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Abstract

The quality characteristics of solid starters manufactured from two types of rice samples have been reported herein.
The rice samples were inoculated with Aspergillus oryzae OF5-20. It was isolated from ‘Nuruk’, a traditional
fermentation starter, and exhibited high enzyme activity. The water absorption rate of rice, the raw material, reached
the maximum within 160 min at ‘Samgwang’ and in 10 min at ‘Jeonju 615°. The quality evaluation tests revealed
that among the for two solid starters, ‘Samgwang’ and ‘Jeonju 615°, Samgwang exhibited a higher acidity and
amino acidity. As a result of the enzyme activity according to the inoculation ratio of 4. oryzae OF5-20, the o-amylase
showed the highest activity in ‘Samgwang’ solid starter inoculated with 4% of A. oryzae OF5-20 and ‘Jeonju 615’
solid starter with 6% inoculation. The glucoamylase activity was 1.4 times higher when the solid starter was inoculated
with 4% of the liquid fungus (‘Samgwang’, 1,592.8 unit/g) than the enzyme activity when the solid starter was
inoculated with 2% of the liquid fungus (1,137.8 unit/g). Since organic acids have a high ratio of citric acid and
amino acids are composed of 20 kinds, such as glutamic acid, alanine, and phenylalanine, the solid starter, according
to rice varieties, showed a difference in the formation of organic acids and free amino acids. Therefore, this research
is expected to contribute to the improvement of the depressed starter industry and the quality of our ‘Yakju’ by
the quality uniformity of solid starter manufacture using the brewing fungus with having good enzyme activity.
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Aspergillus 4 d5E SARE B(QAFENoIA 3t gsta
AF Aok A0 E d#A tHHuh 5, 2014). £3], %

=402 AHA Aspergillus oryzae= AEFEAE HE
A o2 A &79 I3t ¢ Hehso] w|A= F83%F &
o] & sh}o]tkSong 5, 2013; Yang 5, 2011). ZE0] &
A8 TleEdls AR Rt AMgShE 2] 430
ujet A JFE Pt A WS At A4
FE 550 Aok §-8& F3ole & 2 - 5o
3F A(Jo8} Lee, 1997; Lee 5, 2004)2}t YEo| T2 =2
Az}t whde]| 9] o]5lshd B4 dA7(In 5, 2014), FEHE,
dFEE AR BFF9 EX4(Jeong 5, 2015)3} THE
droln, 43 M EAS 7l TS Axsk= 7
e A o FESE Aot 2 AoAs B
EETS o83t g waA S Al =l 15
FEo|A 223t A. oryzae OF5-20:% o]-&sto] 257 &t
Bl 9 AF 615) FEOE WFTTZ ARSHHoH, o]
59 FHEAS Hloto] A4 AME 7Hs S AESHL

A stk

4

ERTETY

>

tgdx 3 A=

2 Aol AR H= SRS AE RO Esle] &
X184 HarFsAEolA Bk SR Aspergillus oryzae
OF5-202 ARE519ith. QHH, TARSZA o) ARSH DED|
= 20199 FA oA 2kt g e} = A Faek oA
SASE AF 6155 ARSI

N

B

ok

A=0jo| 4£EE4E &

Aok A% 6155 242} 20 g2 ofvhEo] 14 FR%
7} BA Q= 250 mL HlolAel 4UA1%) TR 108 Tl
AR FAE ZFAA. SE FHeL AR £ AF

o] %A /b2 Urepyelct

= 0

HHST & DLST A=

NAEwHS thet o] AZsHA 575 100 mLo] o
o A vleR BAE 29712 S%(wiv) EA d71eted
121Tof|A 2087F 21 Bafsigiet. =Rl 4. oryzae
OF5-202 Z-& ZA(107 cellsymL)E U7|-& vjx]of HZ
3tof 5UTT W8T, 120 pm)Rt 7, o] HiFAS oSt
of AAFTHO = ARSIAH:

