations were all made at 25° C. A 6o per cent sucrose solution gave 
'a viscosity reading of 29.2° M. with the setting of the wire used. 

Flour 
Lab. No. 

1001 

1002 

1003 

I004 
IOOS 

roo6 
1007 

I008 
1009 

IOIO 

IOII 

Flour 
·Lab. No. 

1001 

1002 

1003 

1004 

roos 
I006 
1007 

roo8 
1009 

1010 

1011 

Flour 
Lab. No. 

IOOI 

1002 

1003 

1004 

IOOS 

I006 
1007 

roo8 
1009 
IOIO 

IOII 

6 gms. flour 9 gms. flour 

Protein1 

grams 
Glutenin, 

grams 
Protein~ Glutenin, 
grams grams 

0-763 
0.874 
0.599 
o.843 
0.738 
o.8o4 
0.94I 
!.027 
0.925 
o.699 
0.720 

Prot'ein, 
grams 

1.907 
2.I86 

!.497 
2.ro8 
I.844 
2.009 

2.352 
2.567 
2.312 

I.748 
r.8oo 

0.342 
0.393 
0.2$1 

0.367 
0,326 
0.329 
0.388 
0.447 
0.4I4 
0.303 
0.296 

I.I44 
1.312 

o.898 
I.26S 
I.I06 
!.205 
!.41 I 

!.540 
I.387 
I.049 
r.o8o 

IS gms. flour 

Glutenin, 
grams 

o.8ss 
0.983 
0.629 
0.917 
o.815. 
0.82·2 

o.97I 
r.r r8 
!.~38 
0.758 
0.740 

21 gms. flour 

0.5'3 
o.s9o 
0,377 
o.sso 
0.489 
0.493 
0.583 
o.67I 
0.62·2 

0.455 
0.444 

Viscosity, 
Mo 

40 
34 
I2 
13 
40 
67 
41 
65 
72 
2.1 

IS 

12 gms. flour 
------ -----

Protein, 
grams 

I.525 
!.748 
I.I98 
I.686 

I.475 
r.607 
r.882 
2.053 
I.849 
!.398 
!.440 

Protein, 
grams 

2.288 
2.62-3 
!.796 
2.529 
2.2!2 

2.410 

2.822 

3.®80 
2-774 
2.097 
2.160 

Glutenin! Viscosity, 
grams M 0 

0,684 
0.786 
0.503 
0.733 
o.652 
o.6s8 
o.776 
o.894 
o.83o 
o.6o6 
0.592 

I8 gms. flour 

Glutenin, 
grams 

1.026 

I.I79 
0.754 
1.100 

0.977 
0.986 
r.I6S 

I.34I 
!.246 
0.909 
0.887 

24 gms. flour 

I7 
I9 
6 
7 

2I 
30 
20 
36 
32 
IO 

8 

Viscosity, 
Mo 

79 
57 
2I 
24 
67 

I06 

74 
106 · 
IJ6 
37 
25 

-----
Prot'ein, 
grams 

2.669 
J.06o 
2.096 
2.95I 
2.58I 
2.8!2 

3·293 
3·593 
3·236 
2.447 
2.520 

Glutenin, 
grams 

1.197 
I.J76 
o.88o 
!.283 
!.140 

I. I 51 
!.359 
r.s6s 
!.453 
r.o6r 
I.035 

Viscosity, 
Mo 

I35 
ss 
32 
33 

I04 
I69 
I09 
I 58 
I98 

53 
39 

Protein, 
grams 

2.395 
3·372 
2.950 

Glutenin, 
grams 

r.oo6 
I.466 
!.303 

1.212 

l .I83 

Viscosity, 
M• 

49 
so 

140 

83 
55 
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Fig. 10. A. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted: 
Against Logarithms of Flour Concentration of Unexfracted Flour 

B. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted:. 
Against Logarithms of Protein Concentration of Unexfracted Flour 

C. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted.· 
Against Logarithms of Glutenin Concentration o£ Unextracted Flour 

TABLE XIV 

CoNsTANTS FOR THE LoGARITHMIC ExPRESSION: LoG VrscosiTY=a+b (LOG CoNCENTRATION) 

WITH THE SALTS PRESENT 

The calculated values were obtained by the method of least squares, the values for a are· 
given on the basis of flour concentration, crude profein concentration, and glutenin concentration. 
The measured values for b obtained by the graphical method are also given. 

Calculated values 

Flour Measured Flour Protein Glutenin 
Lab. No. value of cone. cone. cone. 

b b a a a 
------ ------

IOOI 3·647 3·705 -2.671 -0.558 -!.848 
1002 2.662 2·.689 !.799 0,570 1.555 
1003 2.980 3.013 2.469 0.547 1.683 
1004 2.852 2.829 2.184 0.207 !.232 

roos 2.691 2.766 1,654 o.864 !.845 
1006 .2-.955 2.996 !.731 0.883 2.048 
1007 3·043 3-052 !.982 0.473 !.646 
roo8 2.620 2.643 1.295 0.732 r.686 
1009 3·341 3·291 2.028 o.645 !.791 
'IOIO 2.858 J.005 2,227 o.s78 r.669 
1011 2,729 2.797 2.114 0.461 !.542 
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The effect of the removal of the soluble materials on the change 
in viscosity with concentration was also determined. For this purpose 
6, 9, I2, IS, IS, and in some instances 2I grams of flour on the dry 
basis was digested with one liter of water, with occasional shaking, for 
45 minutes, and then allowed to stand until the material had settled, 
from 5 to I 5 minutes. The supernatant liquid was decanted and the 
residue made up to a volume of soo cc. with distilled water, shaken, 
and the material allowed to settle. The supernatant liquid was again 
decanted and the residue m<;tde up to a total volume of, roo cc. and the 
maximum viscosity attainable with normal lactic acid determined. 
This substitution of .simple decantation for the l~nger and more tedious 
procedure of removing the supernatant liquid by means of the centri
fuge was adopted only after it was found that the two methods gave 
results which agreed within experimental error. Duplicate determina
tions were made throughout. The highest viscosity obtained by the 
addition of various amounts of normal lactic acid is given in Table XV. 
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Fig. 1 I. A. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted 
Against Logarithms of Glutenin Concentration of Extracted Flour 

C. Logarithms of Highest Viscosity Reading Produced with Lactic ACid Plotted 
Against Logarithms of Protein Concentration of Extracted Flour 

R Logarithms of Highest· Viscosity Reading Produced ·with Lactic Acid Plotted 
Against Logarithms of Flour Concentration of Extracted Flour 
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The data in Table XV are expressed in the form of logarithmic 
curves in Figure I I. In this figure the logarithms of the viscosity as 
ordinates are plotted against three different abscissa, namely, the loga
rithms of the flour concei1tration, of the grams of crude protein pres
ent, and of the grams of glutenin present in the portions of flour used. 
It ~will be noted that using the glutenin concentration as well as the 
protein concentration as abscissa produces a closer grouping of the 
lines indicating the relationship of these components to the imbibition 
phenomena. It will be noted that the curves with the salts removed 
lie more nearly at the same angle than is the case with the salts present. 

In Table XVI are given the values for the constant b measured 
from the curves, and the values for b and a calculated the method 
of least squares. 

TABLE XV 

EFFECT OF CoNCEKTRATION oF FLoUR·IN-W ATER SusPE:NsinN s ON VIsCOSITY 

The \Vater soluble substances \vere removed by digesting the amounts of flour indicated 
"'~)Vith one liter of distilled ~.vat'er for 45 minutes, decanting the supernatant liquid, shaking with 
an additional _soo cc. of distilled ',vater, decanting the supernatant liquid, and making the 
residue up to a total volume of 100 cc. A correction was made for rlilut'ion in the viscosity 
determinations. A 6o per cent sucrose solution having a viscosity of 43.86 centipoise gave a~ 

reading of 29.2 degTees Macivl:ichaei:* 

Flom 6 gms. 9 gms. J2 gms. I 5 gms. r8 gms. 21 gms. 
Lab. flour flour Hour flour flour flour 
No. M' M' M' M' M' M' 

~----- ~---- ------~- ------- ~~--~ -------
IOOI 22 JS I I 5 183 
I002 8 z8 59 127 196 

1003 II 22 40 6s 88 
I004 23 45 79 IJ8 
][005 IC• 3.3 72 I2.f r8s 
rooG l4 H g8 r6s 240 

l0Ci'7 14 42 87 I 53 234 
xoo8 2·I 5'~ IOO 163 240 

1009 IS 46 IOO r8o 258 
IOIO 4 X4 3I 64 IOO :U:52 

TUII :rS 3S 57 87 X26 

*Altho t11e 6o per cent sucrose solution had the same reading in th\s table as in 
Table XIII, a resetting of the wire was made c~nd it is doubtful whether a comparison other 
than of a relative nature is justified. 

Baking data.--The flours used in this laboratory Nos. IOOI 

to IOII, were subJected to a joint investigation Rumsey (1922), 
Collatz ( , and the auth,9r. The source, type, and class of the 
wheat and the grade of the flour are grven in Table XVII. 
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TABLE XVI 

CoNSTANTS :fOH TI--:E L()GARITI-L\fiC Ex:P~EssroN: LoG. ··vr.scosr".:'Y:=a.~-b (LoG. CoNcE:r<7TRATID:N) 

'VITI-I THE S.\LTS l:(EJ.iDYED 

The calculated values vvere obtained by the method of least sq_ua:res, the values for a ar,e 
given on the basis of flour r;or:.centl·adoE~ c1·ude ~)totein concentration, and glut'enin concentrationo 
The. measu~ced valu·:::~s for D obtained. by the g1·aphicai method are also given. 

FlouT 
Lab. 
No. 

IOOJ 

1002 

IOOJ 

1004 

l005 

I006 

!007 

-:I008 

!009 

ID!I 

lOOI 

1002 

I003 

1004 

3:005 

Ioo6 
1007 

1008 

1009 

IOIO 

IOII 

J.O--t-S 

.2.95'+ 

2.492 

2.55-
2.631 

.:::.65"-l 
2.565 
2.z.o6 

C:alculated val-ues 

b 

J.023 

2.499 

2.666 
2.6ro 
2.568 
2.2I2 

2.622 

2.90~· 

2.,398 

Flour 
cone. 

a 

-·I..)I5 

+r.365 
J -35.2 
Lo3s 
I.0<.8 
•J,86I 

o.84o 
0.396 

0.848 
r.645 
1.002 

T.P.ftLE XV"II 

Protein 
cone. 

a 

+r.l93 
I .083 

I. I 57 
I.092 

I.J78 

L .. .p8 
:,220 

I .306 

I.28I 

I.OJI 

LI48 

Glu~enin 
cone. 

a 

+2.2~-4 

2.099 

2.099 
2.0II 

2.325 

2.213 

2.IO/ 

LI95 
2.12/ 

Z.OJJ 

HrsTOR'{ AND DESCRIPTTON OP FLOlJR SA:1IPL:::s 

Locality 
1.vhere 
grown 

Cenl.-ra1 Kansas 
Reno County 

Central Kansas 
Reno County 

·washington, 
'•Na11a V.7alla 

North Dakota 
Red River Valley 

North Dakota 
Red River Valley 

Canada, 
Soui:heTn Alberts. 

Canada. 2 

Sou then~ Alberta 

Caaada, SaskaL 
Va11ey9 Saskatoon 

Red Rive>· Valley 

tTtah, irrigated land 

Ohio, 
'"V\Ti11iams County 

Va1·iety 
of 

wheat 

Grade 
of 

'Nheat 

Grade 
of 

fi.our 
------- -------------

Turk=:)· l~_ed 

T:.t:.key Red 

Little Club 

=vrarquis and 
Bl.uestem 

~'Iarquis 

Bluestem 

J\1arqu1s 

lviarqu-i.s 

lvlarquis 

NiatquJs mostlT 

Like Fu1tzo
JYiediteJ-r2.:nea.r:. 

Harcl Red ''/\.Tinter 

I-f3.rcl Red Sy:_-ing 

Hard Red S:)ring 

Selectccl. Hard 
Red Spring 

Selected I-Ia:c:c: 
Red Spring 

Hard Red Spring 

liard Red Spring 

Soft Red 'Ninter 

Pater::~ 

First ciea1.· 

Second clear 

Paten': 

Patent 

Fi-rst dear 

Patent 

Straigh\: 

Long patent 

''Identified by J, Allen Clark, of the U. S. Department' of Agriculture, as "probably 
Kofod.jj Rumsey (1922) and Collatz (rg22) refer to this sample as "like Sonora, California 
''wheats, 11 Thei-r identification is ur;.doubted~y incor:recL 
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The data! of the series are given in Table XVIIL The data 
are the result of several bakings in which each :Hour vv-as in such 
a way as to produce the largest possible volume and at the same time 
make a loaf of bread that be desirable commercially. The 
flour8. were baked and scored three bakers over a of approx-
imately a year, with the same end in view. The results given in Table 
XVIII are selected with the belief that they represent the most trust-

data obtained. 

PROTEIN FRACTIONS IN THE VARIOUS FLOURS 

Because of the slight of gliadin in distilled water it was 
desirable to ascertain how much 
ment vvith one liter of water iollmved 

was removed by the treat
a subsequent treatment with 

500 cc. of wateL the following experiment was carried 
out. Duplicate portions of 18 grams and 9 grams, on the dry basis, of 
rlonr 1009 were t!·eatecl with one liter of water with occasional shaking,. 
for 45 minutes, the material was allowed to settle for I 5 minutes, and 
the supernatarJt liquid wa~ then decanted into a 2-liter flask. The 
residue was treated with soo cc. of distilled water, shaken thoroly, and 
allowed to stand I 5 minutes, then the supernatant liquid was decanted 
into the 2-liter volumetric flask, the flask was made up to the mark ·with 
vvater, and the protein content ( N X of an aliquot vvas deter-
mined the Kjeldahl method. 

The residue from this extraction was treated with roo cc. of 95 
per cent ethyl alcohol, the water already present in the residue 
sufficient to dilute the alcohol so that the final concentration was approx
imately 70 per cent alcohoL This material was then digested for two 
hours with occasional at the end of which time it was centri
fuged and the supernatant liquid decanted into a soo-cc. volumetric 
flask The residue was then treated wih roo cc. of 70 per cent alcohol 
and digested, with occasional shaking, for 30 minutes. At the end of 
this time it was and the supernatant liquid decanted into 
the volumetric flask, the extraction of the residue with IOO cc. of alco
hol was repeated and the extract added to the volumetric flask. The 
:Bask -vvas then made up to volume and the protein content (N X 
of an aliquot was determined the Kjeldahl method. 

The residue from the two extractions was treated with so cc. of 
70 per cent placed in a mechanical shaker, and shaken for 30 

minutes. At the end of this time it was centrifuged and the protein 
content (N >< was determined by the Kjeldahl method. The 
residue was again extracted in a similar manner and the protein in the 
extract determined. 



T .l'-_._:BLE X\/IIJ 
Cc)nrroARA.Tl v·E .fL-.Kn-rc TESTS <YF FL:.nn;.~~ 

Data were obtdned hom th-~ 1-\xt1erican Institute of Baking, the tJ.nai sr::orc heing o. summ2.ry of points according the American InstHute of B:::ddng 
standards (1922). 

IOOI ss 231 6o 
1008 6o 203 53 
I002 ss 2:~s 53 
1006 br I9S 53 
IOOS dl7 6.5 
[010 ss x6s 6o 
IOI I 229 5I 
l003 53 x86 s>· 
1007 65 46 
IOO.::j. ss 192 

These fl.ours ·were subjected to 
( T922) and ~lr. Collatz ( 1922) are prese-nl'ed by them. 

.543 539 

53i 
502 527 
s.:,.x 
536 53 I 
;;;p: 527 

529 5:2L~. 

