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ABSTRACT
" The protein content of successive peripheral layers removed by a tan-
gential abrasion process from wheat, barley, grain sorghum, and glutinous
rice is shown to differ according to the depth of milling. In general, the
higher concentration of protein is near the periphery of the whole grain,
but it may be lower in the outermost layer if this layer is high in true bran
constituents. The experimental data suggest that the milling technique may

be adaptable to production of high-protein-content cereal flours.

In a previous publication (1) the authors reported on an effective
laboratory technique which permitted controlled removal of suc-
cessive layers of the rice kernel with minimum breakage of the resid-
ual kernel. Analysis of the fractions removed indicated that the pro-
tein distribution of the rice kernel was heterogeneous, and confirmed
the occurrence of high-protein-bearing layers on the outer surface of
the milled grain, as reported by Primo et al. (2,3).

The distribution of protein in other grain has received consider-
able attention by cereal investigators. Studies on wheat by Cobb (4)
and Hinton (5) employing hand-dissection methods, by Morris et al.
(6,7) using a dental drill for dissecting, and by Pomeranz and Shellen-
berger (8) by means of histochemical demonstration, all show the ker-
nel endosperm to possess an uneven distribution of protein. The com-
posi'tion of the wheat endosperm also has been reported (9). Similarly,
the distribution of protein in component parts of grain sorghum was
shown by Hubbard et al. (10) using hand scalpel, and Watson et al.
(11) demonstrated the existence of dense peripheral endosperm cells
of high protein content in the kernel. However, similar investigations
on the barley grain are not available in the literature.

This study was undertaken to determine the possibility of using
the tangential abrasive device to remove successive layers of possible
high-bearing protein material from wheat, barley, grain sorghum,
and glutinous rice.

Materials, Apparatus, and Methods
Wheat Samples. The hard red winter wheat varieties used in this
work were Bison and Triumph grown near Hays and Johnson, Kan-

1'Manuscript received January 18, 1965. Contribution from Southern Regional Research Laboratory,
New Orleans, La., one of the laboratories of the Southern Utilization Research and Development Division,
Agricultural Research Service, U.S. Department of Agriculture.
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sas, respectively, in 1963. The soft red winter varieties used were
Vermillion and Seneca grown near Huntington, Indiana, and San-
dusky, Ohio, respectively, in 1963. They were obtained from the
Northern Utilization Research and Development Division, Peoria,
Illinois.

Barley Samples. The barley varieties used were Betzes (B-61-2819),
Atlas 46 (B-62-3317), and Trophy (B-63-97). They were obtained from
the Barley and Malt Laboratory, Madison, Wisconsin. All three sam-
ples were received in the hull?2 and processed as such as starting ma-
terial.

Grain Sorghum Samples. The grain sorghum hybrids used were
Texas 601, RS 610, and a mixed sample referred to as Elevator run.
They were obtained from Harvest Queen Mill & Elevator Co., Plain-
view, Texas. All three samples were received as commercial grain and
used as starting material.

Glutinous Rice Samples. Glutinous rice, obtained from South Dos
Palos, California, was received as rough rice and was dehulled in the
McGill sheller? according to a recognized laboratory method (12).

Apparatus. The device used for deep milling was essentially that
used by Hogan et al. (1). Sample kernels were tangentially abraded
with a knurled steel disk (surfaced by Armstrong Standard faced dia-
mond knurls, 33 pitch), 6 in. in diameter and 14 in. thick, which re-
volved in a horizontal plane at a selected speed (by means of a variable
transformer). Mounted vertically above the disk and to one side of
its center of rotation was a length of open glass tubing, 2 in. in di-
ameter and 5 in. long, positioned'to allow minimum clearance be-
tween the lower edge of the tube and the rotating disk. A Plexiglas-
covered housing of stainless steel surrounded the disk and tube, serv-
ing to collect the material removed.

Methods. Total protein nitrogen of all grains tested and flour
fractions removed was determined by the AOAC Official Method (13).
Nitrogen determined in this way was calculated as percentage on
moisture-free basis. Percentage protein was computed by multiply-
ing the nitrogen percentage by the factor 6.25 to.give crude protein
(14). - o
Moisture content of the grain samples and flour fractions re-
moved was determined by the AMS method (15).