EOIE ol IYFT AlFR(Fig = et 294 5=
"z)6l7] fste] A8 Al=H7](Mini-15, Yaegaki Co., Hyogo,
Tapan)2 AF83ISt). 255 YEF1E 77} Hlo] 3AITHA
u]) i 108(AF 6157 88 7, 1A% E w7lE 519
t}. o5 Y8uE ZXP|(MS-30, Yaegaki Food & System
Inc., Himeji, Japan)o]] @1l 5717} &8t27] A]ZR¢E &5
B 5087} o ZAste] e AxSleich LEyo] o
TS FEE2, 4 B %(viw)E HEL T, 36CoIA A=
SI9Ich. Al 2041715} 25412 $712 slo] E31] e
22 12 59 %, 15T B o} 1 RS
Stolom, 24X 7HE 02 X2} 3 ERIGH F, A= 9Y
of E=ste] 35CoA 24A1KF XS Fig. ).

olsfata &4

pH+= pH meter(Orion 3 stsr, Thermo Scentific Co.,
Singapore) 2 24319t} A FREATFHNTS, 2014)
of Fsto] FEIFE At S IAES= 20 gofl SRT
100 mLE 715to] 20CoA 34 31300 FE=2 o
IH(Filter paper No.2, Whatman International Ltd., Maidstone,
England)3t 5, 10 mLE 33l 0.1 N NaOH=Z ZXs}al, 1
mL 5 A2 HASIRIH. op|ieAtes FAks ST
Aol 4 T2 §A 5 mLE 7Fsto] 2 4k 0.
N NaOH g9lo2 g-gMo] & wj7tx] ZHstal, 11 %
mL olZ ofuliALE R EASHAL.

oL, —

o] WAFESE 10 gofl 0.5% NaClo] 3= 10 mM A 9=
of 50 mL2 2E T, ofTislo] 2AANL AZIAYL. o
amylase, glucoamylase ¥ acid protease 242 FZE& G4
27 kit(Kikkoman Corp., Tokyo, Japan)S AR2-5}ich.

5



917

28
O H ZF
2 55
o

Quality characteristics of solid starter manufactured with Aspergillus oryzae OF5-20
Rice . : .
) Draw-off Steamin Coolin
washing » Soaking » & g .
Samgwang : 3 h
Jeonju 615 : 10 min
Inoculation . . . .
(liquid starter) Fermentation Mixing Fermentation Drying
CFU/mL = Average count per aquare
(N3-G5-B-CNP) x dilution factor x volume factor
A 2y
AzE WFE0] 4714 A2 HPLO(LC-20A, Shimadzu
Co., Kyoto, Japan)yE o 83to] BAIIGIc). Z21e] AfE:
FEHF FEH 1

Fig. 1. Manufacturing process of solid starter.
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TAFETO] 87ARS BA5E] Q8 Tosoh TSKgel ODS-
L FEES

1 go] 8 mM perchlonic acidE 58]Z
100V(4.6 mmx250 mm, Tokyo, Japan) ARSI T
1.0
AX

a-Amylase 4 =3
a-Amylase 22 Al 0.5 mL 7]
T} 0.5 mL &4 (glucoamylase, B-glucosidase)
., 37CofA oF 582t AGsISiTh 229 2849 0.1 mL
FEAIZL &, HES A H(sodium
mLE 5} 0.2 um membrane filter(Millipore Co., Cork,
Ireland) 2 oj¥}sto] FAA TS ZASIAT AZH 237
s
=, TS
=] SeNeXe)}]

571 5
carbonate) 2 mLE: 7}3le] SAAZT. o] F2HE 400 nmel

£ ¥ &gt 10
A B3E(UV Spectrophotometer, JP/UV-2450, Shimadzu,
Kyoto, Japan)E =75}9] a-amylase®] A0 & FHA6ITE
(G2-3-PNP)
o]
b3 UV

