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Abstract Nuruk is a traditional Korean fermentation starter containing various
microbes; it is utilized for the synthesis of alcoholic beverage. In this study, the
changes in the quality characteristics and microbial community during the
cultivation period of nuruk were analyzed. The results indicated that the fungal
richness, expressed as Chao 1, from 70.0 to 19.3 on day 10 and subsequently
increased to 35.0 on day 30 of cultivation. The content ratio of Aspergillus sp.,
Rhizopus sp. and Saccharomycopsis sp. increased with the progress of cultivation.
Among the fungi, the content of the Aspergillus genus increased from 0.01%
before cultivation to 70.4 %. Among the bacteria, the content of the Pantoea
genus increased to 69.76% on day 7 and decreased to 44.80% on day 14.
Considering the enzyme activity, saccharogenic power, ¢-amylase and carboxy
peptidase exhibited the highest activity on day 7 while lipase exhibited the highest
activity on day 14. Considering only the enzyme activity, the results indicated that
it would be appropriate to terminate cultivation before day 14. The traditional
cultivation period of nuruk is approximately 14 days; However, it is necessary to
determine a suitable cultivation period for the application of nuruk as enzyme
source.

Keywords nuruk, microbial, cultivation, quality

AEF AZAolE TRt nlAdEo] Hofsi, ol ndEe S5 E &4 5o wEhA
HrhHan &, 1997: Kim &, 1997; Park &, 2002). w&hA] HE5F A
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Changes in microbial community and quality characteristics of nuruk

o digt L= AZEHI thYeo &, 2010). ¥52
98, FE9 2T, W 4, Az A7), 48 BH
5ol wet ofg] 744 FFE YFolA L I AR E3F o
FoltHBae 5, 2002). EHHHQl F59 A4 E 5
FARE B3t I 4o detny 502 Yo, HA,
A, 371 5l EActe HAYES F5 HeRE #4
# 448 § AxsHe Y40 o]R0)F 9tk(Yang 5,
2011). 52 tpokel g Eo] A8ot| wgol] HE, o
WA A & Eoflshs G4 ofye njE o
o giAAEo] YK Park 5, 1995). olEA F&
Az Al AgEe e 24, qAREE 52 A €2
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s B A= 1970L4EH-Hr51 AR A=t
(Song &, 2013), H A& &4 5 &85t A4ES

A

59 Aspergillus <, chbtbezmzzz

%, Rhizopus %,
Saccharomycopsis %, Saccharomyces %5, Monascus
& 59 FJFWol9 Pediococcus <&, Weissella 4,
Lactobacillus & 3 Z2 24Nt, Bacillus 49| 11+
Y OFst Aldto] ABSdhs AoR EIEoIX A gt}
(Bal &, 2014; Bal 5, 2015; Jung &, 2012; Kim &,
2014; Song &, 2013). & AAHE7|A LG &4 i
E Ot H84E 5 e 24 B40] Ko AgsHA
Feaisth. BACE ndES 2y - s8E vAET &
Q1 7FeotiAet, A= 71e9] HEE 2ot o

| E7HA] 118 4= QA FHAtHKoo 5, 2018). A7}
A 5o R hFE9] A= F5= ol&of AxE T

770 3 40 B 8] N 9H 9L, = A
HheF 4 B2 Agolt}. g £ AT
oA QubHel o Axe F2o) et 5 Bl

B Folgh BY 54 5 BASIGL v, 1 20E uul
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2.2. 75 HZ
U BT T, Uz T o] 25%2] BL THete] &
T A5 22 cm®] U B 92 5 4GS ol§

5to] 4.5 cm9 FAE 4Pt AxE +52 30T,
Sk 80% 27014 3097t Migstdon, F5 2E4S 2
A317] 93] HH%WVJ%(O 1,2 34,5 7 10, 14 4

