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ABSTRACT

We investigated the occurrence of aflatoxin B1 and the amylolytic and proteolytic activities of Aspergillus sp. (A.
turbengensis OF5-8, A. oryzae OF5-18, A. oryzae 1F18-2, and A. oryzae 1F20-25) isolated from a Korean traditional Nuruk
for preparation of solid fermented koji. The aflatoxin production of isolated Aspergillus sp. was 7 to 20-fold lower than that
of the control A. flavus KACC 41862. The enzymatic activities of each fungal strain under each temperature condition (23T,
25T, and 28T) were also measured. Higher a-amylase activities were observed for A. furbengensis OF5-8 and A. oryzae
IF18-2 at 23T and 257, respectively. For the A. oryzae IF18-2 starter, the glucoamylase activity was maintained at a higher
level at all fermentation temperatures. Enzyme activities in the solid fermented koji were also observed after treatment with
varied inoculation rates (3%, 6%, and 10%) of liquid starter and the activities of a-amylase (825.3 units/g) and glucoamylase
(2,107.3 units/g) in A. oryzae IF18-2 were found to be higher at the 3% inoculation rate. Finally, the enzymatic productivity
of solid fermented koji made with A. oryzae 1F18-2 was maintained at a higher level; therefore, it is expected to be useful
as a fermentation agent or fermentation starter for Makgeolli in the future.
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M B purpureus, Saccharomyces sp., lactic acid bacteria, Bacillus
sp. &9 TR mAEe] ASska it 59, ol5 Tl
Fevete] A AR F=/<1 2= 20009 Hel = Aspergillus <5, Lichtheimia <5 2 Rhizopus & Zool7}
HS 7o 2 AR foht AE B2 43E = 59 Bo] Exata gl Aol 2 75 /M 2 Aot
547 &S T2 02 sk fARE £33 T2 d¥E ¥ (Kim CJ 5 1990).
3 Eudoli)o} R|FE Zalo 2 Zhagite= FR2A A2 T2 A8l 0 Zoo] = WEFHo| salAe o
HAtHLee JH 5 2012). 28y H 2 ekt Zen|dF 5 ehS- 1= 2 Rhizopus sp., Aspergillus sp.7} 92, o]5
7ol T4 e e] st §43] Hdasta e Aol T30l a-amylase, glucoamylase T AES BEole a4
Adolth, felvel AE T/ e o] 48 S YISt Il AdE dES dslele 98-S v
el =3 F5E Yol duEdet d2& FEIF FAl (Kim CJ & Lee JS 1985). &%l A B3leol <) A
Aol MY WANEEL U GolSo MH & AH BHe £ud G0 S A AEuh T
Lee JW 1996). ‘F5oll&= thdet F/e nAEE<] 3o ©] AR Baso] 538 75 FuE Dhdn] @ AEF Pt
Sol gakst A¥A 2 BMd Ralnk 9 BES o S Zedtm & 4 Aok A2, Selueke o o
914 A e Aolvh glol Bele) B @ A SO @ BpaF AS sl AT LS FFE FUeE)
EAo % 2o} JEPITHWoo SM 5 2010). $2jutele] @ wee xBslm 9ok Ea ) 2HAIAC 0%
HEFSoll= Aspergillus oryzae, Rhizopus oryzae, Monascus LB A ¢35, A 2EEE 1209 ¢ F =o|tHMun
e
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FolEtE 248 FeslthJeon CO 2014). HI7HA] 5
i = TR 7R AHske §& FFol AR T
o] #F Hal - B4 B3 A+(Jo GY & Lee CW 1997,
Lee SH 5 2004)9} Al &+5-5 o] 83 T e]e] T EA

g A7 RuEoh AAR w5 JE3tE 54 o
S LEZIS o] 83 N2 LEA Az Aol gt
= A9 mHgk Aotk

2 AFelME Tl AEFFAA el F3] 4
turbengensis OF5-8 & A. oryzae OF5-18, A. oryzae 1F18-2,
A. oryzae 1F20-25%5 ©] &3t 1 E=< A3tk ol
o] P31 -& 524.20+13.99~2,107.32+88.30 units/g - = Back
SY 5(2010)°] ZAGNA FHg FFo I3t 760~
1,400 units/gol] B]3te] GAEd0] $4d-E HAH T, o]y
g A= )8 dw EeliEo] Hold -8 WE F30]
23} o] o] &3 T B T AXT|s NEE Yaof
oA I F e W F4F B BT Ao AE &8