. “All foreign material and broken kernels were removed from the
samples tested. ‘ ' '

2The use of the word hull tefers to the components known as glumes, palea, and lemma. Samples
without these components are referred to as dehulled.

31t is not the policy of the Department to.recommend the products of one company over those of
any others engaged in the same business.
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Experimental

By the same procedure and.equipment employed on rice samples
in the previous publication (1), successive peripheral layers of the
wheat kernels were removed and collected as fractions. The fractions
removed from the grains, as well as the residual kernels, were
weighed at selected intervals to determine the percentage by weight
of the original kernel removed in that particular fraction. The
residual kernels and the fractions material, along with the original
grain, were analyzed for protein and moisture content. Before analysis,
all fractions were passed through 20-mesh sieve to remove any broken
grains. Embryo or pericarp particles also retained on the sieve mesh
were hand-separated as well as possible from the broken grains. These
embryo and pericarp particles were ground in the Wiley mill through
60-mesh and mixed with the flour (of that fraction) which passed
through 20-mesh.

The same procedure was followed for barley, grain sorghum, and
glutinous rice.

Results and Discussion

The weight and protein content of successively removed fractions
of the wheat, barley, grain sorghum, and glutinous rice are presented
in Tables I, II, III, and IV respéctively. Fractions removed throughout
this investigation do not necessarily contain only specific layers or
component parts of the kernel. The fractions represent the material
scoured off by abrasion and expressed as percentage by weight re-
moved from the original kernel.

Wheat. The protein content of fractions removed from the two
hard varieties ranged from 11.63 to 24.319, (Table I). The lowest
concentrations of protein were obtained in the first fraction of both
varieties — Bison 11.63%, and Triumph 15.309,, representing 4.54 and
7.09%, by weight removed. The highest concentrations of protein,
24.13 and 24.009,, were found in the fourth and second fractions from
Bison and Triumph, respectively, representing 6.89 and 5.669, by
weight removed. This would seem to indicate that after removal of
practically all of the pericarp and aleurone layer in the first fraction,
there is a zone of high-protein-bearing material in the kernel of the
two hard wheat varieties. This zone is an integral part of the starchy
endosperrn immediately under the aleurone layer and is 7—8% higher
in protein than the original kernel. -

The fact that the first fraction, containing the outer layers of the
kernel, is lower in protein content than the next fraction was also
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TABLE I
‘WEIGHT AND PROTEIN CONTENT OF SUCCESSIVELY REMOVED
FrRACTIONS OF FOUR WHEAT VARIETIES
(Dry weight basis) .
. =
v‘:“;ﬁ“ %SVI;??:: CUM:;::LTWE PROTEIN IN ;‘t*M’I?;lE 3“3:‘;5 :;ﬁ?&;
Fracrion REMOVED IXﬁﬁvE:n Fracrion P?::i;l:o;: PRroTEIN REMOVED
"% % % % %
Bison
1 4.54 4.54 11.63 3.03 3.03
2 6.96 11.50 21.63 8.63 11.66
3 4.14 15.64 23.88 5.67 17.33
4 6.89 22.53 24.31 9.60 26.93
5 5.24 - 27.77 24.31 7.30 34.23
6 21.89 49.66 19.32 24.25 58.48
: Protein content: original kernel, 17.44%,; residual kernel, 13.139,
Triurﬁph
1 7.09 7.09 15.30 6.50 6.50
2 5.66 12.75 . 24.00 8.14 14.64
3 8.11 20.86 23.07 11.21 25.85
4 10.38 3124 - 21.38 13.29 39.14
5 18.51 49.75 18.13 20.11 59.25
Protein content: original kernel, 16.69%,; residual kernel, 12. 82%
Seneca
1 8.14 8.14 10.25 6.61 6.61
2 6.08 14.22 12.31 5.93 12.54
3 841 22.63 12.31 8.20 20.74
4 14.43 37.06 12.69 14.50 35.24
5 13.15 50.20 11.57 12.05 47.29
Protein content: original kernel, 12.68%,; residual kernel, 11.939,
Vermillion
1 6.78 6.78 10.68 5.49 5.49
2 7.57 14.35 14.26 8.19 13.68
3 11.60 25.95 18.75 12.10 25.78
4 8.43 34.38 13.62 8.71 34.49

Protein content: original kernel, 13.18%;

residual kernel, 12.319,

noted for rice (1), and could likewise be attributed to the presence of
true bran in the first fraction. However, it is expected that there are
some differences in abrasive milling of wheat and rice because of their
unlike kernel shape, etc.