3022 MBIl +5Y W SHS AN

2.3. HEP= AIEY

7} A= GF0Y 16S HEHAlE AEA geldee] 22
EZo] o} E8[oi3itt. DNAS 33 £42
(PerkinFlmer, Waltham, USA)¥} Nanodrop (Agilent, S
anta Clara, USA)= ol-&sto] S5t Al¢te] 4+
AL 16S ribosomal RNA(16S rRNA) f4A+9] V3-V4
JIL FEdl= matolH(forward: 5° TCGTCGGCAGC
GT CAGATGTGTATAAGAGACAGCCTACGGGNGGC
WGCAG, reverse: 5° GTCTCGTGGGCTCGGAGATGT
GT ATAAGAGACAGGACTACHVGGGTATCTAATCC)
& AMEOFY Y, A9 #HEAL internal transcribed
spacer(ITS) S4ALY] ITS3-1TS4 Y& SEZdt= Lejo]
H(forward: 5 TCGTCGGCAGCGTCAGATGTGTATA
AGAGACAGGCATCGATGAAGAACGCAGC, reverse: 5'
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGT
CCTCCGCTTATTGATATGC)E AR&ot3tt. oJojA ot
F A A AFu Al oHE F2HZ 99 limited-
cycle amplification 8 cycle AP}t HF AFEL
PicoGreen2.2 A1#351e} 55191, TapeStation DNA
Screentape D1000(Agilent, Santa Clara, CA, USA)&
o|gsto] gto|H e Ato|2E ERIsHgitt. HIEHAlE 471
M 4L Macrogen(Seoul, Korea)o| 9J=sto] £4

z

2 AP,

PicoGreen

o%

A

2.4. AI#HY GLJO/E 24

HetAls A1EA Z23M= MSR(MiSeq Reporter)2 FASTQ
od-S AL, Burrows-Wheller Aligners AR&-51o]
PhiX A|EAE AASHIS. 2+ MEE paired-end data
+ FLASH 1.2.11(JOHNS HOPKINS UNIVERSITY CCB,
Baltimore, USA)E AM&sto] £R75tith At & Al
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A7) 440-465 bp?l IEE AES, Ad2 F

300-430 bp?l IEE AGS FHIh Lo AlHEAE
CD-HIT-OTU(Weizhong Li's Group at J. Craig Venter
Institute, San Diego, USA)S AR&sto] A|EAoz =2 7t
Fo= W2 ZHO| A A, oS AJEA, 7Y AlEA
5= AASHL, 97% ol AYE FALEE HFoE 3
skolo] & 429 OTU(operational taxonomic units)
£ Adsisith. 2t OTUY HEAEL ZH2H9] HlolEHo]
2(Ml: RDP release 11, Ag: UNITE 6.0)°] UCLUST

4

(Edgar &, 2010)5 ¥, FAMo] 7Hd &2 A9
F7A T2 FEZ B ottt ol& viEo R QIIME

v1.8(Knight and Caporaso lab, USA)& ©]-&35}o] u]Ad
= 4 B4S st AE U rE 239 F oY
Lot 5% &S Hdll, Shannon index, inversed
simpson IndexE AF&35}l, rarefaction curve, Chaol

O ZHE alpha diversitys 43ttt

2.5 E& 54 B4
25.1. 28
ZﬂJ_ F29] £H3EE2 Moisture analyzer(MX-30,

AND Co., Tokyo, Japan)E o|-&35to] &43}3ith.

25.2. pH & St

pHE pH meter(Orion 3 Star Benchtop pH meter,
Thermo Fisher Scientific Inc., Waltham, MA, USA)E
o]-gsto] F2oM FAsdtt. F42 A& 10 mLE H]
ojA| FHato] 0.1 N NaOH(Yakuri pure chemicals
Co., LTD, Kyoto, Japan) £90 & pH 8.2& &3l= o
7HA] Z7Aste] £29% 0.1 N NaOH &9 9] 4H]FFS Le}
Y1 AxKlactic acid)o.2 FHAlsto] AT

2.5.3. OO At

oAt = A S E43% AR formalin(Yakuri
pure chemicals Co., LTD, Kyoto, Japan) €% 5 mLE
A7kek o 0.1 N NaOHZ FA3e groz yehfigich,

