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TABLE IV 
Performance Data on Xitrile Rubber Compositions Containing Experimental Plasticizers 

Plasticizers 
i 300% Modulus, 
i p.s.i. 

Unused ! Aged 

Ultimate tensile 
strength, p.s.i. 

Ultimate elongation, 
p.s.i. 

Cont. ols i 
None ..................................................................................... I 2970 
Polymeric epoxy .................................................................... 1420 
Petroleum type ..................................................................... 1670 
Di-2-ethylhexyl sebaeate ....................................................... 1650 

Linoleic actduets i 
Trimethyl ester of maleic adduct ........................................... 1620 
Dimethyl ester of acrylic adduet .......................................... i 1480 
Epoxidized dimethyl ester of acrylic adduct ......................... ! 1380 

Oil adduets 
Safflower dibutyl maleate adduct .......................................... i I510 
Linseed dibutyl maleate adduct ............................................ I 1620 

3210 
3300 

3180 
2970 

2740 
2800 
2830 

a l.- mined I A~ed 

i 
3380 ] 3420 
2950 I 3110 
3020 3300 
3190 3410 

3100 ! 3360 
3170 3110 
3130 ! 2880 

2430 ! 2980 
2570 2830 

Unaged Aged 

400 210 
600 260 
550 310 
530 210 

560 335 
600 320 
620 340 

490 320 
500 310 

Brittle 
point, 

--32 
--26 
--28 
--32 

--27 
--32 
--29 

--18 
--29 

Aged in metal block heater at 212~ for 7 days. 

TABLE V 
Rating of /~fost Promising Adduet Products as Plasticizers for Nitrile Rubber 

i Relative rating index ~ 

Plasticizer 
i Efficiency 

Controls ] 
None ............................................................................................................ L 10 
Polymeric epoxy type ................................................................................. 2 
P etroleum type ............................................................................................ : 5 
Di-2-eth:dhexyl sebaeate .............................................................................. i 3 

:Linoleic adduets I 
Trimethyl ester of maleie adduct ................................................................. ~ a 
Dimethyl ester of acrylic addnct ................................................................. 2 
Epoxidized dimethyl ester of acrylic adduct ............................................... : 1 

Oil adducts I 
Safflower dibutyl maleate adduet ................................................................ ' 4 
Linseed dibutyl maleate adduct .................................................................. 5 

Compression 
set 

4 
10 

2 
1 

I 
1 
6 

3 
8 

Volatility 

11 
10 
13 
14 

3 
9 
9 

2 
4 

Extraction 

ASTM oil Ref. 
No. 1 fuel B 

1 6  4 
17 9 
15 10 

6 6 

8 2 
11 1 

1 3 

2 16 
12 15 

I~rittle 
point 

Best ~ 1. 

g o o d  c o m p a t i b i l i t y  w i t h  a e r y l o n i t r i l e  s y n t h e t i c  r u b b e r .  
T h e  r e m a i n i n g  f o u r ,  w h i c h  i n c l u d e d  t h e  e p o x i d i z e d  
t r i - 2 - e t h y l h e x y l  e s t e r  a n d  t h e  t r i m - b u t y l  e s t e r  o f  t h e  
m a l e i e  a d d u c t  a n d  t h e  e p o x i d e s  o f  t h e  d i - 2 - e t h y l h e x y l  
e s t e r  a n d  t h e  d i m - b u t y l  e s t e r  o f  t h e  a c r y l i c  a d d u c t ,  
w e r e  o n l y  p a r t i a l l y  c o m p a t i b l e .  A l l  o f  t h e  v e g e t a b l e  
oi l  a d d u e t  e s t e r s  a n d  e p o x i d e s  s h o w e d  g o o d  c o m p a t i -  
b i l i t y .  A s  j u d g e d  b y  a p p e a r a n c e  a n d  f e e l  o f  t h e  s p e c i -  
m e n s ,  c o m p o s i t i o n s  p l a s t i c i z e d  w i t h  t h e  v e g e t a b l e  oi l  
a d d u e t  p r o d u c t s  w e r e  " d r i e r "  t h a n  s o n i c  p l a s t i c i z e d  
w i t h  e o m p a t i b l e  l i n o l e i c  a d d u c t  e s t e r s  a n d  e p o x i d e s .  
P e r f o r m a n c e  d a t a  a n d  r e l a t i v e  r a t i n g  i n d i c e s  f o r  t h e  
m o r e  p r o m i s i n g  e x p e r i m e n t a l  p l a s t i c i z e r s  a r e  g i v e n  i n  
T a b l e s  I V  a n d  V .  I t  i s  e v i d e n t  t h a t  t h e  e x p e r i m e n t a l  
p l a s t i e i z e r s  c o m p a r e d  f a v o r a b l e  to  t h e  c o n t r o l  p l a s -  
t i e i z e r s .  T h e  d i m e t h y l  e s t e r  o f  t h e  a c r y l i c  a d d u c t  
e q u a l l e d  o r  e x c e e d e d  a n y  o f  t h e  c o n t r o l s .  

