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Preface

mino acids are the chemical structural units from which various
inds of proteins are built. The requirement of animals for protein
, in fact, a composite requirement for a number of different amino
ids. This report gives the content of 10 different amino acids in
als, flours and commercial protein preparations made from cotton-
peanuts and soybeans. The following 10 amino acids: arginine,
dine, isoleucine, leucine, lysine, methionine, phenylalanine,
nine, tryptophane and valine were selected for study on the basis
[ their proven importance in nutrition. ;

en expressed on an equal protein content basis, meals of the
kind were quite uniform with respect to their amino acid
mposition.

Meals and flours made from cottonseed, peanuts and soybeans are
od sources of amino acids. The protein of cottonseed and soybean

With the exception of soybean protein and soybean feed, different
pes of commercial processing appeared to have little or no effect
 the amino acid composition of the products.
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The Essential Amino Acid Content of

Cottonseed, Peanut and Soybean
Products

CARL M. LYMAN, KENNETH KUIKEN and FRED HALE
With the technical assistance of
Shirley Dieterich, Marjory Bradford and Mary Trant

The nutritional requirement of animals for protein is in reality
a requirement for certain amino acids which are present in the pro-
tein. Although there are over 20 recognized amino acids, only 10
are generally regarded as essential in animal nutrition. These 10
amino acids are: arginine, histidine, lysine, valine, leucine, isoleu-
cine, methionine, phenylalanine, threonine and tryptophane. Com-
plete information on the amino acid content of feeds is needed as
a guide in compounding rations for fArm animals, if amino acid
deficiencies are to be avoided.

Data to be found in the literature on the amino acid composition
of cottonseed, peanut and soybean products are rather scattered and
limited. Most of the older chemical methods for the determination
of amino acids are more applicable and more reliable when applied
to purified proteins than when applied to foodstuffs containing
carbohydrates and other substances besides proteins. Comprehen-
sive studies on the amino acid composition of natural and manu-
factured food products have been made practical by the develop-
ment of microbiological assay methods during the last few years.
In the present investigation microbiological procedures have been
applied to the study of various products made from cottonseed,
peanuts and soybeans.

Materials and Methods

Description of Samples

With the exception of 2 samples of solvent extracted cottonseed
meal all of the materials were commercial products. Only materials
of first quality were included. Cottonseed meal samples graded
prime, according to the rules of the National Cottonseed Products
Association.” The process used for the preparation of 2 samples of
solvent extracted cottonseed meal (A&M process) has been described
by Harris, Bishop, Lyman and Helpert (1).
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Table 1. Arginine, histidine and lysine content of (cottonseed, peanut and soybean products

Crude Arginine Histidine Lysine
Product protein

(N x 6.25) in the in crude in the in crude in the in crude g
sample protein sample protein sample protein g
)
percent percent percent percent percent percent percent =

Cottonseed %
Bloar2 (BEoH0) A .-, AWE. 23 B tn e o ol 54.07 6.11 11.30 1.39 2567 2025, 4.16 Z,
Meal (solvent extracted, A&M process)...... 54.10 6.03 11.14 1.39 267 .39 .42 e
Meal (solvent extracted, A&M process)..... . 55.18 5.39 9.77 1.49 R e PO G ol e o SN 2
Meal (solvent extracted, commercial product) 48.46 5.18 10.69 1.2b 2.58 2.25 4.64 »
MEBET Chrdrairlie) 0 o S e T et 40.26 4.66 11.58 1.13 2:81 1.78 4.30 =
Meslthwdranlion: ek o bl Sl o A0 s 39. 27 4.34 10.97 1.05 2 165 Ui (815 4.22 E
R N 1 T T R St - I B < 39.29 4.13 10.51 1.04 2.65 1.60 4.07 >
Mealtthydraulicr. 5.5 PR k. i A0S 36.18 3.4] - 9.42 0.95 2.62 1.53 4.23 %
MealilhydPRUCIT s B i s v v s il Sinom o5 33.15 3.09 9.32 0.83 2.50 1.33 4.01 =
—_— =
Average for cottonseed products........[ .......oifiiiinias T e e e DT T e 4.26 g
Peanut E
D Y i UL e S et 61.00 6.87 11.26 it 2.16 1.95 3.20 =
Meal hydraullels . (5. oo v s mintes Fwd b o0 39.21 3.79 9.66 0.82 2.09 1.45 3.70 ;
Meglichwdeatlioh. o &t o B s st el 38.69 4.25 10.99 0.86 2523 1.30 3.36 i
Average for. peanut products. Il . e M OE SRS AT 5 0T (1T Taad BEGNR G EO0 =N 4l ) AR 3.42 E
=
Soybean =
MealShvarBlely, s b oS T AEh T 5 e » S gkt 45.70 3.26 Ti18 1:12 2.45: 2.73 5.97 =
NIV ALEUITEY . 5o 5 o5 ooni s ne s P o ol 42.34 3.26 7.70 1.10 2.60 2.73 6.45 Z
MeBLRRPAYaRNe). . . o L & o T Sesat s 43.32 3.20 7.38 i [ 2.54 2.66 6.14 el
Men)ylaolVerib) s e s el o i 48.52 3.50 T2k 1ol 2.81 2.83 9.,83 3
VT T A e e T O T e e 46.59 3.67 7.88 1.18 2.53 3.00 6.44 <]
Protein (commercial) 79.50 5.72 7.20 1.85 2.38 4.59 5.77 >
TaedSnb e, Kb it oo i Lol adabied et 87.19 2.51 6.756 0.95 2.55 2.56b 6.86 z