75 EolaAt sksith

3 AeTFFNA Eelste
T2 TR EFTCA B 29l 4572 5ol

(A. turbengensis OF5-8, A. oryzae OF5-18, A. oryzae 1F18-2,
A. oryzae 1F20-25)5 AH&-8ITh = A Zol] A8 €
Fv 20159 A=A A FAWE B -8 (Suwon,
Korea)oll A F-dste] AH&-sksitt.

2. Aflatoxin MZFH24A
Aflatoxin(B1) =79 FFAQ 245 JAsk7] $lsto]
ELISA £42 Zsigith 224 A& 5 ¢
d a3

(H200-H-E, Benchmark Scientific, NJ, USA)ol|lx] 743}t ujjek
3153t} ELISA #4912 AOAC 9155 & Veratox Aflatoxin
total kit(Neogen, Lansing, USA)S AF&-3}1 01, #| A7} A
Agt zAoR BRSAIZl & 650 nme] FFE(UV-2450,
Shimadzu Co., Kyoto, Japan)°l|A] A|&E 273t 5, 4PL(Four
parameter logistic curve-fit) {2 o] 83l AFHE 2dst
o FFA 45 a5 tRoman BE 5 2017).

3
Avtel Fgo] TFELS YEPS(yeast extract 1%(viw),

Aflatoxin #4173} 2o g A X3 nAEFZ EHEA 385

peptone 2%(w/v), soluble starch 1%(w/v)) Wl|A]el] A3+ 3L
AH(10° cells/mL) 2 FF3sle] zH2h 22 (23T, 25T, 287T)
2 23¥ g 8] <F7](VS-1203PF, Vision, Incheon, Korea)
of 397t 120 rpme = wiFSITE A A EE7]
(CR22GIII, Hitachi Co., Tokyo, Japan)Z ©]-8-3}<4 3,000 rpm,
10min, 4 ColA AHED B2 oS 3|t 22t
o] 3|t Aede Eag S ELY R AMESE

et

4, HHBSTH =

WA FTFL FHFF 100 mLo] that A v&z 24
DI71& 5%wv)E Al H7kete] 121TClA 2083 2%
(DS-100A, Dasol, Gyeongi Korea)3}ith. X733 457
O|(A. turbengensis OF5-8 X A. oryzae OF5-18, A. oryzae
IF18-2, A. oryzae 1F20-25)5 2zt TU3F FA7(10° cells/mL)
2 HFate] 5971, 28T A kst AA#g A A F
o= ARgakSiTh

5. D&4E= M=
4F79] FFolE o] WFFTH Axe HH nAE
5 At 29S WRE] skl &8 A=7](Mini-15, Yae-
gaki Food Co., Hyogo, Japan)& AM8-3F ) WA &-E Ao
FEok 22| = 1A B w71 S shar, 110TClA] 50
AR T, 40T7F HES AR A2 A F
SR HFoaL, 40TColA Al=ste] 20413F T 1
£ sta, wi<F 25413 HA71E sk 24413 3F
Ao glshHA FHo] IAE TS| T £ A= 8
dof] Z73te] 50TollA] 18417t ZA3(DS-80-3, Dasol, Gyeongi
Korea)3}Sith. o|wl] AA|FdS & S (dry base)ol] thd}e]
3, 6, 10%(viw) SEEE HEslo] nAETE A= T, o]

%

] skeit

s

A28 A8 10 goll 0.5% NaCl, 10 mM Z4Het
50 mLE 7Fated 2(25C)olA] 3AI17F &3k, 94
%, 045 ym AR EE AFste] Zzte] ZAgA(
-amylase 2! glucoamylase, acid carboxy peptidase)S =
244 Kit(Kikkoman Corp. Nod, Japan)Z =73}t

> ML ofj
oo1e

=]

