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Protein concentrate (PC) was prepared by dry-milling and sifting hard red
spring wheat shorts of 9% moisture. The Protein Efficiency Ratio of the PC
was 1.9, the same as the shorts from which the concentrate was prepared. Ly-
sine content of the PC was 4.0 g./16 g. nitrogen (4.1 in the shorts). Thiamine,
folic acid, and choline were concentrated in the PC. Riboflavin and vitamin B-
were reduced slightly in the PC; niacin and pantothenic acid were decreased
about 50%, compared to the original shorts. All these vitamins were present in
the PC at 3 to 38 times the concentration found in white flour of 75% extrac-
tion. The iron content of the PC was 8.5 mg./100 g., about 20% less than that
of the starting shorts. Other minerals in the PC also were reduced. Moisture of
shorts at the time of milling and sieve size for separation of PC’s were investi-
gated as factors affecting yield of PC and its content of protein, crude fiber,

ghiamine, riboflavin, and certain amino acids. Results indicate that many differ-
ing PC’s can be produced with respect to both yield and nutritional qualities.
Generally the PC’s may be described as natural wheat food products, high in B
vitamins and good-quality protein, and of moderate fiber content.

Previous work (1) has shown that a high-protein flour can be stripped from
wheat millfeeds by use of a roller mill and recovered by sifting. Moisture content of
the millfeed at time of milling greatly affected yield and composition of the protein
concentrate (PC). Sullivan (2) has used impact milling followed by sifting to achieve
similar results.

Wheat millfeeds are known to be rich in B vitamins (3,4) and minerals (4,5).
Kent et al. (6) described a Canadian process used during World War II to prepare a
vitamin concentrate: low-grade flour was stripped from wheat millfeeds by ham-
mer-milling and recovered by sifting. This vitamin concentrate was then added to
75%-extraction white flour to yield what was known as “Vitamin B White Flour
(Canada Approved).” In a later paper, Kent et al. (7) described various experiment-
al methods used to recover scutellum (portion of germ extremely rich in thiamine)
(8) from certain millfeed streams; these methods used the principles of differential
friability, air-classification, and differential adhesion on a moist surface. It was ex-
pected that PC’s milled from wheat millfeeds (1) would also contain substantial
quantities of B vitamins.

Amino acid composition for various wheat millfeeds has been reported (4,9,
10). Generally, the balance of essential amino acids is better than in flour, and this
may be explained by the presence of substantial amounts of germ and aleurone (a
layer of cells with high metabolic activity) in the millfeeds. Stevens et al. (11) deter-
mined the lysine content of aleurone cell contents to be about 4.2 g./16 g. N, com-
pared with 1.8 g. for flour in a Manitoba wheat. Waggle et al. (4), working with nine
wheat blends, found the range of lysine content in “commercial” germ to be 5.4 to
7.4 g./16 g. N. Shorts, which contains much germ tissue, had a range of lysine con-
tent of 4.2t0 5.5 g./16 g. N.
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Kohler (12) has noted a direct, positive correlation between lysine content
and protein efficiency ratio (PER) for wheat products. Thus the PER values of the
millfeed fractions of wheat run two to four times that of white flour, which has a
very low lysine content. The present work was undertaken to determine the levels
of vitamins, minerals, and amino acids in PC and to determine the effect of milling
moisture on those levels. We were also interested in the sieve size distribution of
PC’s and any shifts in composition of the fractions produced. The ability to pro-
duce PC’s with various characteristics by a simple procedure such as sifting would
enhance the flexibility of the process and allow a processor to meet broader con-
sumer requirements.

The present work was carried out in two separate phases. The first entailed
extensive analysis of a single, specific protein concentrate. The second phase was a
study of the effect of moisture content of shorts at time of milling on composition-
al aspects of protein concentrates produced. '

MATERIALS AND METHODS
Extensive Analysis of a Single Protein Concentrate

Preparation of Protein Concentrate. Montana HRS wheat shorts (obtained
from a commercial mill) were dried in a forced-air dryer at 130°F. to 9% moisture,
equilibrated 24 hr., and passed once through the reduction rolls of a Brabender
Quadrumat Senior flour mill (C. W. Brabender Instruments, Inc., South Hacken-
sack, N.J.). The yield of protein concentrate (PC), through 7XX bolting cloth, was
26.9%. Residue yield was 73.1%.

Analytical. Samples of the shorts, PC, and residue were taken for nitrogen,
fiber, fat, ash, and PER determinations.