It was necessary to remove approximately 12-159, by weight of
the original kernel to ensure fairly complete removel of the bran layer.
Because of the natural shape of the wheat kernel, some bran remained
in the crease even after several fractions were removed.

Fractions showing the highest percentage of protein were those
fractions removed from the two hard varieties, which likewise were the
highest in original protein content. Bison showed practically the
same percentage of protein in its highest-protein-bearing fraction as
Triumph, but apparently in deeper layers of the kernel.
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The two soft varieties gave no fractions which exceeded by very
much the total percentage of nitrogen of the original kernel. Fraction
2 of Vermillion showed the highest protein content for the soft varie-
ties, yet was only 19, higher in protein than the original kernel. This
property of the soft varieties could very well be related to either the
heterogeneous distribution of protein, or the manner in which frac-
tions are removed, e.g., in increments of 6 to 149, by weight.

Pfeifer and Griffin (16), by fine-grinding and air-classification of
soft and hard wheat flours, have indicated that a wider range of pro-
tein composition was obtainable from the soft wheat flours than from
the hard.

The high- protem wheat flour, obtained by removal of the periph-
eral layers using tangential abrasion milling, has not been evaluated
in bakery products or for other conventional uses of wheat flour.

Barley. Data for barley are presented in Table II. The results show
that the proteinaceous material, with the exception of the first 11-139,
by weight, is more concentrated in the outer portions of the kernel.
There was a decrease in the percentage of protein of the fractions

TABLE II
WEIGHT AND PROTEIN CONTENT OF SUCCESSIVELY REMOVED FRACTIONS
OF THREE BARLEY VARIETIES
(Dry weight basis)

ToTAL AMOUNT
VARETY KEnneL CUMULATIVE PROTEIN IN oF ToraL Torar Cumura-
EI T TIVE AM: N’
Fracan Brstorm Wamemr . Fuaomox PR I oD
% % % % %
Betzes
1 11.87 11.87 10.13 11.51 11.51
2 8.63 20.50 21.44 17.72 29.23
3 14.35 34.85 16.93 23.27 52.50
4 7.02 41.87 12.88 8.66 61.16
5 8.55 50.42 10.32 8.45 69.61
) Protein content: original kernel, 10.44%,; residual kernel, 5.819%,
~ Atlas .
1 11.34 11.34 5.87 6.54 6.54
2 10.60 21.94 18.37 19.11 25.65
3 9.78 31.72 18.25 17.51 43.16
4 9.62 41.34 14.13 18.34 56.50
5 9.06 50.40 11.00 9.78 66.28
Protein content: original kernel, 10.19%,; residual kernel, 6.829,
Trophy - .
1 -13.63 13.63 7.50 8.22 8.22
2 9.97 23.60 24.19 19.39 27.61
3 7.10 30.70 21.76 12.42 40.03
4 7.93 38.63 17.88 1140 - 51.43
5 12.50 51.13 13.62 13.69 65.12

Protein content: original kernel, 12. 44%, residual kernel, 9.07%,
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during scouring as the center of the kernel was approached. The
residual kernel, representing 509, of the original kernel, is consider-
ably lower (3-49,) in protein content than the original, starting
kernel. _

For each variety it was necessary to remove approximately 11—
149, by weight of the original barley kernel to obtain a practically
dehulled kernel. This fraction (fraction 1) represents -the hull layer
surrounding the. original barley grain, plus some embryo and peri-
carp layer material. Fraction 2 had the highest protein content and

' represented material from high-protein-bearing layers in the barley

kernel. The portions removed thereafter, fractions 3, 4, and 5, were
decreasingly lower in protein content, in that order.

Also, as was found for the wheat varieties, Table II shows that the
fractlons containing the highest percentage of protein were obtained
for the barley variety containing the highest initial protein.

