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STUDIES ON THE PROTEIN OF SOY BEAN

THE EFFECTS OF NEUTRAL SALTS OF Low CONCENTRATION
ON THE STABILITY OF SOY BEAN PROTEIN
DISPERSED IN WATER

Masaru FUNATSU

INTRODUCTION

It is well known that the effects of electrolytes on protein sol
show a remarkable difference depending upon their concentration.
As has been shown by Graham, the aggregation of protein on
flocculation is quite different from that on salting-out.

Especially a protein sol which consists of two or more kinds
of protein shows a particular behavior toward the electrolytes.
In such a protein sol focculation of protein takes place in a
different manner from a simple protein sol depending upon the
proportion of its protein components.) @ As Plétner® has already
reported, serum shows an inconsistent stability toward sulfesalicylic
acid depending upon the proportion of globulin to albumin in
serum. Moreover, the proportion of lactalbumin to casein in
milk cdn easily account for the fact that various kinds of milk
have different stability to acid or regnin.®

Now, on extraction of soy bean meal with distilled water, the
greater parts of globulin will dissolve in combination with salt
in meal. Thus we obtain a polyphase protein colloid, in which
two types of protein, i.e., globulin of lyophobic nature and albumin
and protecse of lyophilic nature, disperse in water containing
minute quantities of salts derived from soy bean meal. In this
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solution proteins are negatively charged by adsorbing the electro-
Iytes derived from soy bean and are in a state of sowcalled un-
saturated colloid practically identical with soil colloid, because, as
later mentioned, the quantity of all the metal ions is not enough
to saturate the protein particles. The protein sol in the watery
extract of soy bean may not be considered pure sol, since various
organic substances in soy bean are extracted with dxstllled water
together with the protein.

Therefore, for studying the dispersion-state of protein particles,
at first, it must be decided, whether or not we can use the extract
as a pure protein sol. Experiment has shown that it is not un-
reasonable to treat the extract as a pure sol so far as present
studies are concerned. '

On adding neutral salts to this protem sol, it was observed
that flocculation, which occurs due to the unstable colloidal state
of globulin, takes place at about 0.04 Mol. concentration of salt
in different ways depending upon the proportion of albumin to
globulin. This phenomenon can be clearly explained by the pro-
tective action of albumin against the flocculation of globulin.
This result, furthermore, has been verified by an experiment, in
which egg albumin used instead of soy bean albumin produced
the same effect on the flocculation. Nevertheless, the mechanism
~ of the protective action of one protein against the other has never
been fully explained.

The present paper deals with the discussion of the mechanism
from the point of view of hydration under the assumption that
the adsorbed albumin plays the same role as bound water against
the globulin particle. .

ExpERIMENTAL METHOD
Preparation of soy bean protein

Crush the Manchurian yellow soy bean by hammer crusher,
avoiding heating as much as possible. After removing the testa
by wind, extract the lipoids with ether and further grind it into
fine powder by mortor. ‘

Extract the protein of this soy bean meal by shaking with 50
times its weight of distilled water for two hours in room tempera-
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ture (24-25°C). Centrifuge the extract (3000 r./min., 30 min.), filter
the supernatant of extract under suction through the filterpulp 2
cm. thick. The clear filtrate contained 1.17-1.20 mg mtrogen in
c.c. and its pH value was 6.4-6.5.

Estimation of the relative turbidity of sol®

The state of dispersion, that is, the state of aggregation of
protein particle due to the addition of salt was concluded from
its relative turbidity. And the relative turbidity of sol has been
estimated by measuring its Tyndall light, since at a constant
concentration of protein the strength of Tyndall light of sol is
proportional to the volume of particle within a certain range of
size of particle. This fact is clearly seen from the formula of
Rayleigh :

nv? cv
I=k S = k = P

The measurement. of the strength of Tyndall light has been

made by means of Pulflich’s Step Photometer (for turbidity) with
filter L, and milky filter No. 4 for standard light, unless otherwise
mentioned.
" The values of relatwe turbidity of sol were rppresented with
the strength of Tyndall light, I. For the convenience of the direct
comparison between those of various sol, the propoirtion of the
relative turbidity of each sol to a standard sol without any addition
of salt was calculated and expressed as RV.