AlE 20 gol 0.5%
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NaCl(Sodium chloride, Junsei Chemical Co., Ltd.,
Tokyo, Japan) &% 10 mM acetate buffer(pH 5.0)
100 mLE 7hokal A2oA 3A17E 59 3-43] F= wrt
ofo] &3 & Y4EE7](CR 22G, Hitachi Koki Co.,
Tokyo, Japan)Z ¥AE8(7,000 rpm, 15 min, 4C) 3t
T, ATHE 3t oF oFA(filter paper No. 2,
Whatman International Ltd., Maidstone, England)&

o183 ojztste] ALgtgict

2.6.2. Determination of saccharification power
Kikkoman B8FEEHAZ7|E(60212, Kikkoman Co.,
Tokyo, Japan)9 7|4-&H7} §48HMS 7+ 0.5 mL¥ &
et HREAS 1 mLA Alddol #5311t 37CA 5
220 94%t =, 0.1 mLo A4S 76l wHtsto
37CoA 1087 WA HHSAAY 2 mLE ¥l &
F3to] 400 nmolA FBEE 5453t Blanks §H
A 1 mLE 1587 7F25kqlnh ¥ A1Y 2 mLet 28
A 0.1 mLE Y3 400 nmollA FFEE SHorAt

O

Saccharification power (unit/g)
= (Bs - Eb) x 0.171 x F&& x 3|&uj
Algo 3T
Eb: Blank &8%

2.6.3. Determination of a—amylase

Kikkoman e-Amylase A#H7|E(Kikkoman Co.,
Tokyo, Japan)®] 7] &8N} §48HE 7} 0.5 mL4 4
2 HEHS 1 mLY ’\16“’401] =55t0] 37CoA 587t
AEsHE. 0.1 mLe 28 AHS Y31 WHkste] 37T
A 1087t 9H&A ]ﬁ‘:}. HES7AIY 2 mLE ¥ 400 nm
AN FF=E 4ot Ijr Blanke= 71489, 5489
0.5 mL¥ ¥ 9-SH 1 m 15-\:1_ 7RSH WS
FAY 2 mLet 2E&4H 0.1 mLE Y2 400 nmoA &
BrE ST g2 ARSIl

ol

a-Amylase activity (unit/g)
= (Bs - Eb) x 0.179 x Df x $&&
AR 3=
Eb: Blank &3%%
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2.6.4. Determination of carboxy peptidase
Kikkoman carboxy peptidase #47]E(Kikkoman
Co., Tokyo, Japan)9] 71484 1 mLE 37ColA 5&
ZF d g5ttt 0.1 mLY R2EAQ I Wk 37C
oA 1087F §HEAIH . ¥
Ittt FFasrHS L 3
FukS-S XA of7]o] AFLAAE 0.1 mLE &
ata] 1087F ¥RSAIZ] 3 460 nmolA SFEE &5}
9t} BlankE 71889 1 mLE 1587 712519} vk
AAY 2 mLeF 284 0.1 mLE ¥ 9]
AR FASHA AP st BERHEAL
o EH*] EEN 0.1 mLE ARESISIH S5 §H
0.1 mLE ¥ 1 99 g2 a4R3o
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Carboxy peptidase activity (U/L)
= (Bs - Eb) + (Estd - Ec) x 0.1 x F&& x 34ujs
AR9 ZF
Eb: Blank &3

0.

Bstd: EFHR3HO] 4=
Bc: %5 w9 4%

2.6.5. Determination of lipase

Lipase £47|E9] calibrator®} $54+E Z+ 96-well
plateol] 150 pL¥ EF31a1, ZF A& 10 pL9} lipase &4
71E9] Color Reagent 5 mg¥ Assay Buffer 140 pL%}
BALB Reagent 8 pLE 4°] A|Z3t Working Reagent
140 pLE #°] 96-well plateo] 150 pL¥ E51ct.
96-well plateE 37C IncubatorolA 1087 BFSA]7]1L
412 nmZ &7 &, 37C IncubatoroA] 1087t & Bk
AZ % 412 nm2 Z7sto] of 4og ArEsieich

20 min % - 10 min &
Calibrator - D.W

Activity = x 735(U/g)

