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During the past ten or fifteen years a very large amount of investiga- 
tion of the chemical and physical properties of wheat flour has been car- 
ried on, by agricultural chemists in near]!. every wheat producing country 
of the world. Most of this stud>- has been in connection with the nitrogen- 
eous constituents of the wheat kernel, since it is to them that jvheat flow- 
owes its characteristic bread making ability. These investigations may be 
roughlp classified as follows : studies of the chemical nature of tlie pro- 
teids of the \\heat kernel? as represented by the Ivorl; of Osborne ant1 
l-oc,rhees' in this country, Fleureiit- in France, and others ; investigations 
of certain physical properties of flour and of its constituents, such as water- 
absorption 11). the Jur!. of the l.ieniia Exposition', measurements of the 
elasticity of gluten b!. 1301and4, Heinrich;', and Liel)ermann", etc., etc., 
chemical methods for estimating the baking quality of Hour. as suggested 
by Roliiiie', Girartl antl Fleureiit', antl others ; and baking tests of various 
kinds, such as those suggested hy Kunis", Sellnick'", and Iireusler". Re- 
cently several excellent articles summarizing the results of these investi- 
gations and iiicliicling experiments b!. the authors have appeared, the most 
coni preh en s iv e o f which are probably Ham ann ' s " Die B acli f iliigl; e i t des 
\I-ei z en m el11 e s. uiic! i lire E est i m 117 11 ng ' 'l'. , 1 I au r i z i 0'8 art i c I c ~v i t 11 t 11 e s alii e 
title' , and Sn!.tler's "Testing I\'lieat for Commercial Purposes"". Fur-  
theriiiore the bul!ctins of the various State 1:sptrinient Stations for the 
in s t  fivc !-car,< contaiii ninny reports bearing more or less tlirectly uiim tlie 
general sulijcct o f  tlie baliiiig qii;ilities of \\.heat t l o ~ i r ,  ; in  cs ten~lcd eiiiiiii- 
cration of which \vould, hoivevcr, nnnecessarily esteri(1 tlic scope of this 
article. 

The ivriter has recent]!. begun an extentled investigation o i  the cheiii- 
icnl composition and milling qualities of the wheats groivn in the Statc of 
\\.asliington, antl of the conditions \?-hich influence or tlctcrmine tlic'se 
ciuaiities of \\heats in genera!. The conditions \vhich c s i s t  in the Pacific 
Sorthivest States are no\v widel!- recognized as being vei-!. faimrabie to 
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the production of large yields per acre which is chiefly of the soft, starchy, 
low-protein type. A problem in connection with the wheat industry of the 
State which is of extreme importance is, therefore, the improvement in 
quality o r  bread-making properties of our wheats. The investigation 
which is now in progress has this end in view. The  first requisite for such 
an attempt is, of course, a satisfactory method of ascertaining the com- 
parative bread-making quality of any given sample of wheat. As was 
briefly mentioned in the summarized review of the literature on this sub- 
ject in the preceding paragraph, a great niany different methods have 
been suggested for this purpose. A comparison of some of the more 
promising of these was undertaken. The  results of this comparison, n hile 
they do not afford a satisfactory conclusion as to the possibility of some 
single test which will show definitely the absolute or comparative value for  
bread-inaking purposes of any given flour, throw considerable light upon 
some of the problems now under discussion, and appear to be worthy of 
publication. 

Description of Samples 
For the purposes of the general investigation, there were collected a 

total of eighty-six samples of wheat, representing nineteen different varie- 
ties and coiiiiiig horn  twenty-five different shipping points in the State. 
Subsamples from each of these were analyzed. ,I weighed portion frcni 
each was then milled in a miniature roller mill built especially for this 
purpose, and the percentage yield of flour, bran, and shorts ascertained; 
determinations of the protein content of the flour, bran, and shorts were 
made; and finally the moist and dry gluten test of each of the flours 
was determined. I t  should be noted that these were, in every case, 
“straight” flour, or the whole of the flour which the ordinary milling pro- 
cess would obtain from the wheat. h’o attempt was made to separate 
any “patent” grade of flour, as it was considered that the “straight” flour 
would more accurately represent the total milling value of the several 
11 heats. 

