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Soaking Soybeans before Extraction as it Adffects

Chemical Composition and Yield of Soymilk

Winston Yau-Lai Lo, K. H. Steinkraus, D. B. Hand, L. R, Hackler and W. F. Wilkens .
New York State Experimental Station, Dopartment of Food Science and Teelinology, Cornell University, Geneva New York 14456

SUMMARY

As the soaking time for soybeans
inerensed, larger quantities of water-
soluble solids leached into the soak
water where they were lost in the usual
methods of manufacturing  soymilk.
Analysis of the dry solids found in the
soul water showed the following com-
position: 23.3% crude protein (of
which 48.79, was non-protein nitro-
gen); 289 fat; 4.69 sucrose; 1.5%
raffinose; 3.5 stachyose; and G3.7%
other earboliydrates, Changes, appar-
ently metaholic, in the soybeans diiring
soaking ecaused protein to deerease
from 43¢4 in the non-souked control
to 38% for the 24-hr soalk to 369, fovr
the 72-hr sonk, Non-protein nitrogen
inecreased during the same intervals
from 0.16% to 0.28% to 0.869,. I'at
decreased during sonking from 249 to
199, (72-br soak).

INTRODUCTION

The term soymilk is generally ap-
plied to the aqueous extract of soy-
beans, which is similar to cow’s milk
in appearance, Iowever, the flavor of
the two produets is quite different. The
associntion of the term “milk” in the
deseription of this soybean extract is
unfortunate, Tt often mislends those
who are unfamilinr with it to compave
goymille unfavorubly with the move
familiar flavor and tfexture of cow's
milk.

The first recorded history of the soy-
bean plant in China was written in
Sheng Nang's “Materia Medien” in
2838 B.C. (I, 1964). However, it was
Whai Nain Use who introduced soy-
milk to the people some years later

(Piper et al., 1923). The history of
soynilk in China covers more than
two millennia,

By the classical Chinese method of
manufacturing soymilk, soybeans are
soaked in cold water until hydrated,
ground finely with added water in 2a
stone mill to form a slurry, filtered to
remove the insoluble residue, and the
soymilk is hoiled to improve flavor.
Yield of soybean solids in the form of
soymilk is estimated to he ahout 659
by this process.

Hand et al. (1964) reported a
method of manufnetnring soymilk Lhat
involved dehulling and fine grinding
of stenm-dried soybeans and slurrying
the powder with water to produce u
soymille, This utilized 905% of the soy-
bean solids.

Also reeently, Mustakas et al.
(1964), in cooperation with the Wen-
ger Machinery Company, developed
another process for manufacturing
soymilk that is cwrrently receiving
considerable attention. By this proce-
dure, dehulled soyhean flakes, properly
conditioned with moisture, nre fed
into an extruder and foreed through
an orifice under conditions of short-
time, high-temperature, high-prossure
from which the hean mixture cmerges
cooked, puffed, and dried. The puffed
material is then finely ground and ean
he slurried with water to form soymilk.

In the ITand ef al. (1964) and Mus-
takas et al. (1964) processes, no sonk-
ing or sonk water lnsses are involved,
The yield of soybean selids in the form
of milk is greatly improved. However,
soybeans are complex hiologieal unti-

ties containing a vuriety of anti-growth
factors (Liener, 1951, 1053). Ostensi-
bly, the Chinese have used the pre-soak
to make the beans grind morve easily.
However, the Chinese process also re-
sults in the removal of the insoluble
residue. Hackler ef al. (1963) reported
that the ingredients extracted in sonk
water failed to support the growth of
rats, and that the proteins in the in-
soluble residue had a hetter nutritional
value than those in the soymilk. Very
little information iz available in the
liternture concerning the composition
of sonk witter or the materials removed
from soyheans by snaking. This study
was undertaken to determine the na-
ture of these substances and of the
changes that take place in the hean
during soaking, The yield of solids in
soymilk in relation to the extent of
sopking was also sludied.

EXPERIMENTAL

The soaking studies were performed
on three kg samples of Iarasoy vari-
ety soybeans.

