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Conclusions
1. On the basis of adsorbent activity the acid acti-

v a t e d clays are generally 11/2 to 2 tinles more effective
as bleaching agents than the na tu ra l earths.

2. The act iv i ty of a n adsorbent in bleaching a
vegetable oil is at a m a x i m u m at some par t icular
tempera ture .

3. The acid-activated clays t h a t were tested had a
temperature of m a x i m u m activity in the range of
100 to 106°C.

4. The na tu ra l earths t h a t were tested had a tem-
perature of m a x i m u m act iv i ty in the range of 118
to 132°C.

5. The three materials tested t h a t were high in sil-
ica content had a temperature of maximunl activity
in the range of 180 to 250°C., which is high fo r
effective use in the edible oil industry.
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The Study of 20 Varieties of Soybeans With Respect to Quantity
and Quality of Oil, Isolated Protein, and Nutritional
Value of the Meal
O. H. ALDERKS, Soybean Research Council, Technical Division, The Buckeye Cotton Oil Company,*
M. A. & R. Building, Ivorydale 17, Ohio

Summary

T W E N T Y samples of soybeans, representing the
most promising strains now being grown a t sev-
era l stations were selected a n d prepared by J. L.

Car t te r a n d colleagues of the U. S. Regional Soybean
Laboratory. Ten samples represented strains grown
in the no r th cen t ra l states a n d ten in the southern
states. They were composited samples of the uniform
soybean var ie ty tests a n d therefore location a n d soil
differences cancelled out, giving a good comparison of
germ plasm.

Studies of these soybeans included the fol lowing:
1. Yield and qual i ty of the oil wi th respect to flavor reversion.
2. Yield and qual i ty of isolated protein for industrial usage.
3. Quant i ty and qual i ty of protein for nutr i t ional purposes

a s indicated by: a) Amino acid composi t ion of solvent ex-
tracted raw and toasted flakes; b) avai labi l i ty of amino acids
based on in-vi t ro enzyme diges t ion tes t s .

The following is a summary of the r e s u l t s :
1. Samples analyzed for oil varied from 17.41% to 22.9%

dry bas is , equivalent to a difference of 98.8 lb. per ton of
10% moisture beans. Roanoke contained the highest per cent .

2. Samples analyzed for protein varied from 39% to 44%,
dry bas is , equivalent to a difference of 91.8 lb. per ton of
10% moisture beans.

3. Three strains grown at Lafayette, Ind . , Ames, Ia . , Urbana,
I l l . , and Colmnbus, O., varied as much as 1.79% oil and 3.1%
protein , dry bas is .

4. The f a t t y acid composi t ion varied considerably. The t r ip le
unsaturated acids varied as follows:

]Per cent l ino len ic acid from 6.16% to 8A5%
Per cent araehidonie acid from .01% to .09%.

I f these are important in the development of "f lavor rever-
s i o n , " one would expect no differences in the oils in th i s
respect.

5. The qual i ty and flavor s tab i l i ty of each solvent extracted
oil from the 20 strains was top No. 1 grade. The oils were
equal in flavor s tab i l i ty to the best qual i ty commercial oils.
Al l oils showed " f l a v o r reversion" a f t e r aging in open new
tin cans at 1 4 0 ° F . for several days.

* Subsidiary of The Procter and G a m b l e Company.

6. The average yield of al l 20 strains of alkal i extracted,
purified, isolated protein was 36.1% ( D B ) . The yields varied
widely from 33.1% to 42.7% ( D B ) . Roanoke and Arksoy 2913
gave the highest yie lds of industrial prote in .

7. No significant differences were f o u n d between the amounts
of any one of the "essent ial" amino acids contained in the 20
soybean st ra ins . There is no indicat ion in th i s work that a
strain n l igh t be selected and grown for the product ion of soy-
b e a n meal wi th a superior prote in . The " t o a s t e d " flakes con-
tained less ]ysine than the hexane extracted, desolventized, raw
flakes (average drop from 6.60% to 6,28%). There was no
effect on the other "essent ial" amino acids .

8. In-vitro enzyme diges t ion followed by microbiological a s -
s a y was applied to methionine, ]ysine, and tryptophane. When
the resul ts are considered in the l igh t of the accuracy of these
new methods , i t appears certain that there are no significant
differences between the varieties in avai lable tryptophane, but
there is some poss ib i l i ty of significant differences in the a v a i l -
abi l i ty of methionine and lysine.

This work was p lanned with J. L. Car t te r of the
U. S. Regional Soybean Laboratory and R. T. Milner
of the Northern Regional Laboratory to determine
whether the genetic composition o f various soybean
strains differed in regard to their abil i ty to produce
oil of good qual i ty and whether the oils from these
various strains might differ in f lavor stability fo r any
reason. Also we desired to determine if b y agronomic
selection a n d development of soybean varieties it
would be possible to reduce the linolenic acid content
in soybean oil.

Some investigators working o~ the soybean oil
flavor reversion problem have a t t r ibu ted flavor rever-
sion to result from oxidation products of the more
unsaturated por t ion of the oil. It has been suggested
also t h a t various minor constituents in the oil possi-
bly affected flavor s tabi l i ty b y ac t ing as catalysts to
promote a certain type of oxidation. Cottonseed, pea-
nut, sesame, a n d sunflower seed oils contain no l ino-
lenie o r triple unsaturated fa t ty acids, and f lavor
reversion of the soybean oil type is not encountered
with these oils; If linolenic acid could be eliminated
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from the composition of soybean oil perhaps the
flavor reversion problem would be eliminated as well.
In addition to qual i ty of oil the strains of soybeans
were examined for:

1. Quantity of oil in the soybeans.
2 . Q u a n t i t y a n d q u a l i t y o f p u r e p r o t e i n s o b t a i n a b l e f r o m t h e

h e x a n e e x t r a c t e d f l a k e s s u i t a b l e f o r i n d u s t r i a l u s a g e .
3 . Q u a n t i t y a n d q u a l i t y o f p r o t e i n f o r n u t r i t i o n a l p u r p o s e s

a s i n d i c a t e d b y : a ) A m i n o a c i d c o m p o s i t i o n o f r a w a n d t o a s t e d
f l a k e s ; b ) a v a i l a b i l i t y o f a m i n o a c i d s b a s e d o n i n - v i t r o e n z y m e
d i g e s t i o n t e s t s .

The 20 different strains of soybeans investigated
in this work represented the most promising strains
that are now be ing grown and investigated a t the
various stations.

Three s t r a ins (Lincoln, Riehland, A-4-I07-12) were
composites prepared by mixing e q u a l quantities of
seed from each of fou r locations in the corn belt
(Lafayet te , Ind. , Urbana , Ill., Ames, Ia., a n d Colum-
bus, 0.) so that the resulting lots would reflect a
genera l average of growing conditions and would
give a good comparison between varieties. Seven
other s t r a ins from the nor th cen t ra l states and ten
strains from the southern states were made up o f
carefully composited samples from the uniform soy-
bean var ie ty tests. The samples were prepared in
this manner so t h a t location and soil differences
would cancel out as nearly as possible, thus giv ing
a good comparison of germ plasm. A description o f
each strain obtained from J. L. Car t te r is attached
in the appendix.

1 . Y I E L D A N D Q U A L I T Y OF S O Y B E A N 0ILS F R O M
20, V A R I E T I E S O F S O Y B E A N S

Representative samples of the 20 strains o f soy-
beans were analyzed in duplicate fo r % oil, % N t I : ,
and % H20. The data are reported in Table I and
show a difference in oil content rang ing from 17.41%
to 22.90% ( D B ) . The difference in protein content

T A B L E I

S o y b e a n A n a l y s i s
( S a m p l e s a n a l y z e d i n d u p l i c a t e , a s i n d i c a t e d )

S t r a i n % O i l ( D B ) % P r o t e i ~( D B ) % H s O

1 . L i n c o l n C o m p o s i t e ........
2 . R i c h l a n d C o m p o s i t e . . . . . .
3 . A 4 - 1 0 7 - 1 2 .....................
4 . A 3 K - 8 8 4 1
5. H 5
6 . C - 4 6 3
7. C h i e f ',-. ...............
8 . E a r l y a n a I
9 . A 3 - 1 7 6

1 0 . L i n e o l n ,
11. S - 1 0 O ............................
12, G i b s o n ..........................
1 3 . O g d e n ...........................
1 4 . A r k s o y 2 9 1 3 .................
1 5 . N - 4 4 - 9 2 .........................
1 6 . N 4 4 - 7 7 4 ........................
1 7 , R o a n o k e .......................
1 8 . C . N . S . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 9 . A c a d i a n ........................
2 0 . M a m l o x i ......... ...............