5~0 

557 5.5:: 

549 

\V to;ights Ul ~~Tarns 

Loaf 
hot 

457 

soo 

494 
'l9D 

49I 
489 

5"L2 

50cj 

.q.82 

400 

soo 
498 

Vo1urnes Score 
C;~. 

--
2160 TOO 

460 99 
464 97 

t88q 95 

47' I7JS 9I 

LJ-64 :r82n 
468 I 760 8:; 
.:.~.59 IJ2t) 76 
43:3 J65<) 63 
.::p8 :C460 40 

.:1-73 q.:c.s 35 

t\, Rumsey, :F, ..::·~- Coliatz, and tht~ antboro Th;:: results of the i.nvest1gation by Rum.sey 
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The res1ctue remaining after this extraction was treated twice with 
50 cc. of 95 per cent ethyl alcohol sbaking ie. a mechanical shaker 
for 30 minutes and follovvecl a treatment ·w1tl1 50 cc. of ether. 
The content of these combined extracts was determined. 

The final residue was allowed to in the air and was then 
·treated with enough distilled water to make a total volmne of 100 cc .. 
and the effect of normal lactic acid on hs \\'as determined. 
The hight"st value obtained vvitl1 the yarious amounts of lactic acid 
1s in Table \Vith tbe data on the extracted. 

It will be noted reached i;; not as 
as that reached in the 1.e._. Table 
XV) the increase is of the same order of magnitude and conf1rmed 
earlier indications that 
bibitiona1 effects 

for the im-

In order to this still further, r8 grams ot Hour 
roog was shaken up with 500 cc. of distilled warer. tl:-,e flour 
allowed to settle for I 5 and the then de
canted into a 2-liter volumetric flask Extraction with 500 cc. of dis
tilled water was repeated three a total volume of 2 liters 
in four portions used for the extraction. The content 
,(l'J X ·was detennined on an of the extracc. 

The residue from the above extraction was extracted -vvith 2 

·liters of distilled wate!- in the way described and the amount of 

(N X removed in this second extraction was determined 
J{jeldahl method. 

The residue remaining after this extraction was treated with roo cc. 
'Of 95 per cent shaken in a mechanical shaker for one 
·hour, centrifuged., and the extract decanted into a _soo-cc volu111etric 
flask The residue was twice extracted vvith IOO cc. of 70 per cent 
'ethyl alcohol and the content determined on an aliquot of the 
-combined extracts. 

The same procedure was repeated with a second of flour. 
,except that I2 extractions with water were made previous to the alcohol 
,extraction. 

The same procedure was repeated with a third of flour, 
except that r6 extractions w·ere made \Vith vvater previous to the 
alcoholic extraction. The results are in Table XX 
with the highest reached ',¥hen the final made up to 
100 cc. with ·water, was treated with vaTious amounts of lactic acid. 



TABLE XIX 
PROTEIN EXTRACTED FROM f'LOUR 1009 BY VARIOUS l\iETHODS 

(I) One liter of water followed by Soo cubic centimeters of water, (2) residue extracted 3 times with 70 per cent alcohol, (3) sum of (r) and (2·), 
(4) residue extracted with so cubic centimeters of 70 per cent alcohol, (s) residue extracted again with so cubic centimeters of 70 per cent alcohol, (6) residue 
extracted twice with so cubic centimeters of 9S per cent alcohol followed by so cubic centimeters of ether, (7) sum of protein extracted, (8) dry residue was 
made up with water to roo cubic centimeters volume and the highest viscosity obtainable with lactic acid was determined. Wire read 29.2° M. with 6o per cent 
sucrose solution of viscosity 43.86 centipoise. 

(2) (3) (4) (S) (6) (7) 
Weight (r) First (r) Second Third 95% Total (8) 
of flour Water alcohol + alcohol alcohol alcohol ether protein Viscosity 
taken, extract. extract, (2) extract, extract, extract, extracted, reading, 
grams per cent per cent per cent per cent per cent per cent per cent Mo 
----- -------- -------- ----

r8 3·93 s.r6 9.09 0.19 0.13 0.02 9-43 I9I 
r8 4.66 4·33 8.99 o.r8 0.14 0,02 9-33 I9S 

9 s.ss J.22 9.ro 0.17 0.13 0,02 9-42 
9 6.04 2.83 8.87 0.17 O.II 0.01 9.16 

Average=: g. or Average= 9-33 

Alcohol soluble protein A, 0. A. C. method=9.04. 



VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 75 

TABLE XX 

PROTEIN ExTRACTED FROM FLoUR roog BY SuccESSIVE TREATMENTS WITH WATER 

FoLLOWED BY ALcoHoL 

Eighteen grams of flour was extracted four times with sao cubic centimeters of water 
and the protein (N X 5.70) in the combined extract determined. The residue was then extracted 
.again with water the number of times indicated, and finally three times with 70 per cent alcohol. 
The protein content of the various extracts was determined, the residue made up to roo cubic 
.centimeters, and the maximum increase with lactic acid determined. Wire used read 29.2° M. 
with a 6o per cent sucrose solution whose viscosity is 43.86 centipoise. 

First 4 Second 4 Third 4 Fourth 4 Alcohol Total 
extracts, extracts, extracts, extracts, extract's, per cent Vis. 
per cent per cent per cent per cent per cent protein cosity 
protein protein protein protein protein extracted M' 

·-----
6.67 r.6r r.85 10.13 

6.77 I. 56 0.75 I.25 !0.33 157 
6.77 !.43 o.63 0.52 I.I2 !0.33 149 

* Residue lost by accident. 

It will be seen from Table XX that the extraction with water 
:apparently removed most of the alcohol soluble protein and that the 
_greatest part is removed in the first four treatments with water. The 
residue did not exhibit as high a viscosity as the original flour when 
the soluble electrolytes were removed by the process first used, i.e., 
.258° M. ( cf. Table XV). As a result of the treatment recorded in Table 
XX approximately one per cent more protein was removed than in 
the case· recorded in Table XIX. This would account for the differ
·ence in viscosities recorded in the two tables. It was thought that this 
·decrease in viscosity as shown in Tables XIX and XX as compared 
with Table XV: might be due to the denaturizing effect on the glutenin 
<Of either the drying or the treatment with alcohol. 

In order to investigate this point, IS grams of flour I009 was 
·extracted eight times with 500 cc. portions of distilled water followed 
by three extractions with 70 per cent alcohol as described above, and 
the residue was then extracted with four additional portions of 500 cc. 
·of distilled water. The amount of protein removed by this last extrac
tion with water was 0.3I per cent. The highest viscosity reached with 
lactic acid was 202° M. 

The procedure was repeated, except that the flour was first extracted 
with twelve portions of water instead of eight. The amount of protein 
extracted in the final treatment with water was 0.35 per cent. The 
highest viscosity reached was I60° M. 

The experiment was repeated, except that the flour was first ex
tracted with sixteen portions of distilled water. The protein content 
•Of the last water extract was 0.26 per cent, the highest viscosity 
reached was I05° M. It is rather difficult to interpret these results 
as, unfortunately, the amounts of protein extracted by the different 
treatments were not determined. It does seem to indicate that the 
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treatment with alcohol markedly affects the imbibitional powers of the 
remaining protein or that the removal of that last portion of protein 
extracted with the alcohol decreases the imbibition. 

An experiment performed with the expectation that it would 
throw some light on the subject was carried out as follows: r8 grams 
of flour I009 was extracted with eight portions of distilled water. 
The residue was then made up to a total volume of roo cc. and the 
effect of additions of various amounts of lactic acid was studied. Tqe 
experiment was then repeated with r8-gram portions of flour which 
had been ext;acted twelve and sixteen times with water. 

ff 
/c£XTI?ACT/ONS -------! 

iil --+----L__ I J 
~- eumAw------, 
i / ___ )~~-2L-'?1<Z!?9Ns_l \ 
~ /;;::;.---/6£-X----.! ___ _::.:r---------l \ 
uJ t)' TI?ACl/ONs-·-·-i\ 1 
G--) \• 1!5 • •d / ·.\' 
~ r \\\ 
~ I ~ 
sf m 
Ul I i'l s: i .\, . ,,1 

I • ' : \I 
j i I 

400 

300 

200 

l 0 
i \ ' .. 

0-! \ ~' 
I I. ,~, 
' \ ··~M9Ci> 

:-... ................ ! 
1>1954¢-z_,;l, ' ..... ..._,f" ..... 

Oi 1·-·- ·~ CC. NORMAL LACTIC ACID CC. NORMAL SALT-;·-· 
o.z 0.4 0.6 ' 1.0 o.z 0.4 

Fig. 12. Effect of Repeated Extracti'on of the IF!our with Water on Viscosity as Influenced by 
Lactic Acid and Effect of Adding Salts t'o the System 

It will be seen that this experiment is essentially the same as those 
already noted, except that treatment with alcohol is omitted. The 
results of the experiment are given in Table XXI and are shown 
graphically in Figure I2. The results point to some very interesting 
conclusions. Table XIX shows that eight extractions with water 
remove 8.28 per cent of protein, twelve extractions remove 9.08 per 
cent, and sixteen extractions remove 9·35 per cent. Subsequent ex
periments (Table XXII) indicate that the total sum of the albumen,. 
globulin, and alcohol-soluble protein (gliadin) in sample No. roo9 is 
8.49 per cent. It therefore appears that practically all the gliadin 
has been removed from this flour by repeated extraction with distilled 
water; nevertheless the maximum viscosity attained, i.e., 456° M., is 
much higher than any of the previous values, indicating that the 



gliadin is not responsible· for change m on the addition of 
acids but that such changes are to the 

of even o.IO cc. of norn1al lactic' acid is 
rnore than 90 

times the value obtained to JVL) 
The· effect of 111 1S 

as can be l2. V1/ e shall 
have occaswn to return to this 
nature of mechanism involved 
addition of acids and alkalies, 

TABLE XXI 

induced 
the 
the 

Vl.SCOSIT"il .• HI' DE·':iREES 1\:[I').CMICHAEL: AS AFFECTED :3Y LACTIC ACID1 O.lYIAINED WITH I8 GRAMS 

ol" FLOUR xoog BY TREATING THE RESIDUE J:>.L\DE UP TO 100 Curnc CEl\r1T:MF.TERS 

AFTER Exn::t.ACTING 8~ I~ 5 AND r6 'I'r.MES WITH soo cc. 

PoRT.10NS OF DxsTILl.ED vv} ... TErr 

After one 1-:'-C. (_,f 1:-tci:ic acid lnd been added~ the :rnaterial vvas treated 1;\dth nonual 
rrmgnesium sulfat\':: and in one case ·0lith magnesium chloride. The 1.vire used r.::-ad 29 . .2° ]\:L with 
a 6o per ct·nt' aucrose solution \vhose viscosity was 43o8!S ce:ntipoist'. 

o.oc 
0,1(('-

C•.2·0 

o.;jo 

o,tio 

o.8o 

Jr)O 

449 
439 

332 

333 
,'327 
J20 

312 

342 

349 
343 
333 

--------·--·--· ---·--------·-----------------------

o.cs 

SalL .solution added to :material contai:ning r cc. lactic add 

l\igS0,1, 
------- -------- -------

Jr77 
go 

53 
22 

'54 
IIJ 
70 
34 

on the that the gh:ttenin 1s the mam protein 
concerned in the 
very desirable to 

As 

imbibition produced acid and alkali, it 
determine the g-lutenin content of the flours investi

out in the introduction. the accurate determination 
of the quantity of the various proteins in wheat flour presents unusual 
difficulties. The data presented in some o£ the preceding tables confirm 
this conclusion. In an to determine the of the 
various proteins in this senes of the 
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content of the several fractions was calcu
content as determined by the 

protein was cletermine.d on a one-gram 

(A. 0 . . c4. C. .~For 

this determination 6 grams of flour 
5 per cent potassium sulfate solution 

vvas extracted ·<;vith Ioo cc: of 
shaking in a mechanical shak-

hour. a fluted and de-
termining the so-cc aliquot. 

Alcohol-soluble A. C. .--In this determina-
tion 4 grams of flour was treated with IOO cc. of 70 per cent alcohol 

shaking m a mechanical shaker for one hour, filtering the extract 
clear fluted filter, and determining the content of 

Polassiun~ 

was the same 
second ·mcthod.--This 

sulfate extraction 
was centrifuged and the 

measured. The extract 
filter and the .so-cc 

• 1 -rest.aue 7JU1Jh 

residue after extrac-, 
make a total volume 

of I so cc. ,Jf 70 per and the mixture was 
in the mechanical shaker for one hour. i''t the end of this 

time the material was allowed to settle and was then filtered dear 
through a fluted and the 111 a so-cc. was 
deten11ined. 

In the case of all these filLoations the i~rst of 
the filter was returned to the filter. 

All the above determinations were carried out in and if 
did not show· dose the detennination was 

It 'Nas believed that the content would be 
from the total content of the Hour 

the sum of the amuunts of 5 per cent 
su1fat·::: followed 70 per cent The A. 0. A. C method of 
determining glutenin in flour is to subtract from the 
sum of the sulfate-soluble and as 
determined on different 
hu.ve been shown 
value obtained 

As these two solutions 
same the 
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TABLE XXII 

PROTEIN FRACTIONS OF VARIOUS FLOURS IN TERMS OF PERCENTAGE OF TOTAL FLOUR ON DRY BASIS. ARRANGED IN ORDER OF THEIR LOAF VOLUME 

(4) 
(2) s per cent K.so. (S) (6) (7) (8) (g) 

(I) Loaf (3) soluble protein Alcohol- Alcohol-soluble Total Dry hand- Glutenin 
Lab. No. volume, s per cent K.so. centrifuged, soluble protein, after K2SO. protein content, washed gluten, (7)- (4)+(6)], 

cc. soluble protein, filtered, per cent extraction, per cent per cent per cent 
per cent per cent per cent 

I009 2I6o I.59 1.69 9-04 6.8o I5-4I IS-9 6.g2 
IOOl 2010 I.36 I.ss 6.81 5-46 12.71 II.7 5-70 
roo8 2000 I.95 ~.II I0.09 7-55 17,II I6.6 7·45 
1002 I88o I-74 !.99 7·99 6.03 14-57 I4.2 6.ss 
I005 I82o !.54 1.74 7-4I 5-12 12,29 II.S 5-43 
IOIO 1760 1.63 1.76 6.g6 4·84 I r.65 1!.5 5-05 
1oo6 I735 1.54 !.71 7-98 6,20 I3-39 I2.7 5-48 
IOII 1720 '·70 I.9I 7-33 )P5 12.00 II.7 4-94 
1003 r65o 1.21 '·37 5-75 4-42 g.g8 9-7 4-19 
1007 1460 2.20 2-35 8.g8 6.$6 I5.68 I5.6 6.47 
1004 1415 2.46 2-74 7-55 5-20 14.05 I2.g 6.11 
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The results for the potassium sulfate-soluble protein by the two 
methods do not agree, altho the only difference in manipulation was 
filtration of the liquid in one instance, and the use of a centrifuge for 
a preliminary classification preceding filtration in the other. It is prob
able that in the case of filtration without centrifuging, the starch and 
suspended matter have not completely settled and the filters, therefore, 
clog and ultra-filter out some of the protein in solution. When the 
centrifuge is used, this suspended material is thrown down, thus pre
venting the clogging of the pores of the filter paper. There is a marked 
difference in the rate of filtration in the two instances, filtration being 
very much more rapid following centrifuging. These experiments 
indicate the desirability of carefully studying the methods for the 
determination of the amount of the various proteins in cereal products. 

The data obtained are shown in Table XXII. The dry crude gluten, 
washed from the flour by hand, is included in this table. 

