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Abstract

Different rice species are used as Aspergillus oryzae solid-state fermentation media, and
the resulting rice koji contains a variety of enzymes. When combined with brine, salt koji is
obtained, which produces reducing sugars to provide sweetness and amino acids as flavor
substances. The objective of this study was to use different rice as media for Aspergillus
oryzae fermentation to produce rice koji, which was then brined to produce salt koji. The
effect of different rice koji preparation on reducing sugar and tyrosine contents of salt koji
was investigated in this study. First, Aspergillus oryzae fermented japonica rice, indica rice
and parboiled rice for three days to produce rice koji, which was then dried by cold air drying
for six hours to reduce moisture content to about 0.1 g water/g dry material for preservation.
Indica rice koji had a higher L* of 69.49, and parboiled rice koji had a higher a* of 0.28,
which could be attributed to the higher a* of parboiled rice itself. Different types of rice koji
was mixed with 12% brine as 1:5 and fermented for 3 days at 40°C. After analyzing, the
reducing sugar content of japonica rice, indica rice and parboiled rice was 37.967, 40.300 and
46.133 mg/mL respectively; the tyrosine content was 1.813, 1.918 and 2.048 ppm
respectively. The parboiled rice koji has a higher reducing sugar and tyrosine contents;
therefore, it can be used to make salt koji with a better flavor.
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7K#G (Oryzae sativa L.) BUNE R EARBUR=REEIEY) » WHEFEA 22~33%
EE7KE » FREEaZE - B O S T8 - IPRPRE U E A - EEEHE
TEEPRTE - —FRBIR GEAOK) » SS—F BRIk (FEACK) » 1 H R & A A ARl
LA 10 S8Rl B T FEORAIEERF S 145 9% o MRS (2020) FiFHEEEERI S
PR MICEIRTREE: L RRSHARIIEN 10 oy g N R AR R E o LoR e e 2 120CRLE
Koy SRR 28%[F & 14% » EEFRHARR FRAL(ERE 2R 508 H AT et BRI 22 8 1 - 4624
JEIR BN AR R R - SRR S B A ARSIk IR - K50 1% - TR EA
FOROUEL H RS SR BRE THITHE K (parboiled rice ) - S5AMIRZIEIVREERAUZM ~
SRR BB EGTHE NI L - ATRIRGTHECR - SCERP RS B AT
HEsEE (2 2019)-

Chim[ElRE#EHE (solid-state fermentation ) EELigREZEEE (submerged fermentation )
ARSI FR iy DA A R /K (T AR T35 - HLRES I P 2 S RS I E Rt AR
RIVEVE ~ BV REEYEA: » RS 22 MM A HASE AR - FRA B RER )
A~ TR E B EE S AEYEEEEY) (Martins et al., 2011) -

PRUE (Aspergillus ) 5 H RAVEE - ATDUE/DE ~ Bk~ JRIAIRERY
TIEEEHAEIR (Klich, 2002) » #EZRED 20 R & EENIH R EMW) R » (BT 2R B A E
ARISNEEZRIVEE S - ATV EER E I R S EY) - R e 0 T2 E B A EENE
{& ( Bennett, 1998 )« Erf » SREHIE ( Aspergillus oryzae ) 5B £ %52 (U.S. Food and Drug
Administration, FDA ) %15/ \s0 24> ( generally recognized as safe, GRAS ) HJ&EHEE1E: -
RETTML o -k G (o-amylases ) JEEEEG (proteases ) TS MHANSNER » fic & EIRE S
BLEEYI RS ISR & & -