2 0 . 6 4 , 2 0 . 5 8
2 0 . 2 5 , 2 0 . 2 0
2 0 . 5 8 , 2 0 . 2 5

4 1 . 9 2 , 4 2 . 0 0
4 1 . 3 8 , 4 1 . 3 1
4 2 . 4 4 , 4 2 . 4 1

9.4, 9 . 4
9.1, 9 . 2
8.7, 8 . 7

S a m p l e a l o s t d u e t o a c c i d e n t i n l a b o r a t o r y

4 2 . 6 9 , 4 2 . 5 6

4 1 . 1 3 , 4 1 . 5 3
4 3 . 5 3 i 4 3 . 3 1

4 1 . 6 3 , 4 1 . 4 4
3 9 , 8 8 , 3 9 . 8 1

3 9 . 4 7 , 3 9 . 3 1
4 4 . 1 9 , 4 4 , 4 1

1 9 . 8 9 , 1 9 . 8 4

2 1 . 1 0 , 2 1 . 1 0
2 0 . 0 9 , 1 9 . 8 7

1 9 . 7 6 , 1 9 . 9 2
2 2 . 6 2 , 2 2 . 9 0

1 9 . 6 4 , 2 0 . 0 8
1 7 . 4 1 , 1 7 . 6 3

8 . 5

7 . 8
7 . 9

7 . 4
7 . 6

9 . 1
8 . 4

T A B L E I ( A )

L i n c o l n
A . L a f a y e t t e , I n d .............
B . A m e s , I a .....................
C . U r b a n a , n l ..................
n . C o h n n b u s , O ...............

R i c h l a n d
A . L a f a y e t t e ....................
B . Ames ...........................
C. U r b a n a ........................
D . C o l u m b u s ....................

A 4 - 1 0 7 - 1 2
A. L a f a y e t t e ....................
B . Ames ...........................
C. U r b a n a .......................
n . C o l u m b u s ....................

2 0 . 4 8 , 2 0 . 3 3
2 0 . 7 7 , 2 0 . 8 8
2 1 . 4 4 , 2 1 . 4 4
1 9 . 8 5 , 1 9 . 6 5

2 0 . 5 9 , 2 0 . 4 6
2 0 . 2 2 , 2 0 . 1 5
2 0 . 7 6 , 2 0 . 8 1
1 9 . 4 7 , 1 9 . 3 2

2 1 . 0 3 , 2 0 . 8 9
2 1 . 2 4 , 2 1 . 2 6
2 0 . 4 8 , 2 0 . 4 4
1 9 . 5 7 , 1 9 . 5 8

4 2 . 1 0 , 4 2 . 3 8
4 2 . 0 6 , 4 1 . 8 8
4 0 . 5 6 , 4 0 . 2 5
4 3 . 0 0 , 4 3 . 3 1

4 1 . 5 3 , 4 1 . 5 6
4 9 . 6 9 , 4 0 . 5 6
4 0 . 1 9 , 4 0 . 0 6
4 3 . 0 0 , 4 3 . 2 5

4 0 . 9 4 , 4 0 . 6 9
4 2 . 1 9 , 4 2 . 6 6
4 2 . 9 4 , 4 2 . 8 1
4 3 . 7 5 , 4 3 . 4 4

9.9, 9.5
9 . 5 , 9 . 5
9 . 3 , 9 . 5
8.8, 8.9

9.2, 9 . 1
9 . 0 , 9.2
8.7, 8 . 7
9 . 6 , 9 . 7

8 . 0 , 8 . 1
8 . 9 , 9 . 0
9.2, 9 . 0
8.8, 8 . 6

T A B L E II
A n a l y s i s o f t I e x a n e E x t r a c t e d F l a k e s

S t r a i n o f S o y b e a n s

1 . L i n c o l n ........................
2. R i e h l a n d ......................
3 . A 4 - 1 0 7 - 1 2 ...................
4 . A 3 K - 8 8 4 .....................
5 . H - 5 ..............................
6 . C - 4 6 3 ...........................
7 . C h i e f ............................
8 . E a r l y a n a .....................
9 . A - 3 - 1 7 6 .......................

1 0 . L i n c o l n ........................
ii. S - 1 0 0 ...........................
1 2 . G i b s o n .........................
1 3 . O g d e n ..........................
1 4 . A r k s o y 2 9 1 3 ...............
1 5 . N - 4 4 - 9 2 .......................
1 6 . N - 4 4 - 7 7 4 .....................
1 7 . R o a n o k e ......................
18. C . N . S ...........................
1 9 . A c a d i a n .......................
2 0 . M a m l o x i ......................

B l a n k ..........................

% H O % O i l * % N H a
~--I ( D B ) I ( D B )

10 o ' 6 7 1 0 5 8
9:~ :73 I 10:29

1 0 . 5 . 9 4 I 1 0 . 7 0
10.1 . 8 5 I 1 0 , 5 1
1 0 . 5 . 8 3 1 0 . 7 0

9 . 3 . 8 2 1 0 . 6 2
1 0 . 3 . 8 3 1 0 . 6 5

9 . 6 . 6 6 1 0 . 7 6
1 0 . 4

9 . 4
1 0 . 4

9 . 4
9 . 5

1 0 . 0
1 0 . 1

9 . 7
9 . 6

1 1 . 3
1 0 . 0
1 0 . 2

9 . 9

. 7 4 1 0 . 6 6

.68 1 0 . 7 6

. 4 9 1 0 . 8 8

. 5 7 1 0 . 6 5

. 4 9 1 0 . 5 5

. 5 3 1 1 . 2 6

. 4 9 1 0 . 7 3

. 5 3 1 0 . 8 3

. 4 9 1 0 . 5 6

. 4 9 1 1 . 3 1
. 6 0 1 0 . 7 8
.58 1 0 . 8 9

.42 1 0 . 7 7

% P r o t .
( r i B )

5 4 . 3 8
5 2 . 8 8
5 5 . 0 0
5 4 . 0 0
5 5 . 0 0
5 4 . 5 6
5 4 . 7 5
5 5 . 3 1
5 4 . 8 1
5 5 . 3 1
5 5 . 9 4
5 4 . 7 5
5 4 . 2 5
5 7 . 8 8
5 5 . 1 3
5 5 . 6 9
5 4 . 2 8
5 8 . 1 3
5 5 . 4 1
5 5 . 9 7

5 5 . 3 8

* S k e l l y s o l v e F .

o f the s t r a ins var ied from 39% to 44.0% ( D B ) . These
are important differences to soybean processors, be ing
equivalent to a maximum difference of 3 lb. oil p e r
bushel of soybeans. The var ie ty Roanoke contained
the most oil, namely, 22.76% ( D B ) . In Table I-A the
indiv idual analyses are shown for Lincoln, Richland,
a n d A4-107-12 strains grown a t Lafaye t te , Ind. , Ames,
Ia., Urbana , Ill., and Columbus, O. The same var ie ty
grown at the fou r locations in the corn belt shows a
maximum difference in oil content from 19.65% to
22.4% (DB) and in protein from 40% to 43% ( D B ) .

P i l o t Plant Processing for Oil
The half-bushel lots of soybeans as received in cot-

ton bags were stored together in steel drums fo r a
per iod of about a week to at tain moisture equilibrium.
Each sample of beans was hul led b y means of a labo-
ratory b a r hul ler a n d about 5% of hulls (based on
bean weigh t ) removed by air elutriation. The hulled,
cracked, unheated beans (70°F.) were flaked, through
a one-pass laboratory flaking roll, to a n average flake
thickness of .005". The flakes, a t 85°F., were placed
in an extract ion basket equipped with a flat bottom
which could be closed to hold the solvent on the
flakes. The flakes were given three washes with hex-
ane at 130-135°F. as follows:

1 s t w a s h - - 1 0 g a l . h e x a n e - - h o l d i n g t i m e o n f l k s . - - 1 5 m i n . - -
d r a i n t i m e 5 r a i n .

2 n d w a s h - - 9 g a l . h e x a n e - - h o l d i n g t i m e o n f l k s . - - 1 5 m i n . - -
d r a i n t i m e 5 n f i n .

3 r d w a s h - - 1 0 g a l . h e x a n e - - h o l d i n g t i m e o n f l k s : - - 3 r a i n . -
d r a i n t i m e 5 r a i n .

The hexane washes were concentrated in a forced
circulation still a n d finished u n d e r v a c u u m in glass.
The m a x i m u m oil finishing temperature was 200°F.
These samples of solvent extracted c rnde oil were

examined fo r flavor stability as described below.

F a t t y Acid Composition of Oils
Samples of freshly extracted oil, from 13 strains

of soybeans, were analyzed fo r fa t ty acid composition,
using the methods being investigated b y the commit-
tee fo r the spectrophotometric analysis of Fats and
Oils (1) .

These data are shown in Table III, a n d indicate
the following var i a t ions :

1 , P e r c e n t l i n o l e i e a c i d , r a n g e , 4 9 . 2 6 % - 5 8 . 6 2 % .
2 . P e r c e n t l i n o l e n i c a e l d , r a n g e , 6 . 1 6 % - 8 . 4 5 % .
3 . P e r c e n t a r a e h i d o n i e a c i d , r a n g e , , 0 1 % - . 0 9 % .
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T A B L E III
A n a l y s e s o f t I e x a n e E x t : - a c t e d C r u d e S o y b e ~ ) n O i l s

S t r a i n

% A p p a r e n t
L i n o l e i c A c i d ...............

% A p p a r e n L
L i n o l e n i c A c i d .............

% A p p a r e n L
A r a e h i d o n i c A c i d ........

% A p p a r e n ~
C o n j u g a t e d n i c h e ........

% Apl~at'enB
C o n j u g a t e d T r i e n e . . . . . .

% A p p a r e n B
C o n j u g a t e d T e t r a e n e . . .

% A p p a r e n ~
O l e i e A c i d ( C a l c . ) .......

