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The specific varieties of the most important food plants which are grown
today were obtained through careful selection and breeding. Breeding
experiments have demonstrated that the protein content of seed crops is
subjeet to variation, and therefore suggest the possibility that the nutri-
tional quality of seed proteins might be influenced by breeding. A change
in distribution of the essential amino acids, as a result either of the produc-
tion of different proteins or of variation in the relative proportions of the
individual proteins in the seeds of different varieties, could definitely alter
the nutritive value of the total seed protein.

Investigations with different strains of soy beans have demonstrated con-
siderable variation in the total protein content of the seed. Cartter and
Hopper (1) examined ten varieties and found protein values ranging from
36.6 to 53.2 per cent. Less extreme variations in the protein content within
a given strain as a result of environmental factors have also been observed
(1-6). Since soy bean culture is limited to a small group of select varieties
which are grown principally in the corn belt states and are commonly pooled
in the processing of the seed for oil and meal production (7), variations
which result from environmental conditions probably have little effect on
the protein content and composition of commercial soy bean meals. How-
ever, in view of the wide variation noted in protein content among different
strains of soy beans one might expect significant variations to occur in
amino acid composition of different strains. Csonka and Jones (8) re-
ported variations in the cystine, tryptophan, and tyrosine content of soy
bean seeds of six varieties in 1934 and suggested that “varieties should be
selected for planting which produce more and better quality protein from
the nutritional standpoint.”

Doty et al. (9) have recently reported analyses of corn single crosses for
tryptophan, tryrosine, cystine, arginine, and histidine and have concluded

* This investigation was supported by a grant from The Procter and Gamble
Company.
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that the amount of these amino acids in the corn protein is related to the
genetic constitution of the plant. '

Microbiological methods of assay for the essential amino acids can now be
conveniently applied to this problem. A study was therefore made of the
essential amino acid content of soy bean meals prepared from twenty
different strains of soy beans to determine whether there may be outstand-
ing differences in composition of nutritional importance.

Materials and Methods

Preparation of Soy Bean Meals—The soy bean meals analyzed in this
investigation were prepared by The Procter and Gamble Company from
soy beans obtained through the cooperation of the United States Regional
Soybean Laboratory at Urbana. Carefully composited samples were pre-
pared so that location and soil differences would eancel as nearly as pos-
sible. The group of twenty strains includes the most promising varieties
that are now being grown and others that are being considered for release.

The meals were all prepared by solvent extraction under comparable
conditions and were supplied as raw and toasted flakes. Toasting was ac-
complished by heating the raw flakes in a steam-jacketed container at at-
mospheric pressure for 30 minutes. The temperature ranged from 21-88°
during the first 12 minutes, 6 minutes later reached 104°, and was held be-
tween 104-110° for 12 additional minutes. The original moisture content
of the toasted flakes was 20 per cent; the final moisture content of the
toasted flakes was approximately 11 per cent.

Methods of Analysis—Microbiological methods of amino acid assay were
employed. Valine, leucine, isoleucine, and glutamic acid were determined
with Lactobacillus arabinosus 17-5 (10, 11).  Leuconostoc mesenteroides P-60
was used to determine methionine (12), arginine, lysine, and phenylala-
nine.! Streptococcus faecalis R was used to determine threonine, histidine
(13), and tryptophan (14).

Hydrolysates for tryptophan analyses were prepared with NaOH and
cysteine as previously described (14). Acid hydrolysates used for the de-
termination of the other amino acids were prepared by suspending 1 gm.
of sample in 100 ml. of 6 x HCl and gently refluxing for 24 hours. After
removing the excess acid by vacuum distillation, the hydrolysates were di-
luted to 100 ml., filtered, and refrigerated. Aliquots were neutralized for
analysis.

RESULTS AND DISCUSSION

Microbidlogical methods of amino acid analysis are particularly useful
to the nutritionist, because they can be applied directly to the analysis of

1 Kuiken, K. A., and Lyman, C. M., unpublished methods.

6002 ‘TT Judy uo Aq 610 agl-mmm wolj papeojumoq


http://www.jbc.org

The Journal of Biological Chemistry ASBMB

ibe

K. A. KUIKEN AND C. M. LYMAN 31

complex foodstuffs. Since it is not necessary to isolate specific protein
fractions, it is possible to evaluate the total amino acid content of a food-
stuff which contains a mixture of individual proteins in different propor-
tions. Difficulty is experienced, however, in arriving at a satisfactory
method of expressing analytical data for such products. If one cites the
amino acid content of the foodstuff, he must also provide other data on
gross composition to facilitate comparison of different samples. This can
best be done by calculating all data to some common nitrogen basis. The
practice of caleulating to 16 per cent nitrogen has been widely used even
though it is now recognized that the nitrogen content of most proteins is
not 16 per cent. Glycinin, the principal protein of soy beans, contains 17
per cent nitrogen (15). Smiley and Smith (16) found from 16.26 to 16.90
per cent nitrogen in “soybean protein.” Nevertheless, the exact nitrogen
content of the total soy bean seed protein is not known and there seems little
value in adopting a new factor for calculating the data. An alternative
method of expressing the data is to calculate the ratio of amino acid nitro-
gen to total nitrogen. This avoids an empirical assumption and permits
comparison of different samples. However, this method does not in itself
provide a measure of the amino acid content of the sample and is not as
useful to the nutritionist as data calculated on the crude protein basis.
In view of these considerations, the authors have expressed all amino acid
data in this paper in terms of 16 per cent nitrogen.