EFFECT OF TEMPORARY CHANGES IN HYDROGEN-ION CONCEN
TRATION OF DOUGH ON COLLOIDAL PROPERTIES OF 

GLUTEN 

The flour used in this experiment was a strong patent having an 
absorption of 56.2 per cent.1 The amount of hydrochloric acid re
quired to bring the dough to a pH of 3.0 and of' sodium hydroxide to 
bring a dough to a pH of I I .o was deter~ined. These two hydrogen- . 
ion' concentrations were chosen because they were the points of maxi~ 
mum imbibition with acid and alkali respectively. Doughs were then· 
made with water containing enough acid or alkali to give the one or 
the other of these hydrogen-ion concentrations, but the amount of 

· water was restricted, so that when the acid or alkali was neutralized 
with an equivalent solution, the dough would contain the normal amount 
of water-56.2 per cent. The doughs were kept at these two different 
hydrogen-ion concentrations for 30 minutes and then the acid or alkali 
was neutralized; bringing the dough back as nearly as possible to it~ 
original hydrogen-ion concentration, and additional water was added 
to give the necessary dough consistency. The amount of sodium 
chloride formed by this neutralization was subtracted from the amount 
of salt added in the baking formula. The other ingredients of the 
dough were not added until after the acid or alkali had been neutral
ized. The baking formula and procedure used was that suggested by 
Bailey ( I9I6). Two duplicate doughs were prepared in each case and 
a predetermined amount of takadiastase was added to one in order that 
the diastatic activity might not be a limiting factor. In another set of 

1 The absorption of a flour is usually considered 56.2 per cent when 56.2 grams of water 
are added to roo grams of air·dry flour to make a dough of the required consistency. 
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experiments one half the dough was brought to a pH of 3.0, the acid 
neutralized, and then the other half of the flour added: 

The actual absorption of a dough at a pH of 3.0 was determined 
and was found to be 6r.3 per cent. While this is an increase of about 
5 per cent over the control, nevertheless the increase is small compared 
with what might be expected from the viscosity curves. The reason 
for this small difference may be due to two causes: The inhibiting effect 
of the sodium chloride added in the baking formula, and the large-

. amounts of imbibitional water which may not be held firmly enough 
to make a dough of the proper consistency. The results of the experi
ments are given in Table XXIII. 

TABLE XXIII 

EFFECT ON LOAF VOLUME OF TEMPORARILY CHANGING THE HYDROGEN-ION CONCENTRATION 

OF THE DouGH 

For each loaf 300 grams of flour was taken.* 

Loaf volume, Absorption, 
Treatment of dough cc. 

-------
Control .......................................... . r6oo 
To pH 3 and back ................................. . 830 
To pH 3 and back+ diastase ....................... . 1050 

To pH II and back .............................. . 1130 

To pH I I and back+diastase ...................... . ro85 
Absorption determined at pH 3 ................. ; .... . 

New Baking 
Control .......................................... . 142·5 
Control+diastase ................................. . 1390 
Half of dough to pH 3 and back .................. . 1325 
Half of dough to pH 3 and back.+ diastase ......... . I345 

* Mr. Arnold Johnson kindly carried out the bakings reported in this fable. 
t Amount of water restricted . 

per cent 

s6.2 
59.I 
6r.8 
58.9 
56.2t 
6I.3 

56.8 

57.2 
63-4 
63·9 

. It will be npted that all the treatments decreased 'the loaf volume. 
The decrease is not so apparent in the second set of bakings. In this. 
baking the control did not behave normally. This the baker attributed 
to the poor quality of the yeast used. The effect of the treatments was.. 
shown. very markedly in the handling of the doughs. They were ex
tremely short and broke like putty when pulled, while the baked bread 

'had a very coarse texture. The loaves in which the hydrogen-ion 
concentration had been changed had practically white crusts, exhibiting
no browning in the oven, altho the control loaves browned to an un
usual extent. The addition of diastase did not alter this condition. 

We have found in other experiments that the viscosity of a flour
in-water suspension at a pH of I r.o decreases fairly rapidly with time

. of standing. Keeping a dough at a pH of rr.o for 30 minutes may per
mit the alkali to exert its peptizing action on the gluten and thus destroy
the colloidal properties which give the flour its desirable baking quali-
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'ties. A flour-in-water suspension kept at a pH of 3.0 for one hour 
shows no appreciable change in viscosity due to standing, nevertheless 
a dough held at this hydrogen-ion concentration for 30 minutes lost its 
baking strength. At this hydrogen-ion concentration the gluten may 
have undergone changes of a nature similar to solution which would 
result in a decided change in its colloidal properties. 

EFFECT OF TREATMENT WITH ALCOHOL ON COLLOIDAL 
CONDITION OF THE GLUTEN AS REFLECTED IN 

LOAF VOLUME 

Gliadin has been universally regarded as an important factor in 
flour strength because whenever the gliadin has been removed from 
flour by extraction with alcohol and the resulting residue dried and 
r(!milled, the flour so obtained was found to have lost the capacity 
"for producing a bold, large-volumed, well-risen loaf." 

Snyder (r897), Voorhees (1900), and Olson (1917) all demon
. strated the loss in baking strength due to the removal of gliadin from 
the flour, but apparently no one of these observers tried the experiment 
of treating flour with alcohol and then drying, remilling, and baking tbe 
flour without removing the alcohol-soluble protein. Kosutany ( 1903) 
was able to obtain only 5·5 per cent of wet gluten of very poor quality 
from flour which had been simply treated with alcohol and then redried. 
The effect of alcohol on the colloidal properties of the glutenin as 
shown by the viscosity studies ( cf. Tables XX and XXI) suggested 
the following experiment: 

Doughs were prepared using 70 per cent and, in two instances, 95 
per cent ethyl alcohol, 6o cc. of alcohol being added per roo grams of 
flour. The doughs so prepared were crumbly and not coherent. As 
soon as the doughs were made, they were crumbled and placed on 
large glass plates. A current of air was blown over the material with 
an electric fan and it was continuously crumbled and stirred. The flour 
was to all appearances dry within an hour, the drying taking place at 
a temperature not exceeding 25° C. The material so obtained was 
remilled in an experimental flour mill and baked. Check samples of 
normal untreated flour were baked at the same time. The experiment 
was carried out with the patent flour used in the experiments reported 
in Table XXIII and with samples of both durum and rye flours. The 
rye flour contains no protein which responds in any appreci~ble degree 
to the imbibitional effect of acids, and it was chosen because it was 
believed that if flour strength was associated with the colloidal condi
tion of the glutenin, treatment with alcohol would not affect the baking 
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qualities of the rye flour to an appreciable extent. The results obtained 
are given in Table XXIV. Photographs of the resulting loaves are 
shown in Plates I and II. • 

Plate r. Effect of Alcohol Treatment on Baking Qualities of Wheat Flour (See Table XXIV.) 
A. Check, normal flour. 
B. Flour doughed 95% alcohol, dried, remilled, and baked. 
C'. Flour doughed 70% alcohol, dried, remilled, baked. 

TABLE XXIV 

EFFECT ON BAKING STRENGTH oF FLoUR oF ~REPARING DouGHS wrTH ALCOHOL, IMMEDIATELY 

DRYING AT 25°C., REMILLING, AND BAKING 

The controls in each case were normal, untreated flours* 

Kind of flour 

White flour control ........... . 
White flour control ...........• 
White flour 
White flour 
White flour 
White flour 
Durum control ............... . 

Conc.of 
alcohol, 
per cent 

95 
95 
70 
70 

Diastase 
added 

No 
Yes 
No 
Yes 
No 
Yes 
No 

Durum control ............... _. . Yes 
Durum . . . . . . . . . . . . . . . . . . . . •. . 70 No 
Durum . . . . . . . . . . . . . . . . . . . . . . . 70 Yes 
Rye control ................... : No 

~~: c.o~~~~l .. ::::::: ::: : : : : .. : ::: \ 70 ~~s 
Rye . . . . . . . . . . . . . . . . . . . . . . . . . • ·:~ 70 Yes 

Loaf 
volume, 

cc. 

I425 
I390 
1170 

!230 

I235 
1190 

I 6os 
ISIS 
I280 
!205 

1145 
1160 

I3IO 
I300 

* Mr. Arnold Johnson kindly car')ted out the bakings reported in this table. 
J,;. 

,:\ 
'<\ 
<I 
·~ \ 
\\ 
'.\ 

Absorption, 
per cent 

-----
s6.8 
57·2 
59·2 
6o.3 
6o.6 
s~.s 

s8.6 
sS.I 
66.g 
66.g 
52,0 

52.0 
55·4 
55·4 
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at an apparently normal rate in the doughs 
vd1ich had treated with altho after the first 

they did not nse as high as the controls. The alcohol-treated 
flour and durum flour were hard to handle· were 

short and broke m the process. the rye 
flour no difference could be detectedi between the control 

and those made from alcohol-treated flour. 
Small open cratci's \vere formed toward the end of the fenDentation 

c,f the alcohol-treated to the loss of carbon dioxide 
the surface of mass. These craters did not 

close after and the surface of the looked as if per-
rorated \Vitb a blunt instrument. 

loidal 
or a flour. 

that tbe col.
m 

removed from 
the rlonr, tbe flour was condition CJ,s 

in its colloidal .cible witl1 the 
amount and the variou:3 con1pcments are ap-

1~-he effect of alcohol ·v17a.s not clu.e to solution 
the fact that the sam_e deleterious results 

<iS per cent i;1 \vhich concentration of alco-
Tbe resnlts obtained in the 

ments indicate that the effect of alcohol may 
the •Xcl1oiclal condition of tbe 

DISCUSSI 1)I\f 

METI-:J:CJDS AND GENER.AL OESER\/ l\TIClNS 

The method for the of the itr1bi~· 
bitjonal f.HY\ver of m wheat flour IV<ts to measare the vis-

dnced 
.Lq_t 

of flour-in-water 
vanous treatments, 

the 111 

it \Yas found that the 
of was verv sensitive to mechanical treatment, the 
n1.ere 
ti111e after t1111e 

determination IYith the same 
VVhile this 

.of numerous other inves-" 
c:tiffic.ult and 

influenced to some extent the accuracy of the results. The 
was found tc change <vvith this 

noticeclble in cases in which the been 
treated with acids or alkalie-S. In an eifmt to minimize the effect of 
these the and mechanical treatment were 
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standardized as much as The Ostwald viscosimeter did not 
lend itself such standardization and vvas aban
doned. 
pressures on the a 
capillary viscosimeter, as the rate of shear was found to have a marked 
effect on the results obtained. A of this factor throw some 

on the 
The ease of manipulation and determinations 

could be carried out, accuracy with 
which duplicate determinations could be made. as shown in Table IV, 
Ied to the use of a IVIacl\'Iichael for the mam of this 
work. Because of mechanical construction of the viscosimeter and 
the effect of the re-
sults obtained are As instrument was so con-
structed that the different parts of the were to differ-
ent :rates of shear, no 
of the Hour-in-waLer 

terms of 

and for thai: 
except to 8.11 

m absolute LHlit:i. 

of the effect of rate of shear on 
would be valid. The results are all 

Macl\1ichael because the 
of absolute would 

'illas made to sta,ndardize the wire used 
idea of the 

Some the value of such extended dete 1·minatiom; 
on thf~~ san1~e fJou.rs because fic)tr:.-s k-_no-\rln to IE 

V'~rlth age. 'The on these flours ·vvere not 
months after the flours had been milled, 

vvere baked at intervals The flour was stored 
at a of about 

C The imbibiiional powers of the hand--vvashed crude gluten ob-
tained from flours and as measured 
of discs m the presence of vanous concentrations of lactic 
:not after for tvvo years. The deter-
1ninat1on ,~./as carried out and the end of the work 

these reasons it is believed that 
in the flour the prog:ness 

was introduced. It was believed that the inves
a few flours were 

studied from as maTl)' rather hesh flours for 
each 
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VISCOSITY OF ORIGINAL FLOUR-IN-WATER SUSPENSIONS AS 
AFFECTED BY VARIOUS AMOUNTS OF DIFFERENT ACIDS 

In this. investigation the viscosity as aff·ected by a series of nor
mal acids was studied to see if the various acids behaved alike with 
the different flours. For this study flours B-780 and B-783 were 
used, the same that were used in the earlier study by Sharp and 
Gortner ( 1922). 

Table II shows that the increase in viscosity of flour B-780 begins 
, with smaller additions of acid than with B-783. This same effect was 
observed with all the acids .studied in Table III but it was considered 
sufficient to give only a few examples. As a partial explanation of this 
difference between the two flours, it should be noted that flour B-780 
had an ash content of 0-44 per cent and flour B-783 an ash content 
of 0.53 per cent. In view of the work of Bailey and Peterson ( 1921) 

·it would be expected that the addition of the same amount of acid 
to the two flours would cause a greater change in hydrogen-ion con
centration in flour B-780 than in flour B-783. The results presented 
in Table III show that this is indeed the case. 

The results obtained with the various acids are expressed graphi
cally, using in the first instance· the cubic centimeters of normal acid 
added as abscissa (see Figs. I and 2) and in the second instance the 
pH of the variotts acid solutions as abscissa (see Figs. 3 and 4). The 
viscosity in degrees MacMichael is used as ordinates in each case. 
The results are plotted on the different bases in order to show how 
easy it is to overlook a really fundamental similarity in the behavior 
of the various acids. 

Figures 3 and 4 show clearly that the greatest imbibitional effect 
which a given acid will produce occurs at practically the same hydro
gen-ion concentration regardless of the nature of the acid. This 
hydrogen-ion concentration appears to be approximately at pH 3.0 for 
the flour proteins and to be the same within experimental error for 
the two flours. 

That the two flours ~eem to respond differently to different rates 
of shear, is shown by a comparison of the values obtained with lactic 
acid as shown in Tables III and V when different wires were used 
in the viscosimeter. 

If the points of maximum viscosity produced by the various acids 
with the two flours are compared, it will be noticed that the order of 
the acids is different in the two flours. Sulfuric acid produces pnly 
slight imbibition in the case of flour B-780 and no imbibition in the 
case of flour B-783. Trichlor acetic acid produces appreciable imbi
bition with flour B-780 and practically no imbibition with flour B-783. 
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' 
Meta-phosphoric acid produces no imbibition with either flour. This 
failure to cause the imbibition of the proteins of the flour is undoubt
edly connected with the behavior of these acids as protein precipi
tants.. The experiments with flour proteins would indicate that 
meta-phosphoric acid would be the most efficient protein precipit~u;.t 

·Of the acids studied. 

EFFECT OF ADDED SALTS ON IMBIBITION PRODUCED BY 
LACTIC ACID 

In these experiments the water with which the flour was treated 
was made o.OI normal with respect to several salts and the effect of 
lactic acid on imbibition was measured by the viscosity method. In 
the case of dibasic potassium phosphate the concentration used was 
0.005 molar. The results are given in Tables VI and VII and are 
·expressed graphically in FigureS· It was found that magnesium, potas-· 
sium, and sodium chlorides, and dibasic potassium phosphate all produced 
about the same decrease in viscosity, both flours behaving similarly in this 
respect. Magnesium sulfate, potassium sulfate, and calcium chloride 
were found to decrease the viscosity still more, all three salts decreas
ing it to about the same extent. The. two flours behaved alike in this 
regard. In the case of the last three salts the beginning of the increase 
in viscosity is delayed. · This is also true with the dibasic potassium 
phosphate. Ti1e effects of these salts fall in very sharply defined 
groups. The groups are not determined by the valency of the ions, 
for magnesium chloride falls in the upper group while calcium chloride· 
falls in the.lower one. Dibasic potassium phosphate falls in the upper 
group and magnesium sulfate and potassium sulfate fal~ in the lower 
group in .spite of the fact that. dibasic potassium phosphate is present 
i.n slightly greater amount. Potassium and sodium chloride both fall 
in the same group, the results agreeing with each other within experi
mental error. 