SAE 8 mM T FAAKperchloric acid)
mL/min, 28 25X 40CE A5} &
0.2 mM EZZEEEZ(Bromothymol blue, Sigma-Aldrich
Co., St. Louis, MO, USA), 15 mM QlAK4-0|AF(Na,HPO,,
Sigma-Aldrich Co.), 7 mM TABIERT} HR3-5L

g9}

ol 37CoIA S8

440 nmol 71710] $71418 AESIect. o)) whS o] 5
= 25CE ot%tt

Glucoamylase &4 &
Glucoamylase 232 AJ&3o] 0.5 mL 7]
I} 0.5 mL 84N (B-glucosidase)S E59]
ZF A Gsisint. A7t 284 0.1 mLE Esto] 1027F
HESAIZ] &, HES- AR (sodium carbonate) 2 mLE 71510
SAAFH. o] FEAZ 400 nmoj|A FFE(UV Spectro-
photometer, JP/UV-2450, Shimadzu)g Z7%sto] A|ZA}
AABkE ARFAC R glucoamylase B/dE AFESIA:
42 1.0 mL/min, ¥+-3-2
Acidic protease 4 =3
Acidic protease ZHJL2 AJg3o] 1.0 mL 7| -H(Cbz- fejoto i 24
Tyr-Ala + NAD + ZAF 95N Hrlolo] 2 &35t &, 2ot A2 amino acid analyzer(L-8900, Hitachi Co.,
Jopig S SOt Mo LAAPMS)S  Tokyo, Japam)E HASITH HAZAL PRA2622SCPF
o U =5 (4.6x60 mm, Hitachi Co.) ZHS AFE5I3ioH, QE 21
e @S £ 50T, HRSEA|9] 2= 135CE ARl dojol=
(Ninhydrin, Wako Pure Chemical Industrial Ltd., Osaka,
Japan) $94S A8t} WA
£ 24
HE doleit 18] ¥ 2gsiglon, BREEEAE
© BARZAH(ANOVA)O] 28f AAJst
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224 2%
Az 2429 1/4dF= 1 g& 5% Tween 80 &< 10 mL
of] dEFslal 1% methylene blue 894 2-31¥2-8- 7|5t0] 7
5|43t &, HemocytometerS ©]-851o] HH]7(Axio Imager  FA[SIRH, 57 A=
A2, Carl Zeiss Microimaging GmbH, Gottingen, Germany) Fom, $9J4 H|WE Ducan’s multiple range test= p<0.05
2 =ol ] A=slod
FEoA HISsHA

O 7 HZSFHTHNTS, 2014).
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Fig. 2. Water absorption ratio of rice, ‘Samgwang’ and ‘Jeonju
615’ during steeping.
A, ‘Samgwang’; B, ‘Jeonju 615°.

Jé,-’g- 0|| M2 JAREI0| 0318t EA
22 A Txgsgu) A2 615)08 AZ3
ol S5 Tible 1 eItk pH: 4
St ARSI A] 5.56-5.780]0 a1, A 615 =2 5.73-5.96
oA AZARI] ATl whet AAET YEGol 4%
6%(v/w) & W 2o, Agn|Et M 615 S0 =%
oh. AbeE Aol A=A pH7F Hashe AlFOIA At
7} S7FFRtH(Table 1). AT 4%(viwys HISoH9=
W, 065, 0.602 714 w11 AEgo] ujet Gol2el Kol2
HYow, M 615 IAFE=2 AgT] S=TECE 1.1-1.44)
oA} =9t O}U]l:*PElZ HEF %(viw) U 1, 1.542 7}
A =okom, AF 615 Z=to] Agu| R} 1.2-1.789) =9kt
olefet 23k & FF et A oryzae OF5-20 53801
Solyo] e AL o 4 Aew, o2 Azt
WA w5 WEe] OFFE o daril we
419] Yol DL SO Kojit UED ol 1
S5icl &% e Fjel 25 S 50ls| i) 25 &
Aol 7ﬂ7§7§11: Za3% A7t 5]“%(50, 1993a), ofv| =4t
L =2 =0 3k9g dlzo] Uaily = njiEo] Ak}
+ acidic protease®} peptidase 5-2] T Hoj|= YA =H
A WrEso] A%t Bo e Fi Aoz B ot gt}
(Park =, 2010).
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APFHIE ol