3. 21 A 1

3.1. 75 04z Oy &4

108

M EM(fungal diversity)
T AxRA AR 59 &pakEo] FgoloA ZH|H=

27} MAE T o] o] 83l FHI

2% Saccharomyces cerevisiaeZt ,J\EU%, 5 xﬂ}_c‘»ﬂ
g ARRED Qo mEbA AdRE S5 AR lojA
295t 982 stcta & 4 tk(Park 5, 2018).
AAdFE B4 AP+5 dF=(diversity)t FHE
(richness)E& Yetl+ Table 19]
e ATt Sequence similarityS 7|80z 2AH
OTUsY 7H= i 0¥A 700014 F45HA 7H4ste] Hf
& 1930 222 UEgew, 1 3 i 30¥AHA
19-230.2 H|&e A4S Yerfltt. Chao 12 XY
ndEY FHEe Y 0¥AF 7022 YEsow, 1
Adaste] 19.25-348 Uetigith. ol w59 Hi
o] XPHo| we}t 27] XtF 5 viFEAE A BESH]
A3t Fol Aot tF/dol Aadshes AR wekHrh
A F=9 Shannon #2 &a 094 2.660.2 YERd
v 193 F45HA d4asto] 0.11& Uetgla, 1
A2F F7Fsto] ¥ 30¥9Al= 1.07 YErSit

alpha diversity A4S

g

& o

b ol

3.1.2. Mz Ct¥M BXM(bacterial diversity)

FRIA Al ¢RSTaET Akl 93t pHE
WEo] 25 E4 A5k I £ e AlEES Alolst
3, opeFet R4 fEY 2 fEjotrlieAl 52 446k
F79 243 o 243 9 tkPark 5, 2018).

M55 B245 AYPEE9 ST (diversity)2t BHE

(richness)& WEFH+ alpha diversity A|5E Table 19
e it A F52 OTUs9) 74+ wigFz7] 659041
A} Aotttz vk 4943kl §45] S7kste] 728 HQ
T Ol AAS] Fasto] B 30YAtl= 432 UESL
th. Chao 12 #d%& &S] FHEE HiY 0-3¢4
of 72014 2871 Zastttzt vieF 443t 7282 FARE
S7Fe Hel  AAS] fasto] B 3093kl 455 HE
Wit XHEHLEQ] Shannon 2 HjoF 2YUX}of 2.260
& 7H w2 35 Yl 3 8 309714 AAS] et
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Table 1. Operational taxonomic unit (OTUs), estimated richness (Chao1), Shannon and Simpson diversity refer to fungal ITS, bacterial
16S rRNA amplification from nuruk

Cultivation  Fungi Bacteria
day oTuUs"” Shannon? Chao1? Inverse OTUs Shannon Chaol Inverse
Simpson® Simpson

0 70 2.66 70.0 0.75 65 1.13 72.0 0.43

1 22 0.1 34.0 0.02 54 2.01 55.5 0.66

2 23 0.53 33.56 0.16 52 2.26 52.0 0.70

3 20 0.79 20.0 0.31 28 1.94 28.0 0.61

4 21 0.82 24.3 0.33 72 1.55 72.3 0.47

5 19 1.01 25.0 0.44 50 1.63 52.0 0.44

7 22 0.94 235 0.40 41 0.67 43.0 0.19

10 19 0.82 19.3 0.32 52 1.76 52.8 0.54

14 22 1.09 235 0.46 38 0.95 38.8 0.27

30 20 1.07 35.0 0.47 43 0.81 45.0 0.24

YOTUs, operational taxonomic unit.

IShannon, diversity.

9Chao1, richness.

“Simpson, evenness.

Table 2. Physicochemical properties of nuruk during cultivation

Cultivation day Moisture content (%) pH Total acidity (%) Amino acidity (mL/10 mL)

0 30.0£0.03" 6.28+0.02 0.2£0.00 0.20£0.01

1 26.7+0.02 6.17+0.03 0.4£0.00 0.50£0.01

2 22.6£0.04 6.23+0.02 0.4£0.02 0.7520.01

3 22.1+0.03 6.27+0.02 0.4£0.01 0.95+0.00

4 21.6£0.03 6.5410.02 0.4£0.00 1.10£0.02

5 20.1£0.02 6.5120.00 0.4£0.01 1.25+0.03

7 19.0£0.02 6.71£0.02 0.4+0.00 1.40£0.02

10 15.4+0.01 6.59+0.03 0.520.01 1.35+0.00

14 13.7+0.03 6.67+0.03 0.520.01 1.30+0.00

30 12.2+0.02 6.5520.01 0.6£0.00 1.25+0.01

DEach values represents mean+SD (n=3).