1) o-Amylase =41

a-Amylase E4-S A& 3ol 0.5 mL 712 -&H(N3-G5-3-CNP)
7} 0.5 mL &4-8(glucoamylase, p-glucosidase) S ¥-5-3}1L,
37CollA oF 583t Fatdtt 0.1 mL A 82 Ya & 23

ol
3k F 1087 HHE3l T WhS- A A (sodium carbonate)2
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2mL ¥ 98-S F73 3, 400 nmoll A FFE(UV-2450, U(units/g) = (Es—Eb) + (Estd-Ec) x 0.1 x 3|4 x
Shimadzu Co., Kyoto, Japan)E =7 3FITHEs). TAIE-2 0.5 2,8715 x F&&
mL 7]d-&N3} 0.5 mL T4 &4 1583t 37CoA] vk Es: A 29| F335%, Eb: A1 85, Bstd: £ &
A7l %, 13- 2] H(sodium carbonate)= 2 mL 3 7}sto] 2k %, Eo: B FAE F3%, df AR 34 i
E3stal, 0.1 mL SHAEE H7He S92 2 400 nmol A
¥ =S 578U THED). a-Amylase 2742 Tt 22 4 1 U2 ArE S 2004 1323 ] Cbz-Tyr-Alaol| A 1
o <lst] Aat=E9)Tk pmol®] L-alanines #3lldt= <7Fe YeRfAch
U(units/g) = (Es—Eb) x 0.179 x Df x 222 x FZ&& 7. EAEA

Es: A5 $345, Eb: 3A1E S4%, Df: A8 3|4 ulj &, RE AR F4 54 A2 AT eAE =0l
A3, 33] wbEsie] 3 EFHXKIBM SPSS Statistics,
2) Glucoamylase =44 USA)Z YeRATE EAx 2lE EAHEA(ANOVA)S o4
Glucoamylase /32 Ald&o] 05 mL 7]2-8H(G2-p A3 o, §2]4d Bl Ducan’s multiple range testZ=
-PNP)¥} 0.5 mL & 48 (B-glucosidase) S FF3}12, 37l p<0.05 FFollA AS3FATh

Al oF 58RI ATk 0.1 mL AR5 EFete] 10811 ¥

SAIZ &, 98- P A H(sodium carbonate)= 2.0 mL gL vF Za} o A
2 BAANZ F, FBE 400 nmell A S S THES). T4
do] 332 0.5 mL 712 -8N(G2-p-PNP)Z} 0.5 mL EAE 1. Aflatoxin AAHs
Al (B-glucosidase) S 37°CAA 2 1583t o F, Wk FA] 2E|e 4TF FFolE FHE YRFTTORE ALES] 9
9 20 mLE Hrlete] & EFelE, 0.1 mL ZHARE & A4 Wols 2 2309 aflatoxin(Bl) A0 2 7
7¥ste] ThA] Eetsitt. o] whgdlE 400 nmol A FHE=E 7betnt BelE 428 2Fo]59 aflatoxin A EEE
27 SFATHED). Glucoamylase &2 tha3h 2 2o o thxT2 AF8-g aflatoxin AAHTES 4. flavus(KACC 41862)
3kef At AT o) W&l 7~208 S f2ld 2o (p<0.05)2 B TH(Fig. 1).

2130l A] 8183 aflatoxin FE= 5 ppb ©lot= 71 (2] <k
U(units/g) = (Es—Eb) x 0.171 x Df x 144.6 A 2016)%]0] QOB =z 4572 FFols AFoA 38y
Bo Amol G0 B A9 B0 DE IS A4 g el ool mael & £7 9 B sl

4 Rolt}. 55

1, A. oryzae OF5-18% 1.0 ppb ©|3}2] o}=2t
=4 EANS QAo 2okx 7)FA o|at: FHAZRY ok
doll BAIZE Sle oz EIEA