Based upon the results of this work, samples of the flour coming from 
what appeared to be the best, medium, and poorest grain of each six of 
the more coninion varieties were selected to beused in the Comparative tests 
of their baking qualities. In  the selection of these samples no attention was 
paid to the origin of the wheat from which they were milled. Later, in 
tabulating the results of the tests, it was noticed that there appears to  
be a very close relation between the results of the baking tests and the 
climatic conditions under which the grains were grown. These condi- 
tions cannot be fully shown without a complete nieteorological record, 
which would enlarge this paper to an undesirable estent, but may be 
briefly summarized as follows: The  wheat producing sections of the 
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State all lie east of tlie Cascade blountains, and may be grouped into 
thrce fairly distinct areas : the first, designated as “dry“ in the table belon, 
in which the average annual rain-fall is from ten to fifteen inches, necessi- 
tating the application of the principles of “dry-land farming” in a very 
careful manner to insure the gro\\-th of a crop ; the second, designated as 
”semi-arid” in tlie table, in \vliich the average rain-fall is from fifteen to 
twenty inches ; and the third, designated as “moist,” in which tlie rain- 
fall varies from twenty to tnwity-five inches. I t  \vi11 be noted at  once 
that the annual rain--fall in all these districts is less than is usually con- 
sidered to he necessarJ- for the production of cereal crops in other parts of 
the United States. I:ut the fact that the rain comes alinost wholly during 
the winter and early spring, and that the soil is peculiarly adapted to the 
retention of moisture makes it possible to grow large crops o i  Lvlieat with 
so sinall an amount of rain-fall. The influence which the differences in the 
climatic conditions in these three different sections has upon the chemical 
composition and baking quality of tlie flour from wheats grown in them is 
shonn  in the table and \vi11 be pointed out in tlie comments on the results 
0.f the tests. 

Methods Used in the Work 
The various methods of estimating the value of flour for bread-making 

purposes which were compared may be grouped as follo\vs : ( a )  chemical 
tests, comprising estimations of protein, jvet and dry gluten, and gliadin ; 
( b )  baker‘s sponge tests to sho\v the ivater-absorptiqn of the flour, ant1 the 
rapidity and volume of rise of the tlough under the action of the yeast ; ant1 
(c)baking tests of the weight and volume of the loaf of bread from a 
given weight of flour. The  methods of operation and signification of each 
process may be briefly described as follows. 

( a )  C€icxfIc.\I, Twrs  Proic’iii \\-as tleterniined by the I<jeltlahl method, 
using the convcntional factor, 6.25, to calculate proteiii from the per cent 
of nitrogen found. liis factor is recognizetl as being too high for some of 
the \vhcat proteitls, the proper factor ir;r the gluten-proteitls being 5.7. Cut 
there is a great lack of uniformit>- ainoiig chemists in the factor n-liich is 
used fur this purpose. some even using one factor for calculating total 
proteids and another for the calcuhtion of the inch\-idual bodies. 111 
order that a uniform basis of coiiiparison might be established, it \\.as 
deenicd best. therefore, to adopt the  ccui\-entional factor and to use it 
throughout thc iii\.estigation, ancl 50 to aloicl any confusion or inaccuracy 
caused by change from one factor to another. 

Glntcil was separated from tlie flol1.r by a modification of the niethotl 
which is commoi;ly used, \vhic!i permitted much inore rapid and accurate 
determinations than c m  11sv.all!. be ol)tained. Tn.enty grams of fiour 
’yere nioistenetl ivibli thc proper a i  i i i t  of \;;:iter I ieii to t\vtl\-e cc. i ant] 
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worked into a smooth dough which was allowed to stand for one hour. 
The  ball of dough was then transferred to a seive, made by stretching a 
piece of Schindler’s Bolting Silk, No. I ~ X X X ,  over a small wooden ring 
mch as is used by ladies as an embroidery hoop. The  starch was then 
washed out under a thin stream of water, the dough being kneaded about 
with the fingers to  hasten the removal of the starch, etc. I n  this way the 
starch could be washed out very rapidly without the danger of loss of any 
of the gluten, even with the glutens of very poor quality, such as cannot be 
handled at all by the usual procedure. Many careful examinations of the 
material which passed through the silk, both inicroscopically and by 
further washings and screening, always failed to reveal the slightest traces 
of gluten. There always remains on the silk a sniall quantity of slimy par- 
ticles consisting of bits of germ, cell-tissue, etc., which will not pass 
through, but these are not taken up by the ball of gluten and the latter can 
easily be washed free of them by kneading for a few moments under 
water. The  process thus carried out was very rapid and very satisfactory 
as to concordance of results. One hundred and thirty-five samples of 
flour, coming from nearly thirty different varieties of wheat, and varying 
in their yield of dry gluten from 3.6j per cent. to  17.42 per cent. were 
tested in duplicate by this method and in no case did the differences be- 
tween duplicates amount to  more than O.,j per cent. while in most cases 
it was less than 0.2 per cent. and with flours of perfectly uniform 
composition results of very close agreement were almost invari- 
ably obtained. After thorough washing, the ball of gluten was 
allowed to stand under water for one hour, then carefully freed 
of surplus water by squeezing between the hands and weighed. This  
weight gave by calculation the percentage of snoist gliifcn. The gluten 
was then dried for twenty hours at the temperature of boiling water and 
weighed and calculated as dry gluteii. The loss of weight in drying was 
then calculated on the weight of dry gluten and the result expressed as the 
?cater-holding capacit?, of t i l e  gliifcu. A high water-holding capacity is 
usually supposed to indicate desirable physical properties in the gluten 
which possesses it. 

