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Identification of Filamentous Molds Isolated from Korean
Traditional Nuruk and their Amylolytic Activties
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*Department of Microbiology, Tagion University, Taegjon 300-716 Korea

Abstract — Through the study of identification of filamentous molds isolated from 12 traditional
Nuruk, collected from several regions in Korea, 78 strains of Absidia spp., including Absidia corym-
bifera, Absidia ramosa, and Absidia sp. of which specific names were not identified, 19 strains
of Rhizopus spp. including Rhizopus cohnii, Rhizopus avrhizus, and Rhizopus oryzae, 8 strains of

Circinella spp., 1 strain of Actinomucor sp., 49 strains of Aspergillus spp.,

including Aspergillus

oryzae, Aspergillus flavus, Aspergillus flavus var. columnaris, Aspergillus wentii, Aspergillus candidus,
Aspergillus fumigatus, Aspergilius niger, and Aspergillus foetidus, 2 strains of Cladosporium spp.
and 2 strains Botryotrichum spp., etc. total 159 kinds of filamentous molds were isolated and identi-
fied. There were many differences in numbers and distributions of filamentous molds from each
Nuruk according to their collected region. Absidia spp. were most frequently isolated from every
Nuruk sample. Aspergilius oryzae, Aspergillus candidus, and Rhizopus cohnii showed even distribu-
tion. Penicillium sp. and Mucor sp. were not detected. Acttnomucor sp., Aspergillus foetidus, Botryot-
richum sp., and Cladosporium spp., which have not been reported by far, were found. Amylase
activities, pH stability of amylase, and acid productivity of isolated strains were compared.
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Table 1. Number of molds in Nuruk according to colle-
cted area

Region Sample

Number of molds

3.0>x10* (Nuruk)
3.2x 10" (Nuruk)
2.1 10" (Nuruk)
2.2x 10" (Nuruk)
3.0 10" (Nuruk)
1.6 X 10" (Nuruk)

Chung-Cheong

1.2x 107 (Nuruk)

Kyung-In 1.6 10" (Nuruk)
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2.0x10° (Nuruk)

Cheol-La 1.6>x107 (Nuruk)

3.8 10" (Nuruk)
1.6 X 107 (Nuruk)
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Table 2. Ratio of molds isolated from Nuruk

Kor. [ Appl. Microbiol. Biotechnoi.

Region Sample Abs. sp.  Rhi sp.  Asp. sp.  Cw. sp. Act sp. Cla. sp. Bot sp.
A 60% 13% 27% — — — —
B 50% 15% 29% 12% - - —
C 38% - 02% — — - 10%
Chung-Cheong D 18% 46% 27% - 9% — -
E 53% 7% 13% 27% - - - —
F 62% 19% 19% — — — —
Kvung-In H 25% 17% 41% — — 17% —
yHng I 75% — - 25% - - -
J 40% 10% 50% — = - —
Cheol-La K 62% 13% 259% - - - -
Kvung-San L 68% - 2% B B a a
yURg=>ang ML 25% 12% 63% - - — -
Abs: Absidia Rhi: Rhizopus Asp: Aspergillus Cir: Crrcinella
Act: Acttnomucor Cla: Cladosporium Bot: Botryvotrichum
ol % #HA == ﬂ‘ ~& Rhizopus arrhizus®t +*}5} T2 9] o] i) Ll AlEe] Mg ull
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ooy, T2} NS wal whE AAS Z8 2com
o] ko 2 A zltow HE] of2is)e] sporangio-
phore’} 3 AE= TFE Rhizopus orvzae 2 572 &}
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Table 3. The lists of isolated molds from Korean tradi-
tional Nuruk

Table 3. Continued
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Nuruk sample A total: 15 strains

Nuruk sample F total: 16 strains {continue)

A0l (7)
ADZ (2)
A03 (2)
Al4 (2)
A0S (1)
A06 (1)

Abstdia sp.

Rhizopus cohnit
Absidiz sp.
Aspergitlus flavus
Aspergillus fumigatus
Aspergillus niger

Nuruk sample B total: 16 strains

FO5 (1)
Fo6 (1)
FO7 (1)
FO8 (1)
FO9 (1)
F10 (2)
F11 (1)

Aspergillus niger
Absidia ramosa
Rhizopus oryzae
Absidia sp.
Absidia ramosa
Absidia corymbifera
Absidia sp.

BO1 (1)
B02 (2)
B03 (1)
B04 (2)
B05 (5)
BO6 (2)
BO7 (1)
BO8 (2)

Rhizopus cohnit
Rhizopus cohnut
Aspergillus oryzae
Circinella sp.
Absidia corymbifera
Aspergillus orvzae
Absidia sp.
Absidia corymbifera

Nuruk sample H total: 12 strains

HO1 (2)
HOZ (2)
HO3 (1)
HO4 (1)
HO5 (2)
HO6 (4)

Absidia corymbifera
Rhizopus cohnii
Absidia sp.
Aspergillus niger
Cladosportum sp.

Aspergillus candidus

Nuruk sample | total: 8 strains

Nuruk sample

C total: 21 strains

CO1 (6)
C02 (1)
C03 (1)
Cod (1)
C05 (2)
C06 (3)
C07 (D
CO8 (2)
C09 (2)

- C010 (2)

Aspergillus candidus

Aspergitlus flavus

Aspergillus flavus var. columnaris
Aspergillus flavus var. columnaris
Aspergtllus wentit

Absidia sp.

Abstdia sp.

Absidia sp.

Botyyotrichum sp.

Absidia ramosa

101 (3)
102 (2)
103 (2)
104 (1)

Absidia sp.
Circinella sp.
Absidia ramosa

Absidia corymbifera

Nuruk sample ] total: 10 strains

Nuruk sample

D total: 11 strains

Jo1 (1)
Joz (1)
Jo3 (2)
Jo4 (1)
JO5 (2)
JO6 (1)
Jo7 (2)

Absidia sp,
Rhizopus cohnii

Aspergtllus candidus

Aspergilius oryzae
Absidia sp.
Absidia corymbifera
Aspergtllus foetidus

DO1 (3)
D02 (3)
D03 (2)
D04 (1)
D05 (1)
Do6 (1)

Aspergillus flavus var. columnaris
Rhizopus arvhizup

Absidia sp.

Actinomucor sp.

Rhizopus cohnii

Rhizopus oryzae

Nuruk sample K total: 8 strains

K01 (4)
K02 (1)
K03 (2)
K04 (1)

Absidia corymbifera
Rhizopus cohnit
Aspergillus oryzae
Abstdia sp.

Nuruk sample

E total; 15 strains

Nuruk sample L total: 19 strains

EOL (1)
E02 (2)
E03 (1)
E04 (2)
E05 (4)
E06 (1)
EQ7 (4)

Rhizopus cohnu
Absidia corymbifera
Absidia ramosa
Aspergillus wentu
Absidia sp.
Absidia corymbifera
Circinella sp.

LO1 (&)
L02 (2)
LO3 (5)
LO4 (2}
LO5 (1)
Lo6 (3)

Absidia sp.
Absidia corymbifera
Absidia sp.

Aspergillus fumigatus

Aspergllus orvzae
Aspergillus candius

Nuruk sample M total: 8 strains

Nuruk sample

F total: 16 strains

FO1 (3)
FOZ (2)
FO3 (1)
FO4 (2)

Absidia corymbifera
Aspergillus oryzae
Absidia sp.
Rhizopus arrhizus

MO01 (2)
MO02 (1)
MO3 (1)
MO0O4 (1)
MO05 (1)
M06 (2)

Aspergilius candius
Absidia sp.
Absidia sp.
Aspergillus oryzae
Rhizopus cohnit
Aspergillus oryzae




742

Table 4. Number of molds isolated from Nuruk

Kor. | Appl. Microbiol. Biotechnol.

Kyung Cheol Kyung ,
Identified name Chung-Cheong “In La -Sang Tatal
numbers
A B C D E F H I ] K L M
Asp. foavus 2 -1 - - - — - - - = = 3
Asp. foavus var. columnaris - - 2 3 - - - = - - = - - 5
Asp. orvzae — 3 - — - 2 — o~ 1 2 1 3 12
Asp. wentz - 2 - 2 — - - - = - = 4 49
Asp. candidus 1 - 6 - - - 4 — 2 — 3 2 18
Asp. fumugatus - - = = = = - = = - 2 - 2
Asp. niger 1 - - = - 1 1 - - — - - 3
Asp. foetidus - - = = = = - - 2 — — — 2
Rhi. cohnu 2 3 - 1 1 = 2 - 1 1 - 1 12
Rhi. arrfuzus - - = 3 - 2 — — = — — — 5 19
Rhi. oryzae - - = 1 - 1 - - = = = = 2
Abs. corymbifera — 7T - — 3 o 2 1 1 4 2 - 25
Abs. ramosa - - 2 - 1 2 - 2 — - — - 7 78
Abs. sp. 9 1 6 2 4 3 1 3 3 1 11 2 46
Actinomucor sp. - - - 1 - = — - = = - — 1 1
Circinella sp. - 2 - - 4 - = 2 - - - 8 8
Cladosporium  sp. - - = - = - 2 - - - = - 2 2
Botryotrichum sp. - - 2 =~ - — _ = - - — 2 2
Table 5. Morphological characteristics of Absidia spp.
Identified name Absidia ramosa Absidia corymbifera
Col Diameter Texture Front 6~7 cm cottony 6~7 cm cottony
oty color Reverse color grey white colorless bright grey colorless
Sporangium Shape Color Size (um) ggifzgm hyalne or grey pyriform grey 40~70
Columella Shape Size (um) hemispherical 30~40 hemispherical 40—50
Sporangiospore Shape Size (um) cyhindrical 2~4X3~5 cylindrical 2~4X3~5

Botryotrichum sp.

Akl HHe] =8} al conidiophoree] TR AN
Aleuriospore®} 3| 4te] HAzLE A sl A5
o] @& T2V E Heole 5Ao) gle w55 Botryot-
richum sp.2 %385t

Cladosporium sp.

WAl AWo] FEafslal HA|FH Aol AlEE
AE HASHH S e S 2L E Rol= HAlo] gl
w5 Cladosporium sp. 2 -FAsteic)

Botryotrichum sp.2t Cladosporium sp.2] & el 87

E & Table 99} %o}

o] Alo] Halel x| e}l 7Ho| Absidia spp.© Absidia co-
rymbifera 2595, Absidia ramosa T, T3 &
&) A 22 Absidia sp. 460 FTE F 184F7F &
2 =5l Rhizopus spp.~ Rhizopus cohnii 124,
Rhizopus arrhizus 5vF, Rhizopus oryzae 2755 5
19077 #Fel=gd o Cocnella spp.7y 805, Acti-
nomucor sp.7y 1454 2hzh B2]= ok 1e]al As-

o,

flavus 37105, Aspergillus flavus var. columnaris 537
I, Aspergillus wentii 437, Aspergillus candidus 18
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Table 6. Morphological characteristics of Rhizopus sp.

Identified name Rhi, arrhizus Rhi. cohnii Rhi. oryzae
Diameter(cm) 4~5 3~4 6~7
Colon: Texture cottony cottony cottony
oy Front color brown black brown grey
Reverse color bright brown dark brown colorless
Shape globose globose globose
Sporangium Color dark brown black black
Size 70~ 130 pum 30~90 pum 100~200 pm
Shape hemispherical hemispherical hemispherical
Columella Size 40~100 um 40~70 um 90~150 pm
: ) Shape globose globose irregularly oval
Sporangiospore Size 4—~10 pum 4~10 pm 5~15 um

Table 7. Morphological characteristics of Circinella sp. and Actinomucor sp.

Identified name Circinella sp. Acttnomucor sp.

Diameter Texture Front b~6 cm cottony b~6 ¢m cottony

Colony color Reverse color brown white colorless grey white colorless

. Shape Color globose dark globose grey
Sporangium Size (um) brown 50~ 80 50~ 100X 20~ 50
Columella Shape Size (um) pyriform 30~50 ovoid 30~60X10~20
Sporangiospore Shape Size (um) subglobose 3—~7 globose 46

Table 8. Morphological characteristics of Aspergilius spp.

[dentified name Dimeter Texture Front color Reverse color
Asp. oryzae 4~5 cm floccose brown green creamy yellow
Asp. flavus 4~5 cm tloccose green yellow creamy yellow
Asp. flavus var. columaris 3~4 cm velvet green vellow creamy green
Asp. wentii 3~4 cm lanose white vellow dark brown
Asp. candidus 2~3 cm velvet white creamy green
Asp. fumigatus 3~4 cm velvet blue green bright green
Asp. niger 3~4 cm floccose black creamy vyellow

Asp. foetidus 3~4 cm floccose black vellow

Table 8. Continued
- Conidial head Stipe Conidium
Identified name : : — :
Shape S1ze™* Marking Length Shape Size (um)

Asp. orvzae radiate 200—~400 rough long globose 3~3
Asp. flavus radiate 150~400 rough long globose 3~5
Asp. flavus var. columaris columnar 80~ 120 rough short globose 2~4
Asp. wentin radiate 300~ 500 smooth long ellpsoidal 4~6
Asp. candidus radiate 100~ 200 smooth long globose 2~4
Asp. fumugatus columnar 50~ 100 smooth short globose 2~3
Asp. niger radiate 300~ 500 smooth long globose 4~5
Asp. foetidus radiate 200~ 300 smooth long globose 4~5
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Table 8. Continued
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. Vesicle o
Identified name : ‘ Phialhde
Shape Fertile area Size {(um)
Asp. oryzae globose upper 2/3 30~-50 double, single
Asp. flavus globose upper 2/3 40~ 50 double, single
Asp. flavus var. columaris globose upper half 10~20 single
Ash. wentir globose entire surface 40~60 double
Asp. candidus globose entire surface 20~30 double
Asp. fumigatus club-shaped upper half 10~20 single
Asp. niger glohose entire surface 30~60 double
Asp. foetidus globose entire surface 30~50 double
Table 9. Morphological characteristics of Botryotrichum sp. and Cladosporium sp.
. _ Conidia
Identified name Diameter Texture Front color  Reverse color :
Shape Size (um)
Botryotrichum sp. 3~4 cm velvet yvellow-grey brown ellipsoidal 1~2X3~4
Cladosporium sp. 3~4 cm floccose dark-green olive-green ellipsoidal 2~3X4~6

373, Aspergillus foetidus 215 F 48771 &
2=l 31 Cladosporium sp.7} 235, Botryotrichum
sp.7} 2774 b2} elE o)

22| 59 Amylolytic SAEAIH|W

B2 HF2 amylase A4EF A a-amylase=
Rhizopus sp.8} Aspergillus sp.7} Blarz =& &4
A& el pH 350 ME M A S Bl
glucoamylase®] 7d-% Rhizopus sp.7} Aspergillus sp.
Bl AR o & a4gAS velfde pH35
M= pH55R L} Eagio] =g ¥A el

a-amylase #Ao] F& ST TES A06(Asper-
gillus niger), JOA(Aspergillus oryzae)7} *1ur=|d 3,
glucoamylase&l 7% DO6(Rhizopus oryzae)7} 53]
Fo RAEEE Yepl Tk 13 o) F et A
a-amylase 43} glucoamylase #Ale] vjwd X7

JO7Aspergilius foetidus), FOS(Aspergillus niger) 5ol
s o] A ofz BEF ZANHE UL
vehd 4 ole dF7F ADdE g cl(Table 10).

HMEE 7ol AMiMEH

Bromocresol purple®] %% Potato dextrose
agar W) =]e] S XA HIPAAXA dabduR
F2F flellA 7w amylases] #A4o| ¥ FF
=5 A3 A3} FOS(Aspergillus niger)7} A A %

o] 7}FA -8 0 JO4(Aspergillus oryzae), AD6(Asper-
gitlus niger), JOT(A/spergillus foetidus) “s°| w4y
=2 FaEF RBgcKTable 11).