EFFECT OF ELECTROLYTES PRESENT IN THE ORIGINAL 
FLOUR ON VISCOSITY 

It is known that the water extract from wheat flour contains a 
-certain amount of dissolved electrolytes, and it would be expected 
that they would exert some effect in decreas.ing the viscosity of the 
Hour-in-water mixture. It has been shown by Bailey and Collatz 
(1921) that the soluble electrolyte content of a water extract of wheat 
flour, as measured by conductivity, was related to the ash content of 
the flour, so the viscosity of a low-grade ·flour should be depressed 
more than that of a high-grade flour, owing to the difference in soluble 



contributed i:o 
true imbibitional of the 
maski~d the ash coEtent, and flours nf different 
different arnonnts of salts should not be '"'··-,-,,,,,~tPrl 

In order to 
ash content \vere chosen. 
'the with one Eter of water and 

Thus the 
would be somevvhat 

the residue up to total volun1e of 
flour \rvith a asl1 content fron1 

:75 to 329 while ,, tlour vvitb a ]o\ver 

ash content increa-sed fron1 393 to 502 This confinned the sup-
that tbe difference in soluble salts of lhc different flours was 
the order of th.eir relative viscosities. second extraction with 

one Jite1· of water was not found to affect the 
This treatment with one liter of vmter \vas [ound to reduce the salt 

re(1uce the crmtent 
thi:3 treatment lovvered the 

to a level whcr~C: it WOLtld not affect tlle t"esults, 

ro ~~rt least OfJ.f:~ 

vvitb one liter 
furtht::r. [t v,ras 

content 

E~FFEC1' (JF "\'i\.RI()TJ3 ACII)S ()1\T ·~/l'3C()SI1~-c-~/ (lF' E:l{TF~_:1._CTEI) 

FLOUR':. 

determinations were 'Jarious a.cids on 
and hc;.d been e:'{tracted ~vvifh erne liter of 

water, The results ::1.re Table I'X and 6 ~rnd 7. The 
effect of the soluble salts see1ned to be to increase the vis-

cf and this is vvhat 1.vas 
frorn th~ a::;h content. -The :Jcicls seerned to bf·have n1or·~ 

alike >.vith ihe two different f:ours after the removal of the sol-
uble materials. In order to the effect of 
the soluble -T'able )CJC\T 111 order of 

The table their power to increase the 
the ord.er with both vvii:h and vvithout 

In order to show hmv the effects of the different the soluble n1aterials. 
acids on the two flours become more alike after the removal. oi 
the extract, the max1111um obtained 'Nith the various acids are 
grouped 1n ,~fa.ble 

maxunum viscosities as a mea.ns of 
the ratios of the 

the two flours. It 
is seen that in the extracted flours the ratio 1s rnore or le.ss constant~ 
while in the unextracted_ flour it varies 
flH for imbibition in the. extracted fioun3 seemed to be 
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TABLE XXV 

IoN SERIES AT Iv.IAxill,rLTM VIscos:r.T·:r.' FOR FLoun.s E-78o AND B-783} .!.s SHowN BY V!scostTY 
DETERMINATIONs v.JITH VARious Acrns, IVITH AND \J"\F:nHOUT 

REMOVAl, oF \iVATER~SoLurn .. E ExTRACT 

Columns beg~n ~ .. vHh the acid showing greatei':ii h:tcn::ase in viscosity. Add8 p1mdudng 
approximately the same increase cJre place~l in groups. 

Sohible r:::xtn:;.ct' present 

B-78o 

Oxalic 

CI-I:2ClCOOI-! 
Lactic 

HC! 

Cihic 

CClsCOOH 

Soluble extract :temcnrecl 

l'll!dUliU2ii:: \h:scJ-s:cr'l"~ JIN D.i::•.:;Rim::: ~.L' .. c:l\;h·:::~Hl.EL., ]?RODUCED '\liT.CH "'VARIOUS Acr:D:s AI·E"·' 

....'\.L:r..:A:c..n:s TJsnrc, :;~·Lourrs B-78•:> icND .B-783 BoTH "•NITH AND "VlhTH1)UT 

REJ:vT.O'F.AL OF SOLUBLE ExTRACT 

The ratio o{ tht mr,xirmun 
:Hours :is ;:dsu sho·wn. 

'~l1scosit:~l salts. ptesent 'Viscosity 2alts removed 

Ifyd:mchl,Jric 
Lactic 
Tartark 
Oxalic 
Sulfuric 
Aceiic 
Nitdc 
Citric 
H,Po. 
~1sPOs 
CH2ClC:OOH 
CClsCOOH 
NaOH 
:Ba(OH)s 

J\!IQ 

273 
230 

98 
216 

J.95 

332 

33 2• 

;)1! 

147 
025 
x8s 

=tyiO 
~---·~- -------

I28 ;?.I4 

!40 2.00 

' :r8 :::.,8J: 

! =3 2.98 
2.97 

IO,) z.o6 
66 2,g6 

ID3 2.40 

x63 2,04 

x5c- :z.o8 
!30 2.39 

J.ss 
342 L83 

I40 1.32 

:B-780 
:3-780 B-7·~~-3 

M' 1\1° 
------ ------

389 25il 1.5 I 

322 2;)4 LJ8 
3-05 :?II I.t1.S 
3IO z:;_r 1.47 
I II 8r LJ/ 

333 L64 

373 ~ ') ,f 
~,J~,-

322 213 LSI 

40I 267 L54' 

339 240 Io4I 

340 2,30 1.48' 

387 I94 I.g~· 

!3 43 :L7C• 
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:alkaline side of pH 3.0. While in many ways the behavior of the differ
ent acids appears to be similar, the curves show differences which are 
still much greater than the experimental errors of the method. It is 
noted that the freshly prepared. meta-phosphoric acid produces no im
bibition. This indicates its efficiency as a protein precipitant. The 
change of meta-phosphoric acid to ortho-phosphor~c; acid is shown by 
the effect produced by the acid solution that stood for several months. 

EFFECT OF SODIUM AND BARIUM HYDROXIDE ON VISCOSITY 
OF FLOUR SUSPENSIONS 

Barium hydroxide has relatively less effect on the viscosity of the 
flour suspensions than has sodium hydroxide. This agrees with the 
:findings of Loeb (1921a) and Zoller (1921) for other proteins. Luers 
( 1919) found that barium and sodium hydroxide increased the vis
cosity of gliadin solution to practically the same extent. The salts 

-present in the flour repress imbibition in alkalies only to a slight extent, 
but they exert a marked depressing effect on imbibition in acids, as 
shown in Figures 8 and 9· The point of maximum viscosity is reached 
with the two flours at a pH of approximately I I.O, using sodium 
hydroxide, and at a pH a little higher using barium hydroxide. It was 
noticed that if the flour in the alkali was kept at its highest point of 
imbibition for some time, the viscosity decreased with time without the 
addition of further amounts of alkali. The results obtained with 
hydrochloric and sulfuric acids are plotted in the same figur.es to show 
the effect of a wide range of pH. 

The effect of lactic acid on the viscosity of a series of flours was 
studied in order to see whether or not the viscosity values could be 
-correlated with the baking data. The results showing the maximum 
-viscosity with the extract both present and removed are given in Table 
XII. Several correlations were made, indicating what appeared to be 
a relation between the loaf volume, the protein content, and the vis
.cosity values with the extract removed. There were several excep
tions, however, indicating that some other factor which had not been 
taken into account was affecting the results. 

EFFECT OF CONCENTRATION ON VISCQSITY 

This point was investigated to see whether or not the order of the 
relative viscosities of the various flours would remain the same if the 
viscosity effects were measured at different concentrations. The re
-sults (Tables XIII and XV) show that concentration does affect the 
results. It is shown that the effect of concentration on viscosity can 
be expressed by the equation 

log. viscosity=a+b log. concentration 
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It was found that the constant b, which is the tangent of the angle 
made by the logarithmic curve with the axis of abscissa, varied with 
the different flours. Apparently the value of the constant b expressed 
more nearly the imbibitional strength of the various flours. The val
ues for the constant a were found to vary markedly when the concen
tration was calculated on the basis of grams of flour per 100 cc. If 
the concentration of the protein content was used the values for a 
more nearly approach each other, while if the concentration was ex
pressed as glutenrn the values for a show still greater agreement. The 
values obtained for these constants are given in Tables XIV and XVI. 
The values for the constants of the curve were determined by the 
method of least squares. The value of b was also obtained by the 
graphical method. 

PROTEIN FRACTIONS IN V ARlO US FLOURS 

Gliadin is reputed to have but a slight solubility in distilled water. 
However, the amount of gliadin removed by water during the extrac
tion of the electrolytes was determined and found to be very appreci
able. Tl).e results, shown in Table XIX, indicate that it is the alcohol
soluble protein which is removed, for the total amount of protein 
removed by the water and the subsequent alcohol treatment is only 
slightly greater than the amount of protein removed by direct treat
ment with alcohol, i.e., 9·33 and 9.04 per cent, respectively. That it 
is the alcohol-soluble protein, which is removed is indicated by the 
difference in amounts of protein removed from the IS- and 9-gram 
samples. More protein was removed by the water treatment and less 
with the alcohol treatment from the 9-gram sample than from the 
rS-gram sample. 

The results given in Table X,X seem to indicate that most of the 
alcohol-soluble protein can be removed by extraction with water, and 
that the greatest amount is removed in the first four extractions. In 
this case the treatment with water and alcohol removed more than IO 
per cent of protein, probably including some glutenin. This is highly 
probable as the material was extracted with water by decantation and 
some of the glutenin particles might easily have. remained in suspen
sion and have been carried over with the decanted liquid, as it was not 
filtered. 

Other observations during the progress of the work indicated that 
the glutenin is mainly responsible for . the imbibitional powers of the 
proteins of the flour and gluten. This supposition was confirmed by 
the viscosity determination on the flour from which the gliadin had 
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been extracted. This material always showed a viscosity of the same 
order of magnitude as the original flour. The viscosity readings were 
always considerably lower in the flour fron: which the gliadin had 
been extracted by treatment with water followed by alcohol than in 
material that had not been treated with alcohol. This last treatment 
with alcohol removed only the small part of the alcohol-soluble protein 
which had not been removed by water. Thus alcohol shows a marked 
effect on the viscosity, either by the removal of this last small amount 
of alcohol-soluble protein or, which seems more probable, by the 
denaturization of the glutenin, it being well known that alcohol coagu- · 
lates certain proteins. This latter explanation would be more in agree
ment with the findings of Sharp and Gartner ( 1922), who dried crude 
gluten at a temperature below 50° C. and found that the colloidal 

. properties of the material were markedly altered. 
The effect of lactic acid on the viscosity of flour-water suspensions 

which had been extracted several times with 500 cc. of distilled water 
was enormous (Table XXI and Fig. 12). The addition of only o.IO 
cc. of normal lactic acid was sufficient to increase the viscosity over 
ninety times its original value. This material, which had reached its 
maximum point of imbibition by treatment with lactic acid, was very 
sensitive to the addition of salts, the value decreasing nearly two
thirds on the addition of 0.10 cc. of magnesium sulfate. Magnesium 
chloride was not so effective in 'this respect. Another interesting point 
is that the viscosity obtained was much greater than when the extrac
tion was made with only one liter of water, which gave a value of 258° 
M., thus indicating that the effect of the electrolytes of the flour had 
probably not been entirely eliminated by a single extraction with one liter 
of water. 

Because these experiments seem to show that the glutenin is mainly 
responsible for the imbibitional powers of the flour, the attempt was 
made to determine the relative amounts of the various proteins in the 
flours investigated. It was found that centrifuging the 5 per cent 
potassium sulfate-soluble extract before filtration apparently in
creased the amount of protein removed in this fraction. It was found 
that the direct treatment with 70 per cent alcohol removed about the 
same amount of protein as extracting first with 5 per cent potassium 
sulfate and then with 70 per cent alcohol. It was believed that the 
glutenin content would be indicated more accurately by subtracting 
from the total crude protein the sum of the protein extracted with 
potassium sulfate and that extracted subsequently with 70 per cent 
alcohol. 



TABLE XXVII 
RELATION BETWEEN LoAF VoLUME, GLuTENIN CoNT.ENT, AND THE lMBIBITIONAL STRENGTH oF THE GLuTENIN AS REPRESENTED BY THE CoNSTANT b oF THE 

LoGARITHMIC EQUATION 

Electrolytes present 

Lab. Loaf Glutenin (Glutenin) X (b) 
No. volume content Constant b -----=K 

(Loaf volume) 

1009 :zi6o 6.g2 3-291 0.01054 
roor* 2010 5-70 3-705 o.o-rosr 
roo8 2000 7-45 2.643 o.oo985 
roost r8zo 5-45 2.766 o.oo828 
IOIO 1760 s.os 3.005 o.oo862 
roo6:j: 1735 5-48 2.996' 0.00946 

--- ---- ··-----
IOII 17~20 4-93 2.797 o.oo8or 

1003 r6so 4·'9 3.013 o.oo765 
-------- ----
rooz* r88o. 6.ss 2.689 o)>0936 

1007+ 1460 6.47 '3.052 0.01352· 
1004t 1415 6.II 2.829 0.01221 

* 1001 is a patent and roo2 a clear from the same wheat. 
t roo 5 is a patent and r 004 a clear from the same wheat. * roo6 is ~ patent and roo7 a cl~ar from the s<1ml' wheat, 

Electrolytes removed 

(Glutenin) X (b) Class of Flour 
Const'ant b ------=K wheat grade 

(Loaf volume) 

:z.622 o.oo84o Hard Red Spring Patent 
3-023 o.oo857 Hard Red Winter Patent 
2,212 o.oo824 Hard Red Spring Patent 
2.666 0.00795 Hard Red Spring Patent 
2.909 0.00834 Kofod Straight 
2.6ro o.oo823 Hard Red Spring Patent 

2.398 o.oo687 Soft Red Winter Patent 
"·499 o.oo635 White Club Straight 

2.926 o.oro6o Hard Red Winter First clear 
2.568 0.01137 Hard Red Spring First clear 
2.552 0.01071 Hard Red Spring Second Clear 
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RELATION OF VISCOSITY, GLUTENIN CONTENT, AND 
LOAF VOLUME 

It has been shown in Figures IO and I I that the logarithmic curves 
do not all lie at the same angle with respect to the axis of abscissa, 
that is, the viscosity increases more rapidly with concentration in some 
cases than in others. It is probable that the tangent of the angle of 
this curve made with the abscissa represents more accurately than 
any other value thuS' . far obtained, the imbibitional strength of the 
colloidal protein of the wheat. If the tangent of this angle is small, 
the colloidal properties will be less marked; on the other hand, if the 
tangent of the angle has a large value, the colloidal properties will be 
very pronounced. The constant b in the equation 

log. viscosity = a + b (log. concentration) 
represents the tangent of this angle. 

Bearing in mit1d that the tangent b of the angle thus obtained might 
be considered as the value indicating most accurately the colloidal 
strength of the flour, and that the imbibition of flour as affected by 
acids is due mainly to the glutenin, i~ should be expected that a relation
ship might exist between these two factors. Thus the colloidal strength 
of the flour would be the product of the quality factor as indicated 
by the constant b in the logarithmic equation, and the quantity factor 
as indicated by the quantity of glutenin present in the flour. In order 
to see if this product was actually related to the baking strength of 
the flour as indicated by loaf volume, the former was divided by the 
latter. The results of this calculation are given in Table XXVII. 