C o n s i d e r e d  a s  a g r o u p ,  t h e  v e g e t a b l e  oi l  a d d u e t  
e s t e r s  a n d  t h e i r  e p o x i d e s  w e r e  g e n e r a l l y  s i m i l a r  i n  
p e r f o r m a n c e  t o  t h e  p e t r o l e u m  t y p e  o f  c o n t r o l  e x c e p t  
t h a t  t h e y  w e r e  l e s s  v o l a t i l e  a u d  l e s s  r e a d i l y  a f f e c t e d  
b y  A S T 3 {  o i l  N o .  1. T h e  l o w e s t  b r i t t l e  p o i n t  w a s  o b -  
s e r v e d  w i t h  t h e  l i n s e e d  d i b u t y l  n i a l e a t e  a d d u c t .  

A l l  o f  t h e  p l a s t i c i z e r s  t e s t e d ,  b o t h  e x p e r i m e n t a l  a n d  
c o n t r o l ,  s h o w e d  a p p r o x i m a t e l y  e q u i v a l e n t  b e h a v i o r  i n  
t e s t s  f o r  c o n t a c t  a n d  n l i g r a t i o n  s t a i n i n g .  
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Water Absorption of Soybeans 
A L L A N  K .  S M I T H  a n d  A R L O  M .  N A S H ,  w i t h  t h e  t e c h n i c a l  a s s i s t a n c e  o f  L E T T A  I. W I L S O N ,  

N o r t h e r n  R e g i o n a l  R e s e a r c h  L a b o r a t o r y ,  ~ P e o r i a ,  I l l i n o i s  

The ra te  of  water  absorp t ion  of U.S. and  J a p a n e s e  soybeans  
has  been m e a s u r e d  a t  10 ~ and  25~ and  a t  in i t ia l  moi s tu re  
levels r a n g i n g  f rom 7.5 to 14.0%. The  p r inc ipa l  cont ro l l ing  
f ac to r  in abso rp t ion  of  water  is the  seed coat. However  the  ra te  
of  wa te r  absorp t ion  of sound  whole beans  is s lso inf luenced by  
the  ini t ia l  mo i s tu re  level in the  beans ;  the  lower the mois tu re  
the  slower the  ra te  of  water  absorpt ion .  The presence of  ba rd  
beans  also reduces  the  ra te  of water  absorp t ion .  U.S. soybeans  
usua l ly  have  lower mois tu re  and  con ta in  more  ha rd  ones t h a n  

1This is a laboratory of the Northern Utilization Research and De- 
velopment Division, Agricultural Research Service, U.S. Department of 
Agriculture 

do J a p a n e s e  beans.  These  f ac to r s  a re  a t t r i b u t e d  to the  c l imat ic  
differences of  the  two countr ies .  No f u n d a m e n t a l  differences 
were found  in the  ra te  of  wa te r  abso rp t ion  of U.S. and  J ap -  
anese  soybeans .  

T 
HE RATE OF W A T E R  A B S O R P T I O N  Of soybeans is 
c o n t r o l l e d  b y  t h e i r  s e e d  c o a t ;  a p i n h o l e  o r  a 
c r a c k  i n  t h e  c o a t  g r e a t l y  i n c r e a s e s  t h e  a b s o r p -  

t i o n  r a t e .  

B r o w n ,  S t o n e ,  a n d  A n d r e w s  ( 2 )  o f  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  d e s c r i b e d  a l a b o -  
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r a to ry  method and equipment  for  cracking the seed 
coat of soybeans and other seeds, thereby increasing 
the rate of water  absorption. They t reated seeds in 
a closed system with an electrical potential  sufficient 
to produce a glow discharge in a tube at a pressure 
of about 1.0 ram. of mercury.  Af te r  this t rea tment  
soybeans absorb water  very  rapidly.  

