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ABSTRACT : We examined taxonomic characteristics and safety of eight Nuruk molds that are widely used for making soybean
paste, soy sauce and alcoholic beverages in Korea. HK1 from Hakyeong Fermentation Co., SW101 from Suwon Fermentation
Co., CF1001, CF1002, CF1003 from Chungmoo Fermaentation Co. and KACC 93210 are yellow-Nuruk molds, and SW201 from
Suwon Fermentation Co. and CF1005 from Chungmoo Fermentation Co. are white-Nuruk molds. Six strains of yellow-Nuruk
molds were identified as Aspergillus oryzae. HK1, SW101, CF1001 and CF1003 of yellow-Nuruk molds have middle length of
stipes (711~1,121 um), and CF1003 (for sake) produced less conidia and more hyphae than HK1, SW101 and CF1001 (for
soybean paste). CF 1002 used for soy sauce has shorter stipes (543 pum) and is clustered into IBLB- group based on omtA gene
analysis although the other yellow-Nuruk molds are clustered into ICAo group. KACC 93210 isolated from traditional Korean
Meju has very short stipes (average 270 um), and showed velvety colonies although the others showed floccose colonies. The
strain has different DNA sequences of omtA gene from other strains in NCBI GenBank as well as strains used in Korea, suggesting
that it is unique from other strains published. SW201 and CF1005 of white-Nuruk molds were identified as Aspergillus luchuensis
or A. luchuensis mut. Kawachii that is known as safe, non-toxigenic fungus. The six strains of yellow-Nuruk molds did not
produce mycotoxins including aflatoxin, cyclopiazonic acid, and sterigmatocystin. Therefore, eight strains of Nuruk molds used for
making soy sauce, soybean paste and alcoholic beverages in Korea were proved to be safe in this study.
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Syl &} o] Azl F= (1844, mold starter)
S ARESE A2 B e glovt dAIFH 7] 2719
JELAe ot ARk FoZ FHEH ) o] LB
=0] Eeual s=RlE0] o] & ARAEHA Eutol A
B3t 3P o] Fol % T ALk =2 Al 23
A T8 AR 8 R AXRE Heke] o B
Tro] A AL 19701l U] T84 GAI= 16
7} GAel ol=2F}. AT GH-o] A A A9
714e] T AA AR R T sexfe} fFRE A =
Ao A TS AL, Ilshs 7192 3 X (FEEs
(), SFLE(F), sPadE; Aol Azt daljEe
2594 e Bt T A APEe] R} 943599
(20119), AEF A1 1527} 6,036214 (20113 )0) AL Z=+
o] At =AY 4] Ao, Yio] 201519 AR
ok 1,30070] FHAZQA7E 1o FafjFo] oF 1591
(2F 1509)FS 7RIS wjol] =] F= A]Fo] Irht 9
Z5o] A A 4 Aokl oY 14l). o]
T S AP S 918 7% AFEAR A Iullel
BHI Je T FHol () S & TSR FFolgt
Hslu g 2 =FoXe 75 3ol gt o] wo
52 & Yo oY wR¥nte] o} WS 7hX] AT
She dol9] kojioll sEehe W SJrE AREEITH ]
EF38h0l EAT oHAAlS ZARSIAL o]2 Haslaxt

=
Mz 2 e
A NF) FrEEE SO ] = (SW101), W=
T (SW201), SFEao] T8 3=+ (CF1001), P8
341 (CF1002), 58 3T (CF1003), 3P3aae] 3=

Table 1. Nuruk molds used industrially in Korea

T 3AL L ZE L 719A - EES - TR - AW .

s s
kS - Ad

Ho

T (HK1)Z 2ol A7} 5o] AFFolx Eelste] =
TR o} SE ] 7]Eo) e f=t (KACC 93210)= 4
Holl ARS8 AFARE H-8-2 Table 191 et &A%
T oA e ast sPgda s = wlEe AlF
S 2RY #FE cFEYsiaer SFEE 45 AL
A 24 23 B ATttt