% A p p a r e n B
S a t u r a t e d A c i d s - -
C a l c . A s s u m i n g
9 5 . 7 % T F A ................

I . V ...................................
S . V ....................................

1N~0. ]
b i n e o l
Com~

5 5 . 7

7 . 7

0 . 0

0 . 1

0.0

0 . 0

1 5 . 4

1 6 . 6

1 3 6 . 3
1 8 9 . 5

NO. 2
n E i e h l a i
. C o m p .

4 9 . 7 2

7 . 2 5

0 . 0 3

0 . 1 4

0 . 0 0

0 . 0 0

2 0 . 5

1 8 . 1

1 2 8 . 7
1 8 8 . 3

)$0. 3
A4-

107-1',
C o m p

4 9 . 2 ,

7 . 0 '

0.0;

0.1:

0 . 0

0.0q

2 2 . 1

1 7 . 1

1 2 8 . 8
1 8 4 . 9

No. 5
H - 5

5 1 . 1 1

8.41

0.0[

0.4~

0.0,

0.0~

1 9 . 2

1 6 . 7

1 3 3 . 5
1 9 1 . 2

No. 6
C - 4 6 3

5 1 . 1 6

7 , 1 8

0 , 0 3

0 . 1 5

0.O0

0.O0

1 8 . 0 3

1 9 . 2

1 3 0 . 7
1 9 2 . 3

No. I ]
S - 1 0 0

51.4~

6.4~

0.0~

0.2;

0.@

0.0(

2 0 . 2

1 7 . 2

] 2 9 . 9
1 8 8 . 1

No. 1 2
G i b s o I

5 3 . 2 {

7.2"

0.0',

0 2 1

O.Oq

0.0(

1 6 . 6

1 8 . 3

1 3 1 . 4
1 9 1 . 2

1 7 . 3

1 3 5 . 0
1 9 1 . 1

No. 13 NO. 14
A r k s o :O g d e n 2 9 1

5 6 . 5 1 5 6 . 1 {

6 . 9 6 6.1{

0 . 0 1 0.0~

0 . 1 7 0.2:

0 . 0 0 0 . 0 {

0 . 0 0 0 . 0 (

1 4 . 8 15.3

No. 1 6
N 4 4 7 7 4

5 2 . 7 4

7.21

0 . 0 3

0 . 1 6

0 . 0 0

0 . 0 0

1 9 . 1

1 7 . 8 1 6 . 5

1 3 3 . 0 1 3 2 . 8
1 8 9 . 1 1 8 9 . 2

No. 1 7
R o a n o k e

5 6 . 7 3

7 . 1 4

0 . 0 3

0 . 1 6

0 . 0 0

0 . 0 0

1 4 . 2

1 7 . 4

1 3 5 . 4
] 9 0 . 7

N o . 1 9
A c a d i a r

5 6 . 6 0

7.33

0.03

0 . 1 6

O.00

0.0O

1 5 . 2

16.4

1 3 6 . 6
1 8 8 . 3

N o . 2 0
5 i a m l o x i

5 8 , 6 2

6 . 9 1

0 . 0 2

0 . 1 7

O.O0

0 . 0 0

1 1 . 4

1 8 . 6

1 3 5 . 7
1 8 9 . 8

4. Per c e n t o l e i e a c i d , range , 11.4%-22.1%.
5. Per c e n t sa turated acids, range , 16.4%-19.2%.
6. Per c e n t c o n j u g a t e d diene, range , .13%-.23%.
7. I o d i n e value, range , 128.7-136.6.
8. Saponification value, range , 184.9-192.3.

These data sugges t that from a fatty ac id composi-
tion point of v iew one would expect little difference
in the qual i ty of the oil. If the linolenin content of
soybean oil is an important factor in its flavor sta-
bility, then one would certainly not expect any dif-
ference in the flavor stabi l i ty of these oils, since the
per cent lino]enic acid varied only from 6.16 to 8.45%.

Edibil i ty Tests of Oil from the Twenty Strains
of Soybeans

1. Refining and BleacMng of Oils. The hexane ex-
tracted crude soybean oils were refined in a 9-lb. refin-
ing kettle at l o w temperature with 10° B& caust ic
with results as shown i n Table IV. The exact refining,
bleaching, hydrogenation, deodorization, and flavor
panel techniques used i n this work are those described
and illustrated in deta i l by J. H. Sanders (2). The
F F A ' s of the extracted oils were low, varying from
.3 to .9% and the refining losses were un i formly l o w
with three exceptions. The refined oils were bleached
with 3% earth. The bleach colors of these oils were
remarkably uniform and low, varying from 1.1 to
1.5 red with two exceptions, viz., 1.7 and 2.3 red.

2. Organoleptic Tests f o r Flavor. All of the sol-
vent extracted refined and bleached oils from the 2()
strains of soybeans were te s t ed for flavor stability,
us ing an organoleptic flavor panel of several men
with much experience in this type of work. In most
cases both the unhydrogenated and hydrogenated oils
were exanfined with results as shown in Table V.
The unhydrogenated oils show exceptional uniform-
i ty of flavor quality. The aged flavors were obtained
af ter exposure in new, open t in cans at 140°F. for
two days. The hydrogenated (range 75 ± 5 IV) and
deodolized oils had remarkably uniform l o w colors
varying from .1 to .3 red. These oils were flavored
fresh and af ter aging several days in new, open tin
cans at 140°F.

Tile flavor results show that each of the oils was a
No. I grade oil. The qual i ty was uniformly top
grade but not bet ter in flavor stabi l i ty and qual i ty
than normal No. 1 grade commercial o i l Sample No.
21 gives comparative flavor results (if a commercial
oil produced from prime y e l l o w soybeans. Three
samples of oil were aged at 90°F. for five months
and showed fa i r flavors af ter this exposure (Table V).
Al l of the oils showed flavor reversion af ter aging.
If there were differences in qual i ty and flavor stabil-
i ty among these oils, the present organoleptie tests as
developed in this laboratory are not sufficiently accu-
rate to show these slight differences in single tests.

T A B L E I V

R e f i n i n g a n d B l e a c h i n g Resu l t s o f O i l s

R e f i n i n g Resu l t s
FFAC o l o r %

C r u d e
FFA

%

1. L i n c o l n C o m p ........................................... 0 . 6
2 . R i c h l a n d ComI} ........................................ 0 . 6
3 . A 4 - 1 0 7 - 1 2 C o m p ....................................... 0 . 7
4 . A 3 K - 8 8 4 ................................................... 0 . 3
5 . I I - 5 ........................................................... 0 . 3
6 . C - 4 6 3 - C o m p . N o . i ................................. 0 . 3
7 . C h i e f .......................................................... 0 . 5
8. E a r l y a n a ................................................... 0 . 5
9 . A 3 - 1 7 6 ...................................................... 0 . 3

I 0 . L i n c o l n ....................................................... 0 . 9
I i . S - 1 0 0 ............ ............................................. 0 . 5
1 2 . G i b s o n ....................................................... 0 . 4 5
1 3 . O g d e n ....................................................... 0 . 4
1 4 . A r k s o y 2 9 1 3 .............................................. ] 0 . 5
1 5 . N 4 4 - 9 2 ...................................................... I 0 . 5
1 6 . N 4 4 - 7 7 4 .................................................... . 0 . 4
1 7 . R o a n o k e .................................................... 0.3
1 8 . C . N . S ......................................................... 0 . 6
1 9 . A c a d i a n ..................................................... 0 . 5
2 0 . M a m l o x i ..................................................... 0 . 6
2 1 . B l a n k ( Y e l l o w M i d w e s t e r n ) ..................... 0 . 6

L y e
% / ° B 6

5.0 / lo
5.0 / 1 0
5.0 / 1 0
4 . 5 5 / 1 0
4.7 /lO
4 . 7 / 1 0
4 . 8 5 / 1 0
4 . 8 5 / 1 0
4 . 5 5 / 1 0
5 . 4 5 / 1 0
4.85/lO
4.9 /lO
4.8 / lO
4 . 8 5 / 1 0
4 . 8 5 / 1 0
4 . 8 / 1 0
4 . 7 / 1 0
5 . 0 / 1 0
4 . 9 / 1 0
5 . 0 / 1 0
5 . 0 / 1 0

S i l i c a t e
%

0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5

L o s s
%

4 . 1
3.7
4 . 1
2 . 4
3.0
4 . 2
2 . 8
2 . 2
3 . 0
6 . 9
4 . 8
3 . 8
4 . 8
3 . 6
3 . 0
3 . 3
5 . 0
9 . 7
1 . 9
3 . 5

1 0 . 2

50/8.5
5O/lO.3
50/8.8
7 0 / 8 . 1
2 5 / 8 . 4
3 5 / 6 . 4
50/8.2
7 0 / 8 . 7
7 0 / 7 . 1
7 0 / 7 . 5
7 0 / 9 . 6

3 5 / 6 . 7
5 0 / 8 . 6
5 0 / 7 . 1
35/8.0
3 5 / 6 . 2
50/6,5
3 0 / 7 . 0
3 0 / 7 . 0
7 0 / 8 . 5

.03

.03
. 0 3 5

.03

.03

.03
, 0 4
.03
. 0 2 5

.03
, 0 5 5
~035
,03
, 0 3 5
,03
. 0 4

B l e a c h
C o l o r

( 3 % E a r t h )