Sample 1. Non-soaked control. The
whole beaus were steamed at 100°C for
45 min to inactivale enzymes, and sur-
fnee moisture was then removed by
drying for 10 min at 105°C in o tray
dryver. The beans were dehulled in a
burr mill, properly spaced to yield
principally cotyledons. Hulls were re-
moved by aiv separntion. The split
beuns were puverized in a hammer-
mill equipped with a 40-mesh sereen,
The hean flour was slurried with warm
water to a 165%-solids mixture and was
homogenized at 6,000 lb/in’® The ho-
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mngencous slurry was freeze dried.
Sample 2. Soybeany soaked 24 hr at
1°C. Soybeans were sonked in three
times their weight of water at 1°C for
a total of 21 hr. The beans were wet
dehulled in an clectrically-driven vege-
fable peeler nfter zonking for 16 hr.
The dehnlled beans were soaked in
another volume of fresh water for an-
other § hr. The total soak water was
saved and freeze dried before analy-
sis. The hydrated, dehulled beans were
slurried by grinding them with water

in the ratio of 1:8 (beaus:water)
through the 0.023-inch sereen of a

Reitz disintegrator. The slurry was
freeze dried betore analysis,

Sample 3. Soybeauns soaked 72 hr.
The whole beans were pre-sonked fur
4 hr and wet dehulled as in Sample 2,
The beans were then given a total of
72 hr of sonking, including pre-soak,
with waler being changed fonr times
after 16 or 18 consecutive hr of soak-
ing. At each inferval, the soak water
was saved, freeze dried individually,
and analyzed to determine the compo-
sition of the sonk water as souking
progressed.

The soaked heaus were ground as in
Sample 2. The shury was passed
through a press filter and separated
into & milk and a residue fraction. The
fractions were homogenized and freeze
dried as in otler samples,

CHEMICAL ANALYSIS OF
SAMPLES

Moistures. A-l-g samnple was oven-
dried at 95 .to 100°C to comstant
L

Table 1. Recovery of solids in soak
water, soymilk, and residues from soybeans
soaked for 0, 24, and 72 hr at 1°C.

Yield of solids

Ruaple (r) bLased on
series initinl dry welght
no. Fraction of soybenns
1 Saybeans
Nan-soaked
control 88
e Soyheans
Soaked 24 hr 81
2 Souk water
. 24 hr ]
3 Soymilk from
72 hr sonking &0
a Residua 28
] Soak walnr No. 1
4 hr 0.70
3 Water saved from
wet dehulling 413 (4.88)0
3 Suouk water No, 2
20 hr 2.63 (7.61)
H] Sonh water No, 3
a8 hre 0.76 (8.20)
i} Sonk water No, 4
54 hr 1.08 (0.01)
3 Sonk water No. b
T2 hr 0.18 (0.78)
3 Combined soak
water v2 hr 0.7

1 C.mulative losses of sulids in soak and de.
hulling water.

weight, Usnally a period of 4 hr was
required.

Nitrogen by micro-Kjeldahl. A 100
to 150 mg sample was digested in the
presence of 2 g of K.SO,, selenium
granules (Hengar), and 3 ml of con-
centrated 11.S0,, Digestion wns com-
pleted in approximately 2 L. Seven
min were given for each distillation;
distillate was received in 20 1l of 1¢5
borie acid. The quantity of uitrogen
was determined by tilration with 0.1N
IICL Methylene blue-methyl red (1:2)
was used as the indieator, giving a
vinlet end point. A conversion factor
of 6.25 was used for the estimation of
protein,

Noun-protein nitrogen. The wmethod
recommended by Becker et al. (1940)
was used.

A 1 g sample was treated with 40 ml
of 0.8N 1CA followed by mechanically
shaking for 30 miu to precipitaie the
proteins; precipitates were separated
hy eentrifugation hefore filtering. Each
extraction wns repeated, and the su-
pernatants weve combined and analyzed
for non-protein nitrogen by the micvo-
Kjeldahl methind.,

Ether extractable fat, The method
22.033 of AOAC (1965) was used.