Gliadiiz was determined by treating five grams of flour with 250 cc. of 
70 per cent. (by weight) alcohol, shaking frequently and allowing to stand 
for twenty hours, after which an aliquot part was filtered off and the nitro- 
gen in it determined by the Kjeldahl method. Gliadin was calculated, using 
the factbr 6.2j for the reasons dready  pointed out. Several attempts were 
made to use the polarimetric method suggested by Snyder1 but without 
success, it being found impossible to get satisfactory readings from flours 
of this type. Frons the percentage of gliadin found, the per cent. of 
glindiii i i z  the fwotciii, or so-called “gliadin number,” and the per cent. of 

’This Journal, 26, 263, (1904). 
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g./icrdi/i ii i  t hc  giiitcu \\-ere calculated. I t  is stated by nearly every investi- 
gator \\.ho has made a study of \\.heat gluten that the bread-making quality 
of flour depends both upon the quantity of gluten \\-IiicIi it \vi11 !kid antl 
upon the qualit!. of the gluten as determined by the proportions of gliatliii 
and glutenin ivliicli it contains. Uut a great difference of opinion exists 
as to \\hat proportion of the total proteids must be gliadin in order tu 
insure flour of the highest baking quality. Fluerent' holtls that the pro- 
portion o i  gliatliii in the gluten should be ;j per cent., aiid that a \.ariatioil 
of 2 per cent. either \\.a!. from this typical coniposition may easily be de- 
tected i n  the qualit!. of the bread produced. Sn!-tler2 states that gliadin 
constitutes from j j per cent. to 70 per cent. of the total protein of \\-heat 
flours. and that flours of good quality should have from jj per cent. to Oj 
per cent. of their protein in the form of gliadin. Sliutt; points out, l i o \ ~ -  
ever that later work oi Snyder's leads to the conclusion that ilours of es -  
cellent bakirig qualit!. often s h i v  oiil!. i r  per ccnt. to 16 per cent. of their 
1)rotein i i i  t!ie form of gliadin. and confirins this by his o\\.n aiial!xs of 
HOLU-S from llaiiitolia wheats. U r .  (le Sigiiioiid, of the University of 
EutIapeit. tol(I thc m i t e r  i i i  a recent persona1 conversation that the flours 
of Hiingar!.. ivliicli are noted throughout Europe for their excellent breatl- 
iiiakiiig qualities. usually contain less than 50 1xr cent. of their protein as 
g-lintlin. Hence, it appears that the suggested staiitlards of j j per celit. to 
~j per cent. are higiicr than is oftentimes found in high grade flours. 
I.k~tli the percentage of gliadin in the protein anti in the gliiten are re- 
corded in the table belo\\-, as a means of comparison ivith the suggested 
stantlards of Snyder and Fleurent respectivel!.. 

tlougIi-mal.;ing, properties of flour \vhich haye been suggested by 11r. Jol i~i  
Koeliier, of IIiln.aukee5 an expert in flour testing, as a resiilt of a tour of 
inspection and investigation of the mills antl balxries of E~irope. Although 
wholly empirical in the details of their operation, they n.ould appear to be 
capable of !~iclding comparative results of practical value. They \\-ere 
carried out as follo\\-s. 