Averagefor soybean Pro@uete =i . ot . ate.mil o o da e Sl sk 3% e 582 Ahbez sl e 2 2 b AN eSS R 6.21

T 11 S T i
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ESSENTIAL AMINO ACID CONTENT OF THREE PRODUCTS 7
Methods of Analysis

The amino acid analyses reported here were all carried out by
the use of microbiological procedures developed at the Texas Agri-
cultural Experiment Station. Valine, leucine and isoleucine were
determined by the use of Lactobacillus arabinosus 17-5 as described
by Kuiken, Norman, Lyman, Hale and Blotter (2). Histidine and
threonine were determined with S#reptococcus faecalis R. Details
of the procedures are given in a report by Lyman, Kuiken and Hale
(3). Methionine was determined with ZLewuconostoc mesenteroides
P60 (see Lyman, Moseley, Butler, Wood and Hale (4)). Trypto-
phane was determined with Streptococcus faecalis R (see Kuiken,
Lyman and Hale (5)). Description of the methods for the deter-

~ mination of the remaining amino acids will be given in a later

publication.

Results and Discussion

There are several ways in which the amino acid composition of
foodstuffs can be expressed. The data presented in this report are
given in 2 ways; first, as the percent of the individual amino acid
in the sample, and second, as the percent of the amino acid in the
protein. The first of these 2 ways has the advantage that it gives a
direct measure of the total amount of a given amino acid contained
in the sample. Since amino acids are the constituents from which

~ proteins are made, it is to be expected that differences in the protein

content of different samples of the same kind of foodstuff will be
reflected in corresponding differences in amino acid content. By
dividing the percentage of a given amino acid in a sample by the
protein content of the sample and multiplying by 100 we obtain the

- percentage of the amino acid contained in the protein. It is this
 latter value which is the more useful in evaluating the nutritional
- qualities of the protein in different kinds of foodstuffs. -

It will be seen from the 3 tables that the content of the individual

. amino acids in the cottonseed meal samples decreased rather con-

sistently with decreased protein content. The data also show that
the protein in the cottonseed products of different protein content,

~ and made by different commercial processes, all had practically the

same amino acid composition. It follows that the content of any 1

- of these 10 amino acids in other samples of cottonseed meal can bz
~satisfactorily predicted on the basis of the average values given in
- the tables and the protein content of the sample. This is probably
- true for peanut meal and soybean meal as well, although a smaller
- number of samples of these products were included in this investi-
~ gation. The data given in the tables indicate that this generaliza-
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Table 2. Valine, leucine and isoleucine content of cottonseed, peanut and soybean products