]‘: EZ

HI3YO| ME 1437 548

o7 A TERE AP S, Wl o
Wt WASS 272 T (2%, 4%, H 6%) & FFsle] 1L
AERL A|Zo 5, AR T2 24 GABAS HAHY
T, 71 23 Fig 3] Uehgich. 2o A8t e B
o] Z, g3} 3ol MAIA dgke Bl Z7
£ & & Ut} olF #H%0l= a-amylase, glucoamylase= =F
20] AES I 7= 39_1- o5kS SthKim 5, 1985).
=T gamylase TS HTe 27} E44 Q042 g
O} AAmQl AR = Al x3h %‘—% 4%(viw)ollA 636.3+
13.4 units/gC &2 7} =2 &4 c‘]% B, J&nQl AF
615 F=2 6%(viw)OlA 7H =2 692.93+£56.9 units/g®] &
284S Btk Kim 5(1996)2] AtollA Eelato] ThdHl
OFo]| whE BS}-2 100-735 units/gC & B 1E AT} -JARSH
ZAE UYERILE 39l 4. oryzae OF5-200 % A|Z3H
APgT] F=9] A2 A= 64 7P =3 o A=t
o] AT Gdo] Fol= W, 5 615 T2 Al
Ao g F7eloitt. AE EollsollA ©EdF2l glucose AJ4k
of] #ojsk= glucoamylase TS A5t Z1KFig. 3B, E),

2 Aspergillus sp.



Quality characteristics of solid starter manufactured with Aspergillus oryzae OF5-20 919
Table 1. Physicochemical characteristics of solid starter manufacture by using different kinds of rice
Contents (g;‘se) SG-2" SG-4 SG-6 J615-2 J615-4 J615-6

3 0.39:£0.00° 0.42:0.04” 0.41:0.04° 0.750.03° 0.69+0.02° 0.72+0.02°
ACldlty c a a a b a
(ml/10 mL) 0.80+0.07 0.64+0.01 0.69+0.06 1.00+0.12 0.9120.00 0.88+0.04
9 0.70+0.00° 0.65+0.01Y 0.80+0.03° 0.99+0.08" 0.6040.00° 0.910.04°
3 5.56+0.01¢ 5.78+0.01° 5.72+0.00° 5.7340.00° 5.96+0.01° 5.93+0.01°
pH 6 4.84+0.02° 5.03+0.01° 5.01+0.01* 5.40+0.01° 5.75+0.01° 5.47+0.01°
9 4.90+0.01° 4.984+0.01° 5.35+0.02° 5.87+0.01° 4.86+0.01° 5.45+0.01°
3 1.08+0.01° 1.18+0.00° 1.1140.04° 1.54+0.06° 1.65+0.04° 1.70+0.00°
Amino acid ¢ b a c ¢ b
(mL/10 mL) 6 0.89+0.01 0.97+0.01 1.0140.01 0.99+0.72 1.47+0.04 1.35+0.03
9 0.85+0.02° 0.910.01° 1.25+0.01° 1.46+0.33° 0.82+0.03° 1.54+0.14¢

USG-2, ‘Samgwamg’-liquid starter 2% (v/w); SG-4, ‘Samgwamg’-liquid starter 4% (v/w); SG-6, ‘Samgwamg’-liquid starter 6% (v/w); J615-2, ‘Jeonju

615 liquid starter 2% (v/w); J615-4, ‘Jeonju 615’ liquid starter 4% (v/w); J615-6, ‘Jeonju 615” liquid starter 6% (v/w).

IValues are mean+SD (n=3).