1 4 / 1 . 1
1 1 / 1 . 4
1 2 / 1 . 5
2 0 / 1 . 1
1 5 / 1 . 5
1 5 / 1 . 3
1 4 / 1 . 2
45/2.3
1 2 / 1 . 5
1 3 / 1 . 5
2 0 / 1 . 3
1 4 / 1 . 3
1 3 / 1 . 5
11/1.4
1 3 / 1 . 2
1 2 / 1 . 5
1 2 / 1 . 5
3 0 / 1 . 7

%
T r a n s .
6 6 0 - 6 7 0

lOO

lO0
i00
99

i00
I00
I00
.-~-~
1 0 0

9 9
7 9
8 9
9 8

1 0 0
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T A B L E V

E d i b i l i t y T e s t R e s u l t s o n O i l s E x t r a c t e d F r o m 2 0 S t r a i n s o f S o y b e a n s

129

U n h a r d e n e d O i l - - D e o d o r i z e d H a r d e n e d O i l - - U n d e o d o r i z e d

1 . L i n c o l n C o m p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2. R i c h l a n d C o m p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3. A 4 - 1 0 7 - 1 2 C o m p . . . . . . . . . . . . . . . . . . . . . . . . . ~...
4 . A 3 K - 8 8 4 ................................. 4 / 0 . 5
5 . H - 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6. C - 4 6 3 C o m p . N o . 1 . . . . . . . . . . . . . . . . . . . . . . . . .
7 . C h i e f ....................................... 2 / 0 . 3
8. E a r l y a n a ................................ 3 / 0 . 5
9. A 3 - 1 7 6 .................................... 3 / 0 . 5

10. L i n c o l n ................................... 4 / 0 . 5
11. S - 1 0 0 ...................................... 3 / 0 . 3
1 2 . G*jbson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 3 . O g d e n .....................................
14. A r k s o y 2 9 1 3 .......................... 2}(J:2
15. N 4 4 ~ 9 2 .................................... 4 / 0 . 5
1 6 . N 4 4 - 7 7 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 7 . R o a n o k e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 8 . C . N . S ...................................... 4 / 0 . 4
1 9 . A c a d i a n .................................. ! ........
2 0 . M a m l o x i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 1 . B l a n k ..................................... 3 / 0 . 4

C o l o r F~eA

. 0 2

. 0 2
. 0 2
. 0 2
. 0 2 5
. 0 2

. 0 2
. 0 2 5

. 0 3

. 0 2

F r e s h
F l a v o r

F a i r , Fair-[-, N u t t y

F a i r ~ -
F a i r , B e n n y
F a i r , F a i r + , N u t t y
F a i r , F a i r + , N u t t y
F a i r , F air-~-

F a i r - ~
F a i r , B e a n y

F a i r , B e a n y

F a i r

A g e d F l a v o r ,
2 days

F a i r

F a i r , F a i r - -
F a i r , F a i r - -
F a i r
F a i r
F a i r

F a i r , F a i r - -
F a i r - - , B e n n y

F a i r - - , B e a n y

F a i r , F a i r - - , B e a n y

R e f r a c -
t i v e

I n d e x

4 7 . 7
4 7 . 7
4 7 . 7
4 9 . 0
4 7 . 6
4 8 . 0
4 8 . 1
4 9 . 0
4 9 . 0
4 8 . 9
4 8 , 0
4 7 . 7
4 8 . 0
4 8 . 0
4 8 . 1
4 8 . 0
4 8 . 1
4 7 . 8
4 8 . 0
4 8 . 0
4 8 . 0

I V d o r

÷5; ;5:~
7 0 , ' 0 . 3
75.d '0.2

' 0 . 4
~'2 'o3
~0.! 0 . 3
S l . : '0.3
75A '0.2
72.' '0.3
74.: '0.2
762 '0.3
~1.: ' 0 . 4
76.! ' 0 . 2
74.', t 0 . 2
T2.t ' 0 . 3
75.', ' 0 . 3
74 , ' 0 . 3

'0.3

A

.05

.04
. 0 3

. 0 4 5

. 0 5

. 0 4 5

.05

.05

. 0 3 5

.03

. 0 6

. 0 4 5

. 0 3

. 0 3

. 0 5

. 0 4 5

. 0 3 5

. 0 5

1 . L i n c o l n C o m p .........................
2 . R i c h l a n d C o m p ......................
3 . A 4 - 1 0 7 - 1 2 C o m p ....................
4 . A 3 K - 8 8 4 .................................
5 . 1t-5 .........................................
6. C - 4 6 3 C o m p . No. 1 .................
7 . C h i e f .......................................
8 . E a r l y a n a ................................
9 . A 3 - 1 7 6 ....................................

1 0 . L i n c o l n ...................................
1 1 . S - 1 0 0 ......................................
1 2 . G i b s o n .....................................
1 3 . O g d e n .....................................
1 4 . A r k s o y 2 9 1 3 ...........................
1 5 . N 4 4 - 9 2 ....................................
1 6 . N 4 4 - 7 7 4 .................................
1 7 . R o a n o k e .................................
1 8 . C . N . S ......................................
1 9 . A c a d i a n ..................................
2 0 . ~¢Iamloxi .................................
2 1 . B l a n k .....................................

C o l o r

1 / o . 2
1 / o . ' 1
1 / o . 3
2/0.3
1 / 0 . 2
1 / 0 . 1
2 / 0 . 3
2 / 0 . 2
2 / 0 . 2
2 / 0 . 2
1 / 0 . 2
1 / 0 . 2
1 / 0 . 1
1 / 0 . 2
3 / 0 . 3
1 / o . i
1 / 0 . 1
2 / 0 . 2
1 / 0 . 2
1/o.2
1 / 0 . 2

F%
.02 - -
. 0 2
.02
.02
. 0 1 5
. 0 1 5
. 0 2
.02
.02
.02
. 0 2 5
. 0 1 5
. 0 2
.02
.02
.02
. 0 1 5
. 0 2
. 0 2
. 0 1 5
.025

H a r d e n e d O i l - - D e o d o r i z e d

F r e s h A g e d F l a v o r

F l a v o r 3 days 5 days 7 d a y s

F a i r +
F a i r +
F a i r +
F a i r +
F a i r +
Good
G o o d - - , F a i r ~
F a i r +

F a i r ( 1 ) (sl. b u t t e r y )
F a i r ( 2 ) (sl. b u t t e r y )
F a i r ( 3 ) (sl. ~ I a r i n y )
F a i r
F a i r
F a i r ~ -
F a i r - - ( P u m p k i n )

F a i r

F a i r -
................
F a i r

F a i r , F a i r - -

F a i r - - , P u m p k ' n
F a i r -
................

F a i r +
F a i r +
F a i r +
F a i r +
G o o d
G o o d - - , F a i r +
F a i r +
Good
Good
F a i r +
F a i r +
F a i r +
G o o d - - , F a i r +

F a i r , F a i r - ~
F a i r
F a i r
F a i r
F a i r
F a i r , F a i r @
F a i r
F a i r
F a i r
F a i r
F a i r - - ( M a r i n y )
F a i r
F a i r , F a i r - -

( P u m p k i n )

F a i r , F a i r - -
F a i r -
................

F a i r
F a i r
F a i r
F a i r
F a i r
F a i r

F a i r - - ( P u m p k i n )
F a i r

F a i r - -
F a i r -
................
P o o r
P o o r ( P u m p k i n )

F i v e m o n t h s n a t u r a l a g i n g a t 9 0 ° F .
( 1 ) F a i r - - , P u m p k i n .
( 2 ) F a i r - - , P u m p k i n .
( 3 ) F a i r - - , M a r i n y .

2. Y I E L D A N D Q U A L I T Y OF A L K A L I E X T R A C T E D
P R O T E I N

Pi lot Plant Processing to Obtain Prote in

The solvent extracted, well drained flakes (re fer
to extraction method a b o v e ) w e r e placed on paper
on a h e a t e d floor and the solvent a l lowed to evaporate
over night. This unusual method of desolventizing was
used in order not to denature any of the protein ma-
terial by heat. The analyses of the solvent extracted
flakes are shown in Table II. The data show fa ir ly
uniform pilot plant extraction effieiencies.

The 20 samples of " a i r desolventized" flakes were
extracted with alkali solutions to recover pure pro-
tein as fol lows: 150 grams of solvent-extracted flakes
(9% HzO) were slurried in 2,100 ml. of water at
120°F. Sufficient caustic soda was added to give a
final ptI of 8.5 and the slurry agi tated s lowly for 30
minutes, with the temperature kept constant at 120°F.
The slurry was then screened through a U. S. 100
screen and the w e t meal (containing approximately
90% H20) reslurried in 1.2 times its weight of water
at 120°F., ag i tated 15 minutes, and again screened
through a U. S. 100 screen. The w e t meal from the
second extraction was dewatered to 80-91% H20 by

pressing in cheesecloth, then dried in a n oven a t
250°F. The combined extracts, including that from
the pressing operation, were clarified b y passing
through a Sharples laboratory supereentrifuge, a n d
the protein was precipitated from the clarified ex-
t rac t (a t 115°F.) b y ad jus t ing the p H to 4.4 with
71/2% sulfuric ac id , with rapid agitation dur ing the
addition of the acid.

