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Studies on the Characteristics of the Soybean Protein Coagulating Enzyme from
Microorganism and the Soy Cheese-Like Food(Curd)
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Abstract

Microorganisms, including the strain 1)-3 isolated from soil, were found to secrefe an extracellular soyhean
protein coagulating enzyme and the strain, 1J-3, was identified as Genus Baciflus according to the Bergey's
manual. The enzyme coagulated protein in seymilk, thus forming a curd at pHs 5.8~6.4 and at 55~75° C. The
optimum temperature for soybean protein coagulating activity was 65~75°C and the enzyme was stable at
temperature below 50° C and was found to be stable with about 60~100% of the original activity at a with pH
ranges [pH 6~7). The molecular weight of enzyme was estimated to be 28,000 by $DS-PAGE. The curd formed
with the enzyme from Baciflus sp. 1}-3 has a smooth texture, and a mild taste without any bitterness or a beany

flavor.
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INTRODUCTION

With the growing population the seriousness of the
world protein supply become conspicuous among
the other problems. The use of, therefore, the so-call-
ed unconventionai sources of protein, such as fish pr-
otein concentrates, single cell protein and legume se-
ed protein as substitutes for food protein source has
been studied actively. Among them, the remarkable
progress which has been achieved in the manufactu-
re of the soybean. Soybeans are well known: for vari-
ations in colar, size and shape of the seed and other
physical properties as well as their chemical compo-
sition'?.

Soybeans contain about 35% of protein, and the
aming acid composition of soybeans is similar to that
of meat. Therefore, it has been recognized that soybe-
ans are a food material with a high nutritive value be-
cause they contain good quality protein, in addition,
high percentage of essential fatty acids. For these
reasons, soybeans have been extensively used as “be-
an curd”, “soy sauce”, “bean paste” etc., from acient
times in Asia.

Most of soybeans, however, have been utilized as
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traditional raw marerials because of their functional
properties such as their beany flavor, hydration, foa-
ming, emulsifying etc. and especially it has a little
too difficutt for food manufacturing of the new rheol-
ogical cheese-like food.

Several workers*® have tried to improve functional
properties ([emulsion stability, foam stability, gelation
etc.) of soybean protein by physical, chemical and
enzymatic modifications.

It has been reported that bromelain, a plant pro-
tease, is able to clotted the soybean protein. Mohri
and Matsushita® and Fuke et al” reported that soy-
milk, acid precipitated soybean protein, and isolated
115 globulin were clotted by bromelain. During the
ripening, however, it was found that the curd formed
with the bromelain could be produced the bitterness.

The objective of this paper obtained the basic data
for production of the soy protein curd different fram
Tofuibean curd) by divalent metals through the scree-
ning of organism producing a soybean protein coag-
ulating enzyme from soil. The contents will be conc-
entrated as fallows :

1) enzyme production

2) research for enzymatic properties

3) curd formation with microbial enzyme (1)-3 stra-
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in enzyme)
4} curd ripening and evaluation

MATERIALS AND METHODS

isolation sources of microorganisms

Soil samples, collected from various districts of so-
uthern Korea, were tested for the isclation of microo-
rganisms producing a sovbean protein coagulating

enzyme.

Isolation of microorganisms

Samples of soil were spread on soymiik agar plates
(A in Table 1) and incubated at 30°C so long as to
develop distinct colonies to transfer to the slant,
Bacteria were stored on agar slant(B in Table 1) at
10° C. For the enzyme production {C in Table 1), after
medium was sterilization at 120°C for 15min, one
loop of each isolate from the slants was inoculated
into the medium, and incubated at 35°C for 7 days
on a reciprocal shaker.

Mmicroorganisms

All strains tested were subcultured from the cuiture
collection of our laboratory isolated from soil. After
cultivation, the culture broth was centrifuged (10,
000rpm, 10min) and the supernatant was used for
enzyme assay. Five bacterial isclates designated as
-3, HP-1, KK-5, [Y-10 and WS-2 showed relativ-
ely high soybean protein coagulating activity.