Seeds t reated by this method of i rradiat ion were 
supplied to us by the Tennessee workers and were 
examined under  a microscope by M. J.  Wolf,  histo- 
chemist at the Nor thern  Regional Laboratory.  He 
reported that  " i n  the coat of the t reated seeds a 
characteristic, branched checking and cracking was 
observed. In  most beans this type of damage covered 
the entire area of the seed coat or a large pa r t  of it. 
The cheeks appeared  white, indicating presence of 
a i r ;  sometimes the cheeks were actual cracks in both 
seed coat and cotyledon, elearly open to the exterior 
of the seed."  

Hard Soybeans 
When soaking beans in water,  one finds a variable 

number  which have unusual  resistance to absorption 
of water ;  such beans are ealled " h a r d  beans ."  Fo r  
pract ical  reasons hard  beans are defined here as those 
that  do not absorb enough water  in 16 hrs. to soften 
normal ly  when cooked in steam. Usually hard beans 
can be easily identified af ter  being in water  for a 
few hours because of their  small size and firnmess. 

The slow rate  of water  absorption of hard beaus, 
like normal  beans, is eontrolled by the seed coat. Any 
meehanieal t rea tment  which cracks the seed coat or 
makes a pinhole will permit  rapid water  absorpt io , .  
Handl ing,  t ransportat ion,  and storage under  variable 
conditions of t empera ture  and moisture tend to frac- 
ture  the seed coat and to reduce the number  of hard  
beans. Thus, by the time soybeans reach their  desti- 
nation in Japan ,  the number  of hard  beans should be 
great ly  reduced. Also, because they are usually small- 
sized beans, many  can be removed with a grading 
screen. 

H a r d  beans are well known to people who test seeds 
for  germinat ion as their  slow rate  of water  absorp- 
tion also re tards  germination. Soybeans from any 
souree may  contain hard  beans, but  it appears  from 
our tests that  they oeeur more f requent ly  in the U.S. 
than  in Japanese  beans. J.  L. Car t ter  (3) of the U.S. 
Soybean Labora to ry  has stated tha t  the development 
of hardness is pa r t ly  the result  of hot and d ry  weather 
dur ing  the r ipening period and therefore is more of 
a elimatie than  a varietal  factor. 

The number  of hard  beans and their degree of 
hardness as measured by water  absorption vary  and 
cannot be accurately  counted. 

We found that  the number  which is counted in a 
sample varied with their  moisture content. For  ex- 
ample, a 100-g. sample of beans at a moisture level 
of 7.6% contained 85 hard  beans af ter  soaking in 
water  for  24 hrs. Beans f rom this same sample were 
adjusted to a moisture of 13.8%, and the soaking test 
was repeated. The nmnber  of hard  beans in the 100-g. 
sample was reduced to 6. On permi t t ing  the sample 
to d ry  out again to a low moisture, most of the hard 
beans reappeared.  

P re l imina ry  experiments  were made on U.S. and 
Japanese  beans stored for  several months under  the 
same conditions of humidi ty  and t empera tu re  and 
thus contained essentially the same amount  of mois- 

ture (1). Test results with these beans did not show 
any  signifieant differences in the rate of water  absorp- 
tion. Beeause J a p a n  is a country  of high humidity,  
their  soybeans usually contain higher moisture than 
ours. Many ,Japanese soybeans are known to contain 
14 to 15% moisture whereas U.S. soybeans will lose 
moisture down to 10%. or even lower, depending" on 
storage conditions. With  these climatic eonditions 
and others in mind, a series of water-absorption tests 
were made, using soybeans at different initial mois- 
ture levels. 

Experimental 
Sound ,  whole  s o y b e a n s  were  h a n d - s e l e c t e d  fo r  

water-absorption tests. This method of selection elimi- 
nated broken beans and ones with era eked or other- 
wise damaged seed coats. I t  is realized that  some beans 
with invisible cracks in their  seed coats may  have 
lmssed the screening test and affeeted results to an un- 
known extent. Also there is no correction for the hard  
beans present  in the various samples although some 
of them were probably  eliminated in sorting. Be- 
cause of these unmeasured factors the results are 
regarded as not having any par t icular  degree of pre- 
cision, but  they are considered adequate for  the con- 
clusions discussed later. 

The rate  of water  absorption was determined on 
100 g. of beans. The samples were eorreeted for  mois- 
ture content so that  the results show water  absorption 
on a dry-bean basis. The beans were plaeed in a 
loose mesh, plastie bag, and the bag was placed in a 
600-ml. beaker of water  held in a constant tempera-  
ture bath. The bags were removed each hour, drained 
for ~ rain., weighed, and re turned to the bath. Weigh- 
ings were made usually each hour for the first 7 hrs., 
and a final weighing was made at 24 hrs. 