SATEF] el 54 245 9181 Samson 5 [3]°]
ARG Aspergillus2:S] FelA 54 249 5 S o
SXT}. Malt extract agar (MEA), Czapek yeast extract agar
(CYA) Hli=]ol| A vl FENE #2813 0™ MEA HiA| o)l A]
A F3gol9] b (stipe), ©AYEAHE] (conidial head),
A FA} (conida) T HHSIAT. EAEESH TS 9
ato] FATF2] B-tubulin 34 A7IMBE B S
™ [4] £4T A7IMEL F=te] AF-oll= Pildain & [5]
9] &=l Yo o) W=+t 799+ Hong &
[6]9] =l Yo FEdF53 G7IMES Hlaslslt)
=] 749oll= B-tubulin FHAREHOZ Aspergillus
oryzae$t A. flavus7t A= TFE=A] 7] Wil Hong &
(719] +==2] "ol W} norB/cypA polymerase chain re-
action (PCR) 53, omtA, aflR 34} G7AES 4
sttt G714 gl A Al'eT4/3d-2 MEGA version
6.0 [8] ZEIHS ARSIl Tt AR AR
Tamura-Nei A2 AR DS AlFE 2432 neighbor-
joining H-S ARE3ISATE.

AT S kel flete] =e) A9l
= Aspergillus oryzae, A. flavus, A. parasiticus”} 37°3& 4=

A= FFo] =422 aflatoxin, cyclopiazonic acid, sterig-
matocystin®] BAARZS ZABIE o] uf Mgt HF=
TULE B4 E2fsle] aflatoxin B35 0] FRIE A
flavus KU027 (KACC 45441) 2 A. parasiticus KU115

Scientifi KACC Manu- Conidia si Cyclopi ic Steri to-
cientific o anu Colony  Stipe size (um) onidiasize o . Cyc op{azonlc erlgrr}a 0
name no. facturer (um) acid cystin

middle
F 1001 4 h fl ’ 7~6.7 (5.1
CF 100 7838  Choongmu occose 423~15377 (806) 3.7~6.7 (5.1) X X X
CF1002 47839 Choongmu floccose short, 3.0~4.0 (3.5) x x x
& 339~860 (543) 0
CF1003 47840 Choongmu floccose middle, 39-55(49)  x x x
Aspergillus & 612~1,657(1121) ~~ "7 7
oryzae middle,
HK 1 47488  Hakyeong floccose 562-1,363 (883) 42~59 (54) X X X
middle,
SW 101 47843 Suwon floccose 538-1024 (711) 4.0~5.8 (5.3) X X X
Choongmu, very short,
KA 21 21 | 4.1~6. .
CC 93210 93210 Suwon velvety 189~324 (270) 6.3 (5.3) X X X

Aspergillus ~ CF 1005 47841 Choongmu  velvety 315~513 (432) 3.4~4.9 (4.2) ND ND ND

luchuensis SW 201 47844 Suwon velvety 355~575 (469) 3.2~4.6 (3.8) ND ND ND

ND, not determined.
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FH}. F aflatoxin A T2} FAISH A, oryzae 60
9] aflatoxin, cyclopiazonic acid, sterigmatocystin®] 8/3
RIS 9Jste] 7} 55 Czapek yeast extract broth %
agar WiZ|oll HZF31A] 28°C, 10€7F WiF3IAT). wiFo] &
% 2} 759] aflatoxin A5 T2 Tao2} Chung [9]
o] W, cyclopiazonic acid A§/3°6-2 Hayashi®} Takumi
[10]] ¥, sterigmatocystin AJ/d%6- Rank 5 [11]9] W
Hol| whe} Hxj8] $ HPLCE ARS8t UV v 334
#7190 o3 BN S AAsTh