YMeans with different superscript are significantly different Duncan’s multiple test (p<0.05).
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test at p<0.05 level.
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A2 A ZGE SR8 1,592.8+41.83 units/g(4%), 1,276.1+
30.38 units/g(6%) E 1,137.8+34.48 units/g(2%) <2 =
2 IS HYa, AR 6158 ZHL 1,174.5+24.32
units/g(4%), 1,117.6+3.52 units/g(2%) = 1105.4+23.39
units/g(6%) 0= {2411 Zjol7t UpEtydth A= 98 =
BAZ 4%((viwyE FET Zo] 2%(viw)2t 6%(viw) =T
L1-1.44) =2 3A84E YUtk 4SS s
(5, 10%)= HEHRS o 7FF w2 848433 B2l Choi
(2011) 59| 212} Alo|7} 1o, 4, oryzaed] B3EA A
Ato] 36ToflA] 48417 Bl o, =QkTH7 o] %o Fa
g}al Hal(So, 1993b)=|Qth £ dAtolAs BAgAol
9] F7keked, ol AREEE F35]9] EAdolu dE
o2 zjoj2tal oA,

BAIZ 4%(v/w)= ZJEolo] A=et 4gn] F=<] Ty
o2 4,419.84+65.11 units/g, = 615 F=- 3,798.378.1
units/g O 2 HAEA 2%(viw)2 6%(viw)ETt 7 2 &
A= YT 57 Alx0] lo1A] =2 protease B3 (Fig.
3C, P2 49| Fmlet getol Hofstr| tiiZol(Jeong 5,
2015; Park®} Lee, 2002), Tes| G480 &2 Z4HT}
Hola} FslEo] 9<=otal Tl Hafj=o] Ajdos
< S0 57 Axol Aot wEbA BAGA 4%(v/w)
HE0E IAIS=0] a-amylase, glucoamylase 42 Q3]
I child Ba) gho] Yol TARSS A28 A IS
F2 4%((viw)Zt 7P ARk AoE AAStgirt

NS EAbe

255 9ErE ISE Axsl] o IAZHS &
THE HES T ZASE Fig. 40 YRR &2
A= E= 1 g& & 10 mLo] AEsto] 43 5
(CFUmML)Z Yeffith. 481 S22 357 552, 4 4
6%)EE  ZFzZE 2.7x10%2%), 2.5%10%(6%), 2.2x10%(4%)
CFUMLE ZALE HolAgh AF 615 Z2 2.0x10°
(2%), 1.9x10%4%), 1.7x10%(6%) CFU/mL 402 Algn] &
TR A2 x5 UeRQItE R 6o 4RgT] F=-2
A 615 S=ECF 1.2-1.54H] =9k=1, ol= d=r]e] £59
T Zpolg}t o AR A7 |7t WE IAFS=] A oryzae
OF5-20 ZA= 9E 6Yo]| A& Kot} 7H4stel
1, WHZHY 57t ==F Aasks A7 2A Ut
W ZARE AA|IS] G5l TSI AL, 4%(viw)
HEFoIA 7HY =2 248 Aol Alolg Ert. A
S ol YEr|9 HHO| hRE STl SR
A BEE A BE0 R IAMYYL WATL JiHoR AL
7 4 W AR o AXI
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Fig. 4. Comparison in spore count of inoculation ratio on solid
starter.
A, ‘Samgwang’-A. oryzae OF5-20; B, ‘Jeonju 615’-A. oryzae OF5-20.
Data are presented as the mean for 4 independent experiments. Error

bars indicate SD (p<0.05). Significance comparison was performed at
Duncan’s multiple range test at p<0.05 level.

Fig. 50 YeFJ QI 8 87140 & ascorbic, citric, lactic
A malic acid’} AEEAL, & F7 A 2 A3 = Al
o WF=2 Al 60l 365.32 mg%= 7MY =3koH, A
T 615 A= 39 355.23 mg%E &SI ol K74
Al=717to] AojRHA AAasil=d, Agr|Ers A
615 =04 AA| A=F717t 5% =2= F74E 2 UE
WAt} Baek 52012y U, &, =50f 3421 4. oryzae
A HZGF =204 citric, formic, lactic, malic acid
52 AT A 615 -2 citric acid7} HA| |74k
oA 50-55%= 7FY =& H]8&S HI, ascorbic acid,
malic acid £A2 AESHcE 29 8714 = citric
acid7} 8 7140 & T Yu(1998) 59 A+ Ao}
FASHAAE, s} AFRERE ol vl S B
Hol7h USieh. wjeiA] Yanleh npgEe] Jeagos 4
HEp SRR ol Zhulo} Alulo] g e 70 4
=olH(Jin 5, 2007), RO HARP AN SF-SFH} HES
slo] WS oAHE 4R HHolA &9] Fvo B2 3
FE A= 83 84F A thKang 5, 2016).
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Fig. 5. Organic acid content of solid starter by ‘Samgwang’ and

‘Jeonju 615°.