Measurements were made at 10 ~ and 25~ and at 
initial moisture levels ranging  f rom 6.4 to 14.5%. 

Dur ing  the winter  months the moisture of beans 
in our labora tory  fell below 7%. To raise their  mois- 
ture level the beans were placed in a elosed container 
with a sa turated solution of potassium bromide that  
permit ted  a relative humidi ty  of 84% at 20~ At  
these eonditions about 5 months were required to 
raise the moisture f rom 6.5% to above 13.0%. A hu- 
midi ty  of 95% was tried, but when the moisture rose 
above 13.0%, a mold appeared on the beans. 

Moisture determinat ions were made on a Steinlite 
moisture meter  which had been s tandardized against  
oven moisture values made in a forced-draf t  oven at  
130~ for 3 hrs. 

Results and Discussion 
Table I shows the rate of water  absorption for U.S. 

soybeans at 25~ and various initial moisture levels 

TABLE I 

\Va te r  Absorp t ion  by U.S .  Soybeans a t  25~ and  F ive  
Di f fe ren t  I n i t i a l  5{ois ture  Levels  

No. va r i e t i e s  tested ..... v3 3 12 .4-12.8413.1  5 ] 3 .7  
Mois tu re  r a n g e  q~ ....... 6.5-66.8 , . 0  8 . 0 - 8 . 4  
Avg. moi s tu re  c2~ .......... 6 .62 7.0 8.3 I 12.6  13.6  

Soak ing  t ime (h r s . )  W a t e r  absorbed,  r  g. soybeans 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 67 73 71 70 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 87 93 96 92 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 103 108  112 115 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116  117  119  128  135 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126  128 131  140 145 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135  137  140  149 153 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144  145  145  157  159 

24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167 166  160  169 170 
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T A B L E  I I  

W a t e r  Absorbed  by Japanese  Soybeans  a t  2 5 ~  and Different 5{oisture L e v e l s  

Var ie ty  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! H o k k a i d o  a A o m o r i  ;~ H a k u h o  Average  3Iiyagi  Hokkaido Aomori  Average  
Init ial  moisture in beans,  % .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 6 .5  6 .8  6 .9  6 .7  1 3 . 1  1 4 . 2  1 4 . 7  1 4 . 0  

Soaking  time ( h r s . )  [ Water  absorbed,  g . / 1 O 0  g. soybeans  I 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 59  5 8  4 5  5 4  t 6 7  6 7  6 5  6 6  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 7 7  7 6  6 4  72 i 9 0  8 4  87  8 7  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 9 0  9 3  80  8~ 1 1 2  10O 1 0 9  1 0 7  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 0 4  1 1 2  92  1 0 3  i 1 3 0  1 1 9  1 2 7  1 2 5  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 1 1 2  1 2 5  1 0 2  1 1 ~  ] 1 4 3  1 3 7  1 4 1  1 4 0  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l 1 2 4  1 3 5  1 1 3  1 2 4  i 1 5 4  1 5 0  1 5 0  1 5 1  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 1 3 4  1 4 4  1 1 9  1 3 2  i 1 6 1  1 6 2  1 5 6  1 6 0  

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

a Contained four hard beans  per  1 0 0  g. 

from 6.6 to 13.6%. Corresponding data for Japanese 
beans appear in Table II. Data in Table 1 are aver- 
age values of several varieties at each moisture level 
whereas Table II  contains values for single samples 
as well  as their averages. The averages are made up 
from samples that had moisture levels within a range 
of a few tenths of 1%. Table [ I I  shows the water 
absorption rates at 10~ for both U.S. and Japanese 
beans. 

The i n i t i a l  n l o i s t u r e  c o n t e n t  of  the  beans  is a 
factor in the rate of water absorption for a period 
somewhat longer that 7 hrs.; beans with high mois- 
ture absorb water more rapidly than those with low 
moisture. 

Table IV  shows the water absorbed after 24 hrs. 
in grams of water per 100 g. of beans and also mois- 
ture calculated on the weight  of wet beans, respec- 
tively. After  24 hrs. the effects of the initial moisture 
level appear to be lost; however we are not certain 
that a moisture equilibrium was reached. Equilib- 
rium is not easily measured since, after 24 hrs. in 
water, there is a nonuni form leaching of bean con- 
stituents, perhaps promoted by enzyme activity. How- 
ever, if  the 24-hr. results are assmned to represent 
moisture equilibrium, it appears that Japanese beans 
took up about 11 g. more water per 100 g. of beans 
than did U.S. beans; this small difference has aroused 
some speculation as to its cause. 