= 1

3) Acidic protease
&) 7}

Acidic protease A2 Al Tl 1.0 mL 7132 (Cbz-

Tyr-Ala + NAD + 24t &4F5N)S Y1 37CoA &F 5830
Gtk 0.1 mL] AlBE EFs] 1087} A7 7 2. dmarof mE zoEd
S AR A 2.0 mLE H7Fete] 5wt e & HEF B HEgh Fgo] o FAEAC] HALEE HAAs]
o} 0.1 mLE EaL 37Col|A] 2087 B kg5 AN Aete] MZ o2 vy 25237, 25T, 2 28T)ellA FFo]
o7 0.1 mL &= AN PMS)S E3ste] THA] lo—rﬂ zZtzte] S-S 243U THFig. 2). A. oryzae OF5-8
-5 A&tk o] ¥hgdS F¥ =460 nm)ollAl =% 9] g-amylase-> 23C m 1.56+0.54(U/g protein)= 7} =
SIATHEs). 341 #] S 7] 713 S5 37CeA & gaggs B . oryzae IF18-2 & 25ClA 7}
15832 WS & 9kS A 2.0 mL9} 0.1 mL A|85 YL 2 =S 1.27+0. 20(U/g protein)e] TAEAS R THFig
o] %o W& T WA FUS A Helste] HEgAS 2(A)). B, 28 ColM = 4FF FHolEo] HHAHCR 091+
FH =460 nm)oll A S THED). X5 3ol SH2 AR 0.18(U/g protein)] o-amylase A4S UERY 91‘:} AE
il = B4 Kite] 259 A= B4 el 5 oz A

Eall 5ol @FF2 glucose S ALFsl=H 2142

% 5l glucoamylase EAEA]S Fig. 2(B)ell \4—5}141211?]- A
EN: T=

3L

A3, 57 A
¥ & o] =
°© =

T O
3} o] AN SATHEstd). WA FAEe] ZGe ZA A
| )

5 i SRTE AHESta, B4 SHA RS 2o HAAS orpzae IF18-2 FFo] TS ThE TFE ¥3] RE 2%
S THEC). Acidic protease -2 T3 22 2o 9]sto] (23T, 25T, 9 280V)gddollr €53 &2 a484 #
Al k=] it (6.99+0.57 U/g protein)= WERN7] W&ol 4. oryzae OF5-8,
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Fig. 1. The quantitative concentration of aflatioxin.
Data are presented as the mean for 3 independent experiments.
Error bars indicate SD. Significance comparison was performed
at Duncan’s multiple range test at p<0.05 level. Different letters
were indicated with the statistical analysis according to fer-
mentation temperature of each fungal strain. OF5-8, Nuruk of A.
turbingensis KACC 93270P; OF5-18, Nuruk of A. oryzae KACC
93284P; 1F20-25, Nuruk of A. oryzae KACC 93286P; IF18-2,
Nuruk of A. oryzae KACC 93289P; (+), 4. flavus KACC 41862.

A. oryzae OF5-18 2 A. oryzae 1F20-25 S5 Bl&] 2+
2 7MA7F E=rha A AZITE @9, A oryzae TF20-25+ 28T
o4 3.03+1.02 Ulg protein®] F3l8 S HYozHn %7}
S7HEEE 2ag/go] S7kEY] & e FdE H
a WEAol $<r3 g2 g Fig 2(0)ol JER
protease activity= 2472t ToFEY %o WE TAHEY
e 2 7oA Aol7F YIAAITE, 4. oryzae TF18-2 <]
28Coll A 2] protease activity”} 0.95+0.14 U/g proteinS. 2 7}

Ayl 7 Azl 9] =2 protease EA4AE] A 3k
(Fig. 2(C))< 23l8 v, "ol #dedsts FiEol7] o
Foll(Park CS & Lee TS 2002; Jeong JH 5 2015) T3] &

280 =2 TR} q-amylase®} glucoamylase }i/\%/‘q
o] =3k "k protease EAJo] WS F=iito] FHRAIZ
A FHow o AFPsirt. AAH 0w g-amylase ot glu-
coamylase & AEJo] $3laL protease EAJ0] & 4.
oryzae TF18-2 F1e] g E4S & YehFE
L 28T E A} o] nigo g nAEZS
3 HEL A FTTL 28 CollA HlF= A

EaEew
A Z38}17)