Samples of the shorts and PC were hydrolyzed with 6N hydrochloric acid at
110° C. under vacuum for 24 hr., and amino acids were determined on a Phoenix
automatic analyzer. Methionine and cystine were determined by the performic acid
oxidation method of Moore (13).

Samples of the shorts and PC were assayed microbiologically for riboflavin,
folic acid, niacin, Vitamin B-6, pantothenic acid, and choline chloride. Riboflavin
was also measured chemically to determine the extent of any interfering fluorescing
compounds and thus the suitability of using the chemical method in other portions
of this work. Thiamine was determined by the thiochrome method. Calcium, cop-
per, iron, magnesium, manganese, potassium, sodium, and zinc content of shorts
and PC were determined by atomic absorption spectrophotometry. Phosphorus was
determined colorimetrically (14).

Effect of Milling Moisture on Protein Concentrates

Moisture Adjustment and Milling Procedure. Ten batches of shorts of about
1,500 g. each were weighed out and adjusted to 3, 5, 7, 8,9, 10, 11, 12, 13, and
15% moisture as described previously (1). A 500-g. and a 1,000-g. sample of each
particular moisture level were prepared. The 500-g. sample was used to condition
the Brabender Quadrumat Senior flour mill. The 1,000-g. sample was then milled
(reduction rolls only) three times, separating flour (7XX bolting cloth) after each
milling yielding first, second, and third milling PC’s and a final residue.

Total Protein Concentrate. Portions of the PC’s from the first, second, and
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third millings at a particular moisture were combined, in proportion to their yield,
to give a sample designated as Total PC.

Particle-Size Classification. A quantity of Total PC (100 g.) was sifted 15 min.
on a Rotap with clean U.S. 100- and 140-mesh screens. The sifting operation
yielded three fractions: — 7XX + 100, - 100 + 140, and —140.

Analytical Tests. Nitrogen, crude fiber, thiamine, and riboflavin determina-
tions were made on all PC’s including fractions obtained by sifting on the Rotap.
Riboflavin was determined by AACC Method 86-71 (Simplified Fluorescence) and
thiamine by Method 86-80 (Thiochrome) (15). Certain PC’s from the 3, 5,9, 11,
and 15% moisture samples were hydrolyzed and amino acids determined as de-
scribed previously.

RESULTS AND DISCUSSION
Extensive Analysis of a Single Protein Concentrate

Analyses of shorts, PC, and residue (remainder of shorts after removal of PC)
on moisture-free basis (m.f.b.) are presented in Table I. PER values forshorts and
PC were the same, 1.9, indicating that there must have been very little shift in ly-
sine between the milled products, because lysine is the limiting amino acid for
wheat.

TABLE I
Composition and PER Values for Shorts, Protein
Concentrate, and Residue, MFB

HRS-L
SHORTS _ PC RESIDUE SHORTS?
Protein (N X 5.7), % 19.6 234 18.0 19.7
Crude fiber, % 1.7 2.0 10.2 7.9
Crude fat, % 6.5 6.8 6.4 7.3
Ash, % b 49 3.5 5.5 4.7
Adjusted PER 129 1.9 1.8

3pata presented by Waggle et al. (4) for HRS wheat shorts.

bProduct and casein standard fed at 10% protein level. Results adjusted to give a PER value of
2.5 for casein diet.

To observe the effect of a heat-process on PER, a 24% slurry of PC was
cooked at 212°F. for 10 min. and then half of it was freeze-dried and the other half
drum-dried at 260° F. The PER’s of the respective products were 1.6 and 1.8. The
heat-processing resulted in only slight damage to the nutritional quality of the pro-
tein as determined by this test.

The amino acid analyses verified our observation with PER results that there
was little in lysine to or from the PC. Amino acid data for shorts, PC, and resi-
due are shown in Table II. Values for HRS-L flour and shorts (from a HRS wheat
milled to 76.7% extraction) (4) are shown for comparison. There was a 17 and 12%
increase respectively in glutamic acid and proline content in the PC compared with
the shorts; in large part this can be attributed to the concentration of starchy endo-
sperm in the PC.