Protein and insoluble carbohydrates are the compo- 
nents primari ly  responsible for absorption of water. 
In isolating soybean protein we have found that, 
under similar physical  and chemical conditions, the 
residue of the extraction, which is about 65% water- 
insoluble carbohydrate, holds 10 times its weight of 
water whereas the extracted protein holds only twice 
its weight. Al though the physical  state of the protein 
and of the carbohydrates after extraction differ from 
what they are in the whole bean, it is believed that 
their relative water-absorbing capacity may  be much 
the same. An  earlier report (7) shows that the aver- 

T A B L E  I I I  

W a t e r  Absorpt ion  at 10~ by  U.S .  and Japanese  S o y b e a n s  
at T w o  Moisture  Levels  

No. of varieties  tested . . . . . . . . . . . . . .  
Moisture range  % ... . . . . . . . . . . . . . . . .  
Avg .  m o i s t u r e  % .. . . . . . . . . . . . . . . . . . . . .  

Soaking  time (hrs . )  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U.S,  soybeans  Japanese  soybeans  

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

6 .5  1 3 . 1  6 .6  1 4 . 0  

W a t e r  absorbed, g . / 1 0 0  g. soybeans  

51  
70  
82  
9 3  

1 0 2  
1 0 9  
1 2 1  
1 6 3  

6 0  
78  
9 1  

1 0 3  
1 1 3  
1 2 1  
1 3 1  
1 6 8  

4 4  
62 
7 4  
8 7  
9 7  

1 0 7  
1 2 0  
1 7 8  

51 
68  
7 8  
8 9  
98  

1 0 6  
1 1 5  
1 7 0  

age protein in Japanese soybeans is only about 1% 
greater than in U.S. beans and thus could not ac- 
count for the difference in absorbed water. It seems 
more likely that the difference should be attributed to 
a possible difference in water-insoluble carbohydrates. 

The  d e v e l o p m e n t  of  m e c h a n i c a l  e q u i p m e n t  for  
scratching or breaking the seed coat of a soybean 
would seem to be a logical way  to increase the rate of 
water absorption. However  for food products like 
natto and hamanatto the problem is complicated by 
other requirements. 

T A B L E  I V  

Averaae  *Water-Absorption ~.ralues of Soybeans,  H a v i n g  Var ious  Moisture 
Levels, After  Soaking  2 4  hrs .  in Water  at 25 ~ and at 1O~ 

U . S .  soybeans  

Moisture i 
Taken from No. of Jnitial Temp.  of i Water  in whole 

absorp- I absorbed average ! beans aft- 
table variet ies  moisture tion i in  2 4  h r s .  e r  2 4  h r s .  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A v g  . . . . . . . . . . . . . . . . . . . . . . .  ] 
i 

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ': 5 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 4 
A v ~  . . . . . . . . . . . . . . . . . . . . . .  . . . . .  

a r g .  

6 
3 
3 
4 
5 

% 
6 .6  
7 .0  
8 .3  

1 2 . 6  
1 3 . 6  

6 .5  
13.1  

~ 

2 5  
2 5  
2 5  
2 5  
2 5  

1 0  
1 0  

! g. 

1 6 7  
1 6 6  
1 6 0  

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

1 6 3  
1 6 8  
1 6 5 . 5  

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

6 2 . 0  
6 2 . 8  
6 2 . 4  

Japanese  soybe ns  

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

3 . . . . . . . . . . . . . .  i 4 6 .6  10  1 7 8  6 4 . 0  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 1 4 . 0  10  1 7 0  6 3 . 0  
A v ~  . . . . . . . . . . . . . . . . . . . . . .  �9 . . . . . . . . . . .  1 7 4 . 5  6 3 . 5  

Natto and hamanatto are nlade by fermenting whole 
beans, and how tlle whole bean looks in the final food 
product is an important  factor in customer aeeep- 
tance. The glow-discharge method causes sueh a large 
number of cracks that when beans are soaked in water 
many of the hulls loosen and break away from the 
eotyledons,  the loose hulls give the final product an 
unsat is factory appearanee. Mechanical scratching of 
the seed coat, as with sandpaper, would be another 
method expected to increase the rate of water absorp- 
tion, but this treatment dulls the seed eoat and pro- 
duces a less aeceptable product. Thus the mechanical  
pretreatment of beans to improve water absorption for 
making natto and hamanatto  does not seem feasible. 

