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Isolation and Identification of the Fungi Producing
a Soybean Milk Clotting Enzyme

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

Abstract — Twenty-five fungal strains producing an extracellular soybean milk clotting enzyme
were isolated from 146 soil samples, and identified as 11 species belonging to six genera
of Aspergillus oryzae (5 strains), Aspergillus flavus (2 strains), Aspergillus parasiticus (1 strain),
Aspergillus tamarii (2 strains), Aspergillus niger (4 strains), Aspergillus fumigatus (2 strains),
Moucor hiemalis (2 strains), Wallemia sebi (4 strains), Scopulariopsis candida (1 strain), Fusarium
redolens (1 strain) and Verticillium lecanii (1 strain). Among them, Aspergilius oryzae 020 and
Aspergillus tamarii 287 showed relatively high soybean milk clotting activity.

The coagulabilities of the enzyme from representative strains of those species decreased
as the pH of soybean milk increased from 6.0 to 7.0. The optimum temperature for soybean
milk clotting enzymes of those strains were 65C.
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Table 1. Medium composition

Components (g/l) A B C
Soybean milk 50.0 20.0
Dextrose 20 100

Potato starch 15.0
Peptone 2.0 2.0

Yeast extract 20 1.0

Beef extract 1.0
Soybean meal extract® 100.0
KH,PO, 20 100 6.0
Agar 130 150

pH 61 56 6.1

A, medium for 1st screening; B, medium for preserva-
tion; C, medium for enzyme production.

*Defatted soybean meal was extracted with & 5-fold
amount of 0.1N NaOH at 95T for 4 hours.
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Table 2. Soybean milk clotting enzyme production by
the isolates

Strain Clotting Strain Clotting
No. activity* No. activity
(unit/ml) (unit/ml)
009 112 240 0.29
012 0.20 246 0.26
020 207 287 222
025 0.28 289 0.32
030 133 320 1.15
154 034 321 1.27
156 0.10 387 0.07
161 040 389 0.21
162 021 400 0.19
214 0.29 402 0.21
233 0.22 415 1.09
237 1.39 416 0.46
238 0.19

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

zZyme

Species and strain No.

Characteristics A. oryzae 009, A. flavus 161, A. parasiticus  A. ltamarii A. niger 233, A. fumigatus
012, 020, 025, 162 156 287, 289 238, 240, 246 320, 321
030

Phialide and metula

Color Green Hyaline Green Brownish Brown Green

yellow

Size (um)

Phialides 7-10 X 3-4 7.5-85 X 3545 7-10 X 34 9-10 X 4 6-7.5 X 3-3.5 6-8 X 2-3

Metulae 8-10 X 4-5 6-10 X 4-5.5 Absent 12-15 X 4 18-25 X 4.5-55 Absent
Conidial head

Shape Radiate Radiate Radiate Radiate Radiate Columnar
Color Yellow-green Yellow-green Yellow-green  Olive-brown Black Greyish green
Size (um) 150-300 250-300 250-400 250-400 700-750 150-350 X 50
Conidium

Shape Subglobose Subglobose Subglobose Subglobose Globose Subglobose
Wall character Smooth Rough Rough Rough Rough Rough

Color Yellow-green Yellow-green Green Olive-brown Black Greyish green
Size (um) 4.0-6.0 355 4.5-5 5.0-6.0 4.0-5.0 2.5-3.0
Vesicle

Shape Subglobose Globose to Globose Subglobose Globose Flask

subglobose

Fertile area 3/4 Whole to 3/4  3/4 Whole Whole 1/2

Diam. (um) 30-50 225-35 20-30 25-50 40-75 20-30
Conidiophore

Length (um)  900-2,500 600-850 300-550 700-1,200 1,000-2,000 200-300

Wall character Rough Rough Smooth Rough Smooth Smooth
Sclerotium

Shape Globose Globose Not produced Not produced Not produced Not produced
Color Reddish brown Reddish brown
Colonial color  Light brownish Yellow Greyish Brownish Black Greyish

on Czapek’s green green green green green

agar
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Table 4. Morphological and cultural characteristics of
Mucor hiemalis strains* producing a soybean milk clot-

ting enzyme

Sporangiospore
Shape Ellipsoidal
Wall character Smooth
Size (um) 5-7X3-5
Sporangiophore
Branching Slightly branched
Diam. (um) 10
Columella
Shape Subglobose
Color Hyaline
Diam. (um) 20-38 X 25-35
Sporangium
Shape Globose
Color Grey
Diam. (um) 55-75
Colony Light grey

*Strains No.; 387, 389

Table 5. Morphological and cultural characteristics of
Wallemia sebi strains* producing a soybean milk clot-
ting enzyme

Conidium
Shape Cylindrical, subglobose
Wall character Rough
Color Pale brown
Diam. (um) 3545
Formation Quartet by division
Conidiophore
Shape Cyclindrical
Wall character Smooth
Color Pale brown
Colony on MEA**
Growth Slow
Color Orange-brown

*Strains No.; 400, 412, 415, 416
**MEA; malt extract agar
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Table 6. Morphological and cultural characteristics of
Scopulariopsis candida strain* producing a soybean milk
clotting enzyme

Conidium

Shape Subglobose with a

truncate base

Type Annelospores

Wall character Smooth

Size (um) 4.5-6 X 4-5
Conidiophore

Branching Branched

Wall character Smooth

Color Hyaline
Colony on Czapek's agar

Color

obverse side White

reverse side Light brown
Appearance Velvety to powdery
Colony on MEA** at 24T
Diam. in 7 days (mm) 30
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Scopulariopsis candida, 2147FF~ Fusartum redo-
lens, 237432 Verticillium lechanii 2 Z+2t 5343}

Ak

Table 7. Morphological and cultural characteristics of
Fusarium redolens strain* producing a soybean milk clo-

tting enzyme

Macroconidium
Shape 3-septate falcate-shape
Color Hyaline
Size 25-30 X 4.0-5.0
Microconidium
Shape Ellipsoidal
Color Hyaline
Size 10-15 X 3.0-4.0
Chlamydospore
Wall character Smooth
Diam. (um) 8-13
Sclerotium
Shape Globose
Color Ochreous
Colony on Czapek’s agar
Color
obverse side Pale beige
reverse side Ochreous
Appearance Fasciculate

Diam. in 7 days (mm) 58

*Strain No.; 217

Table 8. Morphological and cultural characteristics of
Verticillium lecanii strain* producing a soybean milk
clotting enzyme

Conidium
Shape Ellipsoidal
Color Hyaline
Size 3.5-7.0 X 2.0-29
Phialide
Shape Long awl-shape, whorls
Color Hyaline
Size (um) 20-30 X 2-3
Colony on MEA** at 20C
Color
obverse side White
reverse side Slightly yellow
Appearance Cottony

Diam. in 7 days (mm) 23

*Strains No.; 154
**MEA; malt extract agar

*Strain No.; 217
**MEA:; malt extract agar



114

100

80}

40

20+

100+

Relative activity (%)

80+

601

401

201

0 . 1 1 Il

58 6.1 64 6.7 7.0
pH

Fig. 1. Effect of pH on the activity of soybean milk

clotting enzyme from isolates.
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Sumigatus 287, ©, Mucor hiemalis 389; D, Wallemia

sebi 415; M, Scopulariopsis candida 154; ©, Fusarium

redolens 214; ~, Verticillium lecanii 237.
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