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ABSTRACT

The eighteen commonly occurring amino acids were determined by
mlcroblologlcal analysis in two blends of hard red spring and hard red win-
ter wheats and in each of the final products produced by commercial milling.
The.summation of amino acid- values obtained for the separate products,
weighted by the proportlon of the whole wheat represented in. each product,
yielded total values in good agreement with the results determmed for the
wheat.

Changes in the relative proportions of the amino acids showed the same
trends in both sets of samples. Less lysine, glycine, arginine, alanine; and
aspartic acid was found in the flour fractions and more in the offals than in
the wheat proteins. Conversely, more proline, glutamic acid, and phenylala-
nine was found in the flour proteins and less in the offals than was found in
the wheats. The proportions of the remaining amino acids were much less
affected by milling.

The uniformity of amino acid concentrations within the flour fractions
explains the previous observation that the amino acid distribution of flour
proteins was independent of the degree of separation of the flour. It is postu-
lated that the consistency of amino acid distribution in bread flour protein
may be related to the selection and blending of wheats.

Previous work from this laboratory (2) indicated that although the
concentrations of amino acids in flour differed from those of the
wheats from which they were milled, the relative proportions contained
in the proteins of the flours tended to be constant even though the
flours which were analyzed ranged from 98.5 to 809, patent. The ob-
served consistency of amino acid proportions of flour proteins could
not be explained by previously published data, because the few studies
on the amino acids of mill products have been limited either in the
number of amino acids or in the number and type of products in-
vestigated. This present study was undertaken to determine quan-
titatively the distribution of amino acids among the products re-
sulting from the commercial milling of wheat.

Materials and Methods

Sample Description. Samples of cleaned wheat and the products
milled from them were obtained from two flour mills. Both wheats
were blends of hard red spring and hard red winter wheats, typical
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of the type used for the production of baker’s flour. From mill A the
final products were: farina, flour (80.19,, patent), first-clear flour,
low grade flour, red dog, shorts, bran, and germ. In addition, samples
‘were collected of the best- and poorest-quality flour streams. The ex-
traction rate was reported to be 75.75%,. The yield of the products
(percent of the cleaned wheat) was determined by measuring the
‘weights obtained after processing a known amount of wheat. From mill
B the final products were: flour (95%, patent), second-clear flour, red
dog, shorts, bran, and germ. The extraction rate was approximately
689,. Values for yield constitute estimates furnished by the mill.

The samples of wheat, bran, and germ were ground in a hammer
mill to pass a 0.024-in. screen. Nitrogen was determined by the Kjel-
dahl-Gunning procedure and moisture by the vacuum-oven method.
Values. for yield and for nitrogen are shown in Table I.

TABLE 1
DESCRIPTION OF MILL PRODUCTS
(149, moisture basis)

ML A : ML B
MiLL Propuct
| Nuogn RO N Fuee
% : %

Farina ‘ 1.88 1.51
Best flour stream 1.96 - A D
Patent flour . 2.05 60.68 2.06 ., 645
First-clear flour 2.60 11.14 P -
Second-clear flour . AU 2.69 - b5
Low-grade flour 2.88 2.42 o e
Poorest flour stream . 3.02 b R o
Red dog 1287 0.48 2.90 1.0
Shorts 2.86 913 . 2.82 15.0
Bran . 2.54 1457 279 - 12.0
‘Germ 3.98 . 0.07 3.78 2.0
‘Whole wheat 2.27 100.00 224 100.0

2 Constituent of patent flour.
b Constituent of low-grade flour.

Analysis of Amino Acids. The 18 commonly occurring amino acids
were determined by microbiological analysis in all mill products and
in the original wheat samples using the procedures described pre-
viously by Hepburn et al. (2) . The only modification was that Leu-
conostoc citrovorum 8081 was utilized for the analvsis of cystine.
‘This organism has been found to give a.imore consistent. response
with the short-term hydrolysates used for cystine than does Leucon-
ostoc mesenteroides. Preliminary investigations showed that the re-
moval of fat from germ and bran was not necessary for the deter- -
mination of amino acids in these products. Analysis of solvent-ex-
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tracted samples gave values identical .to those obtained without such
treatment.