Suspensions of various concentratiolils of flour untreated with acids 
would doubtless follow the logarithmic relationship and would probably 
give an angle somewhat similar to the ones obtained in Figures ro and 
I I. Unfortunately, the supply of flours used became exhausted, 
so it was impossible to compare the curves produced with the untreated 
flours with those given in Figures ro and I I. The attempt was made 
to introduce the relationship between the initial viscosity reading of 
the flour-in-water suspension and the maximum reading after treat
ment with lactic acid, but the initial reading was so low that it could 
be determined only approximately with the viscosimeter set for the 
higher readings, the experimental error being in some cases about 
50 per cent. It would seem desirable to investigate this point under 
conditions in wnich the lower readings could be determined with suffi
cient accuracy to subject this relationship to a more exact quantitative 
study. Likewise the subtraction of the 'initial value from the maximum 
value was tried but in some cases this produced relatively large values 
for the constant b, because some of the flours with low baking strength 
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TABLE XXVIII 

RELATION" :B:crv;EE:\r P.ATENT A:'lD CLE1'>R F:t:.,ouRs lVIIIL?D n~_f)M TEE S<iYfE \\.TEEAT ,1,_ND TH~ 

c:o.i.\:?,TAI'-~1' b •JF THE LGGARITH~f\II( EQO'\TIO~· 

IOOl 

"':002 

I005 

i006 

J007 

3·703 
"2.68g 

~-996 

2.829 

J.G<<3 

2.926 

2.666 

2.568 

_f'i rst' clear 

Patent 
Second clear 

PB.:i:enL 

FlrBi clear 
---------~---~--~~-~-

deviation between the constants IS shovvn whee 
the were Patent flour 1001 gave a constant of 
3-705 and dear flour froriJ the sa.rne roo2, gave a constant 

In the other two cases the agreement is better. \Vhen the 
were the flour in each case gave a 

the clear Hour, indicating that the in the 
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patent flour was of"'only slightly better quality than the protein in the 
clear flour. This agreement is also an indication that the influence 
of the electrolytes present in the flour was Jargely eliminated, so far 
as their effect on the evaluation of the imbibitional properties of the 

i gluten was concerned, by the method of leaching used for their removaL 
The constant K, obtained by dividing the product of the glutenin 

concentration and the constant b, by the loaf volume, shows consider
able fluctuation in the series with the electrolytes present. When the 
electrolytes are removed we find the constants apparently fall into 
three groups. With the exception of flour roro, the first group con
tains patent or straight flours which would be used for bread making~ 
the second group contains flours which if used by themselves would 
be considered pastry flours and would be used commercially for bread 
making only when blended with other flours of considerable baking 
strength ; the third group contains the clear flours. The average of 
the, constants K in the first group is o.oo829, the average deviation 
from this value is 1.99 per cent, and the maximum deviation is 4.1 
per cent. The average in the second group is o.oo661, while the aver
age and maximum deviation is 3·93 per cent. The average in the third 
group is o.oro89, the average deviation is 2.91 per cent, and the maxi
mum deviation is 4-41 per cent. The greatest experimental error is. 
believed to be in the determination of the glutenin content of the 
flours. These results indicate a rather definite relation between the 
glutenin content, the increased concentration effect of imbibition pro
duced by lactic acid, and the loaf volume. It is generally accepted 
that the actual volume cif the loaf obtained depends on many factors, 
and it could hardly be expected that the measurement of one factor 
would. detern1ine the loaf volume. These results indicate that within 
each group there is a definite relation between the glutenin content, 
the quaJity content b. and the loaf volume. The groups of different 
constants are probably produced by other factors. Just what these 
other factors are has no~ been detennined, other than the rela.tion ex
pressed in Table XXVII between the class and grade of wheat and 
the grade of flour. Some correlations which might be drawn from 
the work carried out by Rumsey (r922) and Collatz (1922) using 
these same flours might be mentioned here, more in the way of dis
cussion than of definite conclusions. Collatz found that by the addition 
of malt flour or extracts the loaf volume of flours 1002 and roo7 
could be increased about 16 per cent. Increasing the loaf volumes used 
for these flours in Table XXVII by 16 per cent we obtain the con
stant o.oo833 for flour ·1002 and 0.00922 for flour IOOy. The volume 
of flour 1001 was increased 10 per cent, which gives a constant of 
0.00779 instead of o.oo8S7· Flour roo8 showed no increase in volume 
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<Jn the addition of malt flour or extract. Flour I003 showed an 
increase of I2 per cent which changes the constant to 0.00566. It is 
undoubtedly unfair to take the increase of this flour as I2 per cent, 
for this great increase occurred with only one loaf artd was apparently 
too high. Rumsey ( I922) has shown that flour I004 has about the 
same diastatic power as flours I002 and I007. It is probable that an 
increase in volume might have been obtained with this flour by the 
addition of diastase. Table XXIX gives the relative diastatic power> 
of the flours as determined by Rumsey. The hydrogen-ion concentra
tion of the flour and the fermented dough at the time of going into 
the oven are taken from the paper by Collatz ( I922). 

TABLE XXIX 
MALTOSE PRODUCED IN ONE HouR BY ro GRAMS oF .FI.ouR rN roo cc. oF' WATER AT 27°C.; 

THE PH VALUE OF A r TO 5 FLOUR-IN-WATER SusPENSION, AND OF THE 

· FERMENTED DouGH AT TIME oF GorNG INTO THE OVEN 

Maltose produced, Fermented 
Lab. No. mgms.* Flour, pHt dough, pHt 

1009 2II.8 
IOOI 248.2 5.8r 4·79 
1008 304.1 5.98 5·'9(?) 
1005 '3'·9 5~84 5·'7 
IOIO 92.6 
roo6 105·7 5·78 5·03 
IOII 51.7 6.15 4-92 
1003 34·8 6.oo 5.05 
1002 r86.5 6.o5 5·05 
1007 123.6 6.ro 5-53 
1004. 145-0 6.17 5.8o 

*Determinations by Rumsey (1922). 
t Determinations b:y Collatz ( r 922). 

Table XXIX shows that only two flours, namely, the clear flours 
10d4 and 1007, .did not reach approximately a pH of s.o, which the 
work of Jessen-Hansen (I9II) indicates to be the general optimum 
for bread making. Thus, one reason for the low volumes of these 
two flours may have been that the optiml..m hydrogen~ion concentra
tion had not been reached. The clear flour I002 did reach this opti
mum, and making the correction for the increased volume produced 
by added diastase yields a constant which agrees with those in Group 
1. This indicates that the factor causing the low volume was insuf
ficient diastase andi not the buffer effect due to grade. Flour 1007 was 
improved by added diastase, yet it still gives a constant which is too 
high for Group I. 1 It may be that the low loaf volume in this case 
is caused by two factors, namely, the low diastase content and the . 
failure of the dough to reach the· optimum hydrogen-ion concentration 
for bread baking, owing to its high buffer action. 



VISCOSITY AS A MEASURE OF HYDRATION CAPACITY . 99> 

If we take the first group of flours for comparison, then the second 
group yields larger loaf volumes than their glutenin content and its 
imbibitional properties would indicate. No hypothesis will be ex
pressed as to the factors operative in the formation of Group 2. The 
flours in Group 2 are especially low in diastase. An increase in diastatic 
power would have a tendency to increase the loaf volume and yield a. 
still lower constant. 

While. eleven flours with such meager data are far too few upon 
which to base definite conclusions, this work indicates that the glutenin 
content and its imbibitional properties may be used as a measure of 
one of the main factors concerned with 'baking strength. While the 
data presented here indicate three groups of flours as shown by the 
imbibitional studies, later work may show more than three groups. 
In the method used, all the factors which go to make up viscosity 
and plasticity were probably operative. 

Groh and Friedl ( 1914) found that the gliadins in wheat and rye 
flour were identical in physical properties. Luers and Ostwald ( 1919) 
found that the viscosity of wheat flour suspensions was increasec,l by 
the addition of lactic acid, while the viscosity of rye flour suspensions 
remained unaffected. The experiments reported here indicate that the 
colloidal properties of glutenin, as shown by its imbibitional power 
as affected by acids and alkalies, constitute one of the factors con
cerned in strength of, flour. A comparison of the results reported 
here with those of Luers· and Ostwald would indicate that the glutenin 
of rye flour is markedly different from 'the glutenin of wheat flour; 
and from the results of the studies on the viscosity of wheat gluten 
reported here, it .would be expected that· rye flour would behave as 
an extremely weak flour. 

Guthrie (1896) seems to be the first investigator who .definitely 
attributes the strength of flour to the glutenin. Since the experiments 
reported in the present paper were completed, \Voodman ( 1922) has 
reached the conclusion that the glutenin fraction is concerned in the 
problem of flour strength. Woodman extracted the proteins, gliadin 
and glutenin, from samples of strong (Canadian) and weak (English) 
flours and then followe<;i the changes in optical rotation of these pure 
proteins when they were racemized with dilute alkali at 37°. He 
concludes that the gliadin fractions of both strong and weak flours are 
identical in physico-chemical behavior but that there is a marked dif
ference in the glutenins. He states, "The glutenines from the two 
types of flour have been shown to be two distinct substances, this con
clusion being based on their different optical behavior during racemiza
tion by dilute alkali. 
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"It is suggested that the existing ideas on flour strength require 
modification to include the facts recorded in this investigation. It is 
desl.rable to retain the dual conception of strength as put forward by 
Wood. The factor which determines the size of the loaf is most prob
ably connected with the diastatic capacity of the flour, as was suggested 
by this investigator. On the other hand, the factor which determines 
the shape of the loaf and which appears to be directly related tO the 
physical properties of the gluten of the flour, is possibly dependent 
on the particular glutenine mechanism possessed by the wheat. 

· "The results of this investigation suggest that the strong wheat 
synthesizes one type of glutenine and the weak wheat a different type, 
whilst wheats of intermediate strength may contain varying proportions 
of the two glutenines." 

It will be noted that these conclusions are very similar to our own, 
reached from an entirely different sort of evidence, and we regard 
Woodman's work as strongly confirming the hypothesis that flour qual
ity is intimately associated with the glutenin fraction of the wheat 
proteins. 

While the present investigation indicates that the amount and col
loidal properties of the glutenin are important factors concerned with 
flour strength, more extensive investigations must be carried out before 
final conclusions can be drawn. 

' 
NATURE OF VISCOSITY CHANGES INDUCED BY ADDITION OF 

ACIDS AND ALKALIES 

The viscosity curves shown in Figures 3, 4, 6, 7, 8, and 9 of the 
present paper are very similar in appearance to those which' Loeb 
(1920a, 1920b, 1920c, 1921a, 1921b, 1921c, 1921d, I92Ie, 1921f, and 
1922) presents for gelatin, casein, etc. Loeb interprets his results as 
being due to stoichiometrical combination of the protein with the acids 
or bases followed by ionization of the protein salt and hydration of 
the protein-ion by osmotic phenomena governed by the Donnan ( 19II) 
equilibrium. In other words, Loeb apparently takes the view that 
imbibition changes in a protein system are due to chemical reactions, 
whereas the prevalent viewpoint of workers in the field of colloids is 
that they are due to surface phenomena. Certain of the experiments 
which we have reported appear to throw light upon these questions. 

The experiments reported in Tables XIX and XX show that gliadin 
is relatively soluble in distilled water and that the gliadin can be almost 
completely removed from wheat flour by leaching with water. It will 
be noted from Table XV that r8 grams of flour 1009, from which the 
soluble salts had been removed by leaching with one liter of water 
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followed by soo cc. of water, attained a maximum 
when treated with lactic acid. 

As shown in Table XIX, the same treatment followed by four 
extractions with alcohol gave readings of 191 o TvL and I95°lVL; 
and (Table XX) sixteen extractions with 500 cc. distilled water fol
lowed an extraction with alcohol gave a reading of I49° M 

It might be from the above experiments that the alcohol 
removed some of the which was responsible for the increase 

by the addition of lactic acid. That this is not the 
case, Table XXI and Figctre 12. In this instance 
r8 grarns of the same Hour was leached ·with from 8 to r6 successive· 
portions of 500 cc. each of distilled -.,vater, but the alcohol cxtract·ion 
was omitted and a maximum M. was attained. 

the alcohol treatment vvas 
shown in Tables XIX and XX. 

for the lower viscosities 

This enormc•us mcrease m h-mn -1- 0 TvL to J'\1:. was 
the addition of o.,l cc. of a normal solution of lactic acid, 

and an increase ill from 4° IVL to :M. was caused even 
~o. I o c\:. of n.c1rn1al lactic acid. 

in order that 
first be a chemical combination of the acid 

the ionization of the salt and the 
of the prorem 1011 osmotic behavior con
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Sl1.Ch a 
fraction of its 

that 

to a smali 
changes 

:s not osmotic behavior. It appears far rnore 
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on the addition of acid and salt may be likened to 
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is bound upon the surface of the 
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thick "shell" of water 

particle, to be instantly 
If the water penetrated into the in
osmosis, there should be a gradual 
takes It has been impossible 

attained practically 
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Again, if the view is correct that hydration of, proteins is a phe
nomenon controlled only by the hydrogen-ion concentration, it i8 impos
sible to understand why glutenin shows such marked imbibition changes 
in contrast to the behavior of the prolamine, gliadin, or why glutenin 
from a strong flour shows such marked differences in behavior from 
glutenin from a weak flour at the same hydrogen-ion concentration 
and saz.t content. ·In our €xperiments, hydrogen-ion concentration does 
markedly influence imbibition; nevertheless, the fact remains that "there 
is an inherent difference in the glutens from strong and weak flours. 
'fhe physico-chemical properties of the glutens from the different flours 
are not identical and would not be identical even if the flour had origin
ally had the same acid (hydrogen-ion concentration) and salt content. 

·The difference between a strong and a weak gluten is apparently that 
between a nearly perfect colloidal gel with highly pronounced physico
chemical properties, such as pertain to emulsoids, and that of a colloidal 
gel in which these properties are much less marked." These statements 
were made by Gortner an-.! Doherty in 1918, and our present work seems · 
to emphasize their findings. We have advanced the knowledge of the 
flour strength problem so as to limit, apparently, the difference of col
loidal behavior to the glutenin fraction of the flour proteins, but the 
difference in the glutenin is apparently due to its behavior as emulsoid 
.colloids. This is particularly apparent in the hking tests (Table XXIV, 
Plates I and 2) in which an alteration in the colloidal properties of the 
glutenin ruined the baking value of the flour. Other experiments which 
are now in progress point to the same conclusions. 

SUMMARY AND CONCLUSIONS 

Viscosity of flour-in,water suspensions was used as an ea;;y, rapid, 
and accurate method for the investigation of the comparative imbibi
iional properties of the flour proteins. Viscosity studies were made on 
a series of wheat flours of various grades and baking strength in an 
effort to investigate the relation of the colloidal properties of wheat 
proteins to the strength of flour. 

Suspensions of flour in water are extremely labile systems and are 
affected by the many factors which influence the viscosity of emulsoid 
colloids. ' 

Maximum viscosity produced by the various acids acting on wheat 
flours occurs at approximately the same hydrogen-ion concentration 
regardless of the acid. The hydrogen-ion concentration for maximum 
viscosity was found to be slightly higher than a pH of 3· The highest 
viscosity produced by the- different acids occurs at practically the same 
hydrogen-ion concentration with the different flours. 
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Different acids apparently do not produce the same maximum imbi
bitional effect with wheatproteins. 

Materials extracted from flour by water influence the imbibitionat 
power of the various acids in different degrees. The water extract 
from various flours differs in its effect on imbibition produced by dif
ferent acids. The series of acids arranged in the order of their ability 
to produce maximum viscosity is more nearly the same for the different 
flours after the removal of the soluble extract. 

Salts added to the flour-in-water suspension apparently divide them
selves into sharply defined groups in respect to their ability to inhibit 
imbibition produced by lactic acid. These groups were found to be the 
same with the two flours invfstigated. 

Failure of some acids to produce imbibition is probably related to 
their effect as protein precipitants. 

Viscosity in the presence of alkalies is not so markedly affected by 
the soluble materials present in the natural flour as in the presence of 
acids. The maximum viscosity prqduced by alkalies occurs at approxi
mately a pH of I I. 

Maximum viscosity and concentration of flour were found to con-
form to the logarithmic expression, 

Log. of viscosity= a+ b (log. of concentration) 
in which the log. of viscosity is the logarithm of the maximum viscosity 
obtained with lactie acid. 

