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INTRODUCTION. 

This bulletin contains five articles relating to the composi
tion aml value of grnius. The iirst, "Heavy and Light ~Weight 
Grains" discusses the cm11position and t·h11r;1<"fr1·is1 il's of heaYy 
and light weight wheat, oats and barley, and it is shown that 
while the light weight grnins have the larger pen~entage 
amount, the heaYy weight g1·ai1rn have the larger total amount, 
of protein, phosphoric acid and potash, and that the additional 
piant food in the heavy 'n~ight grnins associated with a more 
matnre germ gives the matured heavy ~weight kernels deciclely 
the advantage for seed pnrposes. 

The second article ''Starchy and Glutenous Grains'' is a 
continuation of the work on starchy and glutenous wheats re
ported in Bulletin No. 85 of this station. It is sho\rn th:1t while 
there is a general uniformity in the composition of wheat 
gro\yn frow a nniform lot of seed, it is possible to- select clis
t inct types of starchy and glutenous kernels showing a dif
ference of from one to three per cent of protein in favor of 
the glutenous kerne.Is. The physi<'al charal'.1eris1 ic'.s ol' 1 he 1 wo 
types of wheat are sufficiently pronounced to allow the separa
tion into starchy and glutenous wheats to be readily made. It 
is also shown that tli!Ierent heads grown from the same seed and 
nlso different kernels produced on the same head will show 
various degrees of starchy and glutenous character; each head 
and kernel as far as chemical composition is concerned has nn 
irnlividualiiy. It "·as also found that st::u·ch;i: and glutenous 
types of rye and oats could be distingnished 1hl' sarne as ill tht! 
ea:,;e of wheat. 

The third article treats of light and dark colored flax seeds, 
and it "·as found that as far as oil content, genernl chemical 
composition, germinating powers and composition of the oil 
nre concerned, there was no appreciable diffe1'ence between 
light and dark bro"·n iiax seeds. 

Rusted wheat is discussed in the fourth artidc. The rust 
affodt•d the plant aHc1· iltl' pnitcin had been prod1H·ed in the 
kaves and before it was transferred to the seeds, resulting in 
the wheat strnw eonL1ining a high percentage of prntein and 
tht! gTain being ~mall, i-;hl'ivelecl and dnll in npJH'<ll'HIH't'. 

'l'he fifth article treats of the milling tests of wheat. It. 
discusses the methods em ployed to deterrn inc the rn ill in g and 
the bread making value of wheats ancl gives a romparativ<~ 
ttst of the different grades of wheat as found on the rna1·kc1. 
The fiour yield and the corn position and Lread making va lnc o l' 
rusted wheat are also discussed. 



IU~AVY AND LIGH'l1 WEIGH'l1 GRAINS. 

HARRY SNYDER. 

Since the commercial quality of grain is determined largely 
by soundness and weight per bushel, it has been deemed ad
visable to make an investigation to ascertain the differences 
in chemical composition and physical properties between light 
and heavy weight grains. li'or purposes of this investigation, 
samples of heavy and light weight wheat, oats and barley were 
obtained by hand picking. These samples were then sub
mitted to chemical analysis. 

l\Iuch care was taken in the selection of the samples. 
:\Iedium sized, plump, heavy weight and vvell filled kernels 
were selected and also from the same lot of grain another sam
ple of medium sized imperfectly Jilled aml light weight kernels. 
Other characteristics as color and soundness were kept as 
nearly alike as vossible in each of the two types of seed. Some 
of the grains were obtained from the :\li1111esota State Grain and 
vV a:rehouse Commission, and others from the Agricultural Di
vision of the Experiment Station, from samples that were under 
investigation for purposes of improvement . 

.Numerous analyses have been made of heavy and light 
weight seeds b~1t no extended investigations appear to have 
been made of the commercial yield of products from such 
grains or of the amount of reserve plant food which they con
tain and are capable of supplying to growing crops. It has 
been shown by Hellreigel and others that heavy weight seed 
\\·hl'at ahn1ys p1·oduee::; a better sta11d of grain and more 
vigorous plants than light weight seed. In the case of soils 
of high fertility, the difference in yield from heavy and light 
weight seed was not as. pronounced as in the case of soils of 
low and medium fertility when the heavy weight seed wheat 
produced by far the largL•st yield per acre. The difference 
iu the appeanrnce of the crops grnwn from heavy and light 
\\'eight seed \ms noticeable dnring the elltire period of growth 
and was in favor of the heavy weight seed. It is quite evident 
that for seed purposes, sound, heavy weight kernels have de
cidell advantages over immature light weight seed. 

The difference in weight of seeds is often quite large, one 
hundred kernels of wheat may weight 1 1-2 grams nncl frorn 
lhl' sa111e snmple, it is possible to select 100 kernels weighing 6 
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grams. As great differences in weight are found m other 
grains. 

In this investig<1lion the tenrn; lie:1vy nnd li:.d1t \r<'ighl 
seeds refer to those of the same variet\· OJ' frorn the same 
source, the heavy weight seeds bl,ing sou~d, well filled, with a 
high weight per b11sl1t•l anc1 others imperfectly filled, with a 
low weight per bushel. 

In the discussion of results, first the percentage composi
tion is considered, that is, the amounts of nutrients and vari
·ous compounds present in 100 pounds of the grain without re
gard to the size of the kernels, and then the total weight or 
amount of nutrients in a given number of seeds. As far as 
composition is concerned, chemical analysis does not show such 
a great difference in the per cent of nutrients in light ancl 
heavy weight seecls. The light weight seeds have a tencleney 
to contain a larger percentage of nitrogen, phosphoric acid 
and potash than the heavy weight seeds. This would natnrally 
suggest that such seeds are the 11lllst Yaluable for commercial 
and seed purposes, hut a careful interpretation of the results 
when the weight of the seeds is considered jointly with the 
percentage composition leads to just the oppositr• conclusion 
rn1mely: that the heavy weight seeds aJ'l' <lecidely preferable 
for both seed and eornmercial pnrposrs. 

While there is a somewhat larger percentage of nitrogen, 
phosphoric acid and potash in light weight seeds, it is found 
that when the weight per 100 kernels is multiplied by the per
centage composition, 100 he:=ivy weight seeds contain from 
two to four times as much nitrogen, phosphoric acid and pot
ash as the light weip:ht seecls. Thus while the light weight 
immature seeds have somewhat the advantage in percentage 
composition the heavy weight seeds have decidedly the ad
vantage because of thcil' greater \\~eight, and contain a much 
larger total although a smaller percentage amount of the mti-
rients than the light weight seeds. · 

In a former bulletin, No. 85, of this station, it was shown 
that light weight wheat contains a higher percentage of nitro
gen than heavy \\·eight wheat. In this investigation, it has 
heen fonnd that the general tendency for the light weight 
seeds to contain a higher percentage of nitrogen as well as 
phosphoric acicl and potash is also common to barley, oats and 
rye. 