Assay for soymilk-clotting activity

For assay of the enzyme activity, 5mi of the subst-
rate solution {soymilk adjusted to pH 6.0 with phos-
phoric acid) was added to 0.5ml of enzyme solution
of the suitable dilution at 65° C. The time to make the
fragment of curd was measured with stop watch. The

Table 1. Composition of media
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amount of enzyme that clotted 5mi of soymilk in
Tmin under the above conditions was defined as 1
soymilk-clotting unit according to the Arima et al.™.

Polyacrylamide gel electrophoresis

Analytical gel electrophoresis was performed.at pH
4.3 using 7.5% gel according to the method of Da-
vis". Protein was stained with Coomassie Brilliant
Blue R and then destained with 7% acetic acid in
10% methanol.

Molecular weight determination

SDS-PACGE was done in 0.1% SDS-0.TM scdium
phosphate buffer solution (pH 7.2} at 8mA per gel by
the method of Weber and Osborn™, and molecular
weight markers (BDH Biochemicals, 14,300-71,500)
were used.

Soy cheese-making procedure

Making of soy cheese-like food was tried accord-
ing to the pracedure described by Fuke et al”. The
soymitk (3 fiters) was held at 30° C and the stater was
added in the proportion of 2 % of the wtal volume of
soymilk, After 1~2 hour reaction, temperature was
increased to 65°C for enzyme action and coagulant
{I}-3 enzyme) was added to the vat when the acidity
reached to 0.2%. After cutting and cooking, the wh-
ey was drained. The obtained curd biock was milled,
salted, hooped and pressed. The blocks were sealed
with paraffin and ripened at 12°C. Samples were
analyzed at 0, 2, 4 and 6 months of ripening.

Chemical analysis of soy cheese-like food samples

This included determinations of moeisture by hea-
ting at 105°C to constant weight, pH, and NaCl
according to the IDF standard™, and fat by ether extr-
action. The nitrogen soluble at pH 6.0 (SN), the nitr-

Glucose

Yeast ex.

Medium Soymilk Peptone KHzP(a Agar CaClz oH
A 5 0.2 0.2 0.2 0.2 1.5 0.01 6.0
B 1.0 0.2 0.2 1.0 1.5
C 5 0.5 0.2 0.2 0.5 .01 6.0

A ; Composition of medium for 1st screening
C ; Composition of medium for enzyme production

B ; Composition of medium for slant
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ogen sofuble in 12.5% TCA {NPN, non-protein nitro-
gen) and fotal nitrogen (TN) were determined by the
Kjeldahl method,

Organoleptic tests

Soy cheese-like food samples were evaluated for
flavor quality as well as body and texture.

RESULTS AND DISCUSSION

Results of screening tests

The bacteria which clotted soymilk within 30min.
were listed in Table 2.

Isolated strain No. Ij-3 produced the enzyme whi-
ch was characterized by its strong soybean protein
coagulating activity and stability of enzyme produ-

Table 2. Results of screening tests for soybean protein coag-
ulating enzyme

Bacteria strain No.  pH of broth  Coagulating time (min}

1]-3 8.3 3.5
HP-1 8.2 5.0
KK-5 7.9 8.5
Y-10 8.0 15.0
WS-2 8.1 30.0

A B C

Fig. 1. Coaulation of soymilk by enzyme reaction.
A T Water, B : Inactivated enzyme
C : Strain 1)-3 enzyme

ction among the 5 strains, so that further tests on the
other strains were ahandoned.