Repeated extraction of flour with distilled water removes practically 
all the alcohol-soluble proteins. The first extraction with water removes. 
proportionately more than the subsequent extractions. 

Glutenin is the protein mainly responsible for the marked imbibi
tional power of flour and gluten as influenced by acids and alkalies. 
The treatment of glutenin of flour with alcohol of a concentration of 70· 
per cent or more, markedly affects the colloidal properties of the glu
tenin as measured by viscosity. The imbibitional strength of the
glutenin is probably represented most accurately by the constant b of 
the logarithmic expression noted· above. · 

These results seem to indicate that the glutenin content and its imbi
bitional properties should be taken into account in investigations of 
flour strength. 

Doughs which have been brought to a pH of 3.0 or I I.o by the addi
tion of acid or alkali and then the acid or alkali neutralized, have lost 
their baking strength. -

Flours that contain a protein which responds markedly to the
increasing imbibitional effect of lactic acid lose their baking strength 
if they are doughed up with 70 per cent or 95 per cent alcohol and 
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then dried. The fact that the baking 
traction of tbe flour with alcohol is not 
protein mainly concerned with flour 

of flour is lost by ex
proof that the gliadin is the 

The determinations indicate that the effect of the alcohol 
is due mainly to changes m the colloidal of the 
glutenin. 

The earlier conclusion of Gartner and , that there is an 
inherent difference in the physico-chemical of the gluten 
from strong and weak flours and that these differences are due to the 
colloidal state of the gluten is confirmed. In it has 
been shown that the differences in colloidal apparently reside 
1n the 

LITERATURE CITED 

Alway, F. L and Hartzell, S. 
(1909) On thl'! strength of vrheat flour. 2.3rd Ann. Rept. Nebr. Agr. Exp. Sta. 

p. IOO··IIOo 

American Institute of Baking, 
(1922) The ideal. loaf. Baking T•:c:hnology. I :q-zi, 42-44. 

Arpin, M. 
( 1902) .Dosage du gluten humide dans les farines. Ann. chirn. anal. chim. appl. 

7 :325-331.1 
Arrhenius, S. 

( 1916) Viskositiit 
k2.psakad. 

und Hyd.r:ita.-H.on F:.·_olioid.cder l,C·sung~n. :vi2dd. ""·l etens·-

Nobelinst. Bd. :3, No. I.3, S. I-20. 

Bailey, C. H. 
(r9x6) .A n1e.thod ~or the detenT.in;.r;jon of th~ sttength and baking: qttalhies tYf 

}_.._ si:tnple hydnJgen electrode. Y,our, .l\ra. Chen1. Soc" 42 :45-48. 
-----and Blish, :rvL J. 

(I9IS) Concerning the identity d the proteins extracted from wheat Hour 
by the usual solvents. Jour. Bioi. Chern. 23 :345-357. 

-·-··--· and C:oUatz, F. A. 
Studies o£ ·wheat flour grades. L Electrical 
extncts. Jour. Ind. and Eng. Chem. r3 :319-32I. 

-~---- and Peterso1.1.j /~~..nna C. 

of vvo-ter 

Studie::; o-£ ·vd1eat flour gradeso IL Bttffer aehon ()t vvatef extract~o 

Jour. Ind, and Eng. Cbem. 13 :gr6-9r8. 
----- and Weigley, 1vl:i!dred. 

(1922) Loss of carbon dkrxide frorn dough as an index of flour stre11gth. 
Jour, Ind. and Eng. Chern. q, :I47-150. 

Baker, J, L., and Hulton, H. F. E. 
(rgo8) Consideration~ affecting the "strength" uf wheat flours. Jour. s;JC, 

Chem. Ind. 27 :368-.376. 
Balland, A. 

( r883) lvien1oire sur 1es farines. II Experiences sur le gluten. pha1·n1. 
chim. ser. 5· 8 :433-440. 



VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 105 

(1884) Alterations qu' eprouvent les· farines en vieillissant. Ann. chim. phys. 
ser, 6, I :533-557. 

(18g3) Sur la preexistence du gluten dans le ble. Cotript. rend. 116:202-204. 

(1896) Sur le dosage clu gluten dans les farines. Compt. rend. 123.:136-137. 
Becarri. 

(1745) De B.ononiensi Scientiarium et Artium Instituto atque Academia Com
mentarii 1745, II. part, I p. 122 Citation by T. B. Osborne. The pro

teins of the wheat kernel. Carnegie Institute of Washington. Pub. 
No. 84, p. 6. (Original not seen.) 

Benard et Girardin, ]. · 
(r881) Sur le dosage du gluten dans les farines. J. pharm. chim. ser. 5, 4:127-

128. 
Berzelius, ]. J. 

(1827) Ueber Pflanzenleim und Pflanzeneiweiss. Pogg, Ann. Physik. Chern. 
10 :247-252. 

Biffin, R. H. 
(1905-6) Mendel's laws of inheritance and wheat breeding. Jour. Agr. Sci. 

I :4-48. 

(1908-10) On the inheritance of strength in wheat. Jour. Agr. Sci. 3:86-ror. 
Bingham, E. C. 

(1916) An investigation of the laws of plastic flow. Bur. of Standards. Sci. 
Paper No. 2;78. 

(1922) Fluidity and plasticity. 440 pp. McGraw Hill Book Co. New York. 
---- and Durham, T. C. 

(191I) The viscosity and fluidity of $Uspensions of finely divided solids in 
liquids. Am. Chern. Jour. 46:278-297. 

---- and Jackson, R. F. 
(1917) Standard substances for the calibration of viscometers. Bur. of Stand

ards Sci. Paper No. 2g8. 
---- und White, G. F. 

(1912) Fluiditat und die Hydrattheorie. I. Die Viskositat von Wasser. Z. Phys. 
Chern. So .:670-686. 

Blish, M. J. 
(1916) On the chemical constitution of the proteins of wheat flour and its 

relationship to baking strength. Jour. Ind. and Eng. Chern. 8:138-144. 
Bogue, R. H. 

( 1920) Properties and constitution of glues and gelatines. I. Chern. Met. 
Eng. 23 .=.5-12· 

(1921) The viscosity of gelatin sols. Jour. Am. Chern. Soc. '43 :1764-1773. 
Boland. 

( 1849) Verfahren die relative Tauglichkeit ·des W eizenmehls zum Brotbocken 
mittelst des Aleuronmeters · zu bestimmen, eines von dem Backermeis

ter Boland in Paris erfundenen Instruments (aus dem Bulletin de Ia 
Societe d'Encouragement, Nov., 1848, p. 704). Dinglers, Polytech. Jour. 
III :117-123. 



1o6 TECHNICAL BULLETIN 19 

Bose, E. 
(19II) Experimentalbeitrag zur Schwarmtheorie der anisotropen Flussigkeiten. 

Physik. Z. I2 :60-62. 
----und Bose, M. 

(1gn) tJber die Turbulenzreibung verschiedener Flussigkeiten. Physik. Z. 
I2 :I26-135. 

Boussingault. 
(1837) Untersuchung iiber den im Viehfutter enthaltenen Stickstoff und iiber 

die Aequivalenten des ersteren. Ann. 23 :72-78. 
Bremer, W. 

(1907) Hat der Gehalt des Weizenmehles an wasserloslichen Stickstoff einen 
Einfluss auf sinen Backwert. Z. Nahr. ~enussm. I3 :69-74. 

Brenchley, W. E. 
(1909) On the strength and development of the grain of wheat (Triticum 

vulgare). Ann. Bot. 23 :1!7-139. 
Briggs, C. H. 

(1913) The significance of loaf volume. Northwestern Miller. 95:79-80. 
Chamberlain, ]. S. 

(1904) Determination of gliadin and glutenin in flour by the Fleurent-Manget 
method. U. S. Dept. of Agr. Bur. of Chern. Bul. No. 8i, p. rr8-125. 

(19o6) Investigations on the properties of wheat proteins. Jour. Am. Chern. 
Soc. 28:1657-1667. 

Chick, H. 
(1914) The viscosity of protein solutions. II. Pseudo globulin and euglobulin 

(horse). Biochem. Jour. 8 :261-280. 
----and Lubrzynska, E. 

(1914) The viscosity of some protein solutions. Biochem. Jour. 8:59-69. 
----und Martin, C. J. 

(1912) Die Viskositiit von Kasein-Solen. Kollciid Z. II :102-ro5. 
Chopin, M. 

(1921) Relations. entre les proprietes mechaniques des pates de farine et la 
panification. Bull. Soc. Encour. Ind. Nat. I33 :261-273. 

Cohn, E. J., Cathcart, P. H., and Henderson, L. J. 
(1918) The measurement of the acidity of bread. Jour. Bioi. Chern. 36:581-586. 

----and Henderson, L. J. 
(1918) The physical chemistry of bread making. Science. 48:501-505. 

----, Wolbach, S. B., Henderson, L. J., and Cathcart, P. H. 
(1918) On the control of rope in bread. Jour. Gen. Physiol. I :221-230. 

Collatz, F. A. · 
(1922) Flour strength as influenced by the addition of diastatic ferments. 

Am. Inst. Baking. Bul. No. 9· 
Couette, M. 

(18go) Etudes. sur le frottement des liquids. Ann. chim. ser. 6, I2 :433-510. 
Coulomb. 

(18oo) Experiences destinees a determiner Ia coherence ·des fluides. Mem. 
de 1' Inst. National Tome 3, p. z6r. Cited by Hagenbach. Pogg. Ann. 
Physik. Chern. Bd. 109, S. 385-426 ( 1860). (Original not seen.) 

Deeley, R. M. and Parr, P. H. · 
(1913) The viscosity of glacier ice. Phil. Mag. Ser. 6, 26 :85-II1. 



VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 107 

.De Saussure. 
(1833) Schweiger's J. 69, p. 188. Cited by Osborne, T. B. The proteins of 

the wheat kernel. Carnegie ·rnst. Wash. Pub. No. 84. (Original not 
seen.) 

Dienes, L. 
(19rr) Beobachtungen iiber die innere Reibung in kolloidalen und nicht 

kolloidalen. Fliissigkeiten. Biochem. Z:. 33 :222-224. 
Donnan, F. G. 

(19rr) Theorie der Membrangleichgewichte und Membran-potentiale bei Vor
handensein von nicht dialysierenden Elektrolyten. Z. Elektrochem. 
17 :572-581. 

---- and Allmand, A. J. 
(1914) Ionic equilibria across semi-permeable membranes. Jour. Chern. Soc. 

105 :1941-1963. · 
----and Garner, W. E. 

(1919) Equilibria across a copper ferrocyanide and amyl alcohol membrane. 
Jour. Chern. Soc. IIS :1313-1328. 

___ _:____and Harris, A. B . 
. ( 19rr) The osmotic pressure and conductivity of aqueous solutions of congo

red and reversible membrane equilibria. Jour. Chern. Soc. 99:1554-1577. 
Doolittle, 0. S. . 

(1893a) The to~sion viscosimeter. Jour. Am. Chern. Soc. IS :173-177. 

(1893b) Standardizing the torsion viscosimeter. Jour. Am. Chern. Soc. 
IS :454-456. 

Drew, E. R. 
(1901) A determination of the viscosity of water. Phys. Rev. I2 :rr4-120. 

Duff, A. W. 
(1905) Poiseuille's law at very low rates of shear. Phil. Mag. ser. 6, 

9:685-692. 
Dumas, J. und Cahours, A. 

( 1843) Ueber die neutral en stickstoffhaltigen Substanzen der organisirten 
Korper. Jour. prakt. Chern. 28·:398-454. 

Eimer and Amend; 
The improved MacMichael viscosimeter. Eimer and Amend Bul. 
No. 280. 

Einhof, H. 
(1805) Chemische Analyse des Roggens. Jour. der Chemie von Gehlen Bd. 

5 S. 131, cited by Berzelius. Pogg. Ann. Physik. Chern. ro :247-252 
(1827). (Original not seen.) 

Einstein, A. 
(19o6) Ein neue Bestimmung der Molekiildimensionen. Ann. Physik. 4 

Folge. I9 :289-3o6. 

(19rr) Bericktigung zu meiner Arbeit "Eine neue Bestimmung der Mole
kiildimensionen." Ann. Physik. 4 Folge. 34 :591-592. · 

Fenyvessy, B. 
(I9II) i)ber den Einfluss einiger vegetabilischen Proteide auf den Weizen

kleber. Z. Nahr. Genussm. 2I :658-662. 



roS TECHNICAL. BULLETIN 19 

Fleurent, E. 
(1893) Recherches sur !a constitution deoo matieres albuminoids extraites de 

l'organi8me vegetal. CompL ncnd. II7 :Jg0-793· 

I8g6a) Strr ]a corapt)sitk1n 1rnl.nedia~e d11 glr(cen de£: cen~aleso 

rz:o :327-:330. 

rend~ 

St~r unf: rn.eth.J(h:. chen:tiqt1e d~appnc~.ci:.\tion d,::: 1::. vc.deur boulangere 

cles J.r~.rines de bleo Co~npt. rend. I2~t ~;::::;,5-758. 

r098a) (\;rd:ribv.t~on 3. l 1 et1Jdf~ des Knatiere.::. aJbtnninoides contenues da:ns 1es 
.farin~::. des 1egunJ1neuses tr de~ c~Z·n~a1.;~~.. rendo 126 :I374~IJ77" 

( I2-~~frh) lo r~~partit·ion d~1 glut~~fl t:t de ses in-:.xnediats dans 
'i'a:~.nande. iarineuse du gra1n. dt frotneAit. C1Jrnpt. rv;nd, 1:~6 :IS~~t2-I595~ 

f~ ryoia) Sur la c.()fH_rJ{)SlLion des bl;~:·~ du.cs ~-::t Stir h~ cons·dttrdon physique -:le 
leur gluten. Cornpt. rend. 133 :94.4-9tl/'" 

(r~;o~)) I)eterinJ.nacl·)rl ·r:1e la 1;al:-11r boula11g~~re des i;:;,rine.::. de ))l,b au tnoyen du 
gJ1.::l(htn·~~-r<:. .i~nn. chi1.n. anaL d:-:J.ln1. J.f'PL g :()-~). 

1.-~.0 :99-).QI, 
"2\:::n·d, J. ~·~. and (~rrthrie 1 J. 1vL 

( Y9U8) rrhe arl1y·}l)lyl'ic and protcoi>·tlc ·Etf((~(=nts :}{ vvl~~:at::n fL:>urs) and tht1r 
re.laticn tc~ ubaki1:•g vaJue,~' Jour. Chern. :t•7 :389-393. 

F'n:undlich. E~. anc! I.r::;i1izctka1 Co 
(ISH3) The rah::: of coo.gulation (1£ .:\1 

<:h:::n\s:~.~. Trans. l~\:~raday Soc 
Gill, A. H. 

;:ol~· as r(rcec~.sured by ·viscosity 

c~)l1Jfl'Jil~tr~e :L); on s·;:ar~.da::d test~ :for h:dJ.ricants. Pr:oc l\Hc 
1\tlated:als. IO 17'"146. 

G·la::;er, I-:1: 
( I90l) iJber die ~nnere }~eJbung zaher 

G·{l.U-ig'kr:::Jt cle.s Pcrisenillesche_, 

aad Doherty, E. H. 

ph;stiscb :fester J:S:,(,rper unci cUe~ 

C~e~.tczes. ,/\_nr~. P'hysik. 4 Fo1gee 

(1918) IIy.(!rath.rn capacity· :::rf gluten Jrorn "'stro:ng~~ and (\vr:ak''' H.ours. JouL 
i\g1·. .R,~s. 13 :389 .. 418. 