~Measuremernt of viscosity®

The relative viscosity of the sol was determined by using
Ostwald’s viscosimeter. The viscosity of protein sol does not
conform to the formula of Einstein-Smoluchowski: 7, = %,(1+ K¢)
and gives extremely high value. This abnormality in viscosity
chiefly depends upon the high hydration of protein particle and
has been shown by a value of (3,—7%,)/4 according to Kruyt et al.

By the addition of electrolytes the electrical charge of particle
changes due to the charge of electrolyte ions and the increase of
relative viscosity can be represented by following value (Fsse— Te)Te
- where, 7,,, the viscosity of sol added to the electrolyte and 7, the
viscosity of dispersed medium after the addition of salt.
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EXPERIMENTAL RESULTS AND DiscussioN

1. Can soy bhean protein sol be used interchangeably with the
pure protein sol? '

The soy bean protein sol contains various organic substances
derived from soy bean meal. It is considered that the organic
substances besides protein produce more or Iess changes on the
properties of protein sol.

 If the extent of the influence of other organic substance be-
sides protein is. not greal as to change the collpidal behavior of
protein particle or to change the relationship between the values
of each components of Rayleigh’s formula, we may deal with the
pure onc. By these means, it must be decided whether or not
the value for I & of these sols, which have equal concentration of
protein, may be maintained always constant to various wave lengths
of light, as is required by the formula of Rayleigh. Table 1 clearly
shows the values for I A' remain constant irrespective of the wave
length of light. Hence, it follows that protein sol behaves just
like a pure protein sol in spite of the co-existance of other organic
substances.

Table 1. 14?1 value of soy bean protein sol {at 25°C).

Wa»e fength Soybean protein sol Soybe'an protein sol Soybean protein sol

nitrogen content nitrogen content nitrogen content

Filter n}amm_um 1.21 mgfec. pH-=6.5 0.61 mgjcc. pH=6.5 1.21 mg/cc. pH=6.4

nlﬁrfg’ﬁ’“ 1 I 44.10-53 1 Ijtl0-w I Iit10-1
L, 50¢- ¢ 270.3 3.3 208.3 25 285.7 3.5
S 575 144.8 37+ 2326 25 370.4 3.9
Ssx 531 416.7 33 3125 24 444.4 3.6
Sue v 494 490.2 2.4 416.7 20 666.7 - 32
Sev 465 500.0 -2.3y% 434.8 2.0 £45.2 3.0
S 438 - - 4878 1.8 952.4 35
Mean value of 11%.10-12 32 23 ' 35

1. Flocculation of soy bean protion by the addition of salt.

By the addition of the electrolytes, such as ammonium sulfate,
sodium sulfate, sodium chloride, to the soy bean protein sol, a
-flocculation appears at a certain concentration of salt lower than
that needed for salting out. Between these two concentrations of
salt, peptization takes place and the protein particles disperse in
the high degree, '



Table 2. Effect of salts to soy bean protein sol and soy bean albumin sol.

Soybean pro’r.ein s0l - Soybean albumin sol
nitrogen content - 0.235~0.245 mgjcc. pH=6.4 nitrogen content 0.03 mgicc. pH-6.4
(NH,,80;  NaSO,  MgS0,  NaCl (NH,,S0,  Nas$SO, NaCl
) e —"— p—, et e, s, r—, e
Relative -
turbi-