Production of soybean protein coagulating enzy-
me with the strain [J-3

One half ml of enzyme solution was added to 5ml
of soymilk adjusted to pH 6.0 with phosphoric acid.
After incubating at 65° C for 5min., the resultant coa-
gulum was centrifuged at 3000rpm for 5min. Fig. 1
shows that soymilk was clotted by microbial enrvme
produced by strain -3 (C in Fig. 1), while no coa-
gulum was observed either by addition of water (A in
Fig. 1) or by the addition of the enzyme treated at
100°C for 5 min (B in Fig. 1).

Soybean protein coagulating enzyme production
by Bacillus sp. 1}-3

The strain, 1j-3, was identified as Genus Bacilius
according to the Bergey’'s manual'(Table 3).

One and haif liters of the enzyme production med-
ium{C in Table 1), containing a small amount of
silicone defoamer, was poured into a 3-liter jar ferm-
entor, and sterilized at 121°C for 15min in an autoc-
lave. The seed culture (250ml) of Bacillus sp. 1)-3,
which grown in the same medium in 500ml Frlenm-
ever flask at 35°C for 2 days on a shaker, was innoc-
ulated into the fermentor. After appropriate culture
with aeration, culture broth was centrifuged and the
clear supernatant was assaved for soybean protein
coagulating activity.

Fig. 2 shows the time course of cultivation for en-
zyme production. The result showed that the max-
imum soybean protein coagulating activity, 0.3~0.4

Table 3. Characteristics of 1)-3 strain isolated from soil

Properties Properties

Gram staining + Praduction of

Shape Rod yellow pigment +

Motility + urease -

Catalase + Decomposition of

Oxidase - casein +

Acid from glucose  + starch +

Utilization of sugars

O-F test O+ glucose +
F=- arabinose +

V-P test + xylose -

lndale formation - sorbose -
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unit/min, was observed after about 5 day of culti-

vation.
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Fig. 2. The time course of cultivation by strain 1}-3.
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Fig. 4. Effect of temperature and pH on activity and stability of soybean protein coagulating enzyme 1J-3.
A ; Effect of temperature on the soybean protein coagulating activity.
B ; Effect of pH on the soybean protein coagulating activity.
C ; Effect of temperature on the stability of the enzyme.
D ; Effect of pH on the stability of the enzyme.
—&—, crude enzyme ; —(—, purified enzyme
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Fig. 3. Elution profile of seybean protein coagulating enzy-
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Properties of enzyme from Bacillus sp. 1}-3

Using the ammonium sulfate fractionation and
Sephadex G-100 (Fig. 3), extracellular protein from
Bacillus sp. 1]-3 was concentrated and gel filtrated.
The active fractions after gel filtration were coilected
and load to the CM—Cellulose Column Chromatogra-
phy. The enzyme, finally, was purified about 7.1-fold
with overall vield of 33.1% through the 2nd gel filtr-
ation.

Fig. 4 shows the properties of enzyme from Bac-
itlus sp. 11-3. The enzyme exhibited maximum acti-
vity at arround 65°C at pH 6.0, and no activity was
observed at 35°C or 85° C(Fig. 4-A). On the other
hand, the activity decreased as the pH increased fr-

Fig. 5. Polyacrylamide gel .electrc;;.)horesis of strain 1§j-3 enzy- om 5.8 to 6.7 (Fig. 4-B). However, the soybean pro-

me. ) tein coagulating activity test could not be carried out
The electrophoresis was done at 3mA per tube for 3hr.

The soy cheese—making trial was done as follows:

Soybean ~—¥» Soaking ——W Grinding ——P» Heating ——P  Filtration
(2,000g) (12-16hr4,600g) (Zmin with 10 times (95-100C  (through cheese cloth)
amount of water) 10min)

Fermentation +«€—— Addition of 4—— Cooling 44— Scymilk 4———P Residue
(407, 90~120min, Starter {40C, {18,300g)
Acidity™ © 0.180- (3% of the total Solid @ 6.6%
0.200%) volume of soymilk) Protein : 2.8%

| Acidity © 0.126%

pH : 639

Addition of 1J-3 enzyme » Coagulation »  Setting ——Pp Cooking

{microbial enzyme (65C, 15 min) (65T, 30min) (70°C, 20min)