Results and Discussion

All amino acids were determined at least twice in each of dupli-
cate hydrolysates of each product. Average results of analysis of
samples from mill A are given in Table II and those of mill B in
Table III. Values have been calculated to the 169, nitrogen basis so
that changes in protein composition can be followed.

Comparison of Results between Mills. Comparison of the data in
Tables II and III reveals no pronounced differences between the
two samples of wheat or between the two patent flours. Values for these
products are in excellent agreement with those previously reported
(2), except that the cystine content of each was found to be lower.
It is not known whether this difference can be attributed to the sam-
ples or to the use of the different assay organism. In general, the
-data for the flours are also in agreement with those reported by Mc-
‘Dermott and Pace (4).

Values for the offals may not be comparable betweeq mills be-
«cause of differences in milling procedures. Differences in amino acid
«contents may reflect the extent of separation of bran from germ and
‘the relative amounts of fragments of these products which are con-
tained in the red dog and shorts fractions.

Comparison of Products. Changes in the relative proportions of
the amino acids showed the same trends in the samples from both
mills. Less lysine, glycine, arginine, alanine, and aspartic acid was
'found in the flour fractions, and more in the offals than in the wheat
proteins. Conversely, more proline, glutamic acid, and phenylalanine
was found in the flour proteins and less in the offals than was found
in the wheat. The proportions of the remaining amino acids were much
less affected by milling. These findings for wheat and flour are in
.general agreement with those obtained by chromatographic analysis
of Manitoba wheat and flour as reported by Nunnikhoven and Big-
wood (6), but these workers.did not investigate other milling prod-
ucts. Earlier values reported by Barton-Wright and Moran (1) on

- the distribution of amino acids in different fractions of wheat are
difficult to compare with the data presented here because only 11
amino acids were studied, and of these, a number are at such wide
variance with those cited above for wheat and flour as to suggest

analytical differences rather than product differences. '

Of greatest interest to the purpose of this paper is the distribution

of amino acids in the proteins of the flour fractions. It can be noted
) ‘




e TABLE II e
CONCENTRATION OF. AMINO AGIDS IN PRODUCTS OF MILL A

(g. per 16 g. nitrogen)

® z - 4 L
= a o) 2 ’ = E‘ £ ‘ : E S
3 g 8 & 38 5 “ g 3 4 s E ] g E z £ 3
< < << 5} o< ke = = ! = = [ & ) 3 = ) >
Farina 273 377 401 176 334 303 192 401 672 201 173 491 1168 536 270 1.04 335 431
Best flour o : B :
stream 265 3.65 386 1.80 348 290 191 394 668 194 1.68 4.88 11.63 534 259 1.02- 831 427
Patent flour 267 873 390 176 337 296 192 391 663 197 173 477 11.69 540 264 092 327 432
First-clear flour 2.75 3.87 3.86 1.85"“ 34.7 5.25 206 4.02 659 194 1.71 504 1175 532 273 101 335 444 .
Low-grade flour’ 810 4.68 450 167296 870 214 872 633-254 167 464 1016 512 276 101 320 445
Poorest flour o : ; : o : : '
stream 379 591 555 151 258 437 227 365 616- 3.17 1.74: 4.25__ 858 5.07 2.89 1.07 3.08 4.73
Red dog. 470 684 6.76 140 179 . 498 222 342 597 413 1.70 3.55 6.30 4.85 311 125 285 4.91
Shorts 474 685 695 1.36 166 533 220 831 564 418 162 344 603 469 303 129 282 4.84
Bran 465 6.60 664 152 162. 5.12 222 . 329 551 '8.77 148 358 611 458 286 1.58 2.82 4.69
Germ 523 6.88 748 1.04 140 522 226 348 5.75. 528 191 838 - 503 4.60 342 098 285 4.90
Whole wheat 3.37 471 485 180 293 394 212 378 652 267 '1.74 443 994 522 276 113 3.19 4.69
Weighted sum of . ) . : . - . Coe
~ products® - 818 448 461 170 296 356 201 8.7 -634 246 1.69 - 449 1031 519 272 1 1.07 . 3.16 - 443