This picture shows the organic acid content of (A) ‘Samgwang’-A.

oryzae OF5-20, (B) ‘Jeonju 615°-A. oryzae OF5-20.

Table 2. Composition of free amino acid in solid starter

Quality characteristics of solid starter manufactured with Aspergillus oryzae OF5-20 921

A4EZe| |ejorn|Lit Bt

of| Ak A AR SARE 04 Al BE
of 8% J&S gttt 53], glof Hojsk=s A=A FA
Utolli= aspartic acid?} glutamic acid”}, @Hofl= alanine,
glycine, lysine, proline, serine, threonine®|, 29to]l:= arginine,
histidine, isoleucine, leucine, methionine, phenylalanine,
threonine, valine 5°] #ojsi= Ao Z AHA Qlck(Kato
5. 1989). A. oryzae OF5-20 &1} & ESH(ARg|, A
615)2 A|R3t 14FE=9] FEjobn|icAl B4 Ai}E Table
200 Uil ol TAERE 9% BeotulwAl
(glycine, arginine, proline 5)I} 759 H|@4olm|L At
(serine 5) H 7529 opu|ieAl 2 217 7|l QI8
ot ESF FQ fElotu]| AR glutamic acid, tyrosine,
alanine 0 & A QAAtE FFE F AElob| A T
717} 326.97+5.74 pg/mL, 378.98+0.51 pg/mLE A= 620]
g A Uehton], 8% 615 Sl Agulugt 129
of 2 9] ofolAl TS UEhflet. FR Selof
A ZARE AT ARRleh AE 615 2R glutamic
acid(z3&Hh), tyrosine(F"]), alanine(9}), phenylalanine
20h 408 AAFEY] 7-15%= AR A EA B

Free amino acid

Fermentation time (days)