1200 unit enzyme/S0ml H=0)

Salting <4—— Green curd 4— Pressing +4—— Hooping « utting
{15°C, overnight) (70°C, 20min)

Coating » Ripening =--—» Soy Cheese

* (Acidity adjustment with 10% latic acid if necessary.
Acidity : 0.180 - 0.20%)

Fig. 6. Manufacturing process of soy cheese-like food using microbial enzyme.
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Table 4. Composition of soy cheese-ike food produced us-
ing 1J-3 enzyme as soymilk coagulant

Ripening time  Moisture Fat Protein H NadCl
{months] (%) (%) @y P (%)
Q 42 216 257 6.0 2.1
i 41.3 21.6 28.7 618 2.2
4 40.1 21.5 25.8 6.20 2.2
[} 37.6 21.4 25.8 6.22 2.3
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Fig. 7. Development of water soluble nitrogen at pH 6.0 (SN)
and non-protein nitregen (NPN) during ripening.
—&—, SN ; —(O—-, NPN

below pH 5.8 because soymilk coagulates without
any addition of the enzyme solution. The thermal
and pH-stabilities are shown in C and [ in Fig. 4.
The enzyme was stable at temperatures below 50°C
when treated at pH 6.0 for 30min (Fig. 4~C}. Cn the
other hand, about 100% of original activity remained
after treament in a pH 6.0 at 35° C for 1hr (Fig. 4-D.

Homogeneity and molecuiar weight of soybean
protein coagulating enzyme

The homogeneity of enzyme was examined by
PAGE at pH 4.3, As shown in Fig. 5, enzyme was fou-
nd to be homogeneous which migrated as single ba-
nd an the gel. The molecular weight of enzyme was
determined to be 28,000 by SDS-PAGE. The molec-
ular weight of enzyme is similar to those of subtilisin
BPN' and subtilisin Carlsberg'®.

Production of soy cheese-like food (curd) using
the microbial enzyme

To evaluate the enzyme from Bacillus sp. 1)-3 as a
coagulant of soy protein, a soy cheese-making trial

was carried out (Fig. 6),

A coagulant added to the soymitk was 1200 soy-
bean protein coagulating unit and clotting times of
i)-3 was 15min. The soy protein curd particles made
with -3 were smaller than the milk curd particles
and showed stronger water absorption than the milk
curd during cooking. The moisture of the curd decre-
ased to about 4% and pH increased slightly during
ripening (Table 4).

The rate and extent of proteolysis was estimated by
the fevel of soluble nitrogen formed during ripening.

As shown in Fig. 7, 1) -3 curd showed regular incre-
ases in the NPN and SN with ripening period.

Organolepiic evaluation

Neither bitterness nor rancidity developed even
after 6 months of ripening. As to the texture, there
was no significant problem, although 1}-3 curd was
slightly more mealy than the miik cheese.

it is weil known that soymilk curd is produced by
means of isoefectric point precipitation and chemical
coagulations by divalent metals or giucono-8-lacto-
ne. This is the novel report which deais with the pro-
duction of soy protein curd formed by using a soybe-
an protein coagulating enzyme from a microorgani-
sm. Fuke et al” reported that bromelain and ficin co-
agulate protein in soymilk, and the resulting curd has
seft and smooth texture. The curd formed with brom-
elain, however, has a problem of being slightly bitter.
On the other hand, the curd made with the enzyme
from Bacillus sp. 1}-3 was suggested to be more use-
ful as food items thar those made with coagulants
such as divalent cations, acid and plant protease, etc.
because of its mild taste without any bitterness.

From this result, the curd obtained by enzyme ac-
tion serves as a material for further development of
food items, and the procedure may be widely appli-
cable in food processing.
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