Tlhirl.-abso;.~ticl1. -4 dough of standard stiffness was first prepared by 
kneading thirt!- grams of "standard" Spring wheat flour ( a  IIinnesota 
Spring \\heat flour \vas used) \\-it11 ji per cent of its weight. or  I 7 . j  cc. of 
water. Equal iveights of the flour to be tested were treated in the same 
n-ay, differing only in the amount of water used, in each case varying the 
aniount b!. 0.  j cc. That  amount of water which gave a dough of the same 
stiffness as the standard was taken as the correct water-absorption of the 
flour and calculated as percentage as reported in the table below. 

For the expansion tests of the dough, a sponge was prepared by mixing 

(1) ) LI.\I<13'S SlG 8. These are certain tests of ph!-sical, or  

: Colnpt. rend. 123, 7 5 5 ,  (1596). 
- This Journal, 26, 263, (1904). 
'Central Exp. Farm of Canada, Bull. No. 50, pt. 11, I j. 
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100 grams of flour, 5 grams of compressed yeast, 5 grams of sugar, and 
the proper amount of water, as shown by the absorption test. The yeast 
and sugar were dissolved in the water which had previously been warmed 
to go" F. The warmed flour and this solution were thoroughly mixed and 
kneaded to a smooth sponge in a Koelner's "Scientific Dough Kneader" 
( a  machine so constructed that the dough is constantly worked against the 
surface of a tank which contains water at any desired temperature). The  
dough was thus kept a t  a temperature of goo F. during kneading. JVhen 
thoroughly kneaded, the dough was transferred to a graduated cylinder 
which had previously been warmed to  go" and slightly oiled on the in- 
side. The  cylinder was then placed in an "expansion box," or air-oven 
provided with a glass door through which the rising of the dough in the 
cylinders could be observed. The  temperature of the box was kept a t  
90 per cent. F. The rise of the dough was observed frequently, and when 
it reached its greqtest height the volume of the dough and the time required 
for the rise were noted. The  cylinder was then taken out of the box, the 
dough cut down from the sides of the cylinder and kneaded down gently. 
The  cylinder was then replaced in the expansion box, and the time and 
maximum height of the second rise of the dough noted. From these two 
readings the average time of rise and auemge i'olioize of rise of the dough 
from 100 grams of flour were calculated. 

Inasmuch as the expansive poxver of dough depends both upon the qual- 
ity and the quantity of the gluten present in it, the nzwngc rise per  g m m  of 
gluten may be considered a s  giving a probable measure of the quality of 
the gluten as shown by the expansive power of the flour. 

In  preparing the sponge for the baking tests the 
same general procedure was followed as in preparing that for expansion 
tests, except that the amount of ingredients taken was that commonly used 
for making a one-pound loaf of bread, z~i:,, 340 grains of flour, I O  grams 
of compressed yeast, 12 grams of sugar, j grams of salt, aiid the proper 
amount of water . The sponge was maintained a t  a uiiiforni temperature 
of 90" during the mixing and kneading, which were continued for twenty 
minutes. The  dough was then transferred to a greased bake-pan and 
placed in the expansion box and allowed to rise until it just touched a tin 
strip laid across the top of the pan, thus giving a uniform rise for all the 
samples which were tested. The pan was then transferred to an electric 
oven, heated to 400' F., and baked for forty minutes. This oven gave a 
very uniforni and constant temperature and the conditions of mixing, 
kneading, raising and baking were identical in the case of each sample 
tested. Variations in the yeast were guarded against by tests of the fer- 
menting power of each new batch of yeast, and by running duplicate 
baking tests on the same flour with different lots of the yeast. After bak- 
ing, the loaves were turned out on a table to cool for thirty minutes, after 