One might ask why lysine content of the PC did not decrease more if indeed
endosperm is being concentrated in the PC. Kent (16) reported a layer of endo-
sperm cells bordering the aleurone in a HRW wheat which is very high in protein (as
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TABLE II
Amino Acid Composition of Shorts, Protein Concentrate,
Residue, and Flour

(g./16 g. N)

AMINO PROTEIN HRS-L HRS-L

ACID __ SHORTS® _CONCENTRATE®  RESIDUE®  SHORTS®  FLOUR®
Ala 4.88 4.55 5.14 5.56 2.94
Arg 6.84 6.39 723 7.16 327
Asp 7.03 6.30 757 2.58 3.82
Cys 2,08 1.91 225 267
Glu 20.38 23.86 18.19 16.81 32.41
Gly 5.25 470 5.63 5.56 3.62
Hist 258 2.47 2.81 255 1.84
Tleu 331 3.31 337 3.02 3.44
Leu 6.15 6.10 6.13 6.16 6.89
Lys 4.06 3.96 421 5.03 1.81
Meth 1.68 1.79 1.66 1.65
Phen 3.79 3.84 3.96 3.61 4.95
Pro 6.28 7.03 5.82 5.45 12.00
Ser 4.16 4.14 4.11 4.56 4.82
Thre 3.22 3.13 3.36 3.61 2.62
Tyro 2,61 2,63 2.83 2.78 2.73
Val 483 4.66 4.89 4.44 3.70

aAverage of duplicate determinations.
bData presented by Waggle et al. (4) for HRS wheat shorts and flour of 76.7% extraction.

much as 50%) and represents about 10% of the wheat kernel. Because subaleurone
fraction adheres directly to bran particles, it is likely that a large portion of endo-
sperm found in millfeeds will be of the subaleurone high-protein, low-lysine type.
Some compensating factor or factors must be entering in to offset the lysine-dilut-
ing effect of endosperm on the PC, such as a high-lysine-content aleurone and/or
germ fraction. The magnitude of this may be surmised from estimates on endo-
sperm content in shorts vs. PC (calculations based on starch content) (1). In shorts,
there was a 1:3 endosperm: “bran” ratio; in the PC the ratio was about 1:1, indicat-
ing the much greater contribution of endosperm in the PC.

The content of B vitamins (single values) found for shorts and PC is reported
in Table III. The value for HRS-L unenriched flour (4) is given for comparison.

o TABLE III
Vitamin Content of Shorts, Protein Concentrate, and Flour, MFB
HRS-L HRS-L
VITAMIN SHORTS PC SHORTS? FLOUR?
vle. vlg. Vg Vg
Thiamine 279 46.1 25.4 1.62
Riboflavin (chemical) 4.7 2.6 5.2 0.41
(microbiological) 3.6 3.2
Niacin 165.2 67.8 139.2 11.3
Pantothenic acid 30.9 19.7 28.4 3.84
Folic acid 1.6 1.6 2.0 0.14
Vitamin B-6 7.5 6.4 0.49
mg./g mg./g mg./g mg./g
Choline 3.0 4.0 2.3 1.14

4pata presented by Waggle et al. (4) for HRS wheat shorts and flour of 76.7% extraction.
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The concentration of thiamine in the PC indicates a preferential grinding of
scutellum, which is reported to contain 52 to 65% of all thiamine in the wheat ker-
nel (8). Heathcote et al. (17) reported the niacin content in various anatomical
wheat parts: 82% of the niacin in the aleurone, 12% in the endosperm, 4% in the
pericarp and testa, and only 2% in the germ. The large reduction of niacin in this PC
indicates that it is much lower in aleurone content than the shorts.

From the vitamin assays it appears that endosperm and germ were concen-
trated in the PC whereas pericarp and aleurone were reduced.

Mineral contents of shorts and PC are given in Table IV, with values for HRS-
L shorts and flour (4) for comparison.

TABLE IV

Mineral Content of Shorts, Protein Concentrate, and Flour
(Moisture-free basis)

HRS-L HRS-L

MINERAL SHORTS PC SHORTS FLOUR®
mg./100 g. mg./100 g. mg./100 g. mg./100 g.

Fe 10.8 8.5 6.4 0.42
Na 6.5 4.4 15.0 ( 6.0
K 1021.7 760.8 942.0 85.0
Ca 71.7 47.8 66.0 ( 29.0
Mg 478.3 304.3 337.0 22.0
Cu 17 1.6 4.3 0.07
Zn 12.0 10.9 9.3 0.45
P 994.6 833.7 942.0 113.0
Mn 17.4 10.9 14.8 0.41
Total 2,614.7 1,982.9 2,333.8 256.4

3pata presented by Waggle et al. (4) for hard red spring wheat shorts and flour of 76.7%
extraction.