Grain Sorghum. The data obtained on three samples of grain sor-
ghum show that the protein distribution ‘is heterogeneous in the
kernel (Table III). The protein content of the fractions (removed
from the grain sorghum), with the exception of the first fraction,
decreased as scouring progressed from the outer to the innermost

TABLE TIL
‘WEIGHT AND PROTEIN CONTENT OF SUCCESSIVELY REMOVED FRACTIONS
oF THREE GRAIN SORGHUM HYBRIDS
(Dry weight basis)

ToraL :
Vamzry L Comviatve  Prommn v o Tony,  Tomst Cowona-
FRACTION REMOVED - Rvgﬁgggb Fraction P;::ﬁ;?o:\‘n ProTEIN REMOVED
% % % % %
Elevator run
1 9.72 9.72 10.06 . 855 8.55
2 7.52 1724 20.13 13.23 21.78
3 7.78 25.02 19.00 12.92 34.70
4 9.05 34.07 15.94 12.61 47.31
) Protein content: original kernel, 11.44%,; residual kernel, 9.759,
Texas 601 .
1 6.68 - 6.68 9.81 - 5.43 543
2 7.53 14.21 27.06 16.90 22.33
3 5.78 19.99 26.93 12.91 35.24
4 6.60 26.59 22.25 12.18 4742
5 5.67 32.26 18.01 - 8.46 55.88
Protein content: orlgmal kernel, 12.06%,; re51dua1 kernel, 8.07%,
RS 610. i .
1 11.53 11.53 12.88 12.91 12.91
2 8.89 20.42 23.18 17.88 30.79
3 8.93 29.35 24.07 18.68 49.47
4 815 37.50 - . 17.38 12.31 61.78

Protein content: original kernel, 11.50%,; residual kernel, 7.759%,
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portions of the kernel. In the RS #610 sample, however, material in
fraction-3 was highest in protein content, probably because of the
greater amount separated in fraction 1 (which probably contains more
of the outer endosperm, normally taken off as part of the second frac-
tion). The first approximate 6-12%, by weight of the original grain
sorghum kernel was apparently almost entirely bran layer, along with
some embryo, and is represented by fraction 1. .

Results indicate that there exists in the grain sorghum endosperm
freed of germ and bran, a fraction of high-protein-bearing material
having an average protein content of more than 189, representing
about one-fourth of the weight of the original kernel.

TABLE IV
WEIGHT AND PROTEIN CONTENT OF SUCCESSIVELY REMOVED FRACTIONS
oF GLUTINOUS BROWN RICE
(Dry weight basis)

TOTAL " AmobNT :
KERNEL . TorarL CuMuULA-
CUMULATIVE PROTEIN IN oF ToraL -
F) W : A
e Remove Wercar Faacrion PROTEIN N podrein Reatovep
% % % % %
1 11.25 11.25 16.19 21.59 21.59
2 7.88 - 19.13 16.06 15.00 36.59
3 9.87 29.00 . 1119 13.09 49.68

_Protein content: original kernel, 8.43%; residual kernel, 6. 129,

Glutinous Rice. The data given in Table IV indicate the presence
of high-protein-bearing material in the rice kernel which is located
mostly in the outermost layers. Further, the table also shows that-the
protein content of the fractions removed from the kernel decreased

- progressively, going into the kernel. :

In our previous paper (1) mention was made of the approx1mate
4-69, by weight of the original brown rice kernel removed in fraction
1 (low-protein-bearing material except for the embryo), which is lower
in protein content than each of the next successive fractions. Fraction
1 of the sample of glutinous brown rice is slightly higher in protein
content than the succeeding fraction because of the amount (percent-
age by weight) removed, and this probably involved further penetra-
tion into the high-protein-bearing area of the endosperm.

Summary. Results of this investigation show that by use of an
abrasive milling device, the existence of high-protein-bearing layers
on the outer portions of several cereal grains is substantiated. The
techmque described also makes it possible to obtain flour of high pro-
tein content in quantity. However, these high-protein flours removed
from the several peripheral layers of the different grains have not
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been tested in bakery products or for other conventional flour uses.

For hard wheat varieties, flour with protein as high as 249, (dry
weight basis) could be realized, whereas the protein content of flours
obtained from peripheral layers of soft varieties was about the same
as for whole kernels. Barley varieties yielded flour as high as 249,
protein also, while grain sorghum gave fractions as high as 279,
protein, the highest of the four grains tested. The flour of highest
protein content for the rice was 16-199, practically double that of the
original kernel.