Tu one sample of barley there was a difference of only .17 
p01· cent in the protein content. in favor of the light weight 
seeds while in another sample, the difference amounted to 3.87 
per cent. 
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In tnhlc No. 6 is given the pc1·<•e11tage C(l!llposition of heavy 
;rnd liglJL weight seeds nnd in tabl1• No. 7, the total amount in 
grams of nitrogen, phosphoric acid and potash per 100 kernels 
of each l\ind of seed. In table :l\o. G it will be observed that 
the light weight seeds contain the larger percentage amounts 
of the elements and compou11c1s mentioned, 1d1ile table No. 
7 shows that 100 kernels of the heavy weight seeds contain a 
nrnch larger totn l amount of nll of these elements. 

TABLE VI. Composition of Heavy and Light Weight Seeds. 

No I 
Weight Crude Phos-

SAMPLES. per 100 Protein phoric Potash. 
Kernels. (Nx6.25) Acid. 

I Grams. Per cent. Per cent. Per cent. 

1 Hea~;r~~i;ht ............................... I 3 999 11.07 2.03 .373 
2 Light " ............................... 1.\147 10.90 2.71 .969 
3 Heavy '' ............................... 3 799 8.94 2.08 .741 
4 Light " ................................ 2.109 12.81 2.97 .969 

Oats- I 
5 Heavy weight ................................ 3 579 8.17 1.65 .665 
6 Light .. ································ 1.594 8.69 1.75 .894 
7 Heavy ································ 3.344 11.34 1 6fl .675 
8 Light ································ 1.591 11.66 2.05 .89 
9 Heavy ................... .......... 3.376 14.85 l.66 .665 

10 Light ································ 1.695 17.72 2.24 .907 

Wheat-
11 Heavy weight ................................ 2.753 16.72 1.41 .519 
12 Light .. ................................ 1.325 17.97 3.01 1.057 

TABLE VII. Total Nutrients in Heavy and Light Weight Seeds. 

Phos-
phoric Protein 

No SAMPLES. 
Acid Potash (Nx6.25) 
100 100 100 

Kernels. Kernels. Kernels. 

Grams. Grams. Grams. 

Barley-
1 Heavy weight .......................................... . 
2 Light " ............................................... . 

.081 .015 .361 

.053 .019 .21~ 
3 Heavy ............................................... . .079 .028 .340 
4 Light .............................................. . .063 .020 .270 

Oats-
5 Heavy weight ............................................... . 
6 Light " .............................................. .. 

.059 024 .292 

.028 .014 .139 
7 Heavy .............................................. .. .055 .023 .379 
8 Light " ............................................. . .033 .014 .186 
9 Heavy ............................................. . 

10 Light ............................................ .. 
.056 .023 .501 
.034 .015 .300 

Wheat-
11 Heavy weight ............................................ . .039 .014 .460 
12 Light " ........................................... . .040 .014 .238 



llE.\\Y .\.\:!J LIGHT \\"EIGIIT Gl<Alc.;s. 217 

In former investigations, it was observed that whrat,1 

dover,2 alfalfa" and ilax', in !lie· early stages of grnwth as
similate their nitrogTt'n, plrnsphoi·ic acid and potash with 
great avidity. By the time a crop Jrns p1·od w:.ed onr-ha lf 
of its organic matter from 70 to SO per cent of the niti·ogen 
and mineral matter have been assimilated, thns making 1he 
plants in the early stagrs of gnmth contnill a larger per
centage but a much srnaller total amount of these build
ing materials. It has been observed 1hat the light weight 

. seeds contain a larger percentage amount of the elements and 
compounds· named because they lrnYe failed to reach as high 
a degree of maturity as the heavy weight kernels and that 
with the filling ont of the kernel, there is an increase in the 
weight of the seed lmt not a proportional increase in the per 
centages of llit1·og<'11, phmq1ho1·ic ncid nnd potash. 

From the results of this investigation, it is quite evident 
that when seeds are taken from the same source, a light weight 
p8r bushel is nearly always accompanied by a high percentage 
of nitrogen, phosphoric acid and potash and that this is indica
tive of a lower degree of rnatnrity than in the case of heavy 
weight grains where the1·e is a s111aller percentage amount but 
q, larger total amount of these rna te1·iais. It is not possible 
to judge the degree of matmity of g-rains taken from differ
ent sources by the percentage amounts of nutrients present but 
when grains of the same variety and from the same source were 
compared it was found that a high weight per bushel and full 
maturity 1yen' 11ssociatecl with rornparatively low perrentages 
of nitrogen, phosphoric acid nncl potash. 

The different amounts of commercial products, as the vari
ous grndes of flolll·, obtained frnrn heavy and light weight 
wheat seeds 1yere <1nite noticea hie. This is discuNsed more in 
detail in another article of this lrnlletin. The heavier weight 
wheat producecl a proportionally larger amount of the com
mercial grades of fionr than the light weight wheat. No in
vestigations appear to have been made to determine the re
lationship hetwe@ the weight pet· hnshel and yield of com
mercial prodncts from other cereals. 

From the results of this investigation, it is quite evident 
that it is not possible to determine the c0111n1crcial value 
of a cereal either for food or seed purposes on the basis of 
nitrogen content alone because in selecting grains of the high
est nitrogen content withont regard to any other factor, it is 
possible to select the light weight and less mature grains 
rather than the lrcaYy weight, ihe rnost valuable and ma
ture ones. Whenever high nitrogen content is associated with 
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heavy weight, soundness and other dcsirnblc charactel'istics, it 
is most :idvnnl:igeo11s, lrnt tl1<' 11itrogen, phosphoric acid or pot
ash cont<'11t alone without regal'd to weight per bushel or other 
desirable drnractci·istirs cannot he taken as an indication of 
the value of n cereal. In 100 kernels of heavy weight barley 
there was found to be about one-third more phosphoric acid, 
nearly a half more nitrogen and about 10 per cent more potash 
than in 100 light weight kernels. It is quite evident that when 
all other factors are equal the heavy weight seed has the ad
vantage by containing a large amount of reserve plant food 
for starting the growth of the crop. 

In three separate samples of oats 100 heavy weight kernels 
were found to contain about 1.8 times as much phosphoric 
acid, 1.5 times as much potash and nearly twice as much nitrogen 
ns 100 ligh1 ,Hight seeds.. In 100 heavy weight wheat kernels 
about the same total amount of phospohric acid and potash and 
twice as lllUC'h 11itt'ogen were found as in JOO light weight seeds. 

The arno11nt of nitrogen, phosphoric acid and potash is in 
no way a measure of the germinating power, but the plants 
from heavy "·r'ight seeds have more vitality and invariably 
reach a highe1· degree of maturity. In fully matured heavy 
weight seed, the conditions are more favorable also for sccm·
ing a germ of high vitality and good germinating powers. It 
is quite apparent that all other factors being equal, the heavy 
weight grains supply the young plants with a much larger 
amount of reserve food than light weight seeds. The addi
tional plant food in heavy weight grains is an important factor 
in promoting growth. 