Conc_dity I RV I RV I RV I RV 1 ) RV 1 RV I RV
of salt

0.000 78 100 111 . 100 11 100 90 100 53 100 ‘ 53 100 53 100
0,001 79 101 11].' 100 571 514 90 100 52 98 51 96 52 93
0.002 86 110 115 103 floc.culation | 91 101 ol 97 49 92 52 93
6.004 100 128 127 114 flocculation © 91 101 50 97 47 &9 _ 50 94
0.010 222 284 164 148 Hocculation 105 117 50 97 31 59 38 74
0020 1111 1422 435 391 flocculation 161 179 50 97 27 51 37 70
0.040 1428 1828 1000 900 flocculation 588 653 42 79 28 53 34 64
0.100 909 1164 833 750 1428 1285 1667 1852 30 54 29 55 37 70
0200 124 159 233 209 222 200 1250 1389 24 45 31 59 39 &
(.400 100 128 187 186 156 140 455 505 18 34‘ 34 64 42 .79

1.000 192 246 400 360 139 125 167 185 18 34 50 94 47 89

631
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To 10 cc of soy bean protein sol prepared by the method
previously mentioned add varying volumes of 2 to 0.002 Mol. solu-
tion of neutral salts, and increase the ‘total volume to 50 cc with
distilled water. The protein sols having 0.001 to 1.0 Mol. concen-
tration of salt are then obtained. :

Their turbidities are measured by means of Pulfrich’'s Step
Photometer (for turbidity) in 30 min. after adding salt. The results
obtained are shown in Tal?le 2 and illustrated in Fig. 1.

RV

1000

100

- ————---- 0y baan grotein sol.

o ———— g0y bsan albumin eol.

10 i s 2 v taasl 1 o o Leaal 3 i 6 s Laye
0.001 0.005 0.01 .03 0.1 0.5 1.0

Conc. of salt (Mol.)

Fig. 1. FEffect of salt to soy bean protein sol and albumin.

A: MgS0, B: (NH,), SO, C: Na, S0, D: NaC]\
E: (NH,). S0, F: NaCl G: Na, SO,
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It will be noticed that the gradual ‘increase in the relative
turbidity after the addition of salt is followed with the abrupt
increase to. a maximum, giving rise to flocculation. Then the rapid
peptization takes place, followed with salting out.

In the case of adding ammonium sulfate, for instance, the
relative turbidity of sol increases gradually until 0.01 Mol. concen-
tration of salt and reaches its maximum value at about (.04 Mol
Salting out takes place in concentration greater than 0.4 Mol. These
turbidity curves are given in similar way by various salts, but, of
course, the point bf flocculation varies with the kinds of salt.

The flocculation occurs also in 10 to 20 times diluted sol (see
Table 5). It seemes to indicate that the concentration of electrolytes
originally contained in the protein sol is not inherent to the floc-
culation. On the other hand, the series of protein sol, to which
NaCl has been previously added up to 2.5%, 5% and 109 respec-
tively, give no flocculation by adding a solution of ammonium
sulfate which containes the respective concentration of NaClL (see
Fig. 2). It is considered that by adding NaCl the unsaturated
protein particle adsorbs Na ion and changes into saturated colloid,
thus resulting in the increase of bound-water to maximum value
and dispersal in stable state. Even if the substitution of ion be-
tween Na and NH, takes place by adding ammonium sulfate, the
protein particle will be kept in stable state and give no flocculation.

_ From these two experiments above mentioned, it will be seen
that the greater parts of the protein particles are in unsaturated
state. The fact that albumin does not show. flocculation by
adding such a small quantity of salt, makes us conclude that this
flocculation takes place chiefly due to unstable dispersion state of
globulin. Even though globulin gets into sohition by combining
with the inorganic salts in soy bean and. increases its stability in
solution by combining with albumin, yet it exists in relatively
unstable state, ie., in unsaturated colloidal state. This unstable
globulin is further protected by this combined albumin from the
action of salt, that is, from the attack of salt to that governing
the stability of globulin.

- The addition of salt results in the breakdown of the electrical
potential as well as the decrease of bound-water, which cause the
lowering of the stability of protein particles, especially of globulin.
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But at the same time there is a resistance to the change of stability,
which is given by albumin. '

The change of the electrical condition of protein particle, due
to the substitution of adsorbed ion, the change of Donnan potential
and the change of ionic activity, can be demonstrated by the change
in hydration as well as the change in viscosity of sol.®? The floccula-
tion, therefore, Wi]l be explained more in detail by measuring the
viscosity of sof’.