Breaking the seed coat would not be objectionable 
in making miso, the most important  of the fermented 
food of the Japanese made from whole beans, because 
the final step in processing is to grind miso into a 
thick paste. However  recent research at the Northern 
Laboratory developed a different approach to this 
problem of nonuniforna water absorption for making 



MAaCt% 1961 SMITH AND ~'ASIt:  WATER ABSORPTION 123 

raise. The new method 5) makes an improved qual- 
i ty of raise in a shorter fermentat ion period than the 
old method by using dehulled soybean grits which 
absorb water  and which cook rapid ly  and uniformly.  
I f  the new method of making raise is adopted, the 
problems of water  absorption and cooking will be 
eliminated in the miso process. 
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Removal of Fatty Soil from Glass by Surfactants and 

Surfactant-Builder Compositions 
J. C. HARRIS, R. M. ANDERSON, and J. SATANEK,Monsanto Chemical Company, 
Research and Engineering Division, Research Department, Dayton, Ohio 

Previous papers have reported radiotagged fa t ty  soil re- 
moval from glass either by solvents or by aqueous solutions 
of sodium tripolyphosphate and other builders. This paper 
provides soil-removal data for aqueous systems of both pure 
and built  sur fae tant  compositions of the nonionie and alk.vl 
benzene sulfon:~te types. In  general, nonionics are the most 
effective detergents for the system fa t ty  soil /glass;  the 10- 
mole ethylene oxide adduct products show peak soiI-remow,l. 
Nonionie surfaetants  t~ppear most effeeth-e for soil removal 
when used in baths closely approaching their cloud-points. 
Though modification of hydrophobe by EO addition can 
affect cloud point, peak soil-removql effectiveness seems to 
be controlled by hydrophobe selection. Highest  soil remowd 
for the alkylbenzene series occurred with the longer alkyl 
chain (pentadeeyl).  

Admixture of surfaetant  and sodium tripolyphosphate pro- 
vided synergistic compositions with eertain 10-EO surfaet:~nts. 
Building of anionies markedly improved soil removal over the 
pure material  but  seldom exceeded the removal by STP alone. 

p REWOUS DATA (1,2) developed in the renmval of 
radio-tagged t r is tear in  f rom a glass substrate 
showed that  the initial removal of cohesively- 

bound soil could be by dissolution if a solvent were 
used, and probably  by emulsification if an aqueous 
medium not a solvent for fa t  (sodium tripolyphos- 
phate  solution) were used. Removal  of adhesively- 
bound soil is more difficult than for  that  cohesively 
held, and the mechanism appears  to be one of pref-  
erential displacement of soil by  a more polar  sub- 
stance, which releases the soil f rom adsorption sites. 
In  the solvent systems the more polar the solvent, 
the greater  was the ease and completeness of soil 
removal, I n  the aqueous sodium t r ipolyphosphate  re- 
moval system, preferent ia l  soil displacement was the 
significant mechanism. 

The present  paper  is concerned with f a t t y  soil re- 
moval in aqueous systems by  a var ie ty  of sur fae tants  
and surfaetant-bui lder  compositions. 

Presen ted  at 34th  fall meet ing ,  A m e r i c a n  Oil Chemis ts '  Society, New 
York ,  October  17 -19 ,  1960. 

Experimental 
With the exception of the following details the pro- 

(.edure was the same as that  previously described 
(1,2).  In addition to earbon-14 tagged tristeari11, 
carbon-14 tagged triolein was used in certain experi- 
ments. In all cases spotted soil applications were used, 
as indicated in the figures. Wash tempera tures  are 
likewise indicated. 

The nonionie surfaetants  were laboratory  prepara-  
tions f rom which the eatalyst  had been removed. The 
alkylbenzene sulfonates and the other anionics were 
essentially 100% active ingredient obtained by puri-  
fication. The alkylbenzenes were cuts corresponding 
e.~sentially to the carbon chain-lengths noted;  sodium 
oleate and sodium lauryl  sulfate (U.S .P . )  were ob- 
tained f rom the Fisher Scientific Company.  

No~fionics. The effect of molar ethylene oxide (EO)  
ratio at constant solution concentration upon soil re- 
moval is shown in F igure  1. Peak removal  occurred 
at a 10-molar EO level, and while this curve is for 
n-dodecanol, similar curves were obtained for other 
adduets. 
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FIG. 1. Effeet of Molar EO ratio on detergency. 