The soy bean meals were analyzed for the ten essential amino acids and
glutamic acid. The content of these amino acids in raw soy bean meals
prepared from twenty different strains of soy beans is given in Table I.
No outstanding differences in individual amino acid content were observed.
The greatest variation occurred in methionine content, of which the highest
value was 19 per cent above the lowest. With most of the other amino
acids, the variations were considerably smaller. The data suggest a great
degree of uniformity in amino acid composition of the soy bean seed, rather
than extensive variation as suggested by the work of Csonka and Jones (8).

Portions of a second lot of soy bean meals were toasted in order to in-
activate the trypsin inhibitor shown to be present in raw soy beans by
Bowman (17) and Ham and Sandstedt (18). The essential amino acid
content of the toasted samples was compared with identical raw controls.
As is shown in Table I, there was practically no change in amino aeid con-
tent as a result of toasting, with the possible exception of lysine. The
average data indicate that about 5 per cent of the lysine in the soy bean
meals may have been destroyed by the heat treatment. The observations
with lysine were, therefore, extended to include analyses of raw and toasted
samples of soy bean meals representing twenty-one strains of soy beans.
The additional data (Table ITI) indicate a similar small logs of lysine which
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would not be expected to.affect significantly the nutritive value of the
toasted material. However, since the difference in the mean values for the
paired raw and toasted samples exceeded the standard error of the differ-
ence between the two means by a factor of 5, the result is highly significant
statistically (19). The work of other authors indicates that the lysine in
soy bean meals can be extensively destroyed by overheating. Riesen el al.
(20) found that about 50 per cent of the lysine in a soy bean meal sample was
destroyed by autoclaving for 4 hours at 15 pounds pressure. Evans and
MecGinnis (21) observed 30 per cent destruction of lysine in a meal that was
autoclaved for 1 hour.

TapLe II1
Effect of Toasting on Lysine Content of Solvent-Exiracted Soy Bean Meals
The values are expressed as the percentage of lysine in crude protein.

Soy bean strain Raw Toasted Soy bean strain Raw Toasted
Acadian 6.52 6.21 H-5 6.51 6.11
Arksoy 6.54 6.43 Lineoln 6.67 6.21
A3-176 6.70 6.55 Lincoln No. 3 6.73 6.06
A4-107-12 6.53 6.38 N44-92 6.70 6.18
Chief 6.59 6.89 N44-774 6.73 6.04
C.N. S. 6.00 6.07 Ogden 6.76 6.22
Earlyana 6.74 6.23 Roanoke 6.48 6.26
Gibson 6.91 6.42 S-100 6.54 6.21

AV . 6.60 6.28

* Composite averages =+ standard errors for lysine in the total of twenty-one
samples represented in Tables IT and IIT are 6.62 £ 0.048 and 6.30 == 0.043 for the raw
and toasted meals respectively.

Recent values from the literature for the essential amino acid content of
soy bean meal are given in Table IV. Only values obtained by microbiolog-
ical methods are recorded. In general, there is very good agreement with
the values obtained in this investigation. The most striking discrepancy
is in the methionine value reported by Stokes (23). The application of
Stokes’ method in the authors’ hands has in general given low values for
methionine. Lysine values reported by Stokes (23), Baumgarten (22),
and Schweigert (24) are lower than those by Riesen (20) and the authors.
Perhaps this is an indication of slight overheating in the samples, which
gave low values. The authors’ data and those of Riesen refer to raw prep-
arations. It is conceivable that lysine assays might be used to detect
overheating of soy bean meal. The high values for tryptophan reported
by the present authors were obtained by an improved method of hydrolysis
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(Kuiken et al. (14)). It is evident that soy bean meals sampled in-
dependently tend to have identical amino acid composition.

The relatively small variations in the content of the individual amino
acids in the protein of the different varieties of soy beans is paralleled by
the authors’ (26) findings with respect to cottonseed meal. Eight samples
of cottonseed meal collected from different parts of the country were found
to have practically the same amino acid composition when the data were
calculated to 16 per cent nitrogen.

Tasie IV
Comparison of Present Data with Recent Literature Values for Essential Amino Acid
Content of Soy Bean Meal
All data were obtained by microbiological methods and are expressed here as the
percentage of amino acid in the crude protein.

Amino acid Present paper | Riesen (20) Baulzzlgzﬁ.rten Stokes (23) Sc(hz\Z,engirt
Arginine............. 7.7 7.4 5.3 7.1 7.3
Histidine............ 2.3 2.8 3.0 2.3 2.2
Isoleucine........... 5.3 5.1 6.2 4.5 4.8
Leucine............. 7.9 7.6 7.9 7.4 7.1
Lysine.............. 6.6 6.6 5.3 5.4 5.7
Methionine.......... 1.4 1.4 1.6 0.8
Phenylalanine. ... ... 5.1 5.1 4.9 5.3 4.5
Threonine........... 3.9 3.8 3.7 3.9 3.3
Tryptophan......... 1.5 1.2 1.1 1.2
Valine............... 5.3 5.4 5.3 4.6 5.2

SUMMARY

Soy bean meals prepared from twenty strains of soy beans were analyzed
for the essential amino acids and glutamic acid by microbiological methods.
The amino acid distribution in the crude protein of the different samples
was in general quite uniform. The greatest variation occurred in the case
of methionine, in which the highest value was 19 per cent above the lowest.

Toasting the meals as practiced by the industry in order to inactivate the
proteolytie inhibitor of raw soy beans did not result in the loss of any amino
acids except lysine. The loss of lysine indicated by the data was too small
to be of nutritional significance.
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