When heavy weight grains are selected fol' seed purposes, 
the additional reserve plant food at the disposal of the grow
ing crop is often sufficient to materially affect the vigor of 
growth and the yield of grain. On the basis of the additional 
plant food alone, the farmer is repaid for using heavy weight 
seed. The maximum yield of grain is secured when good seed 
is used ancl the fertility of the soil is kept np by the use of 
fa rm lllanures and t!tr l'Otation of crops. Fertility and crop 
rotations are discussed in bulletin No. 89 of this station. 

Valuable assistance has been given in this investigation by 
:\fr. Robert Dewar in connection with the milling and baking 
tests, and by l\fr. Hummel, assistant chemist, Mr. Hoagland, 
:\fiss Parker and l\Iiss Craig, laboratory assistants, in carrying 
nn various features of the :malytical work. 

(l) Minn. J<:x. Sta. Bul. No. 29. 
(:>) 11 inn. lex. Sta. l:lul. No. 34. 
(:l) \I inn. Ex. Sta. llul. No. 80. 
(4) i\linn. Ex. Sta. Bui. No. 47. 



ULU'l1ENOUS AND STARCHY GRAINS. 

HARRY SNYDER. 

WHEAT. 

In a fom1er bulletin, No. 85, of this station, the physical 
characteristics associated with glutenous and starchy wheats 
::ire discussed. It was found that when a sample of wheat rrom 
the same seed or source was examined, differences in si1:e . 

. color and general appearance of the kernels were discernible. 
In the case of about 85 samples, two types of kernels one 
starchy and one glutenous were selected from each. 

'l'he glutenous wheat kernels are characterized by a darker, 
amber color, and a harder more flinty texture than the starchy 
kernels. When the two types of kernels are cut through hori
zontally, the amber color and the hard and horny character 
of the glutenous wheats nnd the lighter color and more flomy 
nature of the softer starchy wheats are readily observed. The 
difference in protein content of glutenous and starchy ke1·
nels from the same seed or source was found to range frorn 
l.6 to 4.87 per cent in favor of the glutenous kernels. 

Since the publication of bulletin No. 85, some additional 
tests have been made as to the protein content of starchy and 
glutenous wheats raised from the same seed. 'l'he results are 
ns follows: 

Source of Seed. 

Glutenous 
\Vheat 
Protein. 

Per cent. 

Starchy 
Wheat 

Protein. 

Per cent. 

Chace Anderson, Hutchinson, Minn ...... 16.85 13.71 
P. M,. Johnson, Pennock, N. D ........... 14.20 15.53 
I. Emerson, W. Concord, Minn .......... 17.76 16.25 
G. ·A. Daniels, Randall, J'viinn ............ 14.64 11.69 
'I'. A. Hoverstad, Crookston, Minn ...... 14.96 12.21 
Experiment Station ................... 14.00 11.08 
Experiment Station ................... 13.75 11.60 
Experiment Station ................... 14.66 11.57 
Experiment Station ................... 13.07 11.03 
Experiment Station ................... 14.15 12.71 
Experiment Station ................... 16.59 15.11 
Experiment Station ................... 14.34 11.81 

'l'hese results are so similnr to those presented in Bulletin 
X o. 85, that no farther discussion of them is necessary. 

In a few cases anomolous wheat kernels were found in 
which one-half was starchy while the other half was glu
tenous. 
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In orcl1't' to deten!li1w the inflnence of the germ upon the 
nit1·og·l'll {'Ontent of 1vheat, ;1 n11rnheY of nitrogen determina
tions wel'e rnn(le of the ke1·n1'ls with and without the germ, 
the gcm1 end ]Jeing re111ove(l with a sharp knife. A number of 
determinations were also nrn1le of the germ encl and of what 
111ay he called the starchy end of the kernel. 'l'he results are 
given in the following tables: 

Sample 
No. 

12. Protein, per cent ........... . 
83. Protein, per cent ........... . 
26. Protein, per cent ........... . 
31. Protein, per cent ........... . 

Average .................. . 

26. Starchy wheat ............ . 
Glutenous wheat .......... . 

31. Starchy wheat ............ . 
Glutenous wheat .......... . 

83. Starchy wheat ............ . 
Glutenous wheat .......... . 

12. Starchy wheat ............ . 
lHutenous wheat .......... . 

83. Starchy wheat ............ . 
Gluetnous wheat .......... . 

31. Starchy wheat ............ . 
Glutenous wheat .......... . 
Average .................. . 

Normal 
Seeds. 

10.02 
15.17 

8.70 
14.40 
12.07 

Seeds 
with 

germ ends 
removed. 

9.49 
14.14 

8.16 
14.23 
11.50 

f'rotein Per cent. 

Germ end 
of kernel. 

8.87 
11.18 
15.31 
16.23 
14.08 
17.16 
10.47 
12.71 
13.78 
16.35 
13.70 
15.12 
13.75 

••starchy'' 
end of 
kerne). 

7.13 
9.02 

12.64 
14.16 
13.12 
15.54 

8.32 
10.58 
13.66 
16.05 
13.34 
H.93 
12.37 

It was not possible by means of a knife to perfectly separate 
the germ, and hence comparisons as to the influence of the 
germ npon the protein content of the kernel can be made only 
in a general way. ·when the germ was removed the samples 
tested l'Ontained .:JG per eent Jess proti'in than the entire ker
nels and the ''starchy encl·' 11£ the wheat kernel was found to 
rontain 1.38 per cent less protein than the germ end. 

In the stndy of separate wheat heacls, slight differences in 
the niirngen content of individnal kernels we1·e observed. In 
many cases, it was possible to distinguish starchy and gluten
om; seecls iu the same wheat head. When grown from tlie 
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same glutenous seed, individual kernels varying in degree of 
glutenous charactel' were discernible. Font· samples of wheat 
heads grown froin a uniform lot of seed containing an aver
age of 14.57 pc!' cent of protein on a dry matter basis contained 
from 13.81 to 18.45 per cent of protein, as will be observed in 
the following table : 

TABLE VIII. Protein Content of Glutenous Wheat. 

Head 1. Head ~. Head :L 

Lot 1. .................................................................. . 
Lot 2 ..................................................................... . 
Lot 3 .................................................................... . 
Lot 4 ..................................................................... . 

17.51 
16.05 
15.80 
16.93 

18.4·5 
15.43 
15.93 
16.19 

(The above results are on the basis of the dry matter). 

1G.43 
13.81 
15.45 
16.~8 

When three heads of each kind were selected and a srpa ra
tion of the s·eeds into high and- low gluten lots was made, it 
was found in some cases that half of the kernels were more 
and half were less glutenous in character. Some of the wheat 
heads contained kernels so ·uniform in appearance that no 
distinction could be made. 