=l 2E0|8 X%
%A% Zaole] BRI Absidia sp7t RE x99
FEARR L 7Y 5 NEL $HAT Asper-

T

gillus oryzae, Aspergillus candidus, Rhizopus cohnii?
B BI¥E Nk o|edt A= Absidia sp.7t
e vl g FeEdules 4l S(7e] Harel odx
s} 2t Aspergillus candidus 2} Rhizopus cohnii7} 2
2 By s vaorh= H2 B8 Penicillium sp.2} Mu-
cor sp.7} FAEE A ¢gkerd el AF7A R
o gxel ¥ ouw v} §1= Actinomucor sp., Aspergillus
foetidus, Botryotrichum sp., Cladosporium sp. 5©
Fel=lddel =8k amylases®] B gAY AP Ad S
ekl WRAIY AR ME AAEAAS 3R
Be AT AHE B §=ele 7Rl Ui
Atulzl 7k HEe] tkel] o) &H 5 Qo A
2rElch, v RelafE aflatoxing A3 AR
o] 2 Aspergilius flavus 5-2] v}3d2s}z] F-gl
TEol WAE v AR} #H|AALF 5o HEd
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FAEE QNG A FEE F2v
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Table 10. Amylase activity of molds isolated from Nuruk

Isolated . Glucoamylase activity a-amylase activity
Identified name
number pH 35 pH 55 pH 3.5 pH 55
A03 Absidia sp. 40 80 8 8
B07 Absidia sp. 4 80 8 8
Ed5 Absidia sp. 40 40 8 8
C10 Abstdia ramosa 40 80 8 8
103 Absidia ramosa 40 40 — 8
B05 Absidia corymbufera 40 80 8 16
K01 Abstdia corymbifera 80 160 8 8
BO1 Rhizopus cohnti 160 320 8 16
B0O2 Rhizopus cohnti 160 640 8 8
DO5 Rhizopus cohnn 160 320 16 16
K02z Rhizopus cohnu 80 320 16 16
MO5 Rhizopus cohnii 160 160 16 16
D02 Rhizopus arrhizup 80 320 8 8
FO4 Rhizopus arrhizup 320 320 16 16
Do6 Rhizopus oryzae 5120 5120 16 16
FO7 Rhizopus oryzae 1280 2560 16 16
BO3 Aspergitlius oryvzae 80 160 8 16
BO6 Aspergillus oryzae 160 160 16 16
F02 Aspergillus orvzae 160 80 8 8
Jo4 Aspergillus oryzae 160 160 16 32
MO04 Aspergillus orvzae 40 80 8 8
C05 Aspergilius wentu 40 40 8 8
E04 Aspergillus wentit 80 160 — 16
JO7 Aspergtlius foetidus 1280 640 16 8
A06 Aspergilius niger 640 1280 32 32
FOb5 Aspergillus niger 1280 1280 16 16
C02 Aspergilius flavus 80 160 16 8
Co4 Aspergilius flavus var. columnaris 90 80 16 16
LO4 Aspergillus fumigatus 80 80 8 8
Ho06 Aspergillus candidus 160 320 8 16
Table 11. Acidity and pH of the culture broth which om g Sallul SR Iuoll AGFIol Lali

is cultivated 10 days

Isolate

Sumber Identified name Acidity pH
B06 Aspergillus oryzae 7.1 4.38
M0O4 Aspergillus oryzae 6.2 4.58
Jo4 Aspergillus oryzae 6.3 4.47
C05 Aspergillus wentii 4.8 4.75
cog ~ Aspergilus flavus 49 4.50

var. columnarts
Coa Aspergillus ﬂa?us 43 476
var. columnaris
A06 Aspergillus foetidus 6.9 4.39
F05 Aspergillus niger 74 3.77
JO7 Aspergillus niger 6.5 3.66
D06 Rhizopus oryzae 4.2 4.26
FO7 Rhizopus oryzae 4.4 441
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