3. IAEZ9| g-amylase AN

=] 31*&% = Az sl B2 wA ol
v ket AAFFS FEHG%, 6%, D 10%)E2 FEFste]
BEEE AxES 5 0154 BAEES BASATE 380l
T 14E9] a-amylase &4 23S Fig. 3 YERAL
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Fig. 2. Enzyme activity of fungal strain isolated from
nuruk.
A shows the enzyme activity of a-amylase. B shows the enzyme
activity of glucoamylase. C shows the enzyme activity of acidic
protease. Data are presented as the mean for 3 independent ex-
periments. Error bars indicate SD(p<0.05). Significance compa-
rison was performed at Duncan’s multiple range test at p<0.05
level. Different letters were indicated with the statistical analysis
according to fermentation temperature of each fungal strain.
OF5-8, nuruk of A. turbingensis KACC 93270P; OF5-18, nuruk
of A. oryzae KACC 93284P; 1F20-25, nuruk of A. oryzae KACC
93286P; IF18-2, nuruk of A. oryzae KACC 93289P; ND, not
detected.

ok AEe] AsiA ]i —} B3I o-amylase 842 F3Fo| F
N < YERNATE 4. oryzae 1F20-25 24
tﬂ(3%, 6%, 2 10%) % w3t A3} 463.4+4.92
units/g, 526.0+73.76 units/g, 562.7+95.54 units/g .2 FFo]
] HEFol VTS =2 42 Uil ol e
A= zzte] Fgol7h dA|FT w71kt T £t ot
sto] FARA 7} Ho] A#HOh KC 5 1988)8te] | Feko) H]
glate] Bagdo] Eobxl Zlolth 1 9 -2 #Fo]
IAFTTANME e AAFZTAA a-amylase A/ 0]
ES4Th Kim [H 5(1996)9] Aol A ddujeol] up2 23}
22 100~735 units/g2] T4 Hug B A Ade} &
AVStTh. B3], 4. oryzae OF5-18 135w IAFH 3%
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Fig. 3. The a-amylase activity of each solid fermented
starter by amount of inoculation.
Data are presented as the mean for 3 independent experiments.
Error bars indicate SD(p<0.05). Significance comparison was
performed at Duncan’s multiple range test at p<0.05 level.
Different letters were indicated with the statistical analysis accor-
ding to fermentation temperature of each fungal strain. OF5-8,
nuruk of A. turbingensis KACC 93270P; OF5-18, nuruk of A.
oryzae KACC 93284P; 1F20-25, nuruk of A. oryzae KACC
93286P; IF18-2, nuruk of A. oryzae KACC 93289P.

(viwW)E HE3 Aol 10%EY v F=
BT 4. oryzae IF18-2= 3% A%
ol A 805.3+12.64 units/ge] H& EATA
turbengensis OF5-8E.T} 108] = q-amylase Z/d©] =3kt}
Quom sl Afeis 498 FHe TR
fAMR T Y] S4alel %ol FHeT
£ Noh IM 5(2013)¢] ExAs, & Ago|A Ao
HEHol wlElsH aaggdol vehd FHU. oryzae
OF5-18)& 245217} ASo] $oaje] FA|o] ol A&
@l e Sl 9§90 WA el W A
o 2} BB 9 o2 AT, ¢
A. oryzae TF18-29] E 4
&) 7 vehteo)
o]‘—:— _,] }gﬂ}ﬂ o]

332 1) 3
Ay3F Aol
W, 374

SAES

4. JIAE=9| glucoamylase

AT AZRA QAT HEH g HH2 S
A8t AsliA FFol T 13E] glucoamylase &
A A= Fig. 49 JERNATE AAFH 3%((viw) 2 FE3H
/¢E=ro] 2,107.32+88.30 units/g2-
2 %2 glucoamylase B3-S YEIWIL, 4. turbengensis OF5-8,
A. oryzae OF5-18 2 A. oryzae 1F20-25% Zﬂz?ﬂ IgETe
1,618.36+159.11 units/g, 986.59+17.48 units/g & 807.32+19.23

7%, A. oryzae 1F18-2

HOFA o} AT

2500.00

m3% m6% m10%

a

£ a

:
2
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1000.00

Glucoamylase activ ity (U g)
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Fig. 4. The glucoamylase activity of each solid fermen-
ted starter by amount of inoculation.
Data are presented as the mean for 3 independent experiments.
Error bars indicate SD(p<0.05). Significance comparison was
performed at Duncan’s multiple range test at p<0.05 level.
Different letters were indicated with the statistical analysis accor-
ding to fermentation temperature of each fungal strain. OF5-8,
nuruk of A. turbingensis KACC 93270P; OF5-18, nuruk of A.
oryzae KACC 93284P; 1F20-25, nuruk of A. oryzae KACC
93286P; 1F18-2, nuruk of A. oryzae KACC 93289P.