TABLE IX. Protein Content of Glutenous and Starchy Kernels Pro
duced upon the Same Wheat Head. 

Heads 
Nos. 

Lot 1.......... ..... ........................ ............................. 4, 5, 6 
Lot 2...................................................................... 7, 8, 9 
Lot 3 .................................................................... 10, 11, 1'2 
Lot 4 ...................................................................... l.3, 14, 15 

Glutenous 
Kernels. 
Per cent. 

15.56 
16.71 
17.43 
17.26 

Starchy 
Kernels. 
Per cent. 

17.84 
15.83 
15.86 
15.64 

------·-----------------------------

While the differences in protein content of wheat from in
dividual heads grown from similar seed are small, and there 
is a general uniformity as to high or low protein content there 
is still an appreciable difference showing that each head and 
each kernel as far as chemical composition is concerned has 
an individuality. 

CORN. 

Investigations by Hopkins at the Illinois Station have 
shown that in the case of corn there are definite physical prop
erties associated with glutenous and starchy kernels which are 
sufficiently pronounced to enable one to readily distinguish the 
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two types of corn. In order to determine the extent to which 
differences in the protein content occur in average samples 
of corn grown nnder Minnesota conditions, the following an
alyses were made : 

Sample 
No. 

1 ..................... . 
2 ..................... . 
3 ..................... . 
4 ..................... . 
5 ..................... . 
6 ..................... . 
7 ..................... . 
8 ..................... . 
9 ..................... . 

Average .............. . 

Protein Content of Corn. 
Starchy. Glutenous. 
Per cent. Per cent. 

10.01 
9.07 

10.29 
10.36 

8.86 
11.26 

8.89 
9.21 

9.74 

8.92 
8.89 

11.39 
9.55 

11.23 
10.91 
10.00 
12.00 
10.26 

9.10 

10.56 

From each lot of corn, samples of starchy and glutenous 
kernels were selected by hand picking. In th'e case of sample 
No. 9, the kernels were so uniform that it was not possible to 
select with any degree of satisfaction the two types of seeds, 
hence the analyses are not accredited as either starchy or glu
trnous. In the casr of No. 8. thr sample selected as the starchy 
type contained slight])• more protein than the one selected as 
the glutenous type. In all other cases the starchy kernels 
contained from about .5 to nearly 1.50 per cent less protein 
than the gfotenons kernels. In most rnsesthr glutenous kernels 
were of a darker hue than the st:irchy kernels, but this holds 
g-ood only in a genera 1 ·way with kernels grown from th'e same 
lot of seed, and is not applicable when comparisons are made 
between corn samples from different sources or from different 
lots of seed. White corn fo1: example may contain as much or 
even more protein than yellow corn grown under the same 
conditions of climate and soil. Three samples each of yellow 
and white corn grown under similar conditions but from differ
ent kinds of seed were found to contain the following amounts 
of protein: 

Sample 
No. 

1 ..................... . 
2 ..................... . 
3 ..................... . 

Yellow 
Corn. 

Per cent 
Protein. 

12.05 
10.86 
10.10 

White 
Corn. 

Per cent 
Protein. 

11.04 
10.86 
11.23 
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The description with illustration of the glutenous and 
starchy types of corn as given by Hopkins of the Illinois Sta
tion is as follovvs: "By making cross sections and longitudinal 
sections of several kernels from an ear of corn, one can judge, 
with a ver~' sn1 i,;l'aetor.1· degl'ee of nc<·t11·acy. whether the corn 
is rich or poor in protein. 'l'he illustration here shown was 
made from a photograph taken of corn kernels and sections 
with a magnification of three diameters. At the left are' two 
sections and a whole kernel from corn containing 14.92 per 
cent. of protein. The sections and kernel at the right are 
from corn containing 7.76 per cent of protein. About one
fourth of the kernel was cut off from the tip end in making 
the cross sections. In the longitudinal sections the tip encl of 
the kernel points upward to the right. It will be seen that in 
the cross sections the white starchy layer nearly disappears in. 
the high-protein corn, but becomes very prominent in the 
low-protein corn. In the longitudinal sections this difference 
is also apparent, the white starch in the high-protein corn 
being confined almost entirely to the crown encl of the kernel, 
while in the low-protein corn it extends into the tip end in 
considerable amount. The germ in the high-protein corn is 
somewhat larger. This is also indicated by the depressions in 
the whole kern-els." 

Corn with Corn witll 
14.92 per Cent. 7.rn pl'r Ceu t. 

Protein. Protein. 

Fm. !R:!.-Sta.rchy and Glut.inous Corn. >tfter I~opkins. 
(From Illinois Experiment Station Bulletm.) 
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RYE. 

When it was found that glutenous types of both wheat and 
corn are associated with definite physical characteristics and 
can be distinguished, it was de!'llwd a<h·isahl0 to indrn1e rye 
in the investigation. A few sarnples ·were obtained from the 
State Grain and Warehouse Commission and it was found 
that light and dark colored seeds co1Tesponding to hard glu
tenous and softer starchy kernels could readily be distin
guished as in the case of wheat and corn. The results obtained 
with rye are as follows: 

Sample Starchy Glutenous 
No. Rye. Rye. 

" 1. Protein, per cent ............. 9.11 10.59 
2. Protein, per cent ............. 11.94 12.16 
3. Protein, per cent ............. 9.58 10.02 
4. Protein, per cent ............. 10.00 10.85 

Average .................... 10.16 10.91 

In working with rye occasionally kernels of a greenish 
tinge are observed, due to lack of complete maturity; such 
kernels usually have a high protein content as noted in the 
preceding article on light weight and immature grain. In 
the samples tested, greenish kernels were found which con
tained 10.67, 13.12, 11.56 and 10.07 per cent respectively of 
protein. Owing to the difficulty in obtaining a large variety 
of samples, the investigation with starchy and glutenous rye 
was not ca tTied as far as in the case of whe11t. The results 
however, show from .5 to 1.50 p·er cent more protein in the 
darker colored and more flinty rye kernels than in the lighter 
colored and more starchy ones, indicating that with rye as in 
the case of wheat and corn there are glutenous and starchy 
types, 

OATS. 

Four samples of oats representing the different commercial 
grades as found on the market were obtaill'ed from the Minne
sota Railroad and W arehonse Commission. On account of the 
presence of the lrnll. it is more difficult to study the individual
ity of the oat kernel than is the case with wheat, corn and rye. 
However, in all of the samples three distinct types of kernels 
eonld be distinguished, those of light and those of dark amber 
color, and also kernels of a greenish tinge. 
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Protein Content of Oats. 
Light Dark 

colored colored 
starchy glutenous 

type. type. 

Per cent. Per cent. 

No. 1 ................. 11.20 11.37 
No. 2 ....... . . . . . . . . . 11.11 11.69 
No. 3 ............ ..... 11.82 12.63 
No. 4 ................. 10.98 11.39 

2~5 

Greenish. 