( c )  ELIKING TESTS. 
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\vhich their zceight and z y ~ i i i m p  were determined. The volume \vas clc- 
terrnined by placing the loaves in a cylindrical box cf known cubical 
content and then pouring in fine seeds until the box \vas filled. carefull!. 
striking off the seeds level with tlie top of the box. The  seeds ivhich filled 
all the space around the loaf in the box Lvere tlieti poured into a graduate 
and their volume ascertained. This subtracted from the volunie of the 
box gave the volume of the loaf. Cy dividing the VOILI~TIC of the loaf by 
its weight the apparent specific gvn-,ity is obtained. ?':le ivriter lxlieves 
that the apparent specific gravity, or comparative "lightness." is the best 
numerical basis of judgment as to the qualit!, oi' bread. C'olor, flavor, 
texture, and ability to remain moist, etc., are, of course. qualities \vliich 
most consuiiiers of flour take into consideration, but these are very diffi- 
cult, o r  impossible, of exact measurenient. Commercial bakers \vould, 
perhaps, consider the weight of the loaf from a given \\-eight of flour as 
a more satisfactory basis of jutlgnient as to the value of flour for their 
ixirposes. Cut the last Census Report estimates shon- that only 16 per cent. 
of the bread of this country is made by bakers, the remaintler Iieing hoinc- 
baked. "Lightness" is probably tlie greatest requisite ior flour for home 
bread-baking. Furthermore Prausnitz' and Leliniann2 have shown that 
iiiore highly porous bread is more easily digested than heavier bread. 
Hence it seetiis probable that the apparent specific grai-it!- is the ])est hasis 
o t  comparison of tlie qualit!- of different loaves of breatl. 

It is at  once apparent that these baking tests \vere not carried out under 
tlie conditions which obtain either in home practice or in conimercial 
bake-shops. They \Yere, lion-ever, carried on under conditions \vliich it 
\\.as possible to control, and thus to secure uniformity of treatment of each 
sample, an  absolute essential, if comparable results arc to be obtained. 
The results on the different samples are. tlwrciorc. pcrfectly comparable 
\\.it11 each other, but not necessarily the same as \\.oultl have beeii obtained 
on the same flours in otlicr laboratories or  uncler other conditions of 
trcatinent. 

Results of t h e  Comparative Tests. 
T h e  final results of each of the tests on each sample are iiiclutletl in 

?'able I. Fuller details of this work and of other analytical data of these 
samples will be issued shortly as a bulletin of this Esperimeiit Station. 
Only a suinmary of these results is presented in the table belon, with the 
purpose of making the article as brief as possible. I n  the table the samples 
are arranged in the order of the specific gravity of the loaves of bread 
bvhicli they produced, as shown in the last column. This is done on the 
assumption that the lightest loaves of bread are those of highest quality. 

*\side from the comparison of the results of the different tests, the 
I Arch.  fur Hygiene. 17, 639. 
"bid. 21, 241. 
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table shows some valuable general facts to which attention may be called. 
One of the first, and perhaps the most significant, of these is the relation 
which is shown to exist between the quality of the bread and the climatic 
conditions under which the grain is grown. I t  will a t  once be noticed that 
the samples from grain grown in the dry section produced the best quality 
of bread, and those from the moist section the poorest bread. The  first, 
o r  better half of the samples show eight from the dry section, five from 
the semi-arid and none from the moist section; while the second, or 
poorer half show none froni the dry, five from the semi-arid, and eight 
from the moist sections. So far as the writer can discover there is no 
single definite effect of the climate upon the chemical compounds of the 
grain, a t  least as shown by any or all of the analytical tests which were 
made on these samples, which will fully account for this relationship. I n  
general the samples from the dryer sections are higher in protein, gluten, 
and gliadin than those grown in moister localities, but there are  many 
striking exceptions to  this statement. In  fact there are a considerab!? 
number of these saniples in which the good or poor quality of the bread 
seenis inipossible to  explain on any other grounds than some as yet unde- 
termined effect of the climatic conditions under which the grain was 
grown. 

. h o t h e r  interesting fact is that the percentage of protein, as determined 
by a chemical process. and that of gluten, as separated mechanically, is in 
very close agreement, except in the case of those samples where the total 
nitrogenous matter is low. In the latter the analytical figures invariably 
show an unbalanced condition of the gliadin-glutenin ratio, which prob- 
ably accounts for the impossibility of securing a good mechanical separa- 
tion of the gluten. 