The precipitated slurry was allowed to settle over-
n igh t a t 100-110°F., decanted to 5% solids content,
a n d filtered on a 13-cm. Bueehne r funnel , with a
v a c u u m of 20-23" t Ig . The fil ter cake (73-75% H20)
was dried in a forced-draft oven a t 250°F. fo r 24
hours fo r yie ld , or granu la ted through a 4-mesh
screen and dried in a forced draft oven a t 120°F.
fo r th ree hours fo r solubility. The decanted super-
n a t a n t a n d the fil trate were discarded.

The protein samples fo r solubility were g r o u n d in
a Wiley Laboratory Mill to pass U. S. 40 screen. One
gram o f the g r o u n d sample was slurr ied in 250 ml.
H20 a t 120°F., containing sufficient NaOH to give
a final p H (af ter complete peptization of the pro-
te in ) of 10.8, a n d the mixture shaken gent ly in a
250-ml. mixing cyl inder unt i l distinct particles of
protein were no longe r visible.
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Y i e l d of P r o t e i n
Table VI shows the pure protein yields from the

20 soybean flakes. The yields v a r i e d from 33.1% to
42.7% with 36.7% as the average yield, Roanoke,
Ogden, and Arksoy 2913 gave the highest yields of
industrial protein.

T A B L E VI
Y i e l d s of A l k a l i E x t r a c t e d P r o t e i n s

A 4 - 1 0 7 - 1 2 .........................................
R i c h l a n d ............................................
L i n c o l n ...............................................
C h i e f ..................................................
N 4 4 - 9 2 ..............................................
A r k s o y 2 9 1 3 ......................................
G i b s o n ...............................................
C , N . S .................................................
N 4 4 - 7 7 4 .............................................
C - 4 6 3 ................................................
S - 1 0 0 .................................................
I-I-6 ....................................................
A 3 K - 8 8 4 ...........................................
A~3-176 ..............................................
L i n c o l n ~ 2 u d ) ...................................
E a r l y a n a ...........................................
M a m l o x i ............................................
R o a n o k e ............................................
A c a d i a n .............................................
O g d e n ................................................

E a r l i e r r e s u l t s f o r c o m p a r i s o n :
A 4 - 1 0 7 - 1 2 ( l s t ) ...........................
R i c h l a n d ( l s t ) .............................
L i n c o l n ( 1 s t ) ................................

A
P r o t e i n

c o n t a i n i n g
1 2 % t t e O

p e r 1 0 0 gin.
f l k s . con-

t a i n i n g 9 %
H 2 0

%
4 4 . 0
4 3 . 4
4 5 . 1
4 7 . 8
4 9 . 6
5 1 . 2
5 0 . 4
4 9 . 5
4 6 . 1
4 6 . 3
4 9 . 3
4 8 . 2
4 6 . 5
4 6 . 8
4 5 . 1
4 8 . 3
4 4 . 8
5 5 . 6
4 7 . 8
5 0 . 9

4 8 . 3
4 7 . 2
4 9 . 6

B
B o n e d r y

p u r e p r o t e i n *
p e r 1 0 0 gin.

f l k s . con-
t a i n i n g 9 %

H 2 0

%
3 4 . 4
3 3 . 1
3 4 . 8
3 6 . 3
3 8 . 2
3 8 . 9
3 8 . 2
3 8 . 2
3 4 . 2
3 5 . 6
38.1
3 7 . 9
3 4 . 6
3 4 . 7
3 5 . 7
3 7 . 4
3 4 . 9
4 2 . 7
3 7 . 2
3 9 . 3

3 4 . 3
3 5 . 3
3 7 . 5

* A d j u s t e d f o r p u r e p r o t e i n N X 6 . 2 5 .

The yields reported here are all h ighe r than would
be realized in commercial production since the ex-
tracted flakes were " a i r desolventized" at room
temperature. In commercial practice final traces of
hexane are usually removed from the flakes by steam
stripping. H i g h e r desolventizing flake temperature
will denature some proteins, resulting in lower yields.

S o l u b i l i t y a n d C o l o r of P u r i f i e d P r o t e i n s
The color of tile purified proteins obtained from all

varieties was in each case normal. Satisfactory solu-
tion times, as described above, were f o u n d on five
samples tested. This property of isolated protein
depends on protein extraction and processing condi-
tions r a t h e r than on bean strain. A uniform solution
time of 41/2 minutes was obtained on isolated protein
from Roanoke, Arksoy 2913, CNS, N44-92, and Chief.

3, A M I N O A C I D COMPOSITION A N D AVAILABILITY
0 F A M I N O ACIDS TO E N Z Y M E IN-VITR0

DIGESTION OF S O L V E N T EXTRACTED
F L A K E S FROM 2 0 V A R I E T I E S 0 F

S O Y B E A N S

The solvent extracted, " a i r desolventized," soy-
bean flakes obtained as described above, were split
and one fraction set aside for amino acid analysis.
The other portion of each sample was " t o a s t e d " in
the pilot plant , u s i n g methods which would simulate
mill practices.

The toasting conditions were as follows:

W e i g h t o f s a m p l e t o a s t e d ......................................... 6 l b .
M o i s t u r e o f f l a k e s e n t e r i n g t o a s t e r ......................... 2 0 %

T o a s t i n g t e m p e r a t u r e T o a s t i n g time

7 0 ° F . t o 1 9 0 ° F . .......................................................... 1 2 m i n u t e s
1 9 0 ° F . t o 2 1 0 ° F ........................................................... 3 m i n u t e s
2 1 0 ° F . t o 2 2 0 ° F ........................................................... 3 m i n u t e s
2 2 0 ° F . t o 2 3 0 ° F ........................................................... 1 2 n l i n u t e s

T o t a l ......................................................................... 3 0 m i n u t e s
M o i s t u r e o f f l a k e s a f t e r t o a s t i n g ............................. 1 1 %

T o a s t e r o p e n t o a t m o s p h e r i c p r e s s u r e f o r e n t i r e t o a s t i n g
t i m e .

A m i n o A c i d C o m p o s i t i o n

The amino acid analyses of both the raw and
toasted flakes were made by C. M. L y m a n and co-
workers of the Department of Biochemistry and
Nutrition of the Texas Agricultural and Mechanical
College. The details of the analytical procedures
used are available in publications from the Texas
laboratories. The amino acids selected for this work
were the 10 considered "essential" for growth (of
the rat) and one, present in large amounts, which is
considered commercially important as a condiment
(Glutamic). Table VII shows the anfino acid com-
position of raw flakes expressed as per cent of the
crude protein and Table V I I I the same data expressed
as per cent of the meal. Inspection of the data in
Table VII reveals that the greatest difference between
the strains of beans is in t h e i r lysine contents. How-
ever, the differences do not appear t o be significant.

Rat growth tests were conducted with flakes from
the strains which showed the largest and smallest
amounts of lysine and significant differences were not
obtained. It may be concluded that the raw flakes do
not (lifter materially in the percentages of the various
a m i n o acids which they contain. Complete amino
acid contents of toasted flakes, t o ascertain differences
which might result from toasting, were determined

A m i n o A c i d C o m p o s i t i o n

T A B I , E V I I

o f S o l v e n t E x t r a c t e d N o n - T o a s t e d F l a k e s O b t a i n e d F r o m 2 0 V a r i e t i e s o f S o y b e a n s ,
E x p r e s s e d a s P e r c e n t a g e o f C r u d e P r o t e i n

• P r o t e i n I A.rgi- t I i s t i - I T r y p t 0 - P henyl- T h r e o - . . I s o l e u - M e t h i o - G l u t a m i c
S o y b e a u V a r i e t y ( N x 6 . 2 5 ) r u n e d i n e I L y s i n e p h a n e a a n i n e n i n e V a h n e L e u c m e cine n i n e A c i d