A pre-dried 1-g sample was extracted
with anhydrons ether for 4 hr, Ether
was recovered from fat throngh evapo-

ration and recondensation. The ex-
tracted fut was then dried and weighed.

Chloroform-ethanol extractabie fat.
A pre-dried 1-g sample was extracted
with 059 cthanol for 15 min aud then
with equal volumes of chloroform and
ethanol for 20 min. The fat thus re-
leased was finally extracted with ether,
dried, and weighed.

Fiber. The method 22.035 of AOAC
(1965) was used.

The fat-free residue from the cther
extracted sample was used. The loss
on ignition of the sample after diges-
tion with 1.23¢4 of IL.SO, and 1.25¢%
of NoOH was defined as the weight of
fiber,

Suqur amilysis of soak awater of
soybeans. Sucrose, raftinose, and stachy-
ose were deteemined by the paper chro-
matographic method (Shallenberger et
al., 1961) for quantitative determina-
tion of reducing sugars aund sucrose.

Freeze-dried soak water solids were
dissolved ip 80¢% hot ethanol; a con-
centration of 100 to 300 ug was used
for spotting the paper chromatograph.
Each sngar was identified by running
knowns in parallel on one-dimensional
descending chromatogram for 72 hr.
The quantity of each idenlified sugar
was determined by overnight digestion
with invertase of corresponding un-
sprayed seclions of the paper having

Table 2. Comparison of various analytical data on soaked beans, soak water solids,
soymilk, and iesidues derived from soybeans soaked for 0, 24, and 72 hr.

Sumple Protein  Non-protein  Tatol Free
series nitrogen  nitrogen fat fut Fiber Motlsture
no. Fraction % % o % Go %
Soybeans
1 Non-sonked control %.21 0.17 25.3 18.9 1.64 5.02
2 Soybeans ~
2 soaked 24 hr 0.79 0.19 20.5 20.6 2,13 8.74
2 Soak water 21 hr 1.84 1.80 280 ... 0.88 ...
] Soymilk from
7% hr gonking 7.88 036 23.2 18.0 0.00 8.68
3 tesldue 5.85 0.19 20.6 16.9 4.48 8.63
3 Soak water 4 hir 1.44 1.40
8 Sonk water 88 hir 1.70 1.80
8 Soak water 54 I 1.88 0.05
3 Sonk water 72 hr 1.82 0.93

Table 3. Comparison of yields in grams of protein, non-protein nitrogen, total fat,
fiber, and carbohydrates (hy difference) per 100 g of soybean on molstura-free basis.

Sample Tutal Nou-protein Totol
series protein nitrogen fut Fiber Carbohyidrate
no. Fraction g 4 [ 4 4
1 Sayheana
Non-soaked controt 42,00 0.163 21.0 1.4¢6 22.6
B Soybeans
soaked 21 hiv 871.77 0.166 23.4 1.86 21.8
2 Soak water 21 hr 0.69 0.11 0.14 0.42 3.3
Total of 24 hr srak water
and 24 hr spaked benns 38,46 0.27¢0 23.54 2.28 24.4
3 Soymilk from heans
sonked 72 hr 20.59 0.185 12.8 0.60 18.0
8 Resilue 7.60 0.501 6.00 1.29 13.2
8 Soak water No. 5
72 hr 1.61 0.11 e e e
Total of milk restdua, and
sonk water of 72 he 356.69 0.856 18.56 1.20 26.2
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Table 4. Comparison of soymilks prepared

from soybeans soaked for about 16 and 72 hr,

Chemicnl composition of soymilk?

Length . Others
of QOrude Free Bound (Carbo-
sonk Protein fat fat Fiber Moisture hydrates)
(hr) % % G % % %
Qvernight! {(ahout 18 hr) 49.4 18.1 15.6 0.1 8.2 18.6
72 51.9 18.0 5.2 0.0 3.7 21.2

1 The composition of soymilk ia obtained f
used, and methods of analysls were similar to
2 Freeze-dried milk,

the same R, values as the knowns and
ealeulated from equivalents of redue-
ing sugars which were, in turn, deter-
mined with suzar reagents and eolor-
imelry.