H4 FORB R G RAE R E T A Rk B S B BUROR I R SR S NER 3T
FIREA FH Bty il S 2 ] et 2B UK B Ll » Ui 88 (Narahara et al., 1982) -
BT HIDMENR ~ AR BOKIEE R AR B 380 45 h 1% > (HREYIAN L-ZF AR & 25705
F1 % 85.5£32.3 ~ 59.8 £ 20.4 [z 176 + 39 ng/g » H o RiFaKaEEz 21 140 fZHY L-2%
RS E (Horie et al., 2020 ) 5 5 PLECKRIRIFSEREYE - 11 30°C N 388% 4 Kig - HEE
B2 VIR E S AT BN S B AR 3 RIEIIEIEA > AR R
i (protocatechuic acid ) ~ FEIE (vanillic acid) K [FEEE (ferulic acid ) % i > %
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(% DPPH (Diphenylpicrylhydrazyl) B HEERRAS /7 R ANHS F Bk lE S MRE 1ot LUE ]
g & (Shinetal., 2019) 5 Z5LIEEREREOK KORIRER B/ NG » 15 AR 3R S JE A 71T TR
B RABHEEGE R -t Tfe R N AR T AR R RS RE ) SERF IR A R
R e AR (Nemoto et al., 2022 ) -

FI PR BRI B 55 B R [F B IS vl RER B BE 2UE M - ORERDAB-Ii e K h M B LI B A B
EEVENE - SRR o - RS R B R L S MR O o TR o - R T R
# (Hong and Kim, 2020 ) ; AR GAEREVELE 30C TR RESEHEAVEIRESEEE - 2574 48
h 2R B ETE G 2 T 5o (E 84.38 unit/ g §Z¥)EE - 1 72 h il M & F i R (E
200 unit/ g 7478 ( Chancharoonpong, 2012) ; ¥HEREOKEEDL 11 2 (wiw) SRE > &
REBERAE 37°C T3l 7 K1 > & H 16.84 gL EFM S E - o -Saili Bl a1 &z
FI 5y AH 4.49 unit/mL ( Sawangwan and Saman, 2016 ) ; Z5F]F 45%HY K557 K 55%F V4
WMEIEVIES - 1E 30C N4l 6 RIZAEER 47000 Ulg SZ¥IEERYEAIE M a - Bl

( Melnichuk, 2020 ) -

REBE T P S W aRRR SLE » DIREILLOIH RS 8 2 Feg =R EE (doenjang )
I > SRRV LM E ~ BERVEME R R RS ATER (Joeral., 2021) - BEER R AR
BFTEEm o FI ARSI M - R ok S R S/ OR SR 30 - SRS E/KEY
= 2B BEA AR A & - R R e A B - Rl - B E ERY)
H Rt E AR - MG - ALY AR S EAAR - (EHHENH
W 4 R S i (iR (Gao et al., 2019; Wakana ef al., 2019) «

EORIPE (2020) 3 ELECREDRE (30 40 ~ 45~ 50 F160°C ) NEEEEE o - HGH
EAREEE 2 PE > SRIEREE 45 CUNRGHERZEIES SN 90% - (LRE
FEE S0CHEIG R PR S S M AR ZUEERK - H2E 60°CH# NN a - BB
B RS MR HIFEAE Ly 10%H 30%LL T « S5ME 25 K 40°CHEfTHIE B =K% » 40
CEa T RUR S = T DR 22 S M > T3 s 2 B [N R B R ey e > -
Wk ke B BRHY S M AR s BARE - BBk H B RV ERE (SRIBR > 2020) -

TR FH R B B E IS RE I A B M R Sk » BER HY2E I RS RE K AR AL S - T
FEHAIS ARIBOERE - I LA AR - et E O B REREI R -
IS AORKME (75 - 2019) o BUERER BN DIBEREU B - A 7N Ek 58 AT LA
SYRRERENG > USRI SRR AL - AHAREEIE S WAL A A DU B R R
BRI SR AR R AE - 7 HRDREIE 4R GERE RS SR M A5 DR R - R R
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AEFRAOR GEMER > 2020)

FHFSRER B m 2 A Bk B AR 1 B - G SaBaE X0 - SR A S IERTORER 35 8%
H H AR A RO R S SRR 5 B 2 28 > SURYTZE HEY R A FEREDR ~ Al
KEERREBNTHFOREREE > BUFRCRZERETTERG SR 3 REMFEA FPRER -
LR EZIR RS E/K 40CHE 3 K Rl&ME A R SR E U kit 2 &