- - 7 . 7 5 - - / - - -A c a d i a n .............................. 4 8 . 8 9 2 . 2 9 I 6 . 5 2 1 . 5 1 4 . 9 5 3 . 9 5 5 . 4 4 7 . 7 5 5 . 3 4 1 . 4 3
A r k s o y ................................ 5 0 . 9 2 7 . 5 6 2 . 3 0 I 6 . 5 4 1 . 4 5 5 . 1 1 3 . 8 7 ] 5 . 3 0 I 7 . 8 6 5 . 3 0 1 . 3 9 1 8 . 9
A 3 - 1 7 6 ............................... 4 8 . 8 2 7 . 6 8 2 . 2 5 [ 6 . 7 0 1 . 5 6 5 . 0 2 3 . 9 3 5 . 4 3 7 . 9 0 5 . 3 4 1 . 4 3 1 8 . 6
A 3 K - 8 8 4 ............................. 4 7 . 2 4 8 . 0 9 2 . 2 6 t 6188 1 . 5 0 4 . 8 7 4 . 0 6 5 . 3 1 7 . 8 5 5 . 4 2 1 . 4 0 1 8 . 5
A 4 - 1 0 7 - 1 2 ........................ 4 7 . 9 5 8 . 0 1 2 . 2 3 l 6 . 5 3 1 . 4 8 4 . 8 4 3 . 8 4 5 . 2 8 7 . 9 3 5 . 2 2 1 . 3 4 1 8 . 2
C h i e f .................................. I 4 8 . 2 3 7 . 8 2 2 . 3 0 ~ 6 . 5 9 1 . 5 6 5 . 0 4 3 . 9 6 5 . 4 1 7 . 8 6 5 . 2 0 1 . 4 8 1 8 . 4
C . N . S .................................. I 5 0 . 8 4 7 . 8 7 2 . 3 6 ] 6 . 0 0 1 . 5 5 5 . 1 1 3 . 7 2 5 . 3 5 7 . 5 9 5 . 1 9 1 . 3 1 1 8 . 4
C - 4 6 3 ................................. I 4 7 . 2 4 7 . 5 4 2 . 3 7 ~ 6 . 9 0 1.61 5 . 0 7 3 . 9 6 5 . 4 0 7 . 9 6 5 . 3 9 1 . 4 5 1 8 . 9
E a l y a n a ............................ 4 8 . 8 1 7 . 7 2 2 . 2 9 ] 6 . 7 4 1 . 5 6 5 . 2 0 3 . 9 8 5 . 3 1 7 . 9 5 5 . 3 1 1 . 3 7 1 8 . 7
G i b s o n ................................ i 4 8 . 1 9 7 . 4 9 2 . 3 0 ] 6 . 9 1 1 . 5 4 5 . 0 8 3 . 8 2 5 . 3 1 8 . 1 3 5 . 3 5 1 . 4 1 1 8 . 6
H - 5 ..................................... I 4 9 . 4 2 7 . 2 2 2 . 1 6 / 5 . 9 7 1 . 5 4 5 . 0 4 3 . 5 8 5 . 2 2 / 7 . 9 7 5 . 2 4 1 . 3 8 1 7 . 9
L i n c o l n .............................. ] 4 8 . 8 6 7 . 5 3 2 . 2 9 [ 6 . 6 7 1 . 6 4 5 . 2 2 3 . 9 1 ] 5 . 4 2 I 8 . 0 8 5 . 3 2 1 . 4 0 1 8 . 4
L i n c o l n N o . 3 ..................... j 4 6 . 3 8 7 . 7 2 2 . 3 3 ] 6 . 7 3 1 . 6 0 5 . 1 7 4 . 0 3 5 . 4 8 8 . 4 5 5 . 4 3 1 . 5 3 1 9 . 2
M a m I o x i ............................. 4 9 . 4 9 7 . 9 6 2 . 4 0 ] 7 . 0 7 1 . 4 4 5 . 2 3 3 . 8 6 I 5 . 3 4 I 7 . 9 4 5 . 5 3 1 . 5 0 1 8 . 3
N 4 4 - 9 2 . . . . . . . . . . . . . . . . . . 4 8 9 6 ] 7 . 6 0 2 . 4 9 ] 6 . 7 0 1 . 4 9 5 . 1 7 4 . 0 4 5 . 4 7 8 . 1 7 5 . 2 9 1 . 3 5 1 8 . 5
N 4 4 - 7 7 4 ............................. 4 6 . 3 8 ] 7 . 8 5 2 . 3 7 | 6 . 7 3 1 . 5 7 5 . 1 3 3 . 9 9 5 . 1 7 8 . 0 4 5 . 2 8 1 . 3 5 1 7 . 9
O g d e n ................................ ] 4 7 . 8 1 [ 7 . 4 9 2 . 3 4 | 6 . 7 6 1 . 4 2 5 . 3 1 3 . 8 3 5 . 3 1 8 . 1 6 5 . 4 8 1 . 2 8 1 8 . 5
R i c h l a n d ............................ I 4 6 . 3 8 ] 8 . 3 0 2 . 3 5 | 6 . 4 7 1 . 5 7 4 . 8 0 3 . 8 4 5 . 2 0 7 . 9 8 5 . 1 8 1 . 3 7 1 8 . 8
I ~ o a n o k e ............................. 4 7 . 4 0 ] 7 . 6 4 2 . 4 7 | 6 . 4 8 1 . 4 8 5 . 2 3 3 . 8 8 I 5 . 2 3 | 8 . 0 2 5 . 1 5 1 . 4 1 1 9 . 0
S - 1 0 O ................................. | 4 9 . 9 8 | 7 . 5 6 2 . 5 2 | 6 . 5 4 1 . 4 6 5 . 1 2 b 3 . 7 6 [ 5 . 3 2 | 7 . 9 8 5 . 3 2 1 . 4 2 1 8 . 6
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S o y b e a n V a r i e t y

A c a d i a n ......................................
A r k s o y ........................................
A 3 - 1 7 6 ........................................
A 3 K - 8 8 4 .....................................
A 4 - 1 0 7 - 1 2 ...................................
C h i e f ...........................................
C . N . S ...........................................
C - 4 6 3 ..........................................
E a r l y a n a .......... , ..........................
G i b s o n .........................................
H*5 .............................................
L i n c o l n .......................................
L i n c o l n No. 3 ..............................
M a m l o x i .......................................
N 4 4 - 9 2 ........................................
N 4 4 - 7 7 4 ......................................
O g d e n ..........................................
B i c h l a n d ......................................
R o a n o k e ......................................
S - l O O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

P r o t e i n
( N x 6 . 2 5 )

4 8 . 8 9
5 0 . 9 2
4 8 . 8 2
4 7 . 2 4
4 7 . 9 5
4 8 . 2 3
5 0 . 8 4
4 7 . 2 4
4 8 . 8 1
4 8 . 1 9
4 9 . 4 2
4 8 . 8 6
4 6 . 3 8
4 9 . 4 9
4 8 . 9 6
4 6 . 3 8
4 7 . 8 1
4 6 . 3 8
4 7 . 4 0
4 9 . 9 8

A r g i -
I n i n e

" 3 . 8 5
3 . 7 5
3 . 8 2
3 . 8 4
3 . 7 7
4 . 0 0
3 . 5 6
3 . 7 7
3 , 6 1
3 . 5 7
3 , 6 8
3 , 5 8
3 . 9 4
3 , 7 2
3 , 6 4
3 , 5 8
3 . 8 5
3 . 6 2
3 , 7 8

/ t i s t i -
d i n e

1 . 1 2
1 . 1 7
1 . 1 0
1 . 0 7
1 . 0 7
1 . 1 1
1 . 2 0
1 . 1 2
1 . 1 2
1 . 1 1
1 . 0 7
1 , 1 2
1 . 0 8
1 . 1 9
1 . 2 2
1 . 1 0
1 . 1 2
1 . 0 9
1 . 1 7
1 . 2 6

L y s i n e

3 . 1 9
3 . 3 3
3 . 2 7
3 . 2 5
3 . 1 3
3 . 1 8
3 . 0 5
3 . 2 6
3 . 2 9
3 . 3 3
2 . 9 5
3 . 2 6
3 . 1 2
3 . 5 0
3 . 2 8
3 . 1 2
3 . 2 3
3 . 0 0
3 . 0 7
3 . 2 7

T r y p t o -
p h a n e

0 . 7 4
0 . 7 4
0 . 7 6
0 . 7 1
0 . 7 1
0 . 7 5
0 . 7 9
0 . 7 6
0 . 7 6
0 . 7 4
0 . 7 6
0 . 8 0
0 . 7 4
0 . 7 1
0 . 7 3
0 . 7 2
0 . 6 8
0 . 7 3
0 . 7 0
0 . 7 3

t~ henyI-
l a n i n e

2 . 4 2
2 . 6 0
2 . 4 5
2 . 3 0
2 . 3 2
2 . 4 3
2 . 6 9
2 . 4 6
2 . 5 4
2 . 4 5
2 . 4 9
2 . 5 5
2 . 4 0
2 . 5 9
2 . 5 3
2 . 3 8
2 . 5 4
2 . 2 3
2 . 4 8
2 . 5 6

T h r e o
n i n e

1.93
1 . 9 7
1.92
1 . 9 2
1 . 8 4
1 . 9 1
1 . 8 9
1 . 8 7
1 . 9 4
1 . 8 4
1 . 7 7
1 . 9 1
] . 8 7
1 . 9 1
1 . 9 8
1 . 8 5
1 . 8 3
1 . 7 8
1 . 8 4
1 . 8 8

? a l i n e

2 . 6 6
2 . 7 1
2 . 6 5
2 . 5 1
2 . 5 3
2 . 6 1
2 . 7 2
2 . 5 5
2 . 5 9
2 . 5 6
2 . 5 8
2 . 6 5
2 . 5 4
2 . 6 4
2 . 6 8
2 . 4 0
2 . 5 4
2 . 4 1
2 . 4 8
2 . 6 6

L e u c i n

3 . 7 9
4 . 0 0
3 . 8 6
3.71
3 . 8 0
3 . 7 9
3 . 8 6
3 . 7 6
3 . 8 8
3.92
3 . 9 4
3 . 9 5
3 . 9 2
3 . 9 3
4 . 0 0
3 . 7 3
3 . 9 0
3 . 7 0
3 . 8 0
3 . 9 9

I s o l e u - M e t h i (
cine n i n e

2 . 6 1 0 . 7 0
2 . 7 0 0 . 7 1
2 . 6 1 0 . 7 0
2 . 5 2 0 . 6 6
2 . 5 0 0 . 6 4
2 . 5 1 0 . 7 1
2 . 6 4 0 . 6 7
2 . 5 4 0 . 6 9
2 . 5 9 0 . 6 7
2 . 5 8 0 . 6 8
2 . 5 9 0~68
2 . 6 0 0 . 6 8
2 . 5 2 0 . 7 1
2 . 7 4 0 . 7 4
2 . 5 9 0 . 6 6
2 . 4 5 0 . 6 3
2 . 6 2 0 . 6 1
2 . 3 9 0 . 6 4
2 . 4 4 O.67
2 . 6 6 0 . 7 1

I
G l u t a m i c

A c i d

8 . 8 3
9 . 6 4
9 . 0 8
8 . 7 5
8 . 7 5
8 . 9 0
9 . 3 3
8 . 9 1
9 . 1 5
8 . 9 5
8 . 8 6
8 . 9 9
8 . 9 0
9 . 0 5
9 . 0 8
8 . 2 9
8 . 8 5
8 . 7 2
8 . 9 9
9 . 3 0

for only five strains (Table IX). The quantity of
the essential a m i n o acids in raw and toasted flakes
from the same strains are similar for all acids except
lysine. The s m a l l but consistent differences in the
amounts of this acid f o u n d in the raw and toasted
flakes indicates that the toasting destroys some of the
lysine. When these results were obtained, it was
decided to determine the ]ysine content of the toasted
flakes from all of the strains. The comparative data
are in shown in Table X. The data show a small
difference between the lysine content of raw and
toasted flakes. There is, however, no indication that
the lysine in any one strain is more sensitive to
toasting than that in the other strains.