zm 2 o

2 ARl FAIRE Y FE3AtellA Tvlsiar =
Gt BT A, oryzaeR T8 B-tubulin 32}
AFTollA o]52 BT A. oryzae, A. flavus$} spte] 1
B FASA O A. sojae= ¥ FABAIE BATH(Fig.
9). 53] = 9] CF1002E A|2|3} 575+ B-tubulin
Azt G7IEe] A2 e8] LX|skAt. AT B-tu-
bulin F-AZE 0]E59] A. oryzaelA A. flavusAA| -4
o] E7}517] wiol|l Hong 5 [7]2] *Hell we} ol Ze}541
AR Fraxt 2282E W9 norB/eypA F32H] PCR
ZZ3} oflR, omtA F-3A} G7IME A4S ARSI L
Ay} Fl9] F53%0] 675 norB/cypA AAlol=
Type I 24, aflR FAAPIME Ao B}l &30 24 A,
oryzaeZ A (AT} HIA|A]). 53] omtA A} f
AFA = A CF1001, CF1003, SW 101, HK-1 7<=
HZH A. oryzae 715 ICAo L& [12]0] &3 A. ory-
zae SRRC 493 ¢} shte] T15-5 |48kt (Fig. 10).
a8y FEEe] 2P 8= 11 CF1002= Y9
Kikkoman Co. 7 #| %0 AF&-%]= IBLB- 129 &3l=
RIB40 79} sl 155 FAsIth. v =) A&
HFolA] E2]E KACC 93210 T oA 551
A= TFoe APEAS BT} 53] o] T+ National
Center for Biotechnology Information (NCBI)l|X] BLAST
B8 AAIBIAE "ol 7| Hag ofH gole
A7 g0l LX|8tA] GFot(HolE] mAA)), o] TF7} 71E
o AMgEE ofd Fols ApEEE dFdS & 5 U
ot

A. oryzaeZ SAE 67 MEA, CYAOA] AAAEA],
] (stipe)d] Zo], T2 XA} conidia)®] 7] Tl AM=Z
5| ATH(Table 1, Figs. 1~6). A 8] 5-d¢lA KACC
93210 W= WHIES (velvety)©Z (Fig. 6) 7|E} 507
Y B (floccose) - Z (Figs. 1~5) A2 TR F(colony)
FeE Yepith. 24} 34 KACC 93210 > SWI101,
CF1001 > HK1 > CF1003 > CF1002 soA12 w24 18]
31 o] A=A, U (stipe) ZolE HKI1, SW101, CF
1001, CF1003 57} &A= 711 umollA ZA1E 1,121 pm

B3 Folo] BReHY 54 9 oy 151

Fig. 1. CF1001 Aspergillus oryzae. Colonies of Czapek yeast
extract agar (A) and malt extract agar (B); Stipes and conidial
heads (C); Conidial heads (D, E); Conidia (F). (scale bars: C
=500 um, D = 50 um, E, F = 10 pum).

Fig. 2. CF1002 Aspergillus oryzae. Colonies of Czapek yeast
extract agar (A) and malt extract agar (B); Stipes and conidial
heads (C); Conidial heads (D, E); Conidia (F). (scale bars: C
=500 um, D = 50 um, E, F = 10 pum).
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Fig. 3. CF1003 Aspergillus oryzae. Colonies of Czapek yeast Fig. 5. SW101 Aspergillus oryzae. Colonies of Czapek yeast
extract agar (A) and malt extract agar (B); Stipes and conidial extract agar (A) and malt extract agar (B); Stipes and conidial
heads (C); Conidial heads (D, E); Conidia (F). (scale bars: C heads (C); Conidial heads (D, E); Conidia (F). (scale bars: C
=500 um, D = 50 um, E, F = 10 pum). =500 um, D = 50 um, E, F = 10 pum).

Fig. 4. HK1 Aspergillus oryzae. Colonies of Czapek yeast Fig. 6. KACC 93210 Aspergillus oryzae. Colonies of Czapek
extract agar (A) and malt extract agar (B); Stipes and conidial yeast extract agar (A) and malt extract agar (B); Stipes and
heads (C); Conidial heads (D, E); Conidia (F). (scale bars: C conidial heads (C, D); Conidial head (E); Conidia(F). (scale
=500 um, D = 50 um, E, F = 10 pm). bars: C, D = 100 um, E, F = 10 pum).