The change in viscosi_tjr by the addition of ammonium sulfate
has been shown by the ratio, (9...—7%.)/%., in Table 3 and Fig. 3.

Table 3. Change of viscosity and that of pH of soy bean protein sol
‘by adding ammonium sulfate.

Concen-

tation '} M vy Twete Detd¥ege0 2¥e  Taie—e
Wef'z"w vi{f ' Z‘E
Mol./L :
0.000 78 640  1.0069 100.0 - 0.0069 - 100
0.001 79 6.72 1.0197 101.3 040197 281
0.002 86 6.72 . 10245 101.7 0,0245 350
4.004 100 7.03 1.0250 101.8 0.0250 357
0.010 222 7.03. - 10257 101.9 0.0257 367
0.020 1111 7.04 1.0254 11.8 0.0254 363
0.040 1428 7.05 1.2331 122.5 . 02331 - 3329
0.100 909 6.98 10130 - 100.6 0.013¢ 186
0.200 124 6.98 1.0102 100.3 0.0102 146
0.400 100 6.98 1.0119 100.5 0.0119 170.
1.000 192. 6.98 10118 101.1 0.0178 254
1.200 — 6.98 1.0232 101.6 0.0232 331

On adding ammonium sulfate, the rclative viscosity of sol
hardly increases until the concentration of salt reaches to 0.04 Mol.,
except for the initial little increase, but at the point of flocculation
it increases suddenly to a maximum high value and then falls
down giving rise to peptization. A salting out will follow with
a gradual increase -in .the viscosity. The change of pH of sol
parallels the cha_pge of viscosity, but not in such great magnitude.

The initial increase in viscosity is caused by the rapid adsorp-
tion of ammonium ion by unsaturated protein particle. At the
same time, the ionic substitution will occur between adsorbed and
" added ions. Inherently the soy bean protein particle seems to be
similar to K-colloid, judging from the quantity of electrolytes of
soy bean. The adsorption power of ammonium ion by protein
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Fig. 3. Change in viscosity.
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particle is so much stronger than that of potassium that the ionic
substitution occurs between them. This phenomenon may be con-
tinued to the end of ionic substitution and until finally the colloid
becomes saturated with ammonium ion. Since the hydration of
ammonium ion is smaller than that of potassium ion, the decrease
‘of hydration of protein particle must accompany the substitution
of ion.” The changing into saturated colloid, will results in the
depression of Donnan potential and ionic activity which causes
the decrease of total potential of protein"mice_lle. But all of those
tendencies to lower the hydration of particle appeared to be negligi-
ble compared to the increase of hydration by adsorbed albumin.
In this connection the combination of albumin means the increase
of bound-water. - Nevertheless, owing to the change of those elec-
trical conditions?® the total potential of micelle becomes lower.
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The bound-water and combined albumin separate gradually and
partially from globulin. Some of those globulin particles which
repel each other adsorb together, resulting in the lowering of
electrical resistance. And so a large particle is adsorbed by a
smaller one.. Thus the increase in viscosity due to the enlargement
of volume of particle by aggregation will counter balance the
decrease in viscosity caused by the depression of hydration of
partticle. : :

In this way the viscosity of sol appears to remain constant.
But =t 0.04 Mol. concentration of ammonium sulfate increases the
viscosi}y rapidly and the flocculation occurs. This will be accounted
for by the breakdown of the combination of albumin and globulin.
In consequence, paris of globulin are subjected to the attack of
salt. This leads to the rapid flocculation of globulin particle.
Then the viscosity falls down very rapidly and this means so-called
peptization, At this point the potential of particle fails down
below the critical potential and albumin will separate completely
froni* globulin. Over this concentration of salt the combination
of globulin with albumin will be completely destroyed and
globulin will become sensitive to salts. Adding more quantities
of salt increases the viscosity. This will mean slow aggregation.