All of the data on a m i n o acid composition show
that no significant differences were f o u n d between
the amounts of any of the a m i n o acids in the 20
soybean strains. Thus there is no indication in this
work that a strain might be selected and g r o w n for
the production of soybean meal with a superior
protein.

Enzyme In-Vitro Digestion Tests
For the enzyme digestion tests " t o a s t e d " samples

of hexane extracted flakes were g r o u n d to pass a 69-
mesh screen. Digestions were carried out in plugged
250-ml. Erlenmeyer flasks with vigorous agitation
and were r u n at 100°F. One-gram samples were
first digested with 7.5 rag. of pepsin (Diffeo, N.F.,
1:3,000) in 4 0 m l . of 0.1 N HC1 for one hour. The
digests were then set to p H 8.5 and 25 ml. of 0.4 M
Na2HP04 added, followed by 0.45 gin. pancreatin
(Diffeo, U . S . P . XII) and 0.15 gin. hog intestinal
mueosa (Wilson Laboratories). The digestion at 109°
was then continued for 16 hours a f t e r which the

digests were set t o p H 6.8, autoclaved at 15-1b. pres-
sure, and allowed t o settle 40 h o u r s before t a k i n g
samples of supernatants for assay.

All glassware, buffer, and reagents were sterilized
before use and aseptic handling' was employed t o
minimize contamination d u r i n g digestion although
the meals and enzymes were not sterilized. Toluene
(2 ml.) and chloroform (1 nil.) were a d d e d at the
beginning' of each s tage of digestion t o inhibit bac-
terial growth. A m i n o acids were determined micro-
biologically, using' Leueonostie mesenteroides and ti-
t r a t i n g the lactic acid produced a f t e r three d a y s '
incubation. The results of the tests for availability
of methionine, lysine, and tryptophane t o enzyme
digestion in-vitro of " t o a s t e d " hexane extracted
flakes from the twenty varieties are shown in Table
XI. A summary of these results follows:

A m o u n t i n t h e pr(>tein
A m i n o a c i d T o t a l i n a v a i l a b l e t o i n - v i t r o

p r o t e i n e n z y m e d i g e s t i o n

A v e r a g e % A veru,ge % R a n g e %

M e t h i o n i n e .......................... 1 . 4 0 0 . 7 0 0 . 5 7 t o 0 . 8 4
L y s i n e ................................. 6 . 6 2 5 . 4 0 4 . 6 6 t o 6 . 1 5
T r y p t o p h a n e ...................... 1 . 5 3 1 . 1 0 0 . 9 7 t o 1 . 1 9

Methods of this type are new and therefore not
f u l l y standardized for accuracy. This particular
method sonletimes gives results from duplicate sam-
ples that vary as much as ± 10%, thus indicating
that a range of 20% may be expected. When the
results above are considered in this light, it appears
certain that t h e r e are no significant differences be-
tween the varieties in available tryptophane. There
seems t o be some possibility of significant differences
in the availability of methionine and lysine.

T A B L E I X

E f f e c t o f T o a s t i n g o n t h e A m i n o A c i d C o n t e n t o f S o y b e a n F l a k : s
( V a l u e s e x p r e s s e d a s p e r c e n t a g e o f t h e p r o t e i n )

A 3 K - 8 8 4 C 4 6 3 ~NIamloxi R i c h l a n d : M e m p h i s b l a n k A v e r a g e
A m i n o A c i d

R a w T o a s t e d R a w T o a s t e d R a w T o a s t e d R a w T o a s t e d R a w T o a s t e d R a w T o a s t e d

A r g i n i n e .......... ; .....................
G l u t a m i c a c i d ........................
t t i s t i d i n e ...............................
I s o l e u c i n e ..............................
L e u c i n e ..................................
L y s i n e ....................................
~ [ e t h i o n i n e .............................
P h e n y l a l a n i n e .......................
T h r c o n i n e ..............................
T r y p t 0 p h a n e . ; ........................
V a l i n e ...................................

7 . 9 2 7 . 8 1
18.2 1 8 . 3

2 . 3 7 2 . 4 3
5.42 5 . 3 8
7 . 6 4 7 . 7 7
6.50 6 . 2 3
1 . 3 8 1 . 3 9
4 . 7 8 4 . 8 0
4 . 0 6 4.O7
1 . 5 0 1 . 5 0
5.23 5 . 2 4

7 . 5 6 7 . 6 3
1 8 . 2 1 8 . 2

2 . 4 8 2 . 5 1
5 . 3 9 5 . 4 2
7 . 7 3 7 . 7 1
6 . 9 0 6 . 3 8
1 . 4 4 1 . 4 8
4 . 9 2 5 . 0 0
3 . 9 6 3 . 8 9
1 . 6 1 1 . 6 5
5 . 2 2 5 . 2 5

7 . 7 0 7 . 8 6
1 8 . 5 1 8 . 6

2 . 5 0 2 . 4 8
5 . 4 8 5 . 3 4
7 . 8 0 7 . 7 7
7 . 6 7 6 . 4 9
J . 4 5 1 . 3 9
5 . 3 0 5 . 3 2
3 . 9 5 4 . 1 7
1 . 4 5 1 . 4 9
5 . 3 2 5 . 2 8

8 . 1 0 8 . 0 9
1 8 . 2 1 8 . 1

2 . 4 7 2 . 3 7
5 . 1 8 5 . 2 3
7 . 5 7 7 . 4 7
6 . 3 5 6 . 3 2
1 . 3 8 1 . 4 0
4 . 8 5 4 . 7 5
3 . 8 1 3 . 9 5
1 . 4 3 1 . 4 8
5 . 1 6 5 . 1 2

8 . 0 3 8 . 1 7
1 8 . 8 1 8 . 4

2 . 4 0 2 . 2 6
5 . 2 8 5 . 2 1
7 . 6 6 7 . 6 4
6 . 5 6 6 . 4 0
1 . 4 3 1 . 4 0
4 . 8 9 4 . 8 6
3 . 9 5 3 . 8 0
1 . 5 5 1 . 5 6
5 . 3 2 5 . 3 8

7 . 8 6 7 . 9 1
1 8 . 4 1 8 . 3

2 . 4 4 2 . 4 1
5 . 3 5 5 . 3 2
7 . 6 8 7 . 6 7
6 . 6 8 6 . 3 6
1 . 4 2 1 . 4 1
4 . 9 3 4 . 9 5
3 . 9 5 3 . 9 8
1 . 5 1 1 . 5 5
5 . 2 5 5 . 2 5
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A v a i l a b i l i t y o f M e t h i o n i n e , L y s i n e , a n d T r y p t o p h a n e o f Toas t ed F l a k e s t o E n z y m e D i g e s t i o n in-Vitro

Soybean V a r i e t y

A c a d i a n ........
A r k s o y .......................
A 3 - 1 7 6 ......................
A 3 K - 8 8 4 ...................
£ 4 - 1 0 7 - 1 2 ....
~h ie f
~ . N . S
~ - 4 6 3 ........
E a r l y a n a ....
PJibson .............
H-5
L i n c o l n . . . ,
L i n c o l n N o . 3
M a m l o x i ....................
N 4 4 - 9 2 ......................
O g d e n ......
g i c h l a n d . . . . .
R o a n o k e .
S - 1 0 0 .........