RESULTS AND DISCUSSION

The offect of soaking time on loss of
solids from beans. It was found that
the longer the soybeans were soaked
before extraction the greater was the
loss of solids in the soak waler. On the
average, heans sonked for 24 hr re-
sulted in a 5% loss, while soaking for
72 hr resulted in a loss of 109 of sol-
ids (Table 1).

The rate of loss of solids decreased
with time of scaking. This was shown
from the cnmulalive weights of solids
recovered from various fractions of
soak water as soakibg time inereased
from 4 to 72 hr (Table 1).

T'o keep soak water losses at n mini-
mum, sonking should e continued only
long enough to permit the soyheans to
ahout double their initial dry weight.
This permits the soyheans to be easily
ground with rhost«of the cells ruptur-
ing nnd releasing their constituents to
the soymilk fraetion.

Chemical analysis of the soak water
solids after soaking leans for 24 hr
showed that it had the following com-
position:

Crude protein
Tat

Sucrose
Raflinose . ...
Stachyose
Other carbohydrates

(By difference)

Of the total nitrogen, upproxi-
mately one-half was non-protein nitro-
gon, The ratio of protein nitrogen to
non-protein nitrogen remained fairly
consfant (1:1) in soak waler solids
through 38 hr of soaking (Tuble 2).
As sonking wns continued for 54 aud
72 hr, the ratio of protein to non-
protein nitrogen changed to about 2:1,

63.5

rom Hand et al. (1964)., The Clark soybeun was
the ones used in this paper.

Protein nitrogen in the soak water
solids was fairly eonstant after 2} hr
of soaking. Loss of protein nitrogen
in the soak water was somewhat less
when the heans were soaked for unly
4 hr,

In contrast to the sonk water solids,
the soybenans, the residue following soy-
milk extraction, and the soynilk all
had relatively high profein/non-protein
nitrogen ratios in the range of 21 to
42 (Table 2). This was true regardless
of the length of souk.

Metabolie changes in soybeans dur-
ing souking. "Total protein in the in-
teracting system, i.c., sonked beans plus
soak water (Table 3) decreased from
439 (non-soaked control) to 38¢,
(24-hr soak) to 369 (72-hr soak) in
soybeans sonked at 1°C, apparently
as a result of metabolie changes,

The decrease in total proteins was
accompauied by an inerease in mnon-
protein nitrogen from 0.16<, (non-
sonked control) fo 0.28% (24-hr souk)
to 0.865, (72-br soak). The incrense
in non-protein nitrogen materials pre-
sumably consisted of polypeptides and
amino acids, the breakdown products
of proteins.

There was also n decrease in fat
from 249 (non-sunked control) to
1995 (72-hr soak).

An increase in earbohydrates (by
difference) during the sonking process
was also ohserved. The earhohydrate
content incrensed from 239 (control)
to 2495 (24-hr soak) to 269 (72-hr
soak).

Although the above changes are
similar to those occurring during seed
germination, it is unlikely that they
are identieal, since soaking beans in-
volved the complete inmersion of the
seed and limited the oxygen supply.

The effect of soaking on the compo-
sition of soymilk, The composition of
soymilks prepared with an overnight
sonk (16 hr) (Iand et al,, 1461) and
a 72-hr soak is compared in Table 4.

Considering the differences in the
varieties of heans used, the only real

difference between the two sawples is
the ratio of free to bound fat.

The implieation of this difference
to the quality of the soymilks is not
apparrnt, Therefore, it can be con-
cluded that the soaking of heans for
as long as 72 hr did not result in mea-
surable differences in the gross compn-
sition of the soymilks produced,

However, quantitative analyses of
true protein and non-protein nitrogen,
along with total and free amino acids,
might have shown differences in the
crude protein fractions with incrpased
soaking time. Other aveas worthy of
detailed study arve the specifie suzars
and higher olizo- and polvsaccharides,
which might show differences in soy-
milks prepared with different sonking
times. Vitamin content may be altered
during soaking (De, 1048),
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