B ~ MRRCEA

—

BT RIORK (BEPRl 10 30 BHE S RQTTRIE Dk (Rl 145 5 M
AU ARK - RIE#OK (parboiled rice) 7oA EHRE IR 2K 8 1y 28%0)
it 145 5% ) TR - CCETIEBETBVEZIEIE K S BT 14% » HRECIITRE 120C
TR » FHSTRRIR R TR (WS > 2020) - REBRAE SR GRIT (EH - 2) -

DA B8N (S5881) ~ [igfzlie (T8566) HEH Sigma-Aldrich (St. Louis, MO, USA) » 3,5-
HHEKAGEE( 3,5-Dinitrosalicylic acid &2 ) [ H PanReac /&) (Barcelona, Spain ) °
AR SRR B H ARG EE T 3Ek=Ugt (Japan) -

ot

BE#H (NS-RDF18, ZOJIRUSHI, Japan ) ~ /K3EIEFHEE(EE (4HT-24 > BEJI|E#H
[RAE - #rdiri - 298) ~ WOREZEIEEM (LM-600R - #{ERHIAIRAE - &dbm -
28) - sonZARAEVUREZ (TM-329, REAESRARAE], il - 28) - &5
fF (HDW-15L - st ERHCAIRAE - B - 28 ) - 2EF R (YK-112RS » £
HEESENE] > g 0 28D~ sOEET (Model U-2001, HIZAE] > BHat > HA) ~ &
SRR O FIEERE (BMG SPECTROstar Nano » S4ERE (AR AE - &b » 28 ) - i
MR (DC-600H, 52EE T TRRITAIRAE > &dii » 28)  Ei&ds (Vortex
genie 2, Scientific Industries, Inc., N.Y. USA ) ~ B/ (1% (Hsiangtai Centrifuge » BEfERHL A
PRAE - Frdii - 28 ) - HFE (DCMA4s, St ARAT - Frilm - 58) ~ R
( ColorLite sph900, ColorLite Gmbh, Lindau, Germany ) °

= ok B4
(—) ke e
SSRITIEL ~ Dk « FARRDRAAKE 2 (59/K5258 15 min - 156K 5B
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Koy e By 40% > TR B T84 E 581 30 min > U EZGPRIIEE 500 g #2AK
= R R Z AR AP AEEREE N A 22001 - 61E 25 g BRORE >
3TCIDRE RIS ERE N TEIRE I 3 REPOREE - SRR P REEE— > R(&HY
SREBFLL 40°C /2 JEHZ 1 6 h BEZ KA -
(2) KoaEHAE

IRFEPHK ~ SRR HRORE K2R G EZRERIE Fobion > 3 BIRETE 3 g BEF nEd
mef > BA 105 CHYBEAEZ E I E - EEREIE 3 EREHEH KIS E - B
SPEEFR -
(Z) BT

AR ZE B PRE T A A2 EME R anZ L* ~ a * R bME - 738 A [FEoREREA
OfE - 5 EHE > DUPHERR « L2 0-100 f > fURTE - 0 Rse B> 100 e
B a*URALARE - IEERALE > BEAGE MUEEEE - EEMEE > &H S
Ef -

I~ . B
(—) B

5 2 IR RHE 12%BK DA 155 (wiw) HOLEBRR S5 - 1 40°CIDRESE
Rt 3 K VGBI - TEHOKRIH -
(=) BB HT A

PRI B SR T > DL 40 KHz IR 2 8 S AR TER 1 h 7> 1 6000
tpm .y S min » HLEAREN B 5 5547 B

(=) B ENE

27 Miller (1959) FEREHTHIE L - E B EIRE K 0~1000 ppm 7 fi &) HEAEAE
AR 0 B 0.2 mL Z f AR A RN A 2 mL DNS 5UHI (L1 0.25 g Z 3,5-dinitrosalicylic

acid B2 75 g T OREITIARY S0 mL-2 M Z @A EsN T FILAEZ K (reverse osmosis,
RO water ) A 250 mL > Fji% 100°C AR NIEL 10 min » FFE £ 20018 > PLopiE
st AR Ry 570 nm MIEROCHE » BERE M 2 AR - UG BRI RIE
F£EHL 0.2 mL fIIA 2 mL DNS 5t > FELL_EAUCE BEMIEAFRIBOE(E - BTl ARERERhLR -