The  gliadin number, or proportion of gliadin in the total protein of 
the flour is lower in every case than that which has been supposed to be 
required in flour of good bread-making qualities, while the quality of the 
bread, so far as the writer could judge, was as good as that from the aver- 
age flour from other sections of the country. The  question of the com- 
parative quality of the bread from our Washington wheats with a low 
gliadin number and that from Eastern wheats is now under investigation 
in this laboratory. M'e have secured samples of wheat from Minnesota, 
North Dakota, Xebraska. Kansas, Illinois, and Tennessee, which we are 
now milling and testing along with the samples of Washington grown 
wheats. \Vhen these tests are  completed we shall be able to determine 
whethcr our wheats yield bread of different quality from those in other 
sections, or whether the standards which have been suggested for gliadin- 
number are  not satisfactory for universal application. 

,4 study of the data presented in Table I shows that no single test or 
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1 rocess gives results from which the comparative bread-making quality 
of the flour can be determined. This is perhaps best shown in Tables I1 
and 111. In  Table 11 the samples are arranged in the order of the quality 
TABLE XI.-COMPARATIVE VALUE OF EACH SAMPLE AS SHOWN BY 

DIFFEREST TESTS. 

Specific 
Variety. Gravity. 

Turkey Red.. .... I 
Fife ............. 2 

......... Bluesteui 3 . . . . . . . . . . .  4 
Red Russiaii. 5 

Macaroni 7 

Turkey Ked..  9 

..... 
Bluestem.. ....... 6 
LitLle Club ....... 8 

Bluestem ......... IO 
Little Club.. ..... I I 

......... 

.... 

I2 ' 6  I '  ....... 
........ Red Chaff 13 

Little Club. 14 
15 Bluestern. ........ 

. . . . . . . . . . . . .  16 
Fife. 17 
Red Russian. ..... 18 
Bluestem.. 19 
Red Russian.. .... 20 
Macaroni ......... 21 
Fife ............. 22 

Little Club 23 
Bluestem.. 24 
Macaroni 25 

...... 

............. 
....... 

....... 

....... 
........ 

Fife. . . . . .  ........ 26 

Relative R a n k  of Samples in  
Volume 

of Loaf. Protein. Gluten. Gliadin. 
I 2 I 3 

4 5 7 9 
IO 9 IO 3 

7 24 19 20 

5 3 2 2 
8 b 5 I 1  
6 9 s 6 
IO I8 I8 16 
I7 1 1  10 I2 
1 1  19 25 22 

9 1 7  17 17 
I2 I 4 I 
13 26 26 25 
14 7 6 7 
15 I2 I2 I3 
22 25 23 21 

18 21 15 19 
19 20 20 24 

20 23 24 23 
16 I4 I 1  I Y  
23 15 21 4 
21 4 3 5 
24 16 16 15 
25 I3 14 14 
26 22 22 26 

2 8 '3 8 

Gliadin 
Sumber .  

6 
3 

I8 
7 
8 
4 
19 

I4 
15 
25 
16 

I 

IO 
22 
I1 

9 
5 
'3 
23 
I7 
24 
2 
12 
2I 
20 

26 

of the bread which they produced as shown by their comparative specific 
gravity, which is indicated in the first column, and in the other columns 
there is given the rank of each sample as shown by the several other tests. 
In  no case do the results by different methods of testing fully agree. In 
Table I11 the effect of differences due to variety of the wheats is eliminated 
by arranging the samples in groups according to variety, but the same dis- 
agreement as to comparative values of the different samples, as shown 
by the results of the chemical estimations and the baking tests, is shown. 
From these results it would appear that there is no definite relation be- 
tween the relative percentage of protein, gluten or gliadin which a flour 
contains and its comparative baking quality. Hence it would appear that 
it is impossible to form final conclusions as to the baking quality of a 
flour from the results of a chemical analysis alone. To be sure, it is ap- 
parent that as a general rule flours which contain high percentages of 
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III.-COMPARATIYE VALUES O F  SAMPLES ARRANGED B Y  
V AR I ET I ES . 

0 li  adi 11 
R e k t i v e  Karik of Samples iii 

Specific Volume 
Variety. Gravity. of 1,oaf. protein. (;Iuteii. Gliadin.  Number.  

Bluestem . . . . . . . . .  I 2 2 3 3 4 . . . . . . . . .  I 4 4 4 2 
. . . . . . . . .  I I I I 
......... 5 4 5 5 . . . . . . . . .  2 4 

3 
4 

4 3 
5 4 3 

6 - 8 5 5 " 4 
8 8 7 

( I  2 
2 

......... 

