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Isolation and Identification of Bacteria Producing a Soybean Milk
Clotting Enzyme

Ha, Duk-Mo* and Chul-Woo Lee
Department of Food Technology, Dongguk University, Seoul 100-715, Korea

Seventeen bacterial strains producing an extracellular soybean milk clotting enzyme were isolated
from 150 soil samples, and identified as Bacillus cereus(8 strains), Bacillus pumilus(8 strains) and Ba-

cillus licheniformis (1 strain).

Among them, Bacillus pumilus strain 118 and Bacillus licheniformis strain 192 showed relatively
high soybean milk clotting activity. The coagulability of enzymes from these strains decreased as the
pH of soybean milk was increased from 6.0 to 7.0. The optimum temperature for soybean milk clot-

ting activity was 65°C.
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Table 1. Medium composition

Components (g/liter) A B C
Soybean milk 50.0 50.0
Dextrose 2.0 10.0 2.0
Peptone 2.0 2.0 2.0
Yeast extract 2.0 1.0 2.0
Beef extract 1.0

KH,PO, 2.0 10.0 5.0
Agar 13.0 15.0

pH 6.1 5.6 6.1

A: Composition of medium for 1st screening.
B: Composition of medium for preservation.
C: Composition of medium for enzyme production.

Kor. J. Appl. Microbiol. Bioeng.

5
M KH,PO, &8l (pH4,5)2% pH

21
6.1o =A3sl = 5mio A|HEANE Arlso]

EATAE 1RE Jepigl,

% gnEs BAo| W pH o LE9 JFE
gl 4% EadozAl wgels] Al
GokE g slelod 80% 2 E3AA AL Ade
2ol %ol &slstol 209 0,04M KH,PO,
%490 (pH6. 1) 22 4% A2 AH8agleh

£% 2182 #4EFe 53
T SnE4 At oez 3l #FEE Bergy's

manual of systematic bacteriology (24), Bergy’s
manual of determinative bacteriology A 8 2}F(25)
=2 71el FAA(26-29)0] wetA Feshd 4 Agg
TA o] 5L 2AS FAsG

#ot ¥ oy

TR/ SIE4 MMFEFe Ee

15008 ok lg2te Ff Fnas AJabds
24 027,032, 088, 101, 102, 114, 118, 119, 138, 151,
188, 192, 196, 283, 286, 335 % 404 ¥F9 17 #FE
s, olF #F ikl Ff Snms @

Fig. 1. Coagulation of soybean milk by bacterial enzyme.
A, untreated soybean milk; B, soybean milk treated with
the culture filtrate of isolate.
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Table 2. Soybean milk clotting enzyme production by
the isolates,

Clotting Clotting
Strain No.  activity*  Strian No. activity
(U/mi) (U/m))
027 0.04 151 0.04
032 0.03 188 0.04
088 0.05 192 0.14
101 0.05 196 0.04
102 0.03 283 0.05
114 0.07 286 0.04
118 0.13 335 0.07
119 0.07 404 0.04
138 0.04

* One clotting activity unit was defined as the amount of
enzyme that clotted 5 m/ of soybean milk in 1 min. at
65°C.
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Table 3. Morphological and cultural characteristics of bacterial strains producing a soybean milk clotting enzyme.

Species and strain No,

Characteristics  Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus
cereys 027 cereus 032, cereus 404 pumilus 088,  pumilus 118,  lcheniformis

102, 138, 151, 101, 114, 335 119, 188,286 192

196, 283
Cell form rod rod rod rod rod
Size (um) 3-5x1.0-1.2 3-5x1.0-1.2 3-5x1.0-1.2 2-3x0.6-0.8 2-3x0.6-0.8 1.5-3x0.6-0.8
Gram reaction + + + + + +
Spore shape ellipsoidal ellipsoidal ellipsoidal ellipsoidal ellipsoidal ellipsoidal
Spore position central central central central central central
Motility + + + + + +
Growth in + + + - - +
anaerobic agar
Growth on rough, rough, rough, smooth smooth rough,
1% glucose opaque opaque opaque transparent transparent opaque
nutrient agar slightly slightly

yellowish yellowish

Growth in 7%
NaCl + + + + + +
Temperature for up to 40°C up to 40°C up to 40°C up to 50°C up to 50°C up to 55°C

growth
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Table 4. Physiological characteristics of bacterial strains producing a soybean milk clotting enzyme,

Species and strain No.

Characteristics Bacillus Bacillus Bactllus Bacillus Bacillys Bacillus
cereus 027 cereus 032, cereus 404 pumilus 088,  pumilus 118,  licheniformis
102, 138, 151, 101, 114, 335 119, 188,286 192
196, 283
Catalase + + + + + +
Voges-Pro- + + . + . .
skauer test
pH in V-P broth
<6 + + + + + +
>7 - - - - - -
Acid from
D-Glucose + + + + + +
L-Arabinose - - - + + +
D-Xylose - - - + + +
D-Mannitol - - - + + +
Gas from glucose - - - - - -
Hydrolysis of
Casein + + + + + +
Gelatin + + + + + +
Starch + + + - - +
Utilization of
Citrate + + + + + +
Propionate + + + - + +
Degradation of
tg:osine * * * N B N
Deamination of _ N . _ _ N
phenylalanine
Egg-yolk
lecithinase * * * N - -
Nitrate reduced
to nitrite * * N - - *
Formation of - _ _ _ _ _
indol
Reaction in
litmus milk:
Reduction - - - - - -
Peptonization + + + + + +
Acid curd _ _ _ _ _ _
Alkaline _ _ _ - . _
reaction
Arginine + + + - - -
dehydrolase
B. pumilus & 573t AAoel B, licheniformis ol T3 71aj9} =% dx
192 ¥ anaerobic agar 9|41 5319 casein ghed o] FEo 7 EAHsIG)
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Fig. 2. Effects of pH(A) and temperature(B) on activity of
the soybean milk clotting enzyme from isolates.
O -0, Bacillus pumilys strain 118; e -e, Bacillus lichni-
formis strain 192.
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