At Rhizopus sp., Mucor sp., Penicillium sp., Saccharomyces
cerevisiae 5°| oM, F59] Az I EAY YHAE

3.2 £ O/4E Z& 24 Bl 520l 943t Rhizopus oryzae?t 8 dF2 £

ho!'

£ AT A2 FRO| Wepiziel B AR, A7 Hth o]ee RRe] 24 ole MRS ¥TE

5 4 24 23%E Fig. 19 et =50l= 24, g3 aA84, §714 fEotr] At s %01]/\1 o]
aH, FPolE HIES A 5 ‘:}o‘”"} o) d=o] EAete) £ HolA =i A= vrdz|9 37|, A gt 59 4 E4
qEHOR 2o ZA5H= nBEL Aspergillus sp., o 9T vAA HHKim &, 2018).
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100

80 Aspergillus sp
Saccharomycopsis
fibuligera

= Rhizopus arrhizus

[}
<}

= Plantae sp

m Alternaria
tenuissima

N
=)

Relative abundance (%)

2

Cultivation period (day)

100

80 Other

60
| I
20

Cultivation period (day)

= Pantoea vagans
m Staphylococcus
gallinarum

Loriellopsis
cavernicola

o

Relative abundance (%)

= Bacillus
velezensis

= Lactococcus
lactis

Fig. 1. Taxonomic composition analysis at the genus level showing the changes during cultivation in the fungi (A) and bacterial
(B) of nuruk. Relative abundance with »1% of the total sequence is indicated.

3.21. 7 23 24

5o St Sl 8 180 5 HgHEAA A
XAl I3k sl AL Aspergillus 4, Rhizopus 49|
Aom, o] Fol:= e-amylase, glucoamylase 5 AR
< Edfsks 84F BHot 37 F AR Foot= o
k& StHChoi 5, 2016). Aspergz]]us &2 22151 o
A BEEol A Ueve At 33tass A4,

Rhizopus 42 AM&0] SAoj o] Jagle]l % 2 &
A& AAFE7E EHKim 5, 2018).

AA71A] 16S rRNAS} 28S rRNA gene sequencing,
DGGE, pyrosequencing 6= °|-&3t A5+59 #3F
WSt A+ A, AAdFE Aspergillus, Rhizopus, Mucor,
Penicillum, Absidia,
Cephalosporium, Curvularia, Monascus, Botryotrichum,

Actionmucor, Geotrichum,
Torula, Saccharomycopsis, Aamyolmyces, Trichosporon,
Mycoderma, Endomyces, Willia, Sachsia, Monilia,
Oidium, Endomycopsis, Talaromyces, Rhosotorula,
Lichtheimia, Paecilomyces 40| R11% #} JtH(Nam
5. 2015).

#2710l = oFa] HHAA] gk =] g 4
st oU AR} Ascomycota =0 &3l= Aspergillus %
o] 2YUXHRE FAGFot] 7UA0l| 70.4%= HHEE LE
Wrt. o] Yo% non-Saccharomyces® #&-& Fafsto] o]

110

238} 4= QIthal(Gonzalez 5, 2008) €A Saccharmycopsis
fibuligera® A& 072 EI-go] =obx 4] 28.01%
£ A o] fol® R arrhizuse 2¥A4HFEH &4
5] Asote] 4¥atol= 28.0%= HHAZS YERAHE R
arrhizuse AAHA7IGRAA], R, oryzae?t T-70] of
H9H, R oryzaes WFY A FFoA F&E o=
o2 GEA Ut U} HEo S, Y& Follk
AeFE AXY ©f AFE= #ol7]k oit}. FRHEoR
R. arrhizuse HFOEE YA Yo, R oryzaes=
FEA FE BYEe 0|2 AR IRAE Ax
oA 8% FBolE A UtHKim &, 2014). SHA|g