units/g®] TOE e FEES HIUE A turbengensis
OF5-8 1174F=2 a-amylase®} AWM Al =2 glucoamylase
AL JeRITE dspergillus &5 7= SARGE 2o
Al 237l golatH, g A GRS Yiete Ao
2 48A UtiHuh CK 5 2014). °]xd ZE nd%5=9)
o] ek Z R Hol tpkgt WEA S JHEsh=)

At Aoz oAAZITE A oryzae OF5-18% A. oryzae
IF18-2 14FTolE AATES 3%(v/w) FEotS o
glucoamylase EA2HJ0] =9k} A. turbengensis OF5-89}F A.
oryzae 1F20-25= 1 JE 0] /M5 =& 3484
= YEhAR, 23Es Azl AMEEE AR e
An], A715 5 A6k 73] 5 ZAAAdE 2123 (Choi IS
2011) Fatoll whet ofrte] Aol YAIRE QA FHe] A
HELL 3% vw)7F 7 A Aoz ofAXITh

2l
=
<

5. 14t5=9| acidic protease &A=
B3t 457 FH0|(A. turbengensis OF5-8 2 A. oryzae

OF5-18, A. oryzae IF20-25, A. oryzae 1F18-2) AA|Fe]
Tl die A0S AAst] A S e A

E Fig. 591 UeligIth. 23522 Azstr] e wjekst
WA FFE TEHG%, 6%, L 10%)=2 FFsl] ndE=
= Az § 2% A3}, A turbengensis

= T E—/J\—%Aé%
OF5-8-2 31,118.5+125.56 units/g?] % FA1-S Yehf1,
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Fig. 5. The acidic protease activity of each solid fermen-
ted starter by amount of inoculation.
Data are presented as the mean for 3 independent experiments.
Error bars indicate SD(p<0.05). Significance comparison was
performed at Duncan’s multiple range test at p<0.05 level.
Different letters were indicated with the statistical analysis accor-
ding to fermentation temperature of each fungal strain. OF5-8,
nuruk of A. turbingensis KACC 93270P; OF5-18, nuruk of A.
oryzae KACC 93284P; IF20-25, nuruk of A. oryzae KACC
93286P; IF18-2, nuruk of A. oryzae KACC 93289P.

=9 3~ 10%(VviwW)E FES ZE JdoM TAhTAdo] &9k
t}. A. oryzae OF5-18, A. oryzae IF20-25 2 A. oryzae IF18-2
o] A FaE > A turbengensis OF5-8E.TF 2.5~4u)] &
< A4S BHYa, IAFT = HIT g2 a4
Zpole AR ot AEH O Z A turbengensis OF5-8% T
2 23T= g AW o EalEo] 1 st
FAZEGE Azl AFSsHA diFe] dldS 2
g & Aoz AL

Ay

2 o

2 AFoA HEFFAA EElS Aspergillus  sp.(A.
turbengensis OF5-8 2 A. oryzae OF5-18, A. oryzae 1F18-2,
A. oryzae 1F20-25) 1< F/HE& LEAZ ALgs7] ¢S
aflatoxin Bl A4bea} AE Fall= v chld EagS &<l
stttk E2l¥ Aspergillus sp.2] aflatoxin A2k o391
A. flavus KACC 4186291 H]3l] 7~208)] S =2 S35
Atk ZHze] FFo] FHES LEH(23T, 25T € 280)=
FA2EE ST A3 A trbengensis OF5-83 A. oryzae
IF18-2 &2 a-amylase AT 22 23T} 25TolA
2 GA8AAE BA A oryzae [F18-2 T2 U E 05
£l H3]| glucoamylase &/d¢] ZE g 2=oA] 43t
FAGYS el T AR dFe dA ST

Aflatoxin #4173} 2o g A X3 nAEFZ EHEA 389

o] HZFTH3%(viw), 6%(v/w), 10%(v/w))oll et Fagi ol
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