......... 
i i i . . . . . . . . .  ' s k 

Little Club. . . . . . .  I 
. . . . . . .  2 

4 
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tllese nitrogenous constituents are more apt to slioiv high bread-making 
ciuality. but the exceptions are much too frequent to permit a tlefiiiite con- 
cliision of wide applicability to be t1ran.n. 

'rile results of the baker's sponge tests when consiciere(I alone appear 
to bt> absolutely valueless. The average time of the rise o f  tlit' clougll to its 
nnsiiiiuni height or \oliiiiic i; particularI?- erratic i n  i s  variations, having 
apparently no coniiectioii \\-hatever with an!. o ther  linqierty of the flour. 
Tile average volume of rise. (71- cspaiisive p) ;Ler ,  of the dough also ap- 
pears to have no definite connection with other properties o i  the flour. 
'Taken in connection with the gluten content, lion-ever. it does give an 
iiiiportant indication of the baking quality of the flour. 111 general, a flour 
with a low percentage of gluten arid a high volume of rise produces a good 
quality of bread, but one Lvitli a low percentage of gluten and a low 
volume of rise gives a poor qualit!- of bread. M7itIi high-gluten flours the 
effect of the volume of rise of the dough is not so noticeable, although i f  
we eliminate sample Yo. S6j (the poor quality of the bread from which 
seems to be wholly unexplainable) a sorne\vliat similar relation between 
the quality of the bread and the expansive pon.er of the dough to that 
wliicli exists in the case of the low-gluten flours. i.: apparent. 

In the results of the baking tests the largest loaves 'yere usually also the 
"lightest," o r  those with the lowest specific gravity. T,oaves of the same 
volume did not a1waj.s have the same specific gravity. however. because of 
variations in iveight, due to the greater or less loss of water (luring baking. 
From the standpoint of the commercial baker greater iveiglit for the 
same volume of loaf uoulcl probably be desirable. since a one-piitid loaf 
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could be made from less flour. Whether this same property of greater 
capacity to  hold moisture during baking, giving a heavier loaf of the same 
size, is a desirable one in flour for  home-baking will depend upon whether 
a moist or  a dry bread is preferred. If capacity to  hold moisture during 
baking gives similar capacity to hold moisture after baking and SO prevent 
the rapid drying-out of the bread, this would be a desirable quality. 
Experiments to determine whether this be true are planned and will be 
Larried out in this laboratory at  an early date. 

Conclusions 
From the results of these comparative tests, we must conclude that no 

single test which was tried is capable of giving conclusive evidence as to 
the baking quality of flour. ,Any of the processes which have yet 
been suggested for testing flour must be supplemented by a baking test if 
final and accurate conclusions are to be reached. 

The baker's sponge tests appear to afford iittle evidence of value except 
in the case of low-gluten flours. In  as much as these tests require 
nearly as much actual work and fully as much care and attention as the 
complete baking tests, it appears that they may well be abandoned in 
favor of the latter. 

The  writer is indebted to Alr. A. L. Glover and to Mr. H. B. Berry for 
assistance in this study. in carrying on the nitrogen determinations and 
the sponge and baking tests respectively. 
I,ABORATORY O F  T H E  WASHINGTON AO RICllLTrRAL 

EXPERIMEST STATION, 
Pullman, Wash 

CORN OIL-ITS POSSIBLE USE AS AN ADULTERANT IN LARD AND 
ITS DETECTION. 

BY W M  MCPHERSON AND WARREN A RUTH. 

Received March 23, rgo7. 
T h e  statement is frequently made that  corn oil is used as  an adulterant 

i n  lard. On what authority this claini is made, we have not been able to  
ascertain. Both Lewkowitsch' and Allen2 state that  the oil is used for 
this purpose and it is probable that  American authors have accepted these 
statements. Although I have conferred with a great many food analysts, 
I have never yet found one who has found a definite case of such adulter- 
ation. I n  the  first place i t  may not 
be used for this purpose ; or, in the second place, the chemist may have 
failed to recognize i t ,  although present, because no accurate method has 
been worked out for its detection. T h e  following work was carried out 
with a view to determining whether corn oil may be so used and if so to 
determine some method for its detection. 

T o  determine the effect of the presence of corn oil in lard, three samples 

There may be two reasons for this : 

'Chemical Analyses of Oils, Fats and Waxes, 373.  
Commercial Organic Analysis, 2, I, 144. 