olE &&3l7] AdliA= F7HAY kA A o 7/4\
o7 AZYHEYt. Aspergillus 2 049 0.01% H|&
o 22 HleZ AR PR wjg7I7te] Bk E}E} 5
7Fobe A UEURITh ol F5°lA R oryzae7t ¥i%
27 1A AFAR 55 U gA o]&T 5 AUe 718Z 9
BoATH(Kim &, 2014). 250l Rzt #jg7|zt &<t
5 R 227t SEPHEA 3L A oryzaelt 22 112
3 ol AANA WY Fasks ZA0E AlRHT
(Yang &, 2011).

_I_4

1FH(Yu 5, 1998)l14 =
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oA Y9 M2 5FY Bacillus &3 459
Microcococcus & E5to] & 9%, 17%0] =0t
I EVEQIY, 19459 o]F 59 Alato] it A=
Lactobacillus, Lactococcus, Leuconostoc, Pediococcus
& 59 HAhtS ZF6te] 154, 39%°] =t B
JE HF JTHYu$t Yu, 2011). E3 mo]ZA|EAYE o]&
gk Park 5(2018)Y JU& AE +5 w20l B3t A+
oM+ Leuconostoc 4, Lactobacillus %, Pediococcus
& S Z2 fANE o]Qlof W] Proteobacteria 2

f

dp-

&31= Ralstonia %, Saccharopolyspora 4 52 thFst
29 0)4E 0] BB, ST olS0] 5 W
% olwet AdTZ Sh=Aof T3 A7t vlvlgt Aol

HjF7 |7l e 759 Aldtw 4 4 23, Pantoea
vaganse W1 0YAHEE A A5 S7Fste] HiF 744t
09.76%E A4 YEtt oF Wi Srd7tA] Fa
St A%RS HYATE 14430 E 44.80%% 7HY A5}
F& 5 7PF 480510l Q1= Pantoea vagans
= 22 }°4°ﬂ #IASH o] F IF T2 F7]

PitS BLA7 971 9

AHYun 5, 20106).

>
by
ﬂ
>
mlo
K
o
£
O
=
s
E‘.
41

33 5 25 54

2 Aol Az F59 w7t BE SEAT,
pH, F4t, otnieAl WSkE Table 2] Weh it

So) FEGFS o] APLEE gaste YL
veglom, wef 271 t] F2AH 40.81% FAR

vt 99 A% SEAFL 20.97%01%)
01, W% 0UAAA 27 2] il 3

of HiF 302 Aol 12. 23%4 2B3lere JeRfQic. o]

o3t 20| SR PAL G B g o3t o] §
E& F] o3t Ao Ardr, YNHOR 2 4

B2 10-13%0]9, +59] R3] 14% o4 73

o
T A ' A A4 Y 2AHEE 7HAE = A

https://www.ekosfop.or.kr

t}. Lee & 27
o] 24.20%°141 HHOT: 7]7} A3} 7Haste] vjok gha

Al 13.60%8H1 B139lT, o= 2 Ayl SAEt Age
LERT

3.3.2. pH ¥ &M
5 ol EActe ZAakto] sigz7]o] 4714k A4

oto] pHE WEOE Fatol 93t 2 A Y=th. &3 o
W02 A F59] pHE FAold et 43S m,
A2 0.2-0.9%% LA AUrt. +59 pHe wig717t
Qb 6.17-6.719] M= Yeputon, HiYg 27|5E da
30¢A7HA] BASHAl pH kol S7ksk3iet. Choi 5(2012)
9] AFolA AHFFY pH7F #jF7IZte] AEEE STt
sto] B A@Aet fARE AFS YERAI

59 AR Hjg7|7to] Zaetol| wet Flel= B
< UEH +59 4R 8 0GAolA 19A7HA]
T S7Vetd7 Mg 7R e KAIE AL, TR}
o] AA5] F7toto] uiF 30¥9Atol= 0.40%E UERH
o}, oj2fgt A9 Aite Ul Al £5 F $8HFRH0.40%),
AFTAH0.40%)2F Hl=g +XE YErl i