The reduction in ash content from shorts to PC was 28.6% (Table I). Of the
individual minerals, Mn, Mg, Ca, and Na decreased the most (37—32%); K, Fe, and
P decreased moderately (26—16%; and Zn and Cu decreased the least (9 and 6% re-
spectively). The weighed average reduction for all the minerals assayed was 24.2%.

Hinton (18) reported the ash content of the aleurone of a hard red Canadian
wheat as 17.2% (14% moisture basis). He further determined that the aleurone re-
presented only 6.7% of the whole kernel but contained 60.2% of the ash of the
wheat kernel. The reduction of ash in the PC from the shorts is a further indication
that aleurone tissue content is reduced in the PC.

Effects of Milling Moisture on Protein Concentrates

The yields of PC from shorts milled at various moisture levels and the distri-
bution of Total PC into three particle-size groupings as determined by sifting on a
Rotap are shown in Table V. The percentage of Total PC in each particle-size group
was relatively constant (29, 26, and 45% respectively for —7XX+100, —100+140,
—140) at all milling moistures except 15%.

Figure 1 compares Total PC (—7XX bolting cloth) with that portion of total
PC which passed through a 140-mesh screen, with respect to yield and fiber and
protein contents. Little difference was noted between protein contents of the two
PC’s. However, when the same milling and sifting procedure was carried out on
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Fig. 1. Effect of moisture content of shorts at time of milling on fiber, protein, and yield
of protein concentrates of two different sieve sizes.
TABLE V
Yields of Protein Concentrate from Shorts at Various Moisture Levels
and Their Particle-Size Distribution

Yield of PC Distribution of Total PC
1st 2nd 3rd —1XX Bolting

Moisture at Milling Milling Milling Total Cloth+100 —100+140 -140
Time of Milling PC PC PC PC Mesh Mesh Mesh

% % % % % % % %

3 33.2 10.3 53 48.8 28 27 45

5 29.7 9.9 5.1 44,7 28 28 44

7 29.5 9.8 5.2 44.5 30 27 43

8 28.9 9.1 4.9 429 30 24 46

9 26.6 9.0 4.9 40.5 35 24 41

10 25.0 8.5 5.1 38.6 26 28 46

11 21.6 10.2 6.5 38.3 29 26 45

12 19.3 9.9 6.5 35.7 29 28 43

13 21.6 7.5 5.6 34.7 28 25 47

15 18.2 6.2 3.6 28.0 18 28 54

shorts and fine bran at 9% moisture from a different sample of HRS wheat, there
was a definite concentration of protein in the finer sieve fractions (Table VI). Dif-
ferences in wheat such as variety, growing conditions, and maturity may have an ef-
fect on how the protein of PC’s will be distributed among various particle-size
groupings.

Selection of sieve size and milling moisture in the preparation of PC’s pro-
vides some control over its fiber content. For example, fiber content of the through
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TABLE VI
Yield and Protein Content of Various Total PC’s and Sieve Fractions Therefrom
SAMPLE YIELD PROTEIN
% %
SHORTS 20.9
Total PC (-7XX bolting cloth) 37.2 25.1
Sieve fractions of Total PC:
—~7XX+100 12.0 22.6
—100+140 12.8 25.3
—-140 124 27.4
FINE BRAN 20.6
Total PC (-7XX bolting cloth) 27.1 28.4
Sieve fractions of Total PC:
—7XX+100 5.8 25.5
—-100+140 9.5 32.1
-140 11.8 30.9

140-mesh PC (Fig. 1) was about half that of the Total PC, but yield was slightly less
than half. Figure 2 shows the relation between yield and fiber content of PC’s (first,
second, third milling PC’s, Total PC’s, and the various sieve fractions of Total PC’s).
In general, the higher the yield, the more rapidly fiber content increased. The varia-
tion from the trend line (Fig. 2) was due to the method of obtaining a particular
yield; thus, some ways were better than others for obtaining the same yield, at least
with respect to fiber.
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Fig. 2 (left). Relation between fiber content and yield of protein concentrates.
Fig. 3 (right). Effect of moisture content of shorts at time of milling on thiamine content
of protein concentrates.