* NOILVLS INTWIYHIXH TVIALTADIYDV SYXHL 269 'ON NILATING

Crude Valine Leucine Isoleucine
Product protein : ;
: (N x 6.25) | in the in crude in the in crude in the in crude
sample protein sample protein sample protein
percent percent percent percent percent percent percent
Cottonseed
Flaur: (Brofla) s vh sk, 5] b o B G i 54.07 262 4.84 3.37 6.23 2518 3.94
Meal (solvent extracted, A&M process)...... 54.10 292 5.08 321 5.93 215 3.98
Meal (solvent extracted, A&M process)...... 55.18 2.83 ° 5.18 3.33 6.03 2.29 4.15
Meal (solvent extracted, commercial product) 48.46 2.38 4.91 2.78 5.74 1.90 3.92
Menl (Aydraflic) . Srs 35r iy o uteisordis wabe Bes. o0k 40.26 2.08 B kT 2.54 6.31 1.64 4.07
Meal (hydrafllic)’. = . 7 i it e e s 39.57 1.93 4.88 2.47 6.24 1.54 3.89
Meal I(Byrdranlic) =it oo oat SR e 39.29 1.92 4.89 2.38 6.06 1.60 4.07
Meal(hvdranlie). .= 0 5 ns B as 36.18 abpdi 4.73 2.26 6.25 1.26 3.48
g 8705 0T e O o s i P 33.15» 1.59 4.80 2.05 6.18 1523 3.71
Average for cottonseed products........[... ..ol ¢ 271 TN F R e (81 B W | e e g
Peanut '
e e e e 61.00 2.83 4.64 4.11 6.74 2.64 4.33"
Mealithydeatbich: 2o o b sue 502 05 (B s 39.21 1.87 4 874 2.54 6.48 1.74 4.44
Meal hydratlic)h i o5 .55 s oo s ie vt o 38.69 1.88 4.86 2.66 6.88 1.63 4.21
Averagesfor peanut products. 5r. 5. L. ach 5L B 3 AL SN S, R TR =i G 7000 B st wa sd 4.33
Soybean
0.0 ) Bl T R A e SR SR o e 45.70 2.49 5.46 3.54 T:75 2.50 5.47
Mealtithydeauliemn . 1775 . ot Sl S L 42.34 2.27 5.36 3.30 7.79 2.87 5.60
B 20T 870 F1f 0 D) i S b » S S v S e 43.32 2.35 5.42 3.41 T.87 2.39 5.52
N Ay R o T 48.52 et 5.34 3.65 7.52 2.68 5.52
L R G e R R R L A A 46.59 2ok 5.45 oot 7:63 or 5.39
Proteins(commiereial). . < ; aiv o o wii e v e e 79.50 4.09 5.14 6.18 T=T% 4.65 5.85
DT M T T TR S o R 87.19 2.38 6.40 3.28 . 8.82 2.28 6.13
Average for soybean Produets. c...v . ive ol sweioinenis ifo oo i aie. 55 PR Tl e R T v R T 5.64

B NI RTINS, " TR - - - T ———— L e S - L e e e e A e e



ESSENTIAL AMINO ACID CONTENT OF THREE PRODUCTS 9

tion is less applicable to soybean protein and soybean feed. The

explanation of this finding is as follows: Products of high protein

content, such as commercial soybean protein, are made from the

oil seed meals by extraction of the protein with dilute salt or alkaline
- solution. The protein is then recovered from solution by precipita-
- tion. The residue left after the extraction of the protein is sold

for feed. The net result is a partial separation of the different
~ kinds of protein contained in the original meal. It is, therefore,
logical to expect some differences between the amino acid composi-
tion of the protein in the product of high protein content and in
the feed.

The data given in the tables show that cottonseed, peanut and
- soybean products are good sources of amino acids. Of the 10 amino
acids studied in this investigation, lysine, methionine and trypto-
phane are perhaps the most important from the nutritional stand-
point. Feeds and feed products are more likely to be deficient in
one or more of these 3 amino acids than in any of the other amino
acids studied. The amounts of these 3 amino acids contained in_the
protein of cottonseed and soybean products were significantly higher
than the amounts found in peanut products.

The older chemical data on the amino acids contained in cotton-
seed, peanut and soybean proteins have been summarized by Block
and Bolling (6). Microbiological methods have been applied to the
determination of tryptophane in some of the products studied in
the present investigation, by Greene and Black (7), Stokes, Gunnes,
Dwyer and Caswell (8), Wooley and Sebrell (9), Baumgarten,
Mather and Stone (10), and by Greenhut, Schweigert and Elve-
hjem (11). The value of 1.73 given in the last mentioned report,
for the tryptophane content of the protein of soybean meal, is in
excellent agreement with the results reported here. In all other
cases the tryptophane values obtained in the present investigation
are substantially higher than those to be found in the above men-
tioned reports. It is unlikely that differences in the samples studied
are responsible for these discrepancies. The more probable explana-
tion is to be found in the methods used for the hydrolysis of the
materials. Preliminary tests in the present investigation likewise
gave lower results. The higher values reported here were obtained
only after an extended study of the factors which influence the
stability of tryptophape during the alkaline hydrolysis of proteins
and foodstuffs. The details of these studies have been published
elsewhere (5).