Because of this action, we conclude that albumin plays an
important role in flocculation and that globulin will become just
as hydrated. It will be presumed, accordingly, that the floccila- .
tion will take place in a different manner depending upon the
proportion of albumin to globulin. To ascertain this assumption,
the following experiment has been carried out.

IIl. The influence of the proportion of albumin to globulin
upon the effects of salt.

To make clear the influence of the ratio between globulin and
albumin upon the effect of salt, soy bean albumin was added to
the soy bean protein sol in different concentrations and the effect
of ammonium sulfate upon them has been observed. The soy bean
albumin was prepared by the following method. The soy bean
protein sol has been subjected to dialysis for 2 days against water
using collodion membrane. The precipitated globulin was separated
by centrifuge and supernatant albumin fraction has further been



Table 4. Influence of ratio __globuli_n upon the effect of ammonium sulfate.
; albumin
Number of sol I ] _ IIE v v
The composition Soybean protein Soybean protein  Soyhean protein Soybean protein  Soybean protein
of 8ol sol+ albumin sol + dlbumin sol + albumin sol + albumin sol (original}
fraction fraction fraction fraction
Nitrogen mg/fcc 0.021 0.041 0.085 0.182 0.285
Ratio, _globulin 002 1.83 5.12 10.51 13.83
albumin
- Relative
CHRE. of turbidity -~ . S ———— [P T —
salt (Mol) R_V I RV I RV RV RV
0.000 89 100 87 100 .80 100 82 100 78 100
0.001 87 97.7 85 97.7 65 813 - 85 103.7 79 101.1
0.002 86 96.6 77 88,5 - 59 73.8 86 104.9 86 110.0
0.004 86 96.6 32 36.8 48 60.0 94 114.7 100 128.0
0.010 86 96.6 29 333 57 71.3 143 1742 222 284.2
0.020 86 96.6 80 919 263 329.0 556 677.8 1111 1422.1
(.040 70 78.6 250 2873 867 8334 1250 1595.0 1423 1827.8
0.100 45 50.5 189 2168 435 543.5 833 1018.6 509 1163.5
0.200 15 16.8 32 36.8 69 863 164 2268 124 158.7
0.400 12 135 29 335 57 71.3 122 1401 100 128.0
1.000 30 37 45 5.7 93 1163 183 2201 192 2458

961

Vi
Soybean protein
sol (10 times

diluted
0.028
13.83
5 100
15 100
15 1060
155 103.4
20 1334
77 513.6
263.2 1755.6
169.5 113086
34 226.8
21 140.0
33 220.1
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subjected to dialysis for 2 days against distilled water. The pre-

cipitated globulin was again centrifuged off and clear albumin

fraction was obtained by filtration through filter pulp.

~ The determination of the ratio between globulin and albumin

was made by the method by Muramatsu.® '
Experimental results were given in Table 4 and Fig. 4.

The flocculation occurs in a different manner on changing the
proporticn of albumin to globulin. From the fact* that there is
no change of colloidal state in diluted sol due to adding albumin
fraction, it will be clear that the decrease of nitrogen content gives
no effect upon the flocculation. This phenomendn may be accounted
for by the increase of stability of globulin due to the protective
action of albumin. The following data will show clearly the
intimate relation between RV and the proportion of globulin to
albumin at 0.04 Mol. ammonium sulfate, that is, in a point at
which the dispersity of protein particles is minimum.

Elohulin ratio RV

" albumin
- I TR T -
183 oot et 2873
502 e .. 833.4
051 weveeeerres e seeresrnesseeesenseneeneenseinneee 15250

13 o 18008

As the ratio changes, there also occurs the flocculation in a different
manner. When the ratio falls down to 0.02, almost no flocculation
takes place. The above result apparently reveals the important
role of albumin in the flocculation. In this connection it will
naturally be expected that, in place of soy bean albumin, egg
albumin will have the same effect on the flocculation. Practically
the same results were obtained with egg albumin, as is shown in
Table 5 and Fig. 5. Egg albumin behaves in a manner t
protect soy bean protein from the influence of salt. '
In conclusion, it is a remarkable fact regarding the protective
action of protein, that serum albumin as well as egg albumin

* That the dilution due to the addition of albumin fraction gives no influence
upon the effect of ammonium sulfate, was ascertained by examining the effect of
zalt on the 10 or 20 times diluted soy bean protein sol. See Tab. 4 & 5.