G:teavts1 J. E, 
( I9II) Surne :ftv:to·rs influencing the. qua:~;titc-;.Uve detr:'nminadon of g.Uadin" 

J(n1r Bio1. CheJ.n. 9 :2]I·<~:93· 
Griffiths 1 i\. and Griffiths~ C" /A. 

( 192I) 0:f v1ate1· at 1cnv rai:e.s of shear. Pros. Phy.s. Soc. I ... ondon. 
~\3 :2,31-2'42. 



VISCOSITY AS A' MEASURE OF HYDRATION CAPACITY 109 

Griih, ]. and Friedl, G. 
(1914) Beitriige zu den physikalisch-chemischen Eigenschaften der Alko-

holliislichen P'roteine des Weizens und Roggens. Biochem. Z. 
66:154-164. 

Guess, H. A. 
(1900) The gluten constituents of wheat and flour and their relation to bread

making qualities. Jour. Am. Chern. Soc. 22:263-268. 
Giinsberg, R. 

(1862) Ueber die in Wasser liislichen Bestandtheile des Weizenklebers. Jour. 
prakt. Chern. 85 :213-229. 

Gurney, L. E. 
(1908a) ~The viscosity of water at very low rates of shear. Phys. Rev. 

26 :gS-120. 

(1908b) Some observati'bns on the surface rigidity of water. Phys. Rev. 
26:121-122. 

Guthrie, F. B. 
(18g6) The absorptioQ of water by gluten of different wheats: Agr. Gaz. N. S. 

Wales. 7:583-589. 
Hagenbach, E. 

(186o) Uber die Bestimmung der Ziihigkeit einer Fliissigkeit durch den Aus
fluss aus Riihren. Pogg. Ann. Physik. Chern. 109 :385-426. 

Handovsky, H. 
( 1910) Die neueren Fortschritte in der experimentellen Kolloidchemie der 

Eiweisskiirper. Kolloid Z. 7:183-193, 267-277. 
Hank6czy, E. V. 

( 1920) Apparat fur Kleberbewertung. Z: ges. Getreidw. 12 :57-62. 
Hardy, W. B. 

(1910) An analysis of the factors contributing to strength in wheaten flour. 
Jour. Board Agr. 17: Sup. No. 4, p. 52-56. 

Hatschek, E. 
( 1910) Die Viskositiit d.er Dispersoille. Kolloid Z. 7 :301-304. 

(19II) Die Viskositiit der Dispersoide. Kolloid Z. 8:34-39. 

(1913a) Die Viscositiit der Emulsoid Sole und ihr Abhiingigkeit von der 
Schergeschwindigkeit. Kolloid Z. 13 :88-96. 

( 1913b) The general theory of viscosity of two phase systems. Trans. Fara
day Soc. 9 :80-92. 

( 1916) The viscosity and hydration of colloidal solutions. Biochem. ]. IO: 
325-330. 

( 1920) Die Viscositat von Blutkiirperchen~Suspensionen. Kolloid Z. 27 : r63-
165. 

Hays, H. C., and Lewis, G. W. 
( 1916) A new form of viscosimeter. Iron Age. 97 :940. 

Hender.son, L. J. 
(r9r8) The prevention of rope in bread. Science. 48:247-248. 

.. 



IIO TECHNICAL BULLETIN 19 

----, Cohn, E. J., Cathcart, P. H., Wachman, J. D., and Fenn, W. 0. 
( 1919) A study of the action of acid and alkali on gluten. Jour. General 

Physiol. I :459-472. 
----., Fenn, W. 0., and Cohn, E. J. 

(191g) Influence of electrolytes upon viscosity of dough. Jour. General 
Physiol. I :387-397. 

Herschel, W. H. 
( 1920) The MacMichael torsional viscosimeter. Jour. Ind. and Eng. Chern. 

I2 :282-286. 
Hess, W. R. 

(1910) Reibungswiderstand des Elutes und Poiseuille'sches Gesetz. Z. klin. 
Med. 7I :421-427. 

(1912a) Reibungswiderstand des Elutes )lnd Poiseuille'sches Gesetz. Z. klin. 
Med. 74 :428-432. 

(1912b) Der Stri:imungswiderstand des Elutes gegeniiber kleinem Druckwerten. 
Arch. Anat. Physiol. (Physiol. Abt.) S. 197-214. 

(192oa) Beitrag zur Theorie der Viskositat heterogener Systeme. Kolloid Z. 
27:1-11. 

( 1920b) Die inn ere Reibung gelatinierender Li:isungen. Kolloid Z. 27 :154-163. 
Hildebrand, J. H. 

(1913) Some applications of the hydrogen electrode in analysis research and 
teaching. Jour. Am. Chern. Soc. 35:847-871. 

Hoagland, R. 
(19II) The determination of gliadin or alcohol-soluble protein in wheat flour. 

Jour. Ind. and Eng. Chern. 3:838-842. 
Hofmeister, F. 

(1890) Zur Lehre von der Wirkung der Salze. Untersuchungen iiber Quel
lungsvorgang. Arch. exp. Path. Pharm. 27 :395-413. 

Howard, A. 
(1913) The improvement of Indian wheat. Agr. Jour. India. 8:27-34. 

----, and Howard, G. L. C. 
(1914) The seed supply of the new Pusa wheats. Agr. Jour. India. 9:247-253. 

Humphrey, Edith, and Hatschek, E. 
( 1916) The viscosity of suspensions of rigid particles, at different rates of 

shear. Proc. Phys. Soc.,_ London. 28: pt. V, p. 274-283. 
Humphries, A. E. 

(19c8) (Discussion under Baker and Hulton's paper on strength.) Jour. Soc. 
Chern. Ind. 27 :373-374. 

(19io) Quality in wheaten flour. ]. Board Agr. I7: sup. No. 4, p. 39-45. 
----, and Biffen, R. H. 

(1907-08) The improvement of English wheat. Jour. Agr. Sci. 2:1-16. 
Jago, W., and Jago, W. C. 

(19II) The technology of bread making. London. p. 332-343. 
J essen-Hansen, H. 

( 19II) Etudes sur la farine de froment. I. Influence de la concentration en 
ions hydroget1e sur la valeur boulangere de 'la farine. Com pt. rend. 
Lab. Carlsberg. IO :170-206. Translated in Jour. Am. Assoc. Cereal 
Chem. 7: No. I, p. 10-28. 



V'JSCOSJTY AS A MEASURE OF HYDRATION CAPACITY III 

Kepner, B. H. 
(1914) Physical factors ·which influence the percentage of wet and dry gluten 

in wheaten flours. Jour. Ind. ancl Eng. Ch<.:m. 6 :48r-482. 
Kjeldahl, J. 

r 18~;5) Untersuchung iiber das optische Verhalten dniger vegetabilischel
Eiweisshirper. Biedermann's. Centbl. Agr. Chem. 25 :I()7-I99· 

Koch, G. P. 
(I9I4) The diastase and invertase content of wheat flour and their relation 

to baking strength. Thesis submitted in partial fulfillment of the 
requirement for the degree of Master of Science, Univ. of j'viinn. 

Ki"jnig, J., und Rintelen, P. 
(1904) tTber die proteinstoff.c des 'iVeizenlebers nnd seine Beziehungen zur 

Backfahigkeit des VV eizenmehles. II. Beziehungen zwlchen dem 
Klebergehalt und der BackHihigkeit eines Weizenmehler. Z. l\J"ahr. 
GenussnL 8 :72I-7:.28. 

Kosutany, Th. 
(1903) tTber 'vVeizen und \Veizenmehle. JouL Lam!w. 51 :I3l)-I6I. 

(rgiO) Die l\!Iehlanalyse mit Rlicksicht auf die Backfahigkeit des Mehles. Z. 
ges. Getreldew. 2 :36-42. 

Knnitz. R. Vv. 
(r885) In au article by Nobbe-Tharand. tiber l\lehlpriifungen. Landw. Vers .. 

Stat. 31 :r84-r8s. 
Laqueur. E., und Sackur, 0. 

(r903) Dber die Saureeigenschaften und das rvioleknlargewicht des Kaseins 
und seine Spaltung beim Trocknen. Beit. Chem. Physiol. Path. 3 :rg;3· 
224. 

Le Clerc, ]. A., and Leavitt, S. 
(rgro) Tri-local experiments on the influence of environment on the com.

position of wheat. U. S. Dept. of Agr. Bur. Chem. Bul. No. 128. 
----, and Yoder~ P" 1-\.. 

( l9I4) E1wironmental influences on the physical and chemical characteristics 
of wheat. Jouc Agr. Res. I :275-291. 

Leibig, J. 
(r84r) Ueber die stickstoffhaltigen Nahrungsmittel des Pflanzenreiches. AmL 

39 :I2<)-I60. 

Liebermann, L. 
( I90I) Apparat und Verfahren zur Bestimmung der Qualitat des 'ill eizen

klebers. Z. Nahr. Genussm. 4 :rorJ9-IOI6. 
Li1,det. J.. et Amma1w, L. 

( IC:O_i) Influence des elements de la f2rine b's~ Stir l'e.~traction du gluten et 
sur la panification. Compt. rend. 141: 56-58. 

----- et Ammann, L. 
(rgo7) Sur le pouvoir rotatiore des proteines des farines de cerea!es par 

!'alcohol aqueous. Compt. rend. I45 :253-255. 
Loe]-,, ]. 

( I92'0a) Ion s~rics and the physical pr-operties of proteins. I. J o·n·. Gen. 
Physiol. 3 :8s-ro6. 

(rg2ob) The p!'otcins ancl colloid chemi5try. Science 52:449-456. 



!12 TECHNICAL BULLETIN 19 

(1920c) Ion series and the phyoical properties of Proteins. II. Jour. Gen. 
Physiol. 3 :247-269. 

(r921a) Chemical and physical behavior of casein solutions. Jour. Gen. 
Physiol. 3 :547-555. 

(192rb) The colloidal behavior of proteins. Jour. Gen. Physiol. 3:557-564. 

(1921c) Donnan equilibrium and the physical properties of proteins. I. Mem
brane potentials. Jour. Gen. Physiol. 3 :667-690. 

( 192rd) Donnan equilibrium and the physical properties of proteins. II. 
Osmotic pressure. Jour. Gen. Physiol. 3:691-714. 

(r92re) Donnan equilibrium and the physical properties of proteins. · III. 
Viscosity. Jour. Gen. Physiol. 3:827-841; 4:73-95. 

( 1921 f) The origin of the potential differences responsible for anomalous 
osmosis. Jour. Gen. Physiol.A :213-226. 

(1922) Proteins and the theory of colloidal behavior. McGraw Hill Book Co: 
xi+292 pp. 

Luers, H. 
(1919) Beitriige zur Kolloidchemie des Brotes. III. Kolloidchemische Studien 

am Roggen- und Weizen gliadin mit besonderer Beriicksichtigung des 
Kleberund Backfiihigkeitsproblems. Kolloid Z. 25:177-196, 230-240. 

---- und Ostwald, W. 
(1919) Beitriige zur Kolloidchemie des Brotes. II. Zur Viskosimetrie der 

Mehle. · Kolloid Z. 25 :82-90, r r6-r36. 
~--- und Ostwald, W. 

(r92oa) Beitriige zur Kolloidchemie des Brotes. IV. Zur Kenntnis von Mehlen 
schlechter Bachfiihigkeit. Kolloid Z. 26 :66-67. 

---- und Ostwald, W. 
(rgzob) Beitriige zur Kolloidchemie des Brotes. V. Die kolloide Quellung 

des Weizenklebers. K,olloid Z. 27:34-37. 

(1921) Zur Messung der Solvation (Quellung) in Kolloiden. Kolloid Z. 28 :r-4. 
Macfarlane, T. 

(1905) On the determination of the constituents of gluten. Trans. Roy. Soc. 
Canada. ser. 2, 2 : sec. 3, p. 17-24. 

MacMichael, R. F. 
(1915) A new direct-reading viscosimeter. Jour. Ind. and Eng. Chern. 

7:961-963. 
Marion, M. 

( rgo6) Dosage optique de !a gliadine dans les farines de bles tendres, pre
mieres du commerce. Ann. chim. anal. chim. appl. II :134-136. 

Martin, F. J. 
( 1920) Properties affecting strength in wheaten flour. Jour. Soc. Chern. Ind. 

39 :246-251. 



AS/{ MEASURE OF HYDRATION CAP A CITY II3 

:'11artin, S. 
( r886) Report on gluten and the proteids of flour. Brit. Med. Jour. 2 :104-IOS. 

?viathewson. \V. E. 
(I906a) Optional rotation and density of alcoholic solutions of gliadin. Jour. 

Am. Chem. Soc. 28 :624-628. 

( 1906b) The optical rotation of gliadin in certain organic soivents. Jour. Am. 
Chem. Soc 28 :r482-I485. 

(I908) On the analytical e.stimation of gliadin. Jour. A.m. Chem. Soc. 
30 :74-Sr. 

::\Taurjzio, _.["\. 
( rgoz) Die Baddahigkeit des \;V eizens und ihre Bestimmung. Landw. J ahr

b11cher. 31 : 179-234· 
J'vfichaelis, L uncl Jlvlostynski, B. 

( I(JIO) Die inn ere Rei bung von Albt!min!iiscngerL Biocbem. Z. 25 :40I-410. 

~viiHon, E. 
(r8s-+l Ueber die Zusammensetzung des \Veizens. 

6r :344-35L 
l>fohs, K. 

Jour. prakt. Chem. 

(rgq) Zur "viethoclik der Kleberbestlmmung. Z. ges. Getreidcw. 6 :53-.)7. 

(I9I5R) Uber den Einfluss yon Fett auf die Backfahigkeit. Z. ges. Getreidew. 
7 :218-225. 

(rgr:;b) Der Kleber im Lichte der KoJ1oidchemie. Z. ges. 
250-260. 

(r922) Neue Erkenntnisse auf dem Gebiete der Miil!erei unci Backerei. Theo
Steinkopff. Dresden und Leipzig. 

Moriscn. C. B. and Collatz, F. A. 
( I(J2I) Studies in rope contrcl in brec!d. American Institute of Baking BuL 

l'ro. s. 
:'\Iulder, G. ]. 

(r844l Ueber den Pflanzenleim. Jour. prakt. Cl1em. 32:r;6-q8. 
N asn1uth. C~. C~. 

( 1903) The chemistry of wheat gluten. Trans. Canadian In st. Univ. Toronto. 
ser. 7~ p. 497-5I6. 

Neumann, M. P. und Mohs, K. 
Uber Klebergehalt unci BackHihigkeit einiger 
meh!e. Z. ges. Getreic!e\v. 2 :,31-36. 
und Salecker, Ic". 

V~cieizen-

Znr Bestin1mung des 'Tr~:::~ckenkiehers in1 \A/eizenrnehl. Z. :t.Jahr, 
(_;enussm. IS :735-738. 

Norton. F. A. 
( rgo6'J Crude gluten. Jour. Am. Chem. Soc. 28:8-25. 

()'Brien, M. 
(1895) The proteids of -wheat. Ann. Bot. g :r7r-226. 

Oden, S. 
(I9I2) Physikalisch-chemische Eigenschaften der Sdnveifelhydrosole. z_ 

physik Chem. 8o :709-736. 



TECHNICAL BULLETIN 19 

·Olson, G. A. 
(I9II) Is gluten necessary to make good baker's flour? Operativ.e Milk:. 

16:439-440. 

(1912a) The effect of modifying the gluten surrounding the flour. 8th Intern. 
Cong. Appl. Chern. sec. r8, p. 283-300. 

( 1912b) Composition of dry gluten and its relation to the protein content of 
flour. Jour. Inu. and Eng. Chern. 4 :206-209. 

(1913) The quantitative estimation of gliadin in flour and gluten. Jour. Incl. 
and Eng. Chern. 5 :917-922. 

(1917) \Vheat and flour investigations. V. Wash. Agr. Exp. Sta. Bul. 
No. 144. 