Acknowledgments

The authors wish to thank F. R. Senti, Director, Northern Utilization Research
and Development Division, USDA, Peoria, Illinois, for supplying the wheat; Allan
D. Dickson of the Barley and Malt Laboratory, Madison, Wisconsin, for supplying
the barley; Richard R. Hahn and Harold N. Barham of the Harvest Queen Mill
and Elevator Company, Plainview, Texas, for supplying the grain sorghum; and
Bill and Ed Koda, South Dos Palos, California, for supplying the glutinous rice.
We also wish to express our gratitude to personnel of the Southern Utilization
Research Laboratory, including Anthony O. Franz, Jr., who made the moisture
determinations and prepared samples; John S. Mason, who made the total nitrogen
determinations; and Lester L. Bourgeois, Jr.,, who prepared knurled disks which
were used throughout this investigation. )

Literature Cited

1. HocaN, J. T., NorMAND, F. L., and DEoBALD, H. J. Method for removal of succes-

) sive surface layers from brown and milled rice. Rice J. 67: 27-34 (1964).

/2. Primo, E., CAsas, A., BARBER, S., and BENEDITO DE BARBER, C. Factores de calidad
del arroz. V. Determinacion de una capa externa diferenciada en el arroz
cogido. Revista de Agroquimica y Technologia de Alimentos 2 (2): 130-134
(1962).

3. PriMmo, E., CasAs, A., BARBER, S., and BENEDITO DE BARBER, C. Factores de calidad
del arroz. IV. Distribucidn del nitr6geno en el endospermo. Revista = Agro-
quinyga § Technolpgio derAlimentos 3 (1): (1963). <

4. Coss, N. A. Universa¥’ nomenclature of wheat. Dept. Agr. New South Wales
Misc. Publ. No. 539 (1905).

5. HINTON, J. J. C. The distribution of vitamin B, and nitrogen in the wheat grain.
Proc. Roy. Soc. (London) B 134: 418-429 (1947). :

6. Morris, V. H., ALEXANDER, T. L., and PAscog, E. D. Studies of the composition
of the wheat kernel. I. Distribution of ash and protein in center sections.
Cereal Chem. 22: 351-360 (1945).

7. Morris, V. H., ALEXANDER, T. L., and Pascog, E. D. Studies of the composition

- of the wheat kernel. II. Distribution of ash and protein in central and
peripheral zones of whole kernels. Cereal Chem. 23: 540-547 (1946).

8. POMERANZ, Y., and SHELLENBERGER, J. A. Histochemical characterization of wheat
and wheat products. II. Mapping of protein distribution in the wheat kernel.
Cereal Chem. 38: 109-113 (1961).

9. MACMASTERS, MAJEL M., BRADBURY, DoroTHY, and HinTON, J. J. C. Micro-
scopic structure and composition of the wheat kernel. In Wheat: Chemistry
and technology, I. Hlynka, ed.; pp. 85 ff. American Association of Cereal
Chemists: St. Paul, Minnesota (1964).

10. Hussarp, J. E,, Haur, H. H., and EarcE, F. R. Composition of the component
parts of the sorghum kernel. Cereal Chem. 27: 415-420 (1950). i

11. WarsoN, S. A, Sanpers, E. H,, WakeLy, R. D, and WiLLiams, C. B. Peripheral
cells of the endosperms of grain sorghum and corn and their influence on
starch purification. Cereal Chem. 32: 165-182 (1955). :



© July, 1965 NORMAND, HOGAN, AND DEOBALD 367

12. SmitH, W. D. The use of the McGill Sheller for removing hulls from rough rice.
Rice J. 58 (10): 20 (1955).
~13. "ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMIsTS, Official methods of analysis
(9th ed.). The Association: Washington, D.C. (1960).
'14. Jonzs, D. B. Factors for converting percentages of nitrogen in foods and feeds
Exllst,olgercentage of proteins. U.S. Dept. Agr., Circ. 183 rev. Washington, D.C.
15. U.S. DEPARTMENT OF AGRICULTURE, AGRICULTURAL MARKETING SERVICE. Methods
for determining moisture content as specified in the Official Grain Stand-
ards of the U.S. and in the U.S. Standards for beans, peas, lentils, and rice.
Service and Regulatory Announcement 147 (March 1953;
16. PrEIFER, V. F., and GRIFFIN, E. L., Jr. Fractionation of soft and hard wheat
flours by fine grinding and air classification. Am. Miller Processor 88 (2):
14-20 (1960).