Per cent. 

12.30 
12.15 
14.68 
13.56 

Other samples of starchy and glutenous kernels were 
selected from Nos. 1 and 4 by another analyst and found to 
contain respectively 10.35, 11.67, 10.96 and 11.28 per cent of 
protein. 

The terms light colored and dark colored are used in only 
a comparative way. It is not intended to convey the idea that 
of two samples of oats, the lighter contain the least and the 
darker the most protein, but when light nnd da1·k kcnwls 
were selected from th-e same lot which had been grown from 
similar seed, the darker amber colored and flinty oats con
tained the larger content of protein, and the greenish tinged 
kernels contained more than either. Whether this would hold 
true in the case of a large number of samples remains to be 
investigated but as far as the work has been carried, it has 
been found that there are starchy and glutenous types of oats 
the same as starchy and glutenous types of wheat, corn and 
rye. 



LIGH1, AND DARI{ COLORED FLAX SEEDS. 

HARRY SNYDER. 

This investigation was undertaken at the request of Mr. 
A. C. Aaby of the State Board of Grain Appeals to determine 
the difference in the oil content of dark and light colored fl.ax 
seeds. In many samples of sound and fully matured flax, light 
brown and dark brown seeds are distinguishable. In size, 
weight and other physical characteristics, the seeds are alike 
except in color, and it was desired to learn whether there was 
any difference in the oil content or in the chemical composition 
of the oil from the two types of seed. 

In the grading of flax seed, weight per bushel, soundness 
and uniformity of seeds are the main f'actorn ·which establish 
the grade. The presence of rnore than 12 1-2 per cent of "field, 
stack, storag·e or otht>r clnnrn ged seeds" is sufficient to cause 
a sample of" mature, sound, dry arn1 sweet flax seed" northern 
grown and weighing Gl pounds or rnol'e pel' bushel to be classed 
lower than No. 1 northern grade. Are the mediumly dark 
brown flax seeds damaged seeds or are they simply a type of 
mature sound seed? Upon this point, the commercial grade 
of a flaxseed sample is often dependent. In order to secure an 
answer to this question, samples of hand picked seeds were 
submitted to chemical analysis, and the following results ob
tained: 

Per cent Per cent Per cent 
No. Oil in seeds. Crude protein. Ash 

1. Yellow tinged flaxseed ....... 34.64 22.93 3.58 
2. Dark brown flaxseed ....... 36.09 22.33 3.34 
3. Experiment Station flax .... 36.40 23.12 3.52 
4. Light brown flax seed ...... 35.10 22.78 3.87 

The dark brown flax seeds examined contained about one 
pe1· cent more oil than the light brown seeds. This is not a 
large differenre ·when it is recalled that the oil content in flax 
seed may range from 34 to 39 per cent. Both the light and 
dark brown flax seeds contained the average amQunt of oil with 
a slight diffe1·l'nce in favor of the dark brown seeds. No ap
preciable difference was fou11d in the protein content of the 
flax seeds examined. 
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A test was also made to determine the germinating power of 
the three types of flax seed as represented by samples Nos. 1, 
2 and 4. It was believed that in case the dark brown seeds hnd 
been injured in any way in the field, stack or storage, it would 
show itself in lessened vitality of the seed. The results of the 
germination test are as follows: 

Total 
number 

Samples. seeds 
tested. 

1. Yellow ting-eel flax seed ....... 24 
2. Dark brown flax seed ........ 24 
4. Light brown .............. 24 

Nun1ber 
seeds 

germin
ated. 

23 (1 weak plantlet) 
24 
24 

No difference was observed in the germinating powers of 
the dark and light brown_flax seeds, indicating that as far as 
power to germinate is concerned both types are equally sound. 

The oils extracted from the three types of seed were sub
jected to the iodine absorption test. They were dried over 
sulphuric acid to prevent oxidation and yielded the following 
results: 

Iodine 
!:)ample. Absorption No. 
1. Yellow flax seed ............................ 167 
2. Dark brown flax seed ......................... 173.3 
4. Light brown flax seed ......................... 167.4 

It will be seen that there is no large difference beb\·ee11 tile 
iodine absorption numbers of the three samples. None of the 
samples gave either abnormally high or low iodine absorption 
numbers. . In commercial testing of linseed oils preference is 
usually given to those of medium and high rather than those of 
a low absorption number. 

As far as oil content, general chemical composition, ger
minating powGrs, and properties of the oils as determined by 
the iodine absorption numbers are concerned, llO appreciable 
difference was observed between light brown and dark _brown 
flax seeds. 



RUSTED WHEAT. 

HARRY SNYDER. 

The presence of black rust in some portions of this state 
has caused inquiries to be made as to the effects of rust upon 
the composition and feeding value of the straw and grain. In 
many instances the rust did not affect the crop until within 
a week or ten days of maturity, but then the rapidity with 
which the plants were affected was sufficient to materially in
fluence the yield of the crop. Early seeded wheat on well 
drained land where the fertility of the soil had been kept up 
was much less affected by rust than late t>eeding on low or worn 
soil. 

In a former publication, Bulletin l\'o. 29, of this station, the 
composition of the wheat plant at <lifferent stages of develop
ment is given. In the case of rnstecl wheat, the plant was 
killed by the fnngus disease before reaching maturity, hence 
we find the rusted crop having 1 he same general composition 
as unripe wheat. The grain frorn rnsted ·wheat is small in size. 
shrunken, and light in weight. The kemels have a dull ap
pearance. 

Six samples of wheat varying from very badly rusted to 
rnst free, Nos. 1 to 6, were selected for purposes of investiga
tion. Another sample No. 7 from the southwestern part of 
the state, a typical sample of grain producing a large yield of 
strnw but failing to fill well was added to the list. From the 
analysis, it will be observed that the straw of the rusted grain 
contained a large amount of protein. Samples Nos. 1 and 2, 
which were the most seriously affected by the rust contained 
6.23 and 6.94 per cent respectively of protein while sample No. 
6 which was practically free from rust contained only 3.77 per 
cent. 

It is evident that the wheat plant had assimilated from the 
soil all of the nitrogen necessary to produce a good yield of 
grain but that the protein formed in the straw from the nitro
gen and other elements in the leaves was prevented by the rust 
from being stored up in the si>erls. Nearly all of the glutenous 
material 1d1ich \\·oulcl haYe gone to form a larger number of 
kernels nncl more plnmp aml nrntnrerl ones was retained in the 
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straw. The intensity of the rnst is almost propol'tional to thr 
excess of protein remaining in th<' st!'<nY. The rnsted wheat 
straw has neal'ly twice as mnch protrin as nol'llial ripr straw. 
ancl as much as is present in rlrairic and timo1hy hay. and it 
is this high protein content which imparts to the rnsted wheat 
straw a high feeding value. It seems to be preferred by most 
farm animals to bright normal stra>v, and when fa rm stock is 
well cared for and fed grain and some othe1· 1·otq.drng·(· m: 
prairie hay or corn fodder then there appears to h<; no t>Yil 
effect from . the moderate feeding of the straw from rnste<l 
wheat. Any food stuff affected with a fungus disease rnust lw 
fed with care, as some for111s of fungi develop poisonous ma
terials as alkaloidal bodies, but in the case of wheat rust, horses 
and cattle seem to have eaten the straw with iwpnnity .. 