Ir
ot of

3.3.3. OtO|LeAtE

59| ofu| At = HiF 7UAHA| AAS] STkt
HE grasto] v 30€A= 1.25 mg/100 mLZ
st A%E UERYITE Mun 5(2018)9] Aol A
o] opm| At = HiQF 6YAte o &4 7HITaL
Hgk |p Qlof, vk 7o 7MY =A vEid 2 “@7&3’—}
oF FARE A UESITE ofrflicAl: 5 ol T
o] w77t & HlAEo] ABAket= acidic protease
9} peptidase 59| THid B ga0] g0z YT}
I BE v Qltk(Park 5, 2010). & AFo)A A FE
9] w77 T2 carboxy peptidase E4jo] La 7Y
Aol 7MY =2 SAS el & FAaste] ofn| iAot
FARRE B3E UEtdo] ofmjicAto] ThE R 5480 &
&0 oo AFitd Ao AlmH

[¢]
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£
=

¥
|
==

34 BAEY 24

59| wjF7|7to] WE saccharification power, a-
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amylase, carboxy peptidase, lipase &4 ¥3FE Fig. 2
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o F59] g5k Z47F 291, 292, 340, 528, 1199 SPZ
238 v} 9ItHChoi &, 2011). ¥52| ol vy =
7|5¥ 23] F7Fsto] v 790l 3,099.26 unit/g2
7MY =2 B4 e o]% asto] HieF 30YA]
£ 1,865.34 unit/gl.Z YERT}
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S7Fet 7t 2-39Ake} 4-5UAke] FASH F716HA AL,
HiF 793l 334.00 unit/gl & 7HY ¥ B4 UE
W o] ZAaste] vl 3083l 152.93 unit/g YE
Wit

Lee 5(2009)0014 H&+52] a-amylase /42 v
%719 1,416.67 unit/golAl ¥l HHE AXHA F4
5| F7Foto] HiQF 1599 2,833.00 unit/gl2 YE} &
AY Aneks tha AolE YEIAL, Jung 5(2000)9]
NTGOl &3t amylase@/do] =2 +5 AM#9 ®lolF
2o tigt A4 e-amylase €40 Y 7L
1,348.00 unit/go2 Fdf &AL Yeplittal His}o],
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) 10 20 30

Cultivation period (day)

Fig. 2. Changes in (A) saccharification power (B) a-amylase, (C) carboxy peptidase, and (D) lipase activity of nuruk during cultivation.

Each value represents meantSD (n=3).
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#1720l 334.00 unit/gCZ 7 ¥ 24 YEd
2 Adduet AR S UErglH

et FEE AR o8 ¢ HdIke 308=
& Zo] opyet 7U7MARE wigsle Ae AlASHARE, w5
o grEl e oIy otvlAt H A Eilw 5
o] F49 v = e e 849 A= o ol 9

A77 Bttt

T HE 5 FE2 AR F7 gl 9%
S uAn, AR Boo} upriA R Fe6ith HE 4
(o]

i
b
=L

o] 9t Aolt}(Kim &, 2010; Sung 5,
2017). ¥=9 carboxy peptidase T4 WY 27| 5E
0] F716klaL, £9] 2-392ket 4-58%49] §47¢] F
7Fstgom, v 7L 4.51 unit/gl & MY B2 &
4= UEhd o] % Zraste] vieF 309Atell= 2.35 unit/g
o7 YeEHtt Baek 5(2012)9] A1NA A oryzae®t A.
kawachifs 28319 A|Z3 =29 Acidic protease &
go] ik 7ol 709(PU)E 71 w2 S48 UEhd &
A2 Fasks A UEo] v 7ol 4.51 unit/g2
2 7MY =2 24 Ui 2 AYa fARE A4S vE
Wit

peptidase &

+59 lipase 2742 Higo] MYgo] wet £29] F
7¥sto] ¥ 14Q9At0]l 44.97 unit/gl2 7MY &2 T4

S et 0|5 el ZHaslo] Hlof 30UAoE 22.85
unit/g= VeI kA 22 A R 98 A

¥ Aol i 1427 22 gL Aol Y 94
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