S1LONAOYd TTIN NI LVAHM A0 SAIDV ONII/\IV‘

a Sum of amino acid values of-pioduéts. 'r,f{ultiplied by percent of prodiict milled from whole wheat. .
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" TABLE III

(g- per 16 g. nitrogen)

CONCENTRATION OF AMINO Acibs IN PRODUCTS OF MILL B

2 %2 42 &6 8x-8 = & B 51 2 & £ a4 & & &
Patent flour 272 397 406 170 355 319 180 405 690 202 170 517 1170 552 286 103 338 4.64
Second-clear . ' ‘_ : i
flour 295 443 443 169 351 341 1.87 404 684 2382 171 500 -1153 554 290 104 341 4.65
Reddog 450 650 613 155 223 487 201 358 615 367 168 400 761 491 321 121 298 482
Shorts 492 691 659 144 186 490 204 336 586 404 156 370 666 483 322 133 285 482
Bran 455 664 615 145 197 474 194 841 578 384 151 876 692 466 805 136 282 470
Germ 508 704 7.9 119 173 494 208 328 572 478 173 368 609 460 344 110 284 491
Whole wheat 334 488 509 166 316 379 191 886 658 276 173 466 1024 525 296 117 325 479
Weiéht’edsumof _ - S o . ' e _ . o ' ;
“products' 335 485 479 162 306 870 186 885 657 264 165 473 1021 528 295 111 325 468

.2 Sum of amino’ acid values of products multiplied by percent of product milled from whole wheat.
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in Table II that the amino acid concentrations are nearly constant
for farina, patent flour, and the best-quality flour stream. More-
over, the values for the clear flour differ only slightly from those
of patent flour. Because of the small differences in the amino acid
composition of ‘the flour fractions and because the low-quality frac-
tions represent such a small proportion of the total flour, even ex-
treme variations in the degree of separation would produce insig-
nificant differences in the amino acid content of the patent flours
produced. For example, from the lysine data (which show the greatest
change in milling) and from the yield data it can be calculated
that if the clear and low-grade flours were combined with the patent
flour of mill A the lysine content would be increased to only 1.989
as compared to the value of 1.97%, found for the patent flour. Simi-
larly, inclusion of the second-clear flour with the 959, patent flour
of mill B would yield a predicted lysine level of 2.049, as compared
to the value of 2.029, found for the patent flour. This serves to ex-
plain the previous observation that the amino acid distribution of
patent flours has been found to. be nearly independent of the degree
of separation of the flour.

This observation is at variance with the results of Nunnikhoven
and Bigwood (6), which indicated greater loss of lysine in milling a
659, extraction flour than one of 75%,. Calculations from their data
yield protein values of 12.0, 11.9, and 11.59, (nitrogen X 5.7, 147,
moisture basis) for the wheat, 759, extraction flour, and 659, ex-
traction flour, respectively. It should be noted that these authors have
confused the term “percent patent” with percent extraction in com-
paring their results with those previously published by this laboratory
(2); but this does not invalidate their findings. It is possible that the
disparity is related to the difference in wheat source, the method
of milling, or a combination of these factors.

Lawrence et al. (3) reported that an inverse relationship exists
between the protein content of wheat and the concentration of ly-
sine in the protein. McDermott and Pace (5) recently published
evidence indicating that lysine, arginine, and, to a lesser extent, his-
tidine showed the same inverse relationship to protein in three flours
of different protein content. The data of Lawrence et al. (3) and un-
published data .of this laboratory suggest that the inverse relation-
ship between lysine level and protein level is pronounced in sam-
ples of low protein content and tends to disappear at high levels
of protein. Most of the samples studied by this laboratory represent
commercial blends of wheat intended for the production of bread
flour and hence are generally high in protein. It is possible that
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this alone accounts for the uniformity of the amino acid distribution
‘in these samples; or it may be that the empirical blending of wheats
to produce flour with desirable bread-baking qualities depends upon
securing a blended protein having a fixed amino acid pattern.
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