(ng/mL) ‘Samgwang’ ‘Jeonju 615

3 6 9 3 6 9
Phosphoserine 7.23+£0.00"?  8.40+0.02° 10.16+0.03" 5.01+0.04° 10.930.00° 11.66+0.05°
Urea 32.13+4.54 ND? ND ND ND ND
Aspartic acid 7.23+0.02 6.95+0.16 6.47+0.02 4.11£0.03° 11.74+0.01° 8.65+0.02°
Threonine 4.07+0.00° 4.77+0.05° 7.59+0.06° 2.29+0.00 5.75+0.01 7.5840.30
Serine 6.85+0.05° 5.97+0.03° 8.2120.05° 3.00£0.01° 7.88+0.03* 10.77+0.20°
Glutamic acid 38.82+0.03° 49.83+0.09° 48.52+0.11° 26.07+0.04° 52.62+0.02" 37.17+0.18°
Glycine 1.1240.00° 3.32+0.01° 2.59+0.02° 0.62:0.00° 4.27+0.05° 3.23+0.03"
Alanine 18.98+0.07°  35.15+0.08" 19.30£0.07° 11.530.03° 32.49+0.05° 19.02+0.03°
Valine 2.53+0.01° 6.50+0.04° 1.75+0.01° 1.20+0.00° 9.97+0.07* 2.53+0.01°
Methionine 0.91+0.06° 3.83+0.07° ND ND 5.38+0.15" ND
Cystathionine ND ND 2.66+0.02 ND ND ND
Isoleucine 1.33+0.00° 10.02+0.26* 1.03+0.00° 0.56+0.01° 15.44+0.12° 1.79+0.00°
Leucine 2.0240.05° 12.27£0.31° 2.08+0.00° 1.00+0.02° 21.64+0.07* 4.34+0.02°
Tyrosine 4.03£0.09° 46.70+1.17* 15.630.00° 1.64+0.00° 49.49+0.09° 12.99+0.07°
Phenylalanine 5.09+0.04° 22.28+0.68" 5.85+0.03° 4.11£0.04° 29.66+0.09* 6.57+0.02°
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(continued)
Fermentation time (days)
Free(:g/nr'gﬁ) acid ‘Samgwang’ ‘Jeonju 615’
3 6 9 3 6 9
B-Alanine 15.2240.05 18.39+0.41 9.95+0.02 9.00+0.04° 18.13+0.05° 8.96+0.08°
B-Amino isobutyric acid ND? 7.43+0.56 ND ND 2.82.40.02 ND
y-Amino-n-butyric acid 15.2940.03 25.89+0.04* 8.21+0.01° 6.67+0.00° 19.27+0.00* 8.87+0.02°
Ethanol amine 2.060.11 1.34+0.00 1.07+0.01 ND 1.24+0.00" ND
Hydroxylysine 17.95+2.54 12.43+1.76 ND ND 13.49+1.91 13.29+1.88
Ornithine 0.35+0.01° 1.33+0.00° 1.5140.00° 0.2340.02° 0.77+0.01° 0.68+0.01°
Lysine 2.80+0.02° 12.79+0.05° 12.1140.05° 1.69+0.00° 10.51+0.04* 4.5440.01°
1-Methylhistidine ND ND ND ND ND ND
Histidine 7.89+0.07* 3.23+0.01° 1.74+0.00° 3.62+0.02° 4.51+0.02* 2.1740.00°
Arginine 16.47+0.20° 23.96+0.17° 13.56+0.12° 8.62+0.01° 22.35+0.04° 8.60+0.06"
Hydroxy proline ND ND ND ND 1.33+0.19 ND
Proline 3.68+0.06 4.210.05 2.1740.15 ND 27.33+0.13 20.79+0.13°
Total 214.07+7.01 326.97+5.74 182.16+2.46 90.96+8.83  378.98+0.51 194.2046.10

YValues are meantSD (n=3).

Y*Means with different superscript are significantly different Duncan’s multiple test (p<0.05).

Not detected.

o193, 1 9] aspartic acid(ZF29Y), serine (F9), leucine
(£9h), arginine(&9h) =08 EIE5Irh E3H & F39
wet @EEE U= proline ol 2fo]7h AUk <ol 2o
OfalieAbe. Holut 5ol 58 Bho] 5o] BATHE
o 25} A= H(Kang 5, 2016), Bt G0l St AL
S = A HEEHo|Th 4. oryzae OF5-203f B EZHE A
23 SEAE BT ORE UL O] S0 nzf B8
o T U AT AoE o AZICH

[e] OF
= =

2 AtoMs AEFFolA Eelste] HE Eofi=o] =
< A. oryzae OF5-20 AA|ZHO = 2350 A(4gn] H A5
615)0] SR HFolo] WSS AxskL o] F4
E4< Bkt 5= AR daro] e 8 &
&2 AF3= 160200, A5 615= 1020 Hof F=ol
Taoloith WA e ST BAES St
A3}, KoL APERE o8t WgE=2 4%(viw)d o, A
T 615 6%(viw) FEZoIA 7MY =2 A4S HAl
Fo}H L AgulE o] 831 B3RS 49(1,592.4+41.83 units/g) Y

o 7} 3=9Fo ™ 294(1,137.4+34.48 units/g) BT} 1.44) =&
3S YEFHITE ES R7I4R citric acid7t =2 H[E&S
Ho]1l, oAk glutamic acid, alanine, phenylalanine 5
205 0% F/dH o, & FFo wE TS F7ME
T} FEotr)icAl 240 = AolE Btk A & e
B0l 5% FR FFolE o8 FAxRY] F4
wUIE JAEH S54RI 9] &9 FE Fol 71012
ZAOoZ 7|Hfeitt.

ZAe| 2
o] =ES 521EY FANPIRATAAEANS:
PI01455001)2] A 0] O3] olo1A] Flo], e u] X
A=A, B3], Iastdol 848 A% 615
Aol ZAFER Y
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