The effect of moisture at time of milling on thiamine content of PC’s is
shown in Fig. 3. The horizontal line at 23.5 represents y thiamine/g. in the original
shorts. There was a sharp increase in thiamine in the PC as milling moisture was re-
duced from 15 down to about 11%, indicating that at about this 11% moisture level
the scutellum was quite friable and was readily broken down into flour (—7XX
bolting cloth).
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Figure 4 shows the effect of moisture at time of milling on riboflavin content
of PC’s. The horizontal line at 4.05 represents 7y riboflavin/g. of starting shorts. As
milling moisture decreased, riboflavin content of PC’s increased, but none of the
PC’s contained more riboflavin than the starting shorts. Since a large portion of the
riboflavin of the wheat kernel is located in the aleurone, it would appear that the
aleurone increases in friability only gradually with decrease in moisture and never
becomes as friable as the endosperm or germ.
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Fig. 4 (left). Effect of moisture content of shorts at time of milling on riboflavin content
of protein concentrates.

Fig. 5 (right). Effect of moisture content of shorts at time of milling on lysine and gluta-
mic acid content of protein concentrates.

When Total PC’s were further fractionated by sifting, the finest fraction
(—=140-mesh) had about 20% lower thiamine content than Total PC, whereas the
two coarser fractions (—7XX+100 and —100+140) were enriched in thiamine. Ribo-
flavin also averaged lower in the finest fraction by about 24% compared with Total
PC.

Lysine content of Total PC’s increased, and conversely, glutamic acid de-
creased with decreasing milling moisture of shorts (Fig. 5). Proline and, to a lesser
extent, phenylalanine and leucine followed a pattern similar to that of glutamic
acid. Arginine, histidine, alanine, aspartic acid, and glycine showed a less pro-
nounced tendency to follow the lysine pattern. Isoleucine, serine, threonine, tyro-
sine, and valine remained essentially unchanged, regardless of milling moisture.

The Total PC produced at 15% moisture was whiter and higher in starch, and
obviously contained more starchy endosperm than Total PC’s produced at lower
moistures. Since gluten of the endosperm is low in lysine and high in glutamic acid,
the results displayed in Fig. 5 were as expected.

The sharp increase in lysine content from the 15%- to the 11%moisture To-
tal PC indicates that a fraction with very high lysine content was being reduced to
flour at 11% moisture but not at 15% moisture. Separate milling experiments where
“commercial” germ was milled (reduction rolls of a Brabender Quadrumat Senior)
one time showed a germ flour (—7XX bolting cloth) yield of 12% at 15% moisture,
30% at 12% moisture, and 60% at 9% moisture. Friability of the germ increased tre-
mendously with decrease in moisture. This evidence, along with supporting evidence
from the thiamine determinations and the fact that germ has a high lysine content,
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indicates strongly that germ tissue is substantially broken down at 11% moisture
but not at 15%.
TABLE VII
Composition and Yield of Various Total PC’s and Sieve
Fractions Therefrom

Milling Moisture Yield of Yield of Fiber Glutamic
of Shorts Total PC —140-Mesh PC  (MFB) _ Lysine Acid
% % % % gl/l6g N g/16g N
3 48.8 2.6 4.1 224
3 22.0 1.3 3.2 28.1
9 40.5 2.0 4.0 23.1
9 16.6 1.0 3.2 27.6
15 28.0 1.9 2.8 27.9
15 15.1 1.2 2.6 31.5

Fractionation of Total PC’s by sifting may provide products of significantly
different amino acid compositions, as shown for selected samples in Table VII. The
lysine content was about 20% lower in the through 140-mesh PC (except at 15%
moisture) compared with Total PC. Conversely, glutamic acid (and proline) was
higher in the through 140-mesh PC. The results point to a further concentration of
endosperm in the finest sieve fractions compared with Total PC at the expense of
germ, aleurone, and pericarp. )

The Brabender Quadrumat Senior flour mill used in this work is a laboratory
mill with some rather atypical product-flow characteristics compared with those of
commercial flour mills. Particularly unusual is the passage of stock through three
sets of rolls before any sifting is carried out. However, similar results were obtained
on a single roll stand where sifting could be carried out after each pass. The stand
had rolls 9 in. in diameter by 6 in., 38 corrugations per in., Getchell cut, dull-to-dull
grinding action, and ’A-in. spiral per ft. It was operated at a 2 to 1 differential with
the fast roll speed at 760 r.p.m. and 0.001- to 0.0015-in. gap. Protein concentrate
was separated through a 88-mesh stainless-steel screen in a laboratory sifter.
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