TABLE X. Composition of Wheat Straw Samples. 
-- ·-----

! Water I Ash IP1·otcinl Fat 

I 
Per Per Per Per 

Cent. Cent. Cent. Cent. I 

C arho-1 Crude 
hydrates Fiber 

Per Per 
Cent. Cent. 

1. Very rusty sample···············! 
2. Very rusty sample .............. . 
3. Rnsty sample, not serious ... 

1 

4. Rusty sample, very light ..... . 
5. Slightly rusted ................... . 
6. Rnst free ............................. . 
7. Grain not well filler! ............. ! 

9.81 
7.74 
8.46 
9.::?2 
7.67 
8.32 
7.22 

8.05 
6.03 
6.73 
n.44 
6.42 
6.78 
6.68 

I 
~:~~ :~~ I ~b:b~ !~:~~ 
5,06 .96 I 31.48 47.31 
4.38 .!l7 I 32.86 46.13 
4.58 40.35 40.98 
3.771 1.16 I 42.29 I 37.68 
6.19 i.o5 36.15 I 42.71 

-----------~----·---

In the case of the wheat 1d1ich produced a rank growth of 
straw but a light yield of grain the large amount of protein in 
the straw would indicate an unbalnnced condition of plant 
food, an excess of nitrogen and a <lrficiency of eithl'l' phosplrn
ric acid or potash. The straw npon analysis wm; f'nmHl to contain 
.205 per cent of phosphoric ;ici<l and 1.79 per cent of potash whilP 
straw from g:rain grrnn1 011 the Experiment Station farm and 
which yielded over 30 bushels per acre of wheat contained 
.315 per cent of phosphoric acid and 1.97 per cent of potash. 
Since the strnw of the light yielding bnt rank growing grain 
crop contained an abnormal alllonnt of nitrogen aml a scant 
amount of phosphoric acid compared 1\·ith the straw of a large 
yielding grain crop, it would suggest that there was a lack of 
available phosphoric acid in 1 he soi I. It is at least snffic ien t ly 
suggestive to warrant the trial of a phosphate fertilizer in 
order to imluce a more bahmceLl crop growth. Frequently 
it is a lack of nitrogen which causes light yields of grain crops 
and not a lack of phosphoric acid. 



The !'llsted "·hc'at straws examined all contained a high 
pc re en t;i ge of phosphol'ic acitl, and had full maturity resulted 
much of this phosphoric acirl would have been stored up in the 
seetl. 

The (•!feet 0£ the rnst npon the rn1npositinn of the grain 
was most noticeable. The small, light weight, shrunken grains 
lian 111nch the same general composition as the light weight 
immature grains described in the first ::irticlc of this bulletin. 
The rnsted wheat kernels contained a higher percentage of pro
tein, Jibre and ash than sound, fully rnatnred grain. When 
selected from the same field where they had been grown under 
uniform conditions and from the same seed, rusted and rust 
free grain had the following composition: 

Wheat from Wheat from 
rusty plants rust free plants 

Pr. Ct. Pr. Ct. 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . 2.87 1.92 
Crude protein ................ . 16.37 13.34 
Ether extract ................ . 2.41 2.24 
Crude fibre .................. . 3.67 2.01 
Carbohydrates ............... . 62.50 70.73 
Moisture .................... . 12.18 9.76 

Some of the rusted wheat samples contained as high 
as 19.30 per cent of protein. At the time this investigation 
wns in progress an advanced copy of a report upon the same 
subject 1rns received from .Mr. I<' rank T. Shutt, Chemist of the 
Dominion Experimental li'arms nt Ottawn, Canada. Since the 
general l'esults are so similar to those presented in this article, 
it wns not deemed uecessary to carl'y this investigation farther 
for p11!'poscs of verification. 

The Jlonr yield of rusted wheat and the quality of the flour 
were nJso investigated. These resnlts can be more advan
tageously presented in the next artiele. 

Uncleaned, rusted ·wht>at should 11ot be used for seed pur
poses, because of the nneveness of the kernels, the lack of 
vitality in the light wright inmrntm·e s1•1•ds. mid the lack of 
l'eservc plant food whicl1, in case the soil i:-; not in the highest 
state of fertility, will nffect the vigor of growth and the ulti
mate yield of the crop. Rusted wheat is prnctieally light 
weight wheat. Bacteriologists claim tlrnt 11H• blnek rust of 
wheat is not transmitted by the nse of nrntecl seed. B1· in i'-' 
n light weight seed, the stntt>men1s made in tli(• /il'st artil'le of 
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this bulletin "Heavy and Light Weight Grains" would appl~· 
to light weight 1·nsted 1Yheat. In nearly all samples of rnstecl. 
wheat, there arc some reasonably heavy well filled kernels 
suitable for seed pnrposes. ·when the light weight nml im
matm·e grains arc J'('moved by screening and the nsc of a 
fanning mill, the qnality of the seed is greatly improved. This 
should be done in all cases where rusted seed is used so ns 
to secure the brneiits as pointed out in the first nrticle from 
the use of heaYier weight and more mature kernels. At the 
Nebraska Expe1·iment Station a difference of 6.5 bushels per 
acre in favor of heavy weight seed over light weight seed was 
secured in 1902. At other stations, the use of henvy weight 
seed has given an increase of from one to three bushels over 
light weight seed. Prom the experiments made by the Ameri
can experiment stations, it has been found that the use of 
heavy ·weight seed results in an average increase of about three 
bushels per acre which is more than enough to pay for clean
ing the seed wheat, or ·even purchasing a better grade of 
wheat. 



MILLING%TESTs:oF WJ:IEAT. 

HARRY SNYDER. 

' 
In order to more thoroughly test the value of wheats for 

milling, breadmaking and nutritive purposes, an experimental 
roller mill was designed and installed in the chemical labora
tory in 1903. A small stand of corrugated and smooth rolls 
and a sifter had previously been used but was not found suita
ble for obtaining the flour yield of a sample of wheat with any 
degree of accuracy; for while this small outfit gave a fair qual
ity of straight grade flour, it was not possible to obtain with it 
the usual grades of flour and offals as secured by the patent rol
ler process of milling. So it was foltnd necessary to deisign and 
install a complete miniature roller milling system. The pl'e
liminary plans were made by l\Ir. 1\1. A. Gray, a practical mil
ler, and at the time a special stndent in the College of Agricul
ture. The preliminary plans ,,·ere revised and the machinery 
made by the Allis-Chalmers Company of Milwaukee, Wis. 

The milling system consists of two stands of corrugated rolls 
and two sets of smooth rolls for the reduction of the middlings, 
a Reliance plain sifter containing thirty separate sieves and 
bolting cloths, and an aspirator for purifying the middlings 
The rolls and aspirator are all connected by elevators. Power 
is supplied for running the machinery from a 15-horse power 
electric motor, the current being obtained from the central 
power station of the institution. Eight-horse power is required 
for operating the mill and it takes about an hour to mill a 
bushel of wheat. Two mid<llinp:s, or pa tent grades and a break 
flour are o btainecl and also a "tailings" flour and the offals; 
bran, shorts and tailings. F'rom 68 to 72 per cent of flour can 
be produced depending upon the charactel' of the wheat milled. 
While this system does not mill quite as exhaustively as a 
longer bre11k system, it does very satisfactol'y work and enables 
comparative results to be secut"ed. 
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This experi111l'11ial rnill has been found of great assistance 
in the study of wheat and flonr prnble111s, partieularly in the 
testing of new vai·ieties of whl'at and in the preparation of 
standard grades of flour fol' .nutrition investigations. The 
general arrangement of the machinery and the construction of 
.the shifter can be observed in the illnstrations, fignres lKi and 
186. 

'l'he operating of the mill has always been in the hands of 
experienced millern. The institution has been fortunate in 
having among its students young rnen who have served an ap
prenticeship in milling before coming to the College of Agricnl
ture to take up work in wheat and ffom testing. The operat
il].g of an experimental flour mill should not be undertaken by 
a novice any more than the manufactul'e of butter or cheese. 

The farmer is interested in securing varieties of wheat 
which give good yields per acre and command a good market 
price. The miller desires wheat which will make a high grade 
marketable quality of flour, one of good keeping qualities and 
one which gives good yields and does not require excessive 
power for grinding. The baker desires what are technically 
called strong /Jonrs, which make a large number of loaves per 
barrel, and produce a large loaf nf bread of goot1 physical 
properties a11cl one that does not dry out readily. 

It is possible to secure whe·ats which possess iu some (k
gree all of these characteristics and it is believed that such 
wheats will prove the most desirable ones for the farmer to 
produce. 

Without the experimental mill the study of the various 
problems in connection "·itlt wheat and flo111', particularly from 
the agricultural point of Yiew, woult1 not have been possible. 
In order to make this work more complete, apparatus and ap
pliances have been devised and installed for carrying on inves
tigations in bread making and for other technical tests of 
flour. In some of the experiments the nutritive value of the 
fiour and bread have been detenuined by digestion trials 
with men, and thus the 111illing, baking and nutrition investiga
tions have been carried on with one lot of wheat and under 
conditions subject to experimental control. It is lwl ieved ihat 
ultimately better results will be secured from such a study of 
wheat than from isolated experiments with separate and rlis
connected parts of the problem. 

In order to test the comparative quality of the standard 
grades of wheat of the 1904 crop, ten samples representing the 
various grades were obtained from an elevatoi· and snbmittPcl 
to milling and baking tests. 



Sample. 

No. 1. 

No. 2. 

No. 3. 

No. 4. 

No. 5. 

No. 6. 

No. 7. 

No. 8. 

No. 9. 

No.10. 

MILLING TESTS OF WHEAT. 

DESCTUP'l'ION OF SA~IPLES. 

Grade, J\'o. 1 Northern as takrn into the elevator; clean 
bright wheat, some light and some dark colored ker
nels, no :-;hrunken kernrls, weig·ht 61 lbs. per bushel 
vvhen clem1ed. A good sample of No. 1 Northern 
wheat. 

Grade, No. 1 Northern as inspected out of an elevator, 
a fair sample for grade, but not as bright as sample 
No. 1, some oat seeds present and a few shrunken 
kernels, weight 60 lbs. per bushel when cleaned. 

Grade, No. 2 Northem. A fair sample of this grade 
of wheat, some small kel'nels, cockle and a few im
mature seeds present, weight 58 lbs. per bushel 

, when cleaned. 
Grade, No. 3 Northern "·eighing 53 lbs. per bushel 

when cleaned. A fair salllple of this grade of wheat. 
It contained more sh1·11nken and immature kernels 
than sample No. 3. 

Grade No. 4 Northern weighing 52 lbs. per bushel 
when clean. It res em bled sample No. 4, but was not 
so bright in color. l t contained immature and 
shrunken kei'ri6lls. 

Rejected Wheat. This sample weighed when cleaned 
49i lbs. per bushel, it 1rns a typical sample of rusted 
wheat. The seeds wel'e shrunken and dead in ap
pearance and a considernble number of discolored 
seeds were present. 

No Grade. Sample somewhat moist, weight 56 lbs. 
per bushel cleaned, many dull and discolored seeds 
present also some barley seeds. 

Grade, No. 2 Northern. Similar to sample No. 3. 
Weight per bushel 58 lbs. when cleaned. 

Grade, No. 3 Northern. Similar to sample No. 4. 
Weight 55 lbs. per bushel when cleaned. 

Grade, No. 4 Northern. Similar to sample No. 5. 
Weight 51 lbs. per bushel when cleaned. 
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TABLE XI. Milling Tests of Wheat. 

Sam-1 pie 
No. 

Per Cent. of I Per Cent. of I 
Total Floor Patent Flour 
Recovered. Obtained. 

Per Cent. 
of 

Bran. 

1. No. 1 Northern, inspected in .... 
2. No. 1 Northern, inspected out. 
3. No. 2 Northern ....................... . 
4. No. 3 Northern ....................... . 
5. No. 4 Northern ....................... . 
6. Rejected Wheat ....................... . 
7. No Grade ................................ . 
8. No. 2 Northern ....................... . 
9. No. 3 Northern ....................... . 

10. No. 4 Northern ...................... . 

68.5 
64.4. 
60.9 
57.6 
58.7 
51.7 
54.8 
65.0 
65.0 
60.8 

46.6 
45.0 
42.2 
43.4. 
41.2 
4.0.0 
42.2 
46.5 
46.0 
43.2 

20.0 
!.!'...!.O 
27.7 
27.0 
26.0 
29.5 
28'.9 
18.3 
16.0 
24.2 

The yield of flour wa:,; found to be dit-ectly p1·oportional to 
the weight per bushel of the cleaned wheat. The heavy weight, 
clean and high grade wheat yielded 68.5 per cent of total flour 
while the light weight immature wheat yielded only 51.7 per 
cent. Had the system <'mployed contained an additional stand 
of rolls about four per cent more flour could have been recov
ered from the offals and tailings. The results are, however, 
strictly comparable. The sample of wheat No. 6. which was 
affected by rust yidded 16.8 per cent less flour than the high
est grade and soundest sample, No. 1. 'I'he dry matter, nitl'O
gen content, crude protein, ash, and acidity of the sa111pli>s 
milled are as follows: 

TABLE XII. Composition of Wheats. 

Sam-1 pie · GRADE Matter. · Nitrogen ProteitJ. 

I 
Dry I Ash I Total I Crude 

No. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

Inspected in, No. 1 Northern·············! 
Inspected out, No. 1 Northern .......... . 
No. 2 Northern ................................. . 
No. 3 Northern .................................. . 
No. 4 Northern .................................. . 
Rejected ............................................ . 
No Grade ........................................... . 
No. 2 Northern .................................. . 
No. 3 Northern ..... . 
No. 4 Northern ...... . 

Per Cent. Per Ce~t. Per Cent. Per Cent. 

89.30 
89.03 
88.80 
89.30 
88.72 
89.02 
89.50 
87.52 
90.04 
89.89 

1.97 
2.02 
2.07 
1.84 
:t.73 
2.18 
1.80 
1.91 
1.73 
1.80 

1.84 
1.84 
2.03 
1.91 
2.00 
ll.00 
2.00 
1.94 
l .R9 
1. ~l:~ I 

11.49 
11.49 
12.70 
11.92 
12.50 
12.50 
12.50 
12.10 
11.80 
12.31 

The rusted whent, sarnple :\o. (j, eo11t;1inecl the largest 
amount of protein. .All of the sarnples Wf'I'l' unusually low in 
protein due to the climatic conditions, particularly the excess 
of rainfall during the latter part of the growing season. An 
excess of wnter ilnring th0 growing: senson npp0:irs to h:iv<c n 
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tendency to <lecrr:ise the pl'Otein content of all grains. No 
rnateri<il difference \Vas observed in the protein content of the 
various grades of wheat tested. There appears to be quite a 
wide range in the protein content of rusted wlw:its, some sam
ples have been :inalyzed showing as low as 11 per cent and 
others as high as 19 per cent. Owing to their poor milling and 
bread making qualities and a tendency toward a high protein 
content the farmer will find the badly rusted wheat more val
uabl() for feeding purposes than as a marketable crop. A large 
portion of th·e poorer qualities of rusted wheat as found on the 
m:uket are ultimately used as feeds. 

The patent f:!ours obtained from the milling of the ten sam
ples of wheat were submitted to chemical, technical and baking 
tests. The results are presented in the following tables: 

TABLE XIII. Dry Matter, Protein and sh Content of Flours. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Sample 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
\) 

10 

GRADE. 
Dry 

Matter. Ash. Protein. 

Per cent. Per cent. Per cent. 

Gliadin. 

Per cent. 

'lo. 1 Northern, inspected in .... 86.89 .51 10.34 
No. 1 Northern, inspected out .. 87.lG .49 10.60 
No. 2 Northern ························ 87.28 .47 8.57 
No. 3 Northern ....... ····· ............ 87.39 .49 11.10 
No. 4 Northern ....................... 87.77 .48 11.08 
Rejected ........................ ........... 87.60 .61 11.20 
No Grade .................... ··········· 87.49 .50 11.20 
No. 2 Northern ........................ 88.08 .53 11.38 
No. 3 Northern ·······-················ 88.43 .50 10.81 
No. 4 Northern ........................ 88.31 .55 11.50 

TABLE XIV. Technical Tests of Flour Samples. 

GRADE. 

No. 1 Northern, iasp. in ...... 
No. 1 Northern, insp. out.. .. 
No. 2 Northern .................. . 
No. 3 Northern ................. . 
No. 4 Northern ................. . 
Rejected ............................ . 
No Grade ...................... . 
No. 2 Northern ............. . 
No. 3 Northern ..... . 
No. 4 Northern .................. . 

Absorl>
tiou. 
cc. ----

fi2.3 
,-;2.n 
51.fi 
5~.6 
54 
5fi 
52 
54 
5Cl 
52 

Drv I . f Gluten. Size of Loa. 

Per cent. Inches. 

V.8 
9.fi 
9.5 

10 
10 
10.5 
10.5 

22.75 x 18 50 
22.50 x 18.25 
20.75 :J: 15.75 
22 x 17.25 
21.50 x 17 
20.50 x 16 
21.25 x 16.75 
20.62 x 15.87 
21.12xl6.75 I 
21.62 x 16.87 

.98 

.84 

.84 

.90 

.80 

.88 

.92 

.83 

.85 

.89 

Compar
ative 
Rank. 

1 
2 
4. 
3 
7 
5 
6 
4 
3 
3 

Flour s:imples, Nos. 1 and 2, milled from No. 1 Northern 
wheat produced the largest size loaf and the best quality of 
bread, these samples, however, contained less protein and glu
ten than samples 4, 5, 6 and 7 which produced a smaller sized 
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and a poorer quality of loaf. The flour from the badly rusted 
wheat, No. 6, while it contained more total gluten and protein 
than any of the flours from the standard grac1es of wheat. mis 
lacking in desirable physical qualities as powei· of expansion 
and color. The gluten was abnormal in composition: this is 
reflected in the low gliadin content of the flour. The rusted 
wheat produced the poorest quality of bread. Light weight, 
rust-free wheat, although it makes a poor yield of flour, gener
ally produces one of fair quality and one which contains a glu
ten of normal properties. The light-weight wheat when badly 
affected by rust has had its bread making qualities impaired 
so that it will not make a high grade of flour. The fact that 
there are many localities where the wheat has not been materi
ally affected by rust makes it possible for the standard grades 
and brands of flour to be maintained as to quality. 



FIG. 183.-Heavy Weight Wheat. Upper Row, x 2.1. 
Light Weight Wheat, Lower Row, x 2.1. 

FIG. 184.-Glutlnous Wheat, Upper Row, x 2.1. 
Starchy Wheat, Lower Row, x 2.1. 

l?IG. 1 5.-l~Iour and Products obtained in the Testing of Wbeat.1 

1. 1st Middlings li'lour. 2. 2nd l\Iicldlings Flour. 3. Break Flour. 
4. Shorts and Feed. 5. Bran (Not Compressed) . 





.w~r:Ar 

12 •• 

; 
\~-.BRK 
; .27'-C 

If!? 3:!.3 R'EUANCE oiFTEP 

.-r-- .. ' 
I 

~~~.~[r~~~ B 
'°'l!iPIRATOR 

Ii ~ • 

FIG. 187.-Showing the Course which the Wheat follows during the 
Process of Milling. 
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FIG. 188.-Bake Oven and Sponge Gase used in Bread Making Tests. 

Fro. 1 9.- Breacl from Different Grades of Wheat. 

1. 1 o. 1 Northern 
Inpectecl in. 

5. No Gr ade. 

2. No. L Northern 
Inspected Out. 

6. No. 4 Northern . 

3. No. 3 
Northci n 

4. ~o. 2 
Northern. 

7. Rejected . 
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