·Osborne, T. B. 
( 1907) The proteins of the wheat kernel. Carnegie Inst. \Vas h. Pub!. No. 84. 

---- and Clapp, S. H. 
(19o6) The chemistry of the protein bodies of the wheat kernel. Part III. 

Hydrolysis of the wheat proteins. Am. Jour. Physiol. 17 :231-265. 
---- and Harris, I. F. 

( 1903) The specific rotation of some vegetable proteins. Jour. Am. Chern. Soc. 
25 :842-848. 

---- and Harris, f. F. 
(1905) The chemistry of the protein bodies of the wheat kernel. Part I. 

The protein soluble in alcohol and its glutaminic acid content. Am. 
Jour. Physiol. 13:35-44. 

---- and Harris, I. F. 
(1906) The chemistry of the protein bodies of the wheat kernel. Part II. 

Preparation of proteins in quantity for hydrolysis. Am. Jour. Physiol. 
I7 :223-230. 

---- and Voorhees, C. G. 
(1893) The proteicls of the wheat kernel. Am. Chern. Jour. IS :392-471. 

{)stwald, W o. 
(1913) The importance of viscosity for the study of the colloidal state. Trans. 

Faraday Soc. 9 :34-46. 

(1905) tiber die Quellung von )3-Geiatine. Arch. ges. Physiol. I09 :277-288. 

( 1919) Beitriige zur Kolloidchemie. des Brotes. r.. Ueber kolloiclchemische 
Probleme bei der Brotbereitung. Kolloid Z. 25 :26-45. 

Pauli, Wo. 
(1913) The viscosity and electrochemistry of protein solutions. Trans. Faraday 

Soc. 9 :54-65. 
---- und Hanclovsky, H. 

( 1909) Untersuchungen iiber physikalische Zustandsiinderungen der Kolloide. 
VIII. Stuclien am Siiureeiweiss. Biochem. Z. IS :340-371. 

Perry, J., Graham, ]., and Heath, C. W. 
(1893) Liquid friction. Phil. Mag. 5 ser. 35:441-458. 



VISCOSITY AS A AIEASTJRE OF HYDRATION CAPACITY ns 

Poiseuilk 
( r847) Recherches experimentales. Sur le mouvement des 

differente dans les tubes de tres-petits diametres. 
3 ser., 21 :76-110. 

]?rocter~ H. R. 

liquicles de nature 
Ann. chim. phys. 

( 1914) The equilibrium o:f dilute hydrochloric cccid and gelatin, Jour' Chern, 
Soc. zos :313-327. 

------· - and 'Wilson, G. A. 
(ICJI6) The acid-gelatin equilibrium. Jour. Chern. Soc. rog :307-3I9. 

I{ammstedt, 0. 
(ICJ09) Die verschiedenen Stickstoffsubstanzen des Weizenmehles in Beziehung 

gcbracht Zll dern "\f ohHnen des c;ebackes. z. ges. Getreide\V. I :285.,.20I. 
-ReynolrJ.s, (). 

An experimental investigation of circumstances which determine whether 
the motion of water shall be direct or sinuous and of the law of resist

ance in parallel channels. PhiL Trans, London, I74 :935-982. 
Ritthausen, H. 

( r8~;(i) Ueber die Berechnung cler Proteinstoffe in den Pilanzen.samen a us dem 
gefundenen Gehalte an Stickstoff. LamhNo Vers. Stat. 47 :391-400. 

(r8J9) Ueber die Ehveisski:irper des \Veizenklebers cder Glutens, Jour. prakl:. 
Chem. neue Folge. 59 :c174-478. 

Roberts, H. F. 
( r920) The relation of protein content to variety types in American wheaL 

Jour. Agr. Sci. ro :I2l-I34· 
Robertson, 'L B. and Greaves, J, E. 

( I9IT) On the refractive indices of solutions of certain proteins, V. Gliadin. 
Jour. Biol. Chem. 9 :r8I-I84o 

Rona! P. nnd Michaelis~ J-'o 
( r910) Betdige zur allgemeinen 1<:iweisschemie. 

line im isoelektrischen Punkt. Biochem. 
Rosseaux, E. et Sirot, M. 

Oher die Fallung cler Globu
z. 28:193-199. 

(r913) Les matieres azotees solub!es comme facteur 
Compt. rend. I 56 :723-725. 

des farines. 

----- et Sirot. M. 
Les matieres azote.es solub!es comme indice de la valeur bonlangere 
des farines. Compt rend. 166 :IgO-I92. 

Rothlin) E. 
( 1919) Uber die Methodik cler 

loiden. Biochem. Z. g8 :34-9L 
Rothmann, j\J. 

bei organischen K.ol-

( 1914) Ist clas Poiseuille' scbe Ge.setz fli.r Suspensionen Arch. geso 
PhysioL 155 :318-348. 

Rumsey, L. A. 
( 1922) The diastatic enzymes of wheat flour and their relation to flour 

strength. Am. Inst. Baking. Bul. Noo 8. 
Salmon, A. G. 

rgo8) (Discussion of the article 
Ind. 27 :375, 

Baker and Hulton.) Jour. Soc. Chem. 



n6 TECHNICAL BULLETIN r9 

Samec, M. 
Studien tiber P:G.anzenkolloideo II. Die Losungsstabilitf,t der Starke ... 
~:olloidchem_, Beihefte, 4 :132-I;:,'4, 
tmd von Hoefft, H. 

(I9I.3) Studien iiber Pfb.nzeokfJHoide, III. fZntasehungs und LOsungsvorgan.ge 
bei St~:xkeo l(o1h:;.idcht:rn. Beihcfte. 5 :I4I-2IO, 

( I9I4) Studien fiber I"flanzenkollr•Ide. IV. Die Verschiebungen des Pho~

phorgehaltes bei ~den Zustands.Knderungen und dern diastat~schen J\bbau 
dc:r Stiiidc.:e, l(olioid.;:he::n, B~~E1.eft-c. 5 ::ZJ~S4. 

E .. assisted ~<f1'd1ols, H., 'J Hnd Co\\:ran; P. R. 
(I92I) ~~"{heat H(n1r and hread. CanoJJa [)(:pt. Bul. J>Jo, 97. 

Scherer~ J, 

( x~n I) Stud·~,:r~ tiber (las (!1iaditJ.. de:n alh:ohoHOslichen /•,._rrteil des \A/ eizen·
Idebets. Z. g;es, ~~~treidc·f,r, 3 :I3.5-L:J.:D. 

!~·ch111idt~ C. L . ./\. c:,nci I-1oa;?;1.a:nd, D. R. 
( 1919) I'ab]+:: -cd: :piL I-t~,!·· a.nd. {)]~J --- va1"des -~:orres.pondlng to elf::ctron1otivc;· 

£..~-:r~~.~·es det·ern1h,\~d- :in hydrcgen ~electrode rnea8ttrernents~ \vith a bibU ~ 
c+grcq}hy. fJn1v. Calif. :t-"ub. :;:."by:.3iolDgy. 5 · :No. p. 23-69. 

"\;'1/, 

I>ie b:isherig~~n E.rge.'i.)~n:i:s~e der 3eitens. der 1lt~rsuchsstat1on Halle S,. 

Schroed~r9 P. '".;-,. 
1903) ·tJbl::· Erstaxn.:.ng;.s---·ti.r.cd Ch·,t:'lhtngs·erscheJnung;en der Z .. 

Phy.si:{, CireT:J.. J.1!5 :?S-A I :f. 
EL 

[J.as .A .. rtop·l:orr.~ tJn 

2 :·8;5~876. 

:.~~·bHrp,_ p·. F, and (;ortner 1 J:\.0 .~.\. 

( 1919) 1Jnpublished observat.k/e3. 

ldonaJ properties. G-i g1nteilS frorn .strong and vvea:k fh)ur.~:. Jour. Phys. 
Chen:. cz6 :WI-1:36. 

(JI9<)7) -"-~ tricJ :Jf the polari:-::CIJih: n1.eth-::d for the deterr11ination of glic.di1v 
Jou:r.~ .. l\_nL :.-:::::herrL Soc. 2~-, :I747-~I;-'5C'. 

Shorter, 
( 1906) ()n. the surfa·::'·P o-:f sapontne solutions. Phil. 1vi:;;.g. 6 ser.. 

II 

Surface :~epara·do-n fn::rrn s-~:hxt1Gns sapl)11in, peptone~ 2,nd albtHlJin 
Ph11. lvfag. ~:ero I"7 :560-,572" 

Shutt, F. T" 
I9l!? ;. IJ~)u~Ety in \~;hecLt. ·Th.::: re1ation c.~- f. cornpositiG·n to. bread-1naldng: value 

Canada Dep:t. of ltg-r. BuL l\To. 5/-'. p . .37-51. 

A chemic8J study of the grain and flour 
Dept. of i\gr. ]}uL 1\lo, 601 IL I2-2I. 

the grades of \vhecri:-Igdj .. 



VISCOSIT'Y AS A MEASURE OF HYDRATION CAPACITJ.. II7 

(1909) The influence of environment on the composition of wheat. Jour. 
Soc. Chern. Ind. 28: 336-338. 

(I<;no) Chemical work on Canadian wheat and Hour. Jour. Board of Agr. 
17: Sup. No. 4, p. 56-66. 

Smoluchowski, A. v. 
(rgr6) Theoretische Bemerkungen iiber die Viskositat cler Kolloide. Kolkid. 

Z. r8 :ryo-rgj. 
Snyder, H. 

( r897) Human food investigations. The gluten of wheat. Minn. Agr. Exp. 
Sta. Bul. 54, p. 37-42. 

( r8gga) The proteids of 1;vheat flour. Minn. Agr. Exp. Sta. BuL 62. 

(r8ggb) The proteid.s of wheat flour. Minn. Agr. Exp. Sta. Bul. 63, p. 519-533. 

(r8ggc) Studies on bread making at the University of Minnesota in 1897 and 
r898. 1J. S. Dept. of Agr., OfL Exp. Bul. 67, p. 7-36. 

(rgor) Studies on bread and bread making at the University of Minnesota 
in r899-1900. U. S. Dept. of Agr., Off. of Exp. Sta. Btl!. IOL 

( 1904) The determination of gliadin in wheat flour by means of the polari
scope. Jour. Am. Chern. Soc. z6 :263-266. 

( rgo6) Report on the separation of vegetable proteicls. U. S. Dept. of Agr., 
Bur. of C:hem. Bul. No. ros, p. 88-89. 

Sorkau, \A!. 
( I9I I) Experimentelle Untersuchungen uber die innere H.eibung einiger organ

ischer Fliissigkeiten im turbulenten Striimungszustande. Physik Z. 
I2 :582-595. 

(rgr2:J Uber den Eint1uss vor Temperatur spezifiscbem gewicht uncl chem
iscber N atur von Fhissigkeiten auf die Turbulenzreibung. Physik. Z. 
r3 :8os-iko. 

Stein, I-L 
( ICJ04) Beitrage zur Kenntnis cler w·eizenmeh!e. Z. N ahr. Genus sm. 7 :730'742. 

Stockham, YV. L. 
( 1920) Some factors related to the quality of wheat and strength of flour. 

No. Dak .. A.gr. Exp. Sta. Bul. No. 139. 
Svvanscn1j C. 0. and Calvin~ J. VJ. 

( I9I3) A preliminary study on the conditions which affect the act!Vrty of the: 
enzymes in w-heat B. om-. J m1r. Am. Chem. Soc. 35:1635- r643. 

Taddei, G'. 
(r82o) Abs. Thompson's Ann. IS :390. Cited by Osborne, T_ B. 

The proteins of the 'Nheat kerneL Carnegie Inst. Pub. 84. (Original 
not seen.) 

Teller, G. L. 
( r8g6) Concerni11g ',;vheat and ns 111111 products. .Ark:ansa.s 

Bul. l'Jo 42, p, 8.c-ro4. 
Exp. Sta. 



n8 TECHNICAL BULLRT:lN 19 

Thatcher, R. W. 
(1907) A comparison of -the various 'rnet:iW:cls :ohestimating the 'baking quali

ties of flour. Jour. Am. Chern. Jiec. :ag :g:£0+921. 

(1913) The chemical composition of ·wheat. W.ash. ·-:A_gr. E::~ip. Sta. Bul. 
No. III. 

Thomas, L. M. 
( 1917) A comparison of several classes of .·AmeriJ:an wheats ·and. a considera

tion of some of the factors influencing quality. U. S. Dept. of Agr. 
Bul. No. 557. 

Upson, F. W. and Calvin, J, W. 
(1915) On the colloidal swelling of wheat gluten. Jour. Am. Chern. Soc. 

37:1295-1304. 
---- and Calvin, J, \fil. 

(1916) The colloidal swelling of wheat gluten in relation to milling and bak
·ing. Nebr. Agr. Exp. ·Sta. Res. Bul. No. 8. 

Vines, S. H. 
( 1903) Proteolytic enzymes in plants. Ann. Bot. 17:237-264. 

Voorhees, L. A. · 
( 1900) A further study of the losses in the process of making bread. 21st 

Ann. Rept. N.J. Agr. Exp. Sta. p. 134-176, cf. p. 146. 
\1\Teaver, H. E. and Wood, J. C. 

( 1920) The proteoclastic enzymes in wheat flour and action of enzymes in 
bread making. Jour. Am. Assoc. Cereal Chern. 5: No. 2, p. 6-rr. 

White, H. L. 
(1913) Influence of bran extract on the baking quality of flour. No. Dak. 

Agr. Exp. Sta. Bul. No. ro6, p. 47-58. 
----and Beard, R. F. 

(1913) The phosphorus content of wheat and of wheat flour; and its relation 
to the baking qualities of the flour. No. Dak. Agr. Exp. Sta. Bul. 
No. ro6, p. 59-64. 

Whymper, R. 
( 1920) Colloid problems in bread making. Third Report on Colloid Chem

istry. British Assoc. Adv. Sci. pp. 61-74. 
\1\Tillard, J. T. and Swanson, C. 0. 

(1913) The influence of certain substances upon the baking qualities of flour. 
Kansas Agr. Exp. Sta. Bul. No. 190, p. 237-285. 

Wilson, J. A. and ·wilson, W. H. 
( 1918) Colloidal phenomena and the adsorption formula. Jour. Am. Chern. 

Soc. 40 :886-895. 
Wood, T. B. 

(r9o6-o8) A new. chemical test for "strength" in wheat flour. Proc. Cam
bridge Phil. Soc. 14: n5-II8. 

(1907a) The chemistry of the strength of wheat flour. I. The size of the 
loaf. Jour. Agr. Sci. 2 :139-16o. 

(1907b) The chemistry of the strength of wheat flour. II. The shape of the 
loaf. Jour. Agr. Sci. 2:267-277. 

(1912) Comparison ofthe opacities of liquids. W. ]. Pye and Co. Cambridge, 
England. 



VISCOSITY AS A MEASURE OF HYDRATION CAPACITY II9 

---- and Hardy, W. B. 
(1908) Electrolytes and colloids. The physical state of gluten. Proc. Roy. 

Soc. London. (B) 8I :38-43. 
Woodman, H. E. 

(1922) The chemistry of the strength of wheat flour. Jour. Agr. Sci. 
I2 :231-243. 

W oudstra, H. W. 
(1908) Dber die innere Reibung kolloidaler Silberlosungen. Z. physik. Chern. 

63 :619-622. 

(I9II) Dispersitiitsgrad und innere Reibung. Kolloid Z. 8:73-80. 
Zoller, H. F. 

(1919) The visvosity of casein solution. I. Effect of pH. Science so :49. 

(1920) Studies on technical casein. 
bility test· for commercial 
I2 :II7I-II73· 

IV. Standardization of the borax solu
caseins. Jour. Ind. and Eng. Chern. 

(1921) Casein viscosity studies. Jour. Gen. Physiol. 3:635-651. 