Fig. 7. CF1005 Aspergillus luchuensis. Colonies of Czapek
yeast extract agar (A) and malt extract agar (B); Conidial
heads (C~E); Conidia (F). (scale bars: C = 500 um, D = 50
pm, E, F = 10 pm).

Fig. 8. SW201 Aspergillus luchuensis. Colonies of Czapek
yeast extract agar (A) and malt extract agar (B); Conidial
heads (C, E); Stipes and conidial heads (D); Conidia (F).
(scale bars: C = 500 um, D = 100 pm, E, F = 10 pm).

T =gl £k 54 B ok 153

7R F3F A dol (TR, )= A=A, IFF
£ 721 CF 1002 H1°| 543 pm=Z T2 (EE)E U
ER2ATE. KACC 93210 = W] Zo)7F H5t 270 um
2 GRRTE O g 29R (@EE)E 32 A0 Table
1, Figs. 1~6). ©] = t]2] o7} 7] wfitol A=
¥ 123 Fo) st o ek WiEl Rek] ks
B33kt (Fig. 6). HAEAR= 7Pd-8 7521 CF10027}F
B 35 pm=E T2 75 (4.9~54 pum)ol| BIske] F2A3]
ZFXTH(Table 1, Fig. 2).

o] ERE 5SS T8 TldA freEe &
IS A ] 102 FEE g Uk WA s
89] HK1, =¢3a9] swiol, 3789 CF10012 B-
tubulin?} omtA <} G7]A ol A (Figs. 9, 10) L2]aL
AL, W SEE 5o FER SAHMNE A2 FHEE
2] e¥sktt. £3] sW1013 CF10018 o2} 71x] 40l
A2 FEEA] skt ok ol (stipe)©] ZolollA= HKI1°]
SW101, CF1001HT} Tha At (Figs. 1, 4, 5). ol &
T opdelolAle} Z2E| oS FastA st 27 Al
Zol| &2 o] g8t} AF A|xo| FE AMEEE= CF1003S
omtA AN A 18|31 BAYZA} F7] FlA BFE
<1 HK1, SW101, CF10013} A2 FEEA] ¢9%01Y o]
Soll viste] i) Zol7} dar, A} AAd#o] ik Hal,
AP O gt Ao g BT (Fig. 3). SIAITH 5
o R o5 XNZ W] FHEEAE FuTt. vhH
748 #F21 CF1002 T2 5379] =l 433
TEEACH WA Fet mefollA] A3 o] AR o=
B8kl xA10] A7|7F ke ol viste] WS A%
o}, 53k o] =)= SR SW101, CF1001, CF1003,
HK1 Rt} 9kl 22791 KACC 9321001 HIske] 3t
3] 2t (Fig. 2). FARTE OmtA F-312F BAol)A] 1}
H2] o] BF ICAo 1E89] &3k= ¥l CF1002
T IBLB- Lgol &3t Wes] 25 ATt (Fig. 10).
o7 FUF5S FH8kaL = KACC 93210 T &
HlZo g = o] o7} Hit 270 umEA SEAR] SW
101, CF1001, CF1003, HK12] 711~1,121 ume & A=
3L G CF10029] 543 umell Hlgto % H3ks] g&dct
(Fig. 6). ©|= 13} o] W~ th& F=itol vlste] 22k
£ W] 1ejar o] A thE eto] FERGS
2 A=) REste] o] e Wl Heko g zEtu g wlek
SR 2w 44 2 7 AT T3 o] 7
omtA A Aol A ICA0 LE9 43R= SW101, CF
1001, CF1003, HK1 759} 772 f-A28AIE YeR]
3oy Mg Hals] HEE 0 24 (Fig. 10) ©] T2 71
o Tl FEEal e = 2fo|7t AL B
o}

ggto] 1Al frafgt SAE BASHEAE ZANI
k. A. oryzaeSt A. flavus7} 233 1= A= aflatoxin, cy-
clopiazonic acid, sterigmatocystin®] 873} ts}le HPLC