Table 5. Effect of egg albumin on the flocculation of soy bean protein by the addition of sedium sulfate.

Number of sol

The composition

of sol

Nitrogen, mg/cc.

Ratio globulin
*albumin

.. Relative
. turbidity

Cone. of ™. _

salt (Mol.y .

0.000

I
Egg albumine
sol
0.142
0.00
- At ——
I RV
66 100.0
65 98.5
65 38.5
64 97.0
63 95.4
62 94.0
55 833
52 78.8
54 818
59 89.4
74 112.1

i 1 v
Soybean protein Soybean protein Soybean protein
aigﬁlx-:'iﬁggol algzlm-’_iﬁgsgol alrl:’)?:lr;iggsgol
0.146 0.162 0.188
0.09 0.34 1.24
p— . o] b iy,
| RV I RV I RV
112 100.0 106 100 100 100
in 99.4 104 97.9 98 98
166 $5.7 igg 96,0 95 95
104 93.7 99 93.0 M 94
10 899 97 920 104 104
114- 1022 189 1773 238 238
149 134.2 476 4475 625 625
128 1163 204 276.4 434 434
58 52.2 78 733 110 110
55 49.5 76 714 104 104
91 818 145 1862 265 265

v
Soybean
protein
80l
0.280
-13.83
i RV
89 100
94 105.6
100 112.3
102 1145
122 1370
333 3743
769 863.8
526 551.0
149 167.6
149 167.6
455 510.4

Vi

VII

‘Sovhbean protein Soylbean protein
sol {20 times

sol (10 times

diluted)

0.029
13.83

I RV
21 100
21 100
21 100
22 105
24 114
70 333
179 851
143 680
31 148
35 167
62 205

diluted}
0.014
13.83
1 RV
15 100
15 100
15 100
15 100
17 113
50 330
127 814
101 673
21 140
23 153
47 313

661
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‘will be split by the action of clupein,”’ and also that in serum the
desaggregation of globulin particle will take place by the action
of albumin, as has been reported by McFarlane.*” This breaking
of the larger protein molecule by the action of smaller one may
have an important réle in protective action. In other words, the
protective action may take place by the desaggregation of large
protein molecule, thus bringing the unstable state of large molecule
into the stable one. It is not yet clear whether the protective
action of albumin is due to the combina'tio‘n with globulin or due
to the desaggregation of globulin.

SUMMARY

On adding neutral salt, such as ammonium sulfate, sodium
sulfaj;e and sodium chloride, to the soy bean protein sol, floccula-
tion occurs in about 0.04 Mol. concentration of salt. It seems that
this phenomenon is caused chiefly” by globulin which is dispersed
in relatively unstable state. Albumin does not flocculate at such
a concentration, but yet it plays an important réle in protecting
globulin against the flocculation. The flocculation occurs in a
different manner depending on varying proportion of albumin to
gobulin. This will be explained by the protective action of
albumin against the flocculution of globulin. In this connectipn
egg-albumin has also the same effect upon the flocculation. The
mechanism of this protective action may be postulated as follows:
the adsorbed albumin plays the same réle as bound-water, that is,
albumin combines with globulin 'and protects it from the action
of salt in such a way as to give the protein micelle greater hydra-
tion, higher potential and more stability against salt.

In conclusion_, the author wishes to express his hearty thanks
to Dr. Seiichi Izume at Central Laboratory of S.M.R., Professor
Yasuyoshi Oshima and Professor Tetsuo Tomiyama for their helpful
advice.,
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