MERGHERR B S s - HE 3 =1 - DUPIERR -

(U) Béhalg 2 EME



A EPRIEESREB A B i 2 o &

S50 (2012) DEREEHAE 2 - Bo%d 0-0.25 ppm FReREEAE5K LA Elisa reader
72278 nm NHIEHBOEE - BIERRES R 2 PR R e - U IR RARIR R DL LAy
BRI ESRIROEE - Rla i APRAEh <R > SAORORIGHEEI 2 fefelic o &g - e 3 = > DL
SPIERR o BEAARAHEZRIRATIAARE & TN 278 nm R NBOEAYRRME: o DUERRE
e R NE RofeIREETE - TR S MR SR T E Y TR IR T -

T~ ettt

FEpE R DI EHMEAE SRR Y #dE i Statistical Package for Social Science
(SPSS, SPSS INC. 7B A AR A IRAT] ) 20.0 Hr (2011) &EtELL#HK
B THET 0 - DL T 2ERE 777 (Duncan's Multiple Range Test ) » DLUEIZ/KAE Ky
a=0.05 » CLiHAER 7 BEME -

— ~ OREREL 2 BT5E
1 SHARRENPREEIDRAERREL - AT LISERMDR KAIPRIERELY 15
min 1% > HBOKREGEATRAME » FEERACR B R 31.4% K 33.5% > 1REAEIHF

& > MPECRIERI 15 min (REEFIHITIR /KR 33.1% - (EIRERIRIRILI I fE
KERAME > FEFF > HARI 60 min BFEEE] 64.5% - HIEER B TEESKEII TR0 - 2R
= 120°C HYEZRG T 2 Rk BN AR ok AR R ey & B A » A BRI TR /K HY
R R PREHRETT
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Fig. 1. Comparison of water absorption of different rice media.
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7 (2019) el 145 SREDR DA EDRE R 60 min - AHE/K > S 821G
EAE 35C MR 20 min I > §7H0KST 3 BAREIRA(HE 0.428 (kg 7Kikg §29)) - Tfidk
(2017) FEREEAFTRR R R BT T HBOKIGE  BUREH TR R R A B E
THEREVKG MR > LAt 5 BB AR B EREEFARAT - W0 H n[ S8R AR 2K & & ks
EIER TN > RIEEAE SR S ORISR EEHIE 15 min > DIFIR G5 E R AV S

KT &R -
KRGS H 3 R ESBEIR RE TS =1y o -JB B S 3R EE (I i 14 (5 > 2012 5 Shah er al.,
2014) » SCAHFER R E K A E BRI ~ Stk - FEEL 500 g 25 ARKZEE > HINAMRE

REGRGTRAE 3T CHEITREIRRSERE 3 K - 3% | AIZI AR KBRS RIFT - H P EEE:
R R BRI T EIREORER - T 48l% 258 = R RERAE R &-FmpT A REE - &
T IFHROR A EUEAPR A AR -

% 1. AEPREVERPREAERRE

Table 1. Rice koji fermentation with different rice media

Day

Japonica

rice

Indica

rice
Parboiled

rice

THEORESEMIN T g B % Al RE e A E SRy - B 1R A Ae L ZA R R Ry - (B A B THA
SREFFRECR IR # 5E 2 R /2 allls EE AR [l SRR DR RESS - EFEA-TH B R AVEEE K2
Z7KEEST (EF > 2016 ) » RFLAERER ST ERE P A RN 4EFPoR A e 22 M - THEOREER

SRR BRI 22 A P R B AR YK S ARDEREMER SRt BsoR EiPs - FIEER
R R ZE B HRARR S - FRBORER S B ARAR A AR SR B E TN Rz rh o B S8
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EVTESANEEE SO e PN o S ST
7 2 QI 2B EDRIE S BRI M2 R HK & B8 L BEPASETEAK ) & BIRA
25 BