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Procedure

Protein fractionation studies were
carried out with Feebar, Odessa and
Plains barley samples of varying ni-
trogen content. The samples (1950
and 1951 crops) were grown by the
South Dakota State College Experi-
ment Station at five locations in the
state. These were the State Experi-
ment Station at Brookings, The Eu-
reka, Highmore and Cottonwood
substations and the Redfield Devel-
opment Farm (irrigated). The
three varieties were grown on adja-
cent plots at each location.

The effect of fineness of grinding
upon protein fractionation data was
studied during the first year of the
research work. The three different
grinding methods employed with
Feebar and Odessa samples were
the Wiley mill (1 mm. sieve), the
hammer mill (0.5 mm. sieve) and
the ball mill (48 hours of continuous
grinding).* Plains barley was
ground with only the Wiley mill
during the first year, so no data on
grinding effects are available with
that variety.

Fractionation procedures em-
ployed with the samples were essen-
tially the same as those described by
Bishop (3). The procedure used for
Wiley-mill ground samples is as fol-
lows. The fractionation included ex-
traction of the ground barley with
water to remove albumin, proteoses
+ peptones, and non-protein nitro-
gen. Extraction of samples with salt
solution (5 percent potassium sul-
fate) yielded globulin in addition to
the constituents extracted with
water. Subtraction of the nitrogen of
the water extract from that of the

salt extract furnished globulin nitro-
gen data. Finally, the salt-extracted
barley samples were extracted with
70 percent aqueous ethanol solution
to remove alcohol-soluble protein
(hordein). The insoluble residual
protein (glutelin) of the extracted
samples was calculated by differ-
ence.

Albumin was determined on the
water extract by adding 20 ml. of
acetate buffer® and 60 grams of mag-
nesium sulfate to the extract (200
ml.) and then heating the solution
at 82° C. for 40 minutes in a water
bath. The precipitated albumin was
collected by filtration and measured
by Kjeldahl analysis for nitrogen.
Non-protein nitrogen was analyzed
for by the modified method of Blish
(7). The proteose - peptone frac-
tion was calculated by subtracting
the sum of the nitrogen of the albu-
min and the non-protein nitrogen
fractions from the total nitrogen of
the water extract.

Hammer- and ball-mill ground
samples were fractionated by essen-
tially the same procedure as that
outlined for the Wiley-mill ground
samples. However, employment of
a trichloroacetic acid precipitation
procedure as described by Bishop
(8) enabled elimination of the
water extraction step and thereby
shortened the fractionation proce-
dure considerably. By determining
the quantity of albumin + globulin
nitrogen in the salt extract by pre-

4Ball-milled samples were ground in the Wiley mill (1
mm. sieve) before ball-mill grinding.

5The acetate buffer was composed of equal volumes of
normal solutions of sodium acetate and acetic acid.
The pH of the buffer was 4.6,
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cipitation with 2.27 percent tri-
chloroacetic acid, it was possible to
calculate proteose + peptone and
non-protein nitrogen by difference.
The further subtraction of non-pro-
tein nitrogen from this difference
made possible the calculation of the
proteose -+ peptone values.
Non-protein nitrogen was not de-
termined on hammer-milled sam-
ples since the values obtained on
Wiley- and ball-milled samples
were in good agreement and thus
appeared unrelated to the method
of grinding. With hammer-mill
ground samples, the differential cal-
culation of the proteose + peptone
fraction was carried out by employ-
ing the average non-protein nitro-
gen values obtained from compara-

ble Wiley- and ball-milled samples.

Much difficulty was experienced
in the fractionation of certain of the
ball-mill ground samples. The salt
extracts often showed unsatisfactory
precipitation with trichloroacetic
acid since the usual clarification of
the filtrates was not evident. Thus, it
was necessary to discard the albu-
min + globulin and the proteose
peptone data for the ball-milled
samples. No difficulty was encoun-
tered with the non-protein nitrogen
determinations on such samples.

The centrifugation procedure em-
ployed in the fractionation studies
was carefully controlled. A trun-
nion-type centrifuge head was em-
ployed throughout the studies. In
the case of the Wiley-milled sam-
ples, the centrifugation force was
1370 x g (2550 r.p.m.) and for the
hammer- and ball-milled samples
was 1570x g (2730 r.p.m.). The cus-
tomary procedure for removing the

water, salt and alcohol extracts from
the centrifuged samples was mere-
ly to decant the supernatant extract.
However, when separation of
aqueous extracts from insoluble par-
ticles by decantation proved diffi-
cult, a siphoning procedure was car-
ried out. Even with the siphoning, it
was often difficult to make a clear-
cut separation between insoluble
and soluble barley constituents with
some ball-milled samples. With
these samples, centrifugation
caused the insoluble barley residue
to settle as a loose stratified mass
rather than as a compact one suit-
able for a decanting operation.

Samples which had a fine pow-
dery texture did not centrifuge
properly, while those with a coarse

ranular consistency could be cen-
trifuged without difficulty during
the extraction procedures. Obvious-
ly the particle size of some of the
ball-milled samples was too fine to
allow for proper centrifugation with
the equipment employed.

All fractionation analyses were
performed in duplicate. Suitable
blank Kjeldahl nitrogen determina-
tions were carried out to eliminate
possible contamination from re-
agents employed in the protein frac-
tionations. Separate nitrogen and
moisture analyses were made on all
samples which were ground by dif-
ferent methods. Thousand-kernel
weights were determined by count-
ing and weighing 100 kernel sam-
ples in triplicate. A high degree of
reproducibility was observed in all
determinations.

Fractionation with 1951 barley
employed only the hammer-mill
ground samples. The same experi-
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mental locations, with the exception
of Cottonwood, were employed as
in the previous year. Fractionation
included determination of the three
major protein fractions, salt-soluble,

alcohol-soluble and insoluble nitro-
gen, and no determinations of the
separate salt-soluble nitrogen con-
stituents were made.

Results

Comparison of Methods of Grind-
ing on Extraction of Nitrogen
Fractions

Protein fractionation data on 1950
barley samples that were ground by
different methods are shown in
Table 1. The table shows that
Wiley-mill ground samﬁles had
lower salt-soluble and higher glute-
lin (insoluble protein) nitrogen
contents than did the hammer- and
ball-mill ground samples. Hordein
(alcohol-soluble protein) was not
noticeably affected by method of
grinding. The content of all of the
protein fractions increased with in-
crease in the total nitrogen content
of the samples.

Figure 1 expresses the data of Ta-
ble 1 as the percentage of total nitro-
gen represented by each protein
traction. The pronounced difference
in protein composition between the
coarsely ground Wiley-mill samples
and the more finely ground ham-
mer- and ball- mill samples is clearly
evident. The figure also shows that
Wiley- and hammer-mill ground
samples had regular protein compo-
sition patterns while the ball-mill
samples showed an erratic protein
composition picture.

Table 2 shows data on the salt-
soluble nitrogen components of the
same samples reported in Table 1.
The increased nitrogen obtained in
the salt-soluble extract from the

more finely ground samples (ham-
mer versus Wiley mill) largely rep-
resented the albumin 4 globulin
constituents. However, the extent of
the increase in extracted nitrogen
contributed by the separate albu-
min and globulin constituents is not
shown by the data. The table further
indicates that slightly more proteose
-+ peptone nitrogen was present in
the extracts from the more finely
ground samples. The non-protein ni-
trogen contents of extracts from
coarse (Wiley-mill ground and fine
ball-mill ground) samples were
similar.

Changes in Protein Composition
and Protein Content

Table 8 summarizes the data on
the salt-soluble, alcohol-soluble and
insoluble nitrogen fractions of 1950
and 1951 hammer-mill ground sam-
ples. The data are graphed in Fig-
ures 2, 3 and 4 to facilitate compari-
son between varieties as well as be-
tween crop years.

Figure 2 shows the relation of
total nitrogen of samples to the ni-
trogen represented by each of the
different protein fractions. The salt-
soluble protein fraction remained
relatively constant with variation in
nitrogen content, except for in-
creases in some high nitrogen sam-
ples. Both hordein and glutelin
increased with increase in total ni-
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trogen of barley at all nitrogen lev-
els studied. The protein composi-
tions of 1950 and 1951 samples
showed close agreement. Feebar
and Odessa barley were similar in
their protein composition, but Plains
barley was slightly higher than the
other two varieties in hordein as
well as slightly lower in both salt-
soluble and glutelin nitrogen.

Figure 3 compares total nitrogen
of barley with protein fraction per-
centages expressed as percent of
total nitrogen. The figure shows
that with an increase in total nitro-
gen the proportion of salt soluble
nitrogen decreased and the propor-
tion of hordein nitrogen increased.
In Feebar barley, the proportion of
glutelin nitrogen decreased with in-
creasing total nitrogen content,
while for the other two varieties a
rather constant glutelin nitrogen to
total nitrogen ratio was observed.
The barley samples grown in 1950
and 1951 showed a similar composi-
tion picture.

Figure 4 presents data on the rela-
tion of kernel nitrogen to the
amount of each of the protein frac-
tions per kernel. Differences in ker-
nel size among varieties accounted
for a different kernel nitrogen range
for each variety. ( See kernel weight
and kernel nitrogen data of Table
3.) With kernel nitrogen as a plot-
ting basis, the relation of each of the
protein fractions to total kernel ni-
trogen appeared linear with each

variety. Hordein and glutelin con-
tent both increased with increase in
kernel nitrogen, but of the two frac-
tions, hordein increased the more
rapidly. Change in the total kernel
nitrogen did not appear to affect
salt-soluble kernel nitrogen in Odes-
sa and Plains barley samples. With
Feebar barley, increase in total ker-
nel nitrogen was correlated with a
slight increase in salt-soluble nitro=
gen. The 1950 and 1951 data were
comparable with each variety.
However, since the Plains data
showed no overlapping between the
two years, the results are not as defi-
nite with this variety as with the
other two.

Table 4 summarizes the hammer-
mill sample data of Table 2. Presen-
tation of the salt-soluble component
data as percent of the dry matter, as
percent of the total nitrogen, and as
content per kernel gives a rather
complete picture of the composition
of the salt-soluble fraction of barley.
The content of the various salt-solu-
ble components generally increased
slightly with increase in nitrogen
content of samples. While Feebar
and Odessa samples both showed
increases in contents of the salt-solu-
ble constituents in the high nitrogen
samples, Feebar showed much
the greater increase of the two vari-
eties. Examination of the kernel
composition data of the table indi-
cated a general constancy in kernel
content of salt-soluble components
with each variety.
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Table 1. Nitrogen Fractions in Barleys of Different Total Nitrogen Contents When Ground By
Different Methods, As Percent of Dry Matter (1950 Crop)

Name of Variety Barley Protein Fractions
Type of Grinding Mill Total Salt-Sol. Hordein Glutelin
Location Where Grown Niuggen Niu;ogen Nitroq}gen Niu‘;gen
Feebar
Wiley mill
Redfield 197 0.54 0.56 0.87
Eureka ... . 2,01 0.53 0.54 0.94
Brookings ... ... 258 0.60 0.93 1.05
Highmore ... .. 279 0.65 0.99 1.15
Cottonwood oo 3.10 0.70 1.09 1.31
Hammer mill
Redfield .. 1.97 0.67 0.59 0.71
Eureka ... . 2.01 0.69 0.60 0.71
Brookings .. 258 0.78 0.95 0.85
Highmore ... . 279 0.82 1.06 091
Cottonwood ... 3.10 0.91 1.21 0.97
Ball mill .
Redfield . 197 0.66 0.55 0.76
Eureka ... .. 2.01 0.73 0.59 0.69
Brookings . .. 258 0.82 0.96 0.80
Highmore __. .. 279 0.82 1.11 0.87
Cottonwood _............. 3.10 0.99 1.19 0.92
Odessa
Wiley mill
Redfield .. 1.79 0.49 0.51 0.80
Eureka _____ . 197 0.55 0.55 0.87
Brookings - .- 2.38 0.55 0.82 1.01
Highmore ... - 2.44 0.57 0.82 1.06
Cottonwood ... 2.79 0.64 1.02 1.13
Hammer mill
Redfield .. 1.79 0.71 0.52 0.56
Eureka 1.97 0.73 0.58 0.66
Brookings - .. 2.38 0.73 0.89 0.76
Highmore ___. . 244 0.77 0.88 0.79
Cottonwood 2.79 0.85 1.05 0.89
Ball mill
Redfield oo 1.79 0.64 0.50 0.64
Eureka ... .. 1.97 0.75 0.60 0.62
Brookings .. - 2.38 0.87 0.79 0.72
Highmore __. . 2.44 0.81 0.82 0.82
Cottonwood .oooeeeeee. 2.79 0.77 1.02 1.00
Plains
Wiley mill
Redfield ... 222 0.54 0.68 1.01
Eureka ... 0.56 0.74 1.08
Brookings - 0.56 0.88 1.09
Highmore __ 0.64 1.06 1.11
Cottonwood 0.63 1.00 123
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‘Table 2. Salt-Soluble Nitrogen Components in Barley Grown at Different Stations,
As Percent of Dry Matter (1950 Crop)

Type of Grinding Mill Redfield Eureka Brookings Highmore Cottonwood
Salt-Soluble N Fraction % % VA % %
Feebar Barley
Total Nitrogen Content 1.97 2.01 2.58 2.79 3.10
Wiley mill
Total salt-soluble N 0.54 0.53 0.60 0.65 0.70
Albumin N 013 0.10 0.11 0.11
Albumin - globulin N _____ 0.30 0.31* 0.33 0.34 0.37
Proteose -+ peptone N __ . 0.14 0.14* 0.15 0.15 0.15
Non-protein N .. 0.10 0.08 0.12 0.17 0.18
Hammer mill
Total salt-soluble N ... 0.67 0.69 0.78 0.82 0.91
Albumin - globulin N _______ 0.42* 0.45* 0.49* 0.49* 0.53*
Proteose - peptone N _______ 0.14* 0.15* 0.17¢ 0.17+% 0.19*
Ball mill
Total salt-soluble N ... 0.66 0.73 0.82 0.82 0.99
Non-protein N ... 0.10 0.10 0.13 0.15 0.19
Odessa Barley
Total Nitrogen Content 1.79 1.97 2.38 2.44 2.79
Wiley mill
Total salt-soluble N .. 0.49 0.55 0.55 0.57 0.64
Albumin N 013 0.10 0.11 0.10
Albumin 4 globulin N 0.24 0.31% 0.32 0.31 0.39
Proteose -+ peptone N _______ 0.14 0.13* 0.13 0.13 0.12
Non-protein N ... 0.11 0.10 0.10 0.13 0.13
Hammer mill
Total salt-soluble N __________ 0.71 0.73 0.73 0.77 0.85
Albumin -+ globulin N ___ 0.46* 0.46* 0.45* 0.47* 0.51*
Proteose -+ peptone N ______ 0.15% 0.16* 0.17* 0.18* 0.21*
Ball mill
Total salt-soluble N _________ 0.64 0.75 0.87 0.81 0.77
Non-protein N ... 0.09 0.11 0.11 0.12 0.13
Plains Barley
Total Nitrogen Content 2.22 2.38 253 2.81 2.85
Wiley mill
Total salt-soluble N _________ . 0.56 0.56 0.64 0.63
Albumin N 0.11 0.11 0.10
Albumin -+ globulin N 0.33* 0.34 0.37 0.38
Proteose -+ peptone N 0.14* 0.13 0.15 0.14
Non-protein N . . 0.09 0.09 0.12 0.11

*Samples that were analyzed for albumin + globulin and proteose -} peptone nitrogen by the trichloroacetic acid
precipitation method.



Table 3. Protein Composition of Hammer-Mill Ground Barley Samples of Different Nitrogen Contents (Moisture-free Basis)

Protein Fractions, as Protein Fractions, as Protein Composition of Kernel
Weight per Total Percent of Dry Matter Percent of Total Nitrogen Total Salt-Sol. Hordein Glutelin
Variety and Kernel Nitrogen Salt-Sol. Hordein Glutelin Salt-Sol. Hordein Glutelin N N N N
Description® (gms.) (percent) N N N N N N (mg.) (mg.) (mg.) (mg.)
Feebar
(H, ’51) .. 0.039 1.75 0.63 0.48 0.64 36.0 27.3 36.7 0.69 0.25 0.19 0.25
(R, '50) . 0.039 1.97 0.67 0.59 0.71 33.8 30.0 36.2 0.77 0.26 0.23 0.28
(E, ’50) . 0.035 2.01 0.69 0.60 0.71 34.6 29.9 355 0.69 0.24 0.21 0.25
(E, '51) ... 0.037 2.18 0.74 0.72 0.73 338 32.8 335 0.80 0.27 0.26 0.27
(R, ’51) .. 0.037 2.37 0.71 0.85 0.81 299 36.0 34.0 0.88 0.26 0.32 0.30
(B,’50) .. 0.037 258 0.78 0.95 0.85 30.3 36.9 32.8 0.97 0.29 0.36 0.32
(B,’51) .. 0.035 2.63 0.76 1.00 0.87 29.0 379 33.2 0.93 0.27 0.35 0.31
(H, '50) . 0.033 2.79 0.82 1.06 091 29.4 379 327 0.92 0.27 0.35 0.30
(&, 50) . 0.030 3.10 091 1.21 0.97 29.4 39.2 31.3 0.92 0.27 0.36 0.29
Odessa
(R, ’50) ... 0.033 1.79 0.71 0.52 0.56 39.8 29.2 31.0 0.59 0.24 0.17 0.18
(E,*51) .. 0.033 1.80 0.73 0.53 0.55 40.2 29.2 30.6 0.60 0.24 0.18 0.18
(E, ’50) . 0.032 1.97 0.73 0.58 0.66 371 29.2 337 0.62 0.23 0.18 0.21
(H, 51) . 0.033 1.97 0.70 0.63 0.64 35.6 32.1 323 0.64 0.23 0.21 0.21
(B, ’51) . 0.031 1.99 0.68 0.63 0.68 343 317 34.1 0.62 0.21 0.20 0.21
(B, ’50) ... 0.032 2.38 0.73 0.89 0.76 30.6 37.4 32.0 0.75 0.23 0.28 0.24
(H, ’50) _.. 0.028 2.44 0.77 0.88 0.79 31.7 36.2 321 0.68 0.21 0.25 0.22
(R,’51) ... 0.031 2.50 0.75 0.88 0.87 30.0 35.2 34.8 0.78 0.24 0.28 0.27
(C,’50) e 0.027 2.79 0.85 1.05 0.89 30.4 377 31.9 0.77 0.23 0.29 0.24
Plains
(E,’51) .. 0.034 1.81 0.71 0.57 0.53 39.0 317 29.3 0.62 0.24 0.20 0.18
(H, ’51) . 0.035 2.11 0.69 0.74 0.68 32.6 35.2 32.2 0.74 0.24 0.26 0.24
(R,51) . 0.035 2.36 0.72 0.86 0.77 30.6 36.6 32.8 0.82 0.25 0.30 0.27
(B,’51) . 0.030 2.49 0.72 0.94 0.83 29.1 37.7 332 0.75 0.22 0.28 0.25
(B, ’50) . 0.035 2.53 0.71 1.03 0.79 28.0 40.6 313 0.88 0.25 0.36 0.28
(H, ’50) - 0.035 2.81 0.79 1.18 0.83 28.2 42.1 29.6 0.98 0.28 0.41 0.29

*Description indicates the location and year of sample collection. The locations are abbreviated as follows: B, Brookings; C, Cottonwood; E. Eureka; H, Highmore; and R, Red-
field. The figures, '50 and 51 signify the years 1950 and 1951, respectively.

or

£ ua|ng (v1uq23 ] 4031v1s 1anssadxg vIoyv(r qinos



Table 4. Salt-Soluble Nitrogen Components of Hammer-Mill Ground Barley Samples (Moisture-free Basis)

Components, as
Percent of Dry Matter

Components, as
Percent of Total Nitrogen

Kernel Composition Data,

Expressed as Content Per Kernel

Albumin Proteose

Weight Albumin Proteose Albumin Proteose Total -+ + Non-
per Total Total Non- Total Non- Total  Salt-sol. Globulin Peptone protein
Variety and Kernel Nitrogen Salt-sol. Globulin Peptone protein Salt-sol. Globulin Peptone protein N N N N
Description® (gms.) (percent) N N N N N N N N (mg.) (mg.) (mg.) (mg.) (mg.)
Feebar
(R, '50) . 0.039 1.97 0.67 0.42 0.14 0.10 33.8 215 7.3 5.1 0.77 0.26 0.17 0.06 0.04
(E, ’50) .. 0.035 2.01 0.69 0.45 0.15 0.09 34.6 223 7.6 4.6 0.69 0.24 0.16 0.05 0.03
(B, ’50) .. 0.037 2.58 0.78 0.49 0.17 0.12 30.3 19.1 6.5 4.8 0.97 0.29 0.18 0.06 0.05
(H, ’50) - 0.033 2.79 0.82 0.49 0.17 0.16 29.4 17.6 6.1 5.7 0.92 0.27 0.16 0.06 0.05
(C, ’50) —. 0.030 3.10 091 053 0.19 0.18 29.4 17.2 6.3 6.0 0.92 0.27 0.16 0.06 0.05
Odessa
(R, ’50) .- 0.033 1.79 0.71 0.46 0.15 0.10 39.8 255 8.5 5.8 0.59 0.24 0.15 0.05 0.03
(E, '50) .. 0.032 1.97 0.73 0.46 0.16 0.11 37.1 235 8.3 5.3 0.62 0.23 0.15 0.05 0.03
(B, '50) .. 0.032 2.38 0.73 0.45 0.17 0.10 30.6 19.0 7.2 43 0.75 0.23 0.14 0.05 0.03
(H, '50) - 0.028 2.44 0.77 0.47 0.18 0.12 31.7 19.2 7.4 5.0 0.68 0.21 0.13 0.05 0.03
(C, ’50) —— 0.027 2.79 0.85 0.51 0.21 0.13 30.4 18.4 7.3 4.7 0.77 0.23 0.14 0.06 0.04

*See footnote for Table 3.
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Discussion

The advantages of grinding sam-
ples with the hammer mill (0.5 mm.
sieve) rather than with the Wiley-
mill (1 mm. sieve) or the ball mill
are shown by the data presented in
Fig. 1. A more eflicient extraction of
salt-soluble nitrogen resulted with
hammer-milled samples than with
the less finely ground Wiley-milled
samples. Also, the irregular results
which were encountered with the
salt-soluble fraction of certain ball-
milled samples were avoided by
hammer-mill grinding. It is obvious
that a uniform degree of grinding
among different samples is essential
for obtaining comparable results in
protein fractionation work. Samples
ground with the hammer mill
should have been comparable, since
the sieve would standardize maxi-
mum particle size. Grinding with
the ball mill does not insure stand-
ard particle size.

The methods employed for deter-
mination of the salt-soluble compo-
nents reported in Table 2 are recog-
nized as capable of only approxi-
mate separations. The fact that the
non-protein nitrogen values were
observed to differ between salt and
water extracts from identical sam-
ples was a good indication that the
particular analytical procedure em-
ployed may have significantly af-
fected the salt-soluble fraction re-
sults. However, the importance of
such data as a reference for future
work was adequate reason for pre-
sentation of the data in Table 4.

Discussion of the protein compo-
sition picture is best approached by
division of the samples into two

categories. Differentiation between
the two categories is dependent
upon kernel size differences. Sam-
ples in the first category consisted
normal-sized (plump) kernels
which generally contained less than
2.6 percent of nitrogen. The second
category was composed of under-
sized (shriveled) kernels of varied
nitrogen content which most fre-
quently fell in the high nitrogen
range (2.4 to 3.1 percent of ni-
trogen).

With plump kernel samples an in-
crease in nitrogen content was al-
ways accompanied by a direct in-
crease in the proportion of hordein
and a similar decrease in the propor-
tion of salt-soluble nitrogen. The
composition picture with such sam-
ples was in close agreement with the
previously reported studies of Bish-
op (3) and of Anderson and Ayre
(4) who worked with barley sam-
ples of similar or lesser nitrogen con-
tent. The actual values reported
with the hammer-mill ground sam-
ples showed better agreement with
data obtained by the Canadian in-
vestigators (Anderson and Ayre)
than with the data obtained by the
English investigator, Bishop.

Shriveled kernel samples dis-
played an abnormal protein compo-
sition picture. The plateauing of the
high nitrogen portion of the compo-
sition curves (Figs. 1 and 3) was
largely due to these samples. The
shriveled kernels maintained high
nitrogen contents in spite of large
reductions in kernel weight (see
Table 3). Thus, the kernel weight
reductions caused increases in nitro-
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gen percentages in samples which
showed practically no change in
kernel nitrogen contents. This effect
contrasted to that observed with
plump kernels in which increases in
nitrogen percentage were always
accompanied by increases in kernel
nitrogen content.

The presentation of the kernel
data as in Fig. 4 furnished an expla-
nation of the plateau effect observed
with the high nitrogen shriveled ker-
nel samples. The graph shows that
both shriveled and non-shriveled
samples of the same barley variety
will have the same protein composi-
tion when the kernel nitrogen con-
tents of the samples are the same.
When these same samples differ in
nitrogen percentage to a signiﬁcant
extent, a plateau in the protein com-
position curves is the obvious result.

Kernel nitrogen data appear lim-
ited in application because of dif-
ferences in kernel size among differ-
ent varieties. While such data are
valuable for providing an accurate
protein composition picture with a

single variety, the possibility of ap-

plying the same data to other vari-
eties is difficult. The importance of
the kernel studies applies chiefly to
interpretation of shriveled kernel
data and it should be kept in mind
that shriveled kernels are in them-
selves an abnormal product which
occurs only in limited instances even
in the Great Plains area.

It appears from the data present-
ed that expression of the protein
fractions as percent of the dry mat-
ter of the samples provides the most
practical means for prediction of
protein composition (Fig. 2). The
uniform relationship between total
nitrogen and protein composition
obtained with a wide assortment of
samples indicated that nitrogen con-
tent can be used as a reference
standard for prediction of protein
composition. Thus, it becomes pos-
sible to determine protein composi-
tion of barley samples by determin-
ing nitrogen content by Kjeldahl
analysis and then referring to the
graph which shows protein compo-
sition throughout the range of nitro-
gen contents.

Summary

Two years of protein composition
studies with Feebar, Odessa and
Plains barley samples, grown at
points within the state and varying
in nitrogen content from 1.75 to 3.10
(10.9 to 19.4 percent protein), are
reported.

Studies of different methods of
grinding the samples showed the
hammer mill (0.5 mm. screen) to be
superior to either the Wiley mill
(1.0 mm. screen) or the ball mill,

this conclusion being based upon
the consistency of results and com-
pleteness of separation of fractions
with the method of analysis used.
In all three varieties, as the total
protein content increased, the glute-
lin N and hordein N contents also
increased but the salt-soluble N re-
mained almost constant. The hord-
ein N increase was relatively greater
than the glutelin N increase. When
the various nitrogen fractions were
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expressed as percent of total nitro-
gen, it was found that the propor-
tion of glutelin N remained about
constant, of hordein N increased
and of salt-soluble N decreased
with  increasing total protein
content.

In a few cases, samples of barley
of high nitrogen content showed an
abnormal distribution of the various
nitrogen fractions. In these cases,
the kernels were smaller than nor-
mal (shriveled). On determining
kernel weights and calculating the
amount of nitrogen in each fraction
per kernel, these abnormal varia-
tions were explained.

On sub-fractionation of the salt-
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soluble fraction into albumin and
globulin N, proteose -4 peptone N
and non-protein N, it was found that
the albumin and globulin N pre-
dominated. The proportions of sub-
fractions of the salt-soluble N frac-
tion showed little change with
change in total protein content.

Although the Plains variety was
found to vary slightly from Feebar
and Odessa in its protein composi-
tion, reasonably accurate prediction
of protein composition of barley,
when total protein content is known,
seems possible. It appears that cli-
mate and soil factors affect protein
composition but only as totaliJ nitro-
gen affects the picture.

b
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