Values for the content of one or more of the other essential amino
acids in some of the products studied here are to be found in the



Table 3. Methionine, phenylalanine, threonine and tryptophane content of cottonseed, peanut and soybean products

01

NOILVLS INEWIMIIXH TVINLINOIYDV SVXIEL %69 'ON NILATING

Crude Methionine Phenylalanine Threonine Tryptophane
Product protein
(N x 6.25)| in the |in crude | in the |in crude | in the |in crude | in the |in crude
sample | protein | sample protein | sample protein | sample | protein
percent | percent | percent | percent | percent | percent | percent | percent | percent
Cottonseed
Bloilr GPr6H0) S os i i o ksl 54.07 0.87 1561 2281 5.20 1.82 3.36 0.84 1.56
Meal (solvent extracted, A&M |
PEOCEREI e (Sl » v | |2 54.10 0.79 1.46 2,89 5.34 1.88 3.47 0.83 1.58
Meal (solvent extracted, A&M
PEGCHHRII T 00 B T e 55.18 0.79 1.43 2.95 5.85 1.80 3.36 0.85 1.54
Meal (solvent extracted, com- :
mercial product)............ 48.46 0.71 1.46 2.581 5.18 1.63 3.36 0.75 1.565
Meal (hydraulie)............. 40.26 0.64 1.59 2.18 5.41 1.47 3.65 0.66 1.64
Meal (hydraulic)............. 39.57 0.:58 1.46 2.08 5.26 1.34 3.39 0.62 1.57
Meal (hydraulic)............. 39.29 0.56 1.42 2.00 5.09 1.33 3.39 0.61 1.55
Meal (hydraulie)............. 36.18 0.56 1.55 1.86 5.14 1.24 3.43 0.58 1.60
Meal (hydraulic)............. 33.15 0.49 1.48 1.69 5.10 132 3.38 0.52 1467
Average for cottonseed produects|. ........|......... b i) chalne e atin s {5024 Vel b et S B 1 4 I i 1
Peanut
Plonr s TR S e 2 e 0 i 61.00 0.62 1.02 3.10 5.08 1.63 2567 0.78 1.28
Meal (hydraulie)............. 39.21 0.35 0.89 1.94 4.95 1.20 3.06 0.49 1.25
Meal (hydratlie). (25 ... 5. s 38.69 0.46 1.19 1.93 4.99 1.12 2.90 0.46 1.19
Average for peanut products. .. | ........|......... B | o e B0 e i o i A . R R Y 1. 24
Soybean
Meal (hydraulic) 45.70 0.66 1.44 2.26 4.94 1579 3.92 0.73 1.60
Meal (hydraulie) 42 .34 0.60 1.42 2.00 4.72 149 4.23 0.75 1.3
Meal (hydraulic) sesiv i 4882 0.58 1.34 2D 4.96 1sda3 3.99 0.76 Lk
Meal (solvent)....... ...| 48.52 0.65 1.34 2.32 4.78 1.95 4.02 0.82 1.69
Meal-(solvent)y: 2ris in 18 . 55 4 46.59 0.66 1.42 228 4.89 1.85 3.97 0.76 1.63
Protein (commercial).......... 79.50 0.93 y 9 i 4.40 5.53 2.83 3.56 1.16 1.46
Eoadn Jlod ol s Bomi T4 iy B bk 37.19 0.66 i oy & & 1.92 5.16 1.89 5.08 0.61 1.64
Average for soybean products. .|..... Pl OO Jo AdBtile TR st ubs f5T10 40 L e R N i LTl g Fabedihesd 1.65

T ey = .

B e e i e o e e e A S B R
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- following publications: Kuiken, ¢¢ al., (2), Stokes (8), Baum-
- garten (10), Greenhut, Schweigert and Elvehjem (12), Riesen,
. Schweigert and Elvehjem (13), Schweigert (14), Horn, Jones and
. Blum (15). In some cases there is good agreement between the
- values given in these reports and those obtained in the present
- investigation. Marked discrepancies occur in the case of methionine.
- This problem has been extensively studied and evidence for the

- validity of the method used here has been reported (4).

The values for the valine, leucine and isoleucine content of cot-
~ tonseed, peanut and soybean meal given in a previous report (2)
~ from the authors’ laboratory are lower than those given here. In
-~ this case the cause of the discrepancies was definitely found to be
- due to the inadequacy of the method used in the previous investi-
- gation for the hydrolysis of the samples.

Summary

. The content of 10 different amino acids in 19 samples of cotton-
.~ seed, peanut and soybean products is given. The products include
3 cottonseed flour, both hydraulic and solvent extracted cottonseed
- meals, peanut flour, peanut meal, both hydraulic and solvent ex-
' tracted soybean meals, soybean protein and soybean feed.

~ With respect to 3 amino acids which are of particular significance
in nutrition, lysine, methionine and tryptophane, the proteins of
cottonseed and soybean meals were found to be definitely superior
“to the protein of peanut meal.

. With the exception of soybean protein and soybean feed, the
 type of commercial processing appeared to have little or no effect
~on the amino acid composition of the products.
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