P ro te i :
i n

F lake~

%
4 8 . 9
5 0 . 9
4 8 . 8
4 7 . 2
4 8 . 0
4 8 . 2
5 0 . 8
4 7 . 2
4 8 . 8
4 8 . 2
4 9 . 4
4 8 . 9
4 6 . 4
4 9 . 5
4 9 . 0
4 7 . 8
4 6 . 4
4 7 . 4
5 0 . 0

T o t a l
in

P r o t e i n

%
1 . 4 3
1 . 3 9
] .43
1 . 4 0
1 . 3 4
1 . 4 8
1 . 3 1
1 . 4 5
1 . 3 7
1 . 4 1
1 . 3 8
1 . 4 0
1.53
1 . 5 0
1 . 3 5
1 . 2 8
1 . 3 7

I 1.41
1 4 2

M e t h i o n i n e L y s i n e

Ava i l ab le
i n

P r o t e i n

%
.61
. 6 5
.68
.76
.63
.66
.75
.61
. 8 4
.59
.61
.61
.78
.71.
.67
.57
.65
.61
.72

P r o p o r t i o n
o f T o t a l

Ava i l ab l e ,

%
4 3
4 7
4 8
5 4
4 7
4 5
5 7
4 2
6 1
5 6
4 4
4 4
5 1
4 7
5 0
4 5
4 7
4 3
5 1

T o t a l
i n

P r o t e i n

%
6 . 5 2
6 . 5 4
6 . 7 0
6 . 8 8
6 . 5 3
6 . 5 9
6 . 0 0
6 . 9 0
6 . 7 4
6 . 9 1
5 . 9 7
6 . 6 7
6 . 7 3
7 . 0 7
6 . 7 0
6 . 7 6
6 . 4 7
6 . 4 8
6 . 5 4

Ava i l ab le
i n

P r o t e i n

%
4 . 9 1
4 . 7 2
5 . 3 3
4 . 6 6
5 . 0 0
5 . 3 9
4 . 7 2
5 . 9 4
6 . 1 5
4 . 9 7
5 . 6 7
5 . 7 3
5 . 1 7
5 . 6 5
4 . 9 0
5 . 0 2
5 . 1 8
5 . 4 9
6 . 0 0

P r o p o r t i o n
o f T o t a l

Ava i l ab le

%
7 5
7 2
7 9
6 8
7 7
8 2
7 9
8 6
9 1
7 2
9 5
8 6
7 7
8 0
7 3
7 4
8 0
8 5
9 2

T o t a l
in

P r o t e i n

%
1 . 5 1
1 . 4 5
1 . 5 6
1 . 5 0
1 . 4 8
1 . 5 6
1 . 5 5
1 . 6 1
1 . 5 6
1 . 5 4
1 . 5 4
1 . 6 4
1 . 6 0
1 . 4 4
1 . 4 9
1 . 4 2
1 . 5 7
1 . 4 8
1 . 4 6

T i y p t o p h a n e

A~va i l ab le
i n

P r o t e i n

%
1 . 0 4
1 . 0 6
1 . 1 7
1 . 0 8
1 . 1 9
1 . 1 2
1 . 0 6
1 . 0 8 ]

. 7 - 1 . 0
1 . 1 2
1 . 0 3
1 . 1 7
1 . 1 6

.97
1 . 0 4
1.13
1 . 1 6
1 . 0 8
1 . 0 8

P r o p o r t i o n
o f T o t a l

Ava i l ab le

%
6 9
7 3
7 5
7 2
8 0
7 2
6 8
6 7
5 1
7 3
6 7
7 1
7 3
6 7
7 0
8 0
7 4
7 3
7 4

Description of 20 Varieties by J. L. Cartter
1 . L i n c o l n w a s d e v e l o p e d c o o p e r a t i v e l y b y t h e U . S . R e g i o n a l

S o y b e a n L a b o r a t o r y a n d t h e I l l i n o i s E x p e r i m e n t S t a t i o n
o u t o f a c r o s s b e t w e e n M a n d a r i n a n d M a n c h u .

2 . R i c h l a n d w a s d e v e l o p e d b y t h e I n d : ~ a n a A g r i c u l t u r a l E x p e r i -
m e n t S t a t i o n as a s e l e c t i o n f r o m P . I . 7 0 5 0 2 .

3 . A 4 - 1 0 7 - 1 2 i s a l i n e f r o m a c r o s s b e t w e e n M u k d e n a n d R i c h -
l a n d d e v e l o p e d b y t h e U . S . R e g i o n a l S o y b e a n L a b o r a t o r y
i n c o o p e r a t i o n w i t h t h e I o w a E x p e r i m e n t S t a t i o n .

4 . A 3 K - 8 8 4 i s a n e a r l y t y p e b e i n g d e v e l o p e d b y t h e U . S . R e -
g i o n a l S o y b e a n L a b o r a t o r y a n d t h e I o w a E x p e r i m e n t S t a -
t i o n o u t o f t h e c r o s s R i c h l a n d b y M u k d e n .

T A B L E X
Effect o f T e a s t i n g o n t h e L y s i n e C o n t e n t o f Soybaan F l a k e s

( V a l u e s expressed as p e r c e n t a g e (if c r u d e p r o t e i n )

Sample

Acadian .............................................
A ' k s o y ...............................................
A 3 - 1 7 6 ...............................................
A 4 - 1 0 7 - 1 2 ..........................................
C h i e f ..................................................
~ . N . S .................................................
E a r l y a n a ...........................................
G i b s o n ...............................................
H-5 ........................ . ...........................
L : n c o l n ..............................................
L i n c o l n N o . 3 ....................................
N 4 4 - 9 2 ..............................................
N 4 4 - 7 7 4 ............................................
O g d e n ................................................
R o a n o k e ...........................................
S - 1 0 0 ................................................

A v e r a g e .......................................

Raw Toas ted

6 . 5 2 t C 2 l
6 5 4 6.4~
6 . 7 O 6.55
6 . 5 3 6 . 3 8
6 . 5 9 6 . 8 9
6.O0 6 . o 7
6 . 7 4 6.2:1
6.91 6.42
6.51 6.11
6 . 6 7 6.21
6 . 7 3 6 .e6
6 . 7 0 6 . IS
6 . 7 3 6 . 0 4
6 . 7 6 6 . 2 2
6 . 4 8 6 . 2 6
6 . 5 4 ~ . 2 1

6 . 6 0 6 . 2 8

5 . H 5 i s a s e l e c t i o n o u t o f a c r o s s b e t w e e n M u k d e n a n d M a n -
d a r i n d e v e l o p e d b y t h e U . S . R e g i o n a l S o y b e a n L a b o r a t 3 r y
a n d t h e O h i o E x p e r i m e n t S t a t i o n .

6 . C - 4 6 3 i s a s e l e c t i o n f r o m a c r o s s b e t w e e n D u n f i e l d a n d M a n -
s o y d e v e l o p e d b y t h e U . S . R e g i o n a l S o y b e a n L a b o r a t o r y
a n d t h e I n d i a n a S t a t i o n .

7 . T h e v a r i e t y C h i e f i s a s e l e c t i o n o f a c r o s s b e t w e e n I l l i n i
a n d M a n c h u d e v e l o p e d b y t h e I ] l i n o ' s A g r i c u l t u r a l E x p e r i -
m e n t S t a t i o n .

8 . E a r l y a n a i s a v a r i e t y p r o d u c e d b y t h e I n d i a n a E x p e r L
m e n t a l S t a t i o n a s a s e l e c t i o n f r o m a n a t u r a l h y b r i d .

9 . A 3 - 1 7 6 i s a s e l e c t i o n f r o m a c r o s s I l l i n i b y D u n f i e l d a n d
h a s b e e n d e v e l o p e d c o o p e r a t i v e l y b y t h e U . S . R e g i o n a l
S o y b e a n L a b o r a t o r y a n d t h e I o w a E x p e r i m e n t S t a t i o n .

1 0 . L i n c o l n as a b o v e .
1 1 . S - 1 0 0 i s a s e l e c t i o n d e v e l o p e d b y t h e M i s s i s s i p p i A g r i c u l -

t u r a l E x p e r i m e n t S t a t i o n f r o m a R o g u e o r o f f - t y p e f o u n d
i n a f i e l d s a m p l e o f I l l i n i s o y b e a n s .

1 2 . T h e v a r i e t y G i b s o n , d e v e l o p e d b y t h e I n d i a n a S t a t i o n , i s a
p u r e l i n e s e l e c t e d o u t o f a c r o s s b e t w e e n t h e t w o v a r i e t i e s
M i d w e s t a n d D u n f i e l d .

1 3 . T h e v a r i e t y O g d e n w a s s e l e c t e d f r o m a c r o s s b e t w e e n t h e
v a r i e t y T o k y o a n d P . I . 5 4 6 1 0 , a p l a n t i n t r o d u c t i o n n u m -
b e r b r o u g h t i n t o t h i s c o u n t r y d i r e c t l y f r o m t h e O r i e n t .
O g d e n w a s d e v e l o p e d b y t h e T e n n e s s e e A g r i c u l t u r a l E x -
p e r i m e n t S t a t i o n .

1 4 . A r k s o y 2 9 1 3 i s a s t r a i n s e l e c t e d o u t o f t h e v a r i e t y A r k s o y
b y t h e A r k a n s a s E x p e r i m e n t S t a t i o n .

1 5 . N 4 4 - 9 2 i s a s e l e c t i o n o u t o f a c r o s s b e t w e e n t h e v a r i e t y
T o k y o a n d P . I. 5 4 6 1 0 d e v e l o p e d b y t h e U . S . R e g i o n a l
S o y b e a n L a b o r a t o r y i n c o o p e r a t i o n w i t h t h e N o r t h C : a r o -
] i n a A g r i c u l t u r a l E x p e r i m e n t S t a t i o n .

1 6 . N 4 4 - 7 7 4 i s a n o t h e r s e l e c t i o n f r o m t h e s a m e c r o s s a b o v e .
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