CF1003
CF1001
A. oryzae CBS 100925T EF203138
A. flavus CBS 1009277 EF203132
KACC 93210
A. minisclerotigenes CBS 1176357 EF203148

100

l: A. parvisclerotigenus CBS 121.62T EF203130
A. toxicarius CBS 822.727 EF203163
A. parasiticus CBS 100926™ EF203155
A. arachidicola CBS 1176107 EF203158
A. sojae CBS 100928 EF203168

75

A. caelatus CBS 763.97T EF203127

=

A. pseudotamari CBS 766.97 EF203125

A. tamariCBS 104.13T EF203123
A. bombycis CBS 1171877 EF203121
A. nomius CBS 260.88T EF203120

—
0.01

100

Fig. 9. Taxonomic position of yellow-Nuruk molds based on B-tubulin gene.

A. flavus NPL VA2-9 DQ176785 (ICB+B-)
—— KACC 93210 KT588605

ICF1003

ICF1001

SW101

HK1

87|

98

A. oryzae SRRC 493 DQ176826 (ICA0)
A. flavus NRRL 3357 DQ176782 (ICLB+)

93 CF1002
A. oryzae RIB 40 DQ176827(Kikkoman strain)
A. oryzae SRRC 2103 DQ176822 (IBLB-)

100] A. flavus NPL CA38s DQ176814 (IASB+)

0.005

A. flavus Af12 DQ176821 (IALB+)

77[: A. flavus NPL TX9-8 DQ176791 (IALB-)

Fig. 10. Dendrogram of yellow-Nuruk molds based on omtA gene analysis.

CF1005

80| SW201

A. luchuensis NBRC 42817 JX500062
A. kawachiiNBRC 43087 JX 500063
A. piperis CBS 1128117

A. costaricaensis CBS 1155747

A. eucalypticola CBS122712T EU482435

98

A. vadensis CBS 1133657
A. neoniger CBS115656 T FJ491691
82 A. tubingensis AY82007
A. brasiliensis CBS 1017407

73

A. welwitschiae FJ629291

—
0.005

A. lacticoffeatus CBS 1018837
92' A. niger CBS 554.657 JX500070

99

Fig. 11. Taxonomic position of white-Nuruk molds based on B-tubulin gene.



) Aspergillus flavus KU027;

) Aspergillus parasiticus KU115;
) Aspergillus oryzae CF1003;

)

(
ﬁ
(4) Aspergillus oryzae HK1.
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Fig. 12. HPLC chromatograms of aflatoxin analysis.

TS AAS A, dizT o2 AR A, flavus KU027
T aflatoxin B1, B2E A3, A. parasiticus KU
115 T5= aflatoxin B1, B2, G1, G2%} sterigmatocystine
AAEH= Aol vIste] B ATllA FAITETE ARESE A
oryzae 67 ~= aflatoxin, cyclopiazonic acid ¥ sterigma-
tocysting AHSHA] sk}, 2t FAIEF B &t T
aflatoxin, cyclopiazonic acid, sterlgmatocystln-/] s A
Z}= Table 1 2 Figs. 12~1401 2}z eIt

Bl U E-9] FF YA Kawachi KenichiroZ} B
Bl S+ (B A, awamori, A= A. luchuensis)©l
A AR o2 whgEl WAl ZAHo|FE AdkEle] k%
/é’c;)‘j_% 7‘51. 75;,74. H1—_§_6’]—X—]O] .__/K']O] (] /‘6]-021 01E_v9_ ]:]].ET";
gHivt, T, 2= ol 8 AIXl dFoltH13). o] I
= 19201 o] Foprjote] M TE Aol /\]%%2
=24 HlFER] 549 Aol v S AIRE FE
291 543 BAETH) S-S AR E}EX] %8 A
o2 YL B A= dime] sweoid S5

(1) Aspergillus oryzae CF1003;
(2) Aspergillus oryzae HK1;

(3) Aspergillus flavus KU027;

(4) Aspergillus parasiticus KU115.

