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s 
PROUTED SOYBEANS have long been used as human 
food in the Orient. Analytical determinations on 
the composition of sprouted soybeans and a litera- 

ture search for comparable studies indicate that such 
beans could form the basis of a high-energy, high- 
protein broiler feed. 

Block: and Bolliug (2) found that the amino acid 
composition of soybeans changed little, if any, on 
germinating for two to five days; Dunn and his stu- 
dents (5) observed a decrease of about 30% in the 
total amino acids after germinating for 12 days. The 
vitamin content of soybeans increases appreciably 
after germinating for two to six days. Burkholder 
and McVeigh (3) determined the changes in the B 
vitamin contents of seven varieties of soybeans after 
germinating for four days. Figure 1 is drawn from 
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:FIG. 1. Changes in the vi tamin content of soybeans on sprout-  
ing for  four  days, f rom Burkholder  and :YicVeigh (3) .  

their average values for the Lincoln, Dunfield, and 
~I1]ini varieties, which are related to commercial 
varieties presently grown for use in animal feeds. 
With the exception of thiamin and folic acid, increases 
from 31 to 90% in the B vitamins were noted. Studies 
on vegetable varieties have shown large increases of 
carotene (13) and vitamin C (15) on germinating 
from two to six days. The optimum sprouting time 
of vegetable varieties, based on the coupled effects of 
vitamin content and taste, was reported to be 54 hrs. 
at 28~ not including a 10-hr. soaking period (13). 

Sasaki (11) investigated the compositional changes 
which occurred in Japanese and Korean varieties of 
soybeans during germination up to 12 days. There 
was no change in total nitrogen at the 5- and 10-day 
periods. However in five days a decrease of 21% in 
protein nitrogen and a corresponding increase in non- 
protein nitrogen was observed. After 12 days of ger- 
mination 5% of the starting bean weight was isolated 

1 Presented at the fall meeting, American Oil Chemists' Society, Chi- 
cago, Ill., September 23-26, 1956. 
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as asparagine, which is in agreement with the results 
obtained by Dunn (5). The total carbohydrates in- 
creased from 22.6% in the seed to 25.8% by the fifth 
day, based on the starting weight of the seed, and 
then decreased slightly to 25.1% by the tenth day. 
Stachyose and sucrose were used up during the first 
five days, at which time reducing sugars reached a 
maximum of 4.7% and then decreased. Starch and 
dextrin increased steadily from 0.4 to 9.0%, based on 
the starting seed weight, during the first 10 days of 
germination. Petroleum ether extractables had de- 
creased 17.0% by the fifth day and 37.0% by the 
eighth day of germination. From this study it ap- 
pears that during the first five days of germination 
the loss in oil weight is equivalent to the gain in 
carbohydrate weight. 

Feeding studies with rats (6) have shown increased 
protein efficiency after germinating soybeans for 60 
hrs. although the percentage of nitrogen absorbed 
was not increased. Like mature beans, the germinated 
beans appear to contain antigrowth factors and must 
be cooked before feeding. 

None of the above studies report the loss in dry 
matter on germination. Since it is known that cereal 
grains rapidly lose dry matter during germination 
(4), it might be suspected that soybeans would do 
likewise. The data reported here were obtained to 
determine the loss in dry matter and to follow the 
changes in oil, nitrogen, thiamin, and ascorbic acid 
during a practicable germination period for a typical 
American variety in order to evaluate the possibility 
of germinating soybeans to produce a high-energy, 
high-protein broiler feed. 

Experimental 
For each germination period, except those involv- 

ing the thiamin and ascorbic acid studies, 100 g. (605- 
611 seeds) of Hawkeye variety soybeans from the 
1955 crop were washed with chloride-of-lime solution 
(350 p.p.m. C12) to inhibit mold growth, then the 
beans were soaked in 275 ml. of tap water over-night 
(17 hrs.). The drained beans (about 240 g.) were 
spread out on moist cotton, covered with three layers 
of moist cheesecloth, and allowed to germinate in the. 
dark at room temperature (24~176 The soaking 
time is included in the germination time. 

The germinated beans were dried over-night at 
70~ ground, and dried to constant weight at 100~ 
Corrections were made for solublcs in the soaking 
liquor (av. 0.7%) and for sterile or spoiled beans 
(av. 1.4%). Nonprotein nitrogen was measured by the 
amount of nitrogen soluble in 0.8 N trichloroaeetic 
acid (]), and other analyses were made by the meth- 
ods of the Association of Official Agricultural Chem- 
ists. Analyses are reported on a dry weight of the 
starting beans as determined by drying to constant 
weight at 100~ at atmospheric pressure. Higher 
drying temperatures or vacuum drying were avoided 
for fear of removing volatiles from the germinated 
beans since the reported (11) increase of Reichert- 
Meissel value for oil from germinated beans indicates 
the possibility that low-molecular-weight fatty acids 
were formed. 
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Ungerminated soybeans destined for use in the 
studies involving changes in thiamin and ascorbie 
acid on germination were also t reated for  inhibition 
of mold growth, but  the subsequent soaking time in 
water was limited to approximately 2 hrs. The beans, 
whether soaked for  2 hrs. or 17 hrs., appeared to 
at tain the same wet weight within the first day of 
germination. The germinated beans were taken as is 
and analyzed for thiamin and ascorbie ac id . .  The 
vitamin values were calculated to the d ry  weight of 
the s tar t ing beans. Thiamin was measured by the 
thiachrome method of Johnson (9).  A modified indo- 
phenol-xylene extraction method (14) was used to 
measure ascorbie acid. 

Results and Discussion 

The growth rate of the sprouts and the loss i n  d ry  
matter  on germinating from two to six days are 
shown in Table I. Since corn has been reported (4) 

T A B L E  I 
Growth  of Sprouts  and  W e i g h t  Loss D u r i n g  Ge rmina t i on  

Leng th  of W e i g h t  loss 
Germina t i on  t ime sprouts  of d ry  ma t t e r  

(hours )  ( inches)  (%) 

48 ................................................................. �88 0.8 
72 ................................................................. ~ - %  1.5 
96 ................................................................. ~ - - ~  2.0 

120 ................................................................ 1%--2 2.5 
144 ................................................................. 2 ~s ~ 2.6 

to lose 10.8% of its d ry  weight dur ing a two-day ger- 
mination period, it is noteworthy that  less than  3% 
of the d r y  mat ter  of soybeans was lost during a six- 
day germination period. 

Figure  2 shows the changes which occur in nitro- 
gen values. Protein nitrogen was determined by sub- 
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FIG. 2. Changes in nitrogen on germinating soybeans. Per- 

centages of nitrogen are based on the dry weight of the start- 
ing beans. 

t ract ing nonprotein ni trogen f rom total  nitrogen. 
After  a six-day germination period t he  loss in total 
nitrogen was 2.6%, and the decrease in prote in  nitro- 
gen was 15% with a corresponding increase in non- 
protein nitrogen. The apparent  loss in protein does 
not necessarily reflect a loss in protein feeding value 
because the breakdown products, such as amino acids 
and peptides, should appear  in the nonprotein frac- 
tion and be available to the animal. 

Changes which occur in the oil are shown in Figure  
3. There was no loss in oil dur ing the first three days 
of germination, dur ing  which t ime the oil maintained 
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FIG. 3. Changes in the oil (petroleum ether extractables, 
P.E.) content of soybeans on germination, and of the free 
fatty acids (F.:F.A.) in the oil. Percentages are based on the 
dry weight of the starting beans. 

its natural  yellow color. The oil from the five- and 
six-day germinated beans was dark, which indicated 
the formation of a petroleum ether soluble chromo- 
genie substance. At  the end of six days of germina- 
tion 12% of the oil had been lost. The decrease in 
free f a t ty  acids f rom 0.44% in the bean oil to 0.14% 
at the two- and three-day germination period was 
unexpected. A repetit ion of the analyses gave the 
same values. According to Hill  et al. (8), the hydrol- 
ysis of fats by lipase in the germinating seed proceeds 
slowly at first, but  as the percentage of acid formed 
increases, the rate increases. In  other words, a little 
acid accelerates the hydrolyt ic  action of lipase. The 
decrease in free fa t ty  acid at the beginning of the 
germination therefore probably results f rom its being 
metabolized at a greater rate than it is being liberated. 

In  general, the nitrogen and oil values reported for 
Hawkeye soybeans are in agreement with those re- 
ported by Sasaki (11) for  Japanese and Korean 
varieties. He did not observe any decrease i n  total 
ni trogen dur ing the first 10 days of germination;  
Dunn (5) reported a loss of only 2.3% during a 12- 
day period. Sasaki reported a greater decrease in 
both protein nitrogen and oil for  a five-day germi- 
nation period. These differences may result f rom a 
different technique used in sprouting the beans; for  
example, he maintained his beans at 40~ dur ing  the 
first two days. 

Changes which occur in the thiamin and ascorbic 
acid content of the soybeans on germination are 
shown in Figure  4. No appreciable change was ob- 
served in the thiamin content dur ing the first four  
days of germination, which is in agreement with the 
observations of Burkholder  (3) and Wai (13). Sugi- 
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FIG. 4. Changes in aseorbie acid and thiamin content of ger- 

minating soybeans, calculated to dry weight of starting beans. 
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moto (12) reported no remarkable change in thiamin 
up to 13 days of germination. At most it appears that 
alternating minor gains and losses of thiamin occur 
during germination. Aseorbie acid was absent in un- 
germinated beans but appeared within the first 24 
hrs. of germination and reached a value of 390 micro- 
grams per gram at the end of three days. It  was 
found in the reduced form only (14). Previous in- 
vestigators (3, 13, 15) have reported that ungermi- 
nated soybeans contained aseorbie acid and that the 
original value increased several-fold during the first 
three to five days of germination. Previous reports 
(3, 13) also show varying amounts of aseorbie acid 
present in the dehydro form. A report (14) of the 
modified indophenol-xy]ene extraction method used 
in the present study to estimate ascorbic acid showed 
that the analytical methods used by previous investi- 
gators gave high values for aseorbie acid because of 
interference by sulfhydryl groups. It  was also shown 
that the aseorbie acid values reported for ungermi- 
nated soybeans and the values reported for dehydro- 
aseorbic acid resulted from interference associated 
with sulfhydryl group activity. 

From several excellent studies (3, 7, 13, 15) on the 
increase in the vitamin content of soybeans on ger- 
mination it appears that a substantial increase can be 
expected in two to three days. Since the over-all 
composition of soybeans does not change appreciably 
during the first 72 hrs. of germination, it appears that 
sprouted beans could be used as a basis for producing 
a high-energy, high-protein broiler feed. Hulls are 
easily removed from sprouted soybeans because they 
become loose and detaehed on drying. This property 
would facilitate removal of undesired fiber. How- 
ever grinding followed by screening would have to 
be used because aspiration would probably remove 
the dried sprouts. 

Summary 
Changes in nitrogen and oil contents and loss in 

dry weight have been followed during the first six 
days of germination of the Hawkeye variety of t~oy- 

beans; thiamin and ascorbic acid content have been 
followed for four days. During the first three days 
about 1.5% of the dry matter was lost; the nonprotein 
nitrogen increased from 3 to 6% of the total nitro- 
gen, with no change in the petroleum ether extract- 
ables and with a decrease in free fat ty acids. At the 
end of six days, with sprouts about 21~ in. long, only 
2.6% of the dry matter was lost, the nonprotein 
nitrogen had increased to 13% of the total nitrogen 
with 2.6% loss of total nitrogen, and a 12% loss was 
observed in petroleum ether extractables; the free 
fat ty acids did not inerease appreciably. No change 
in the thiamin content occurred during the first four 
days of germination. Aseorbie acid was found to be 
absent in mature beans but appeared after the start 
of germination and increased rapidly during the four- 
day period. 

An analysis of these results and of those from the 
literature indicates that soybeans sprouted for two 
to three days have possibilities: for use in high-energy, 
high-protein broiler feed. 
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K 
NOWLEDGE Of the solubilities of fat ty acids and 
derivatives in organic solvents a t  various tem- 
peratures is useful in the research laboratory 

and in industry in connection with low-temperature 
fractional crystallization and liquid-liquid distribu- 
tion processes. The presently available information 
has been covered quite completely in two reviews 
(1, 2). It  is characterized by many gaps, largely 
for two reasons: a) many of the compounds are diffi- 
cult to prepare in sufficiently pure form, and b) tech- 
nical problems introduced by such phenomena as 
polymorphism and supercooling sometimes make reli- 
able measurements difficult. 

1 ttormel Inst i tute  Publication No. 159, a report of work done under 
contract with the U. S. Departmen~ of Agriculture and ~nthorized by 
the Research and Marketing Act of 1946. The contract has been 
supervised by the Eastern Utilization l~esearch Branch of the Agricul- 
tural  Research Service. 

2 Present  address: U. S. Foo~l and Drug Administration, ~Vfinneapo- 
]is. Minn. 

~ Present address: Oklahoma Medical Research :Foundation, Okla- 
homa City. 

In previous measurements, two methods have been 
used to determine solubilities. Brown et at. (2, 3) 
and Bailey et al. (1) have used a so-called analytical 
method, which involves withdrawal and analysis of a 
portion of a solution in which equilibrium has been 
established between the solvent phase and an excess 
of solute. Others have used a "syn the t ic"  method, 
which is somewhat simpler and has the added ad- 
vantage of using appreciably less material without 
sacrifice of accuracy. This method consists of observ- 
ing the temperature at which the last crystal disap- 
pears when raising the temperature of a solution of 
known gross composition or, alternatively, of observ- 
ing the temperature at which the first crystal appears 
when the temperature is lowered, l ioerr  and l iar-  
wood (5) employed the rising temperature technique. 
Ward and Singleton (11), using the falling temper- 
ature method, introduced refinements involving an 
examination of the cooling curves at different rates of 