HFg 0] CF1005% B-tubulin 24} 714 <€ o] Kawachi®
A1 NBRC 43083 100% 5732 H AU (Fig. 11).
w3 gejE 54 ol G2 Aeeld tha Aol glo.
1} the) o], EA=7] 5] 8 BFEAOIME Kitah-
ara®} yoshida [13]7} 7123} ¥5059] A9} A& 75

o] =] ¥t} (Table 1, Figs. 7, 8). WHEhA =it o] sw
2013 SFEE 2] CF1005= A. luchuensis® T] 25|
= A. luchuensis mut. kawachiiz. 573t} Hong 5 (6]
o] MAIFo = 138 B2 A. luchuensis7} QA -3l
T o Baw e e SR EOIE Has)

Forzg B Ao Wxyto] sk Fae uist
of F71AQ1 A8 AAEHA] et
¥ Q
Aol =7 AZRE 8t oA f-55e e
9] =t (HK1), 9880 =7 (SW101), M= (SW

Sterigmatocystin

|

\
|

Fig. 13. HPLC chromatograms of sterigmatocystin analysis.
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(1) Aspergillus oryzae CF1003; ] l‘
(2) Aspergillus oryzae HK1;

(3) Aspergillus flavus KU027 ; )
(4) Aspergillus parasiticus KU115; ‘
(5) Cyclopiazonic acid standard

(100 ng/mL). ‘

[

Cyclopiazonic acid

Fig. 14. HPLC chromatograms of cyclopiazonic acid analysis.

201), TFao] A8 =5t (CF1001), 7H%
(CF1002), & 3=+t (CF1003), Tm%
I A5 vlFollA Eelste Aist =

T (KACC 93210)9] 257oH4 544 %ﬁ*o% EAFST.
FAIGE 60 et B AL oryzaeR 5dH IO
°]% HKI1, SW101, CF1001, CF1003-& EA¥ALE A5}
= Ul (stipe)Q] Zo)7} FHA7](711~1,121 pm, FE)ZEH
MZ AR e 9 BRAI5EE 5438 UERIou
7821 CF1003°] ThE 370l Hlsle] ZAE tha 4]
Al )AL TAE vk Bo] AASIT. 1A E8<1
CF1002+= the] Zo|7} Bt 543 pm=zA] #Sko™ (EE)
omtA -FA} A0 A TRE St ICAo Lioll YIAI8t
+ RPAC] IBLB- 1ol &&= o] B3] =t A
SHlFolA EelElo] st Hgo] = =t KACC
93210 75+ i (stipe)”} HiF 270 um= vi-$- Fgkow
(BE) & ﬁ‘-?ﬁ‘ | FEEL ks Fske v
il oke] Hehs FAste] FejF o= A FEEAL
omtA %787\}01]7‘15 TASE =t B2 MAIZoE B
1 ofd e He @M Ee] MR gtk R
o] W=t (SW201) 2 SF-¢E 9] W=t (CF1005)2 BF
A. luchuensis (5= A. luchuensis mut. kawachii)Z 573%
Aom et Fert vha Folstlot 7ete] FejE &
A FAAGEE SN M2 FEEA] U =

T 61t aflatoxin, cyclopiazonic acid, sterigmatocystin

=t
W= (CF1005)
£ 3l e S

&
=it (C

o] FFo] EAE ’}E/‘q?_ﬂ'ﬂ oAl W=+ (A. luchuensz’s)g
g 545 AR e B E ojn| HalxQl

Ul 5 Ee et et B —g—.ﬂro]iz\oﬂ/q
QPR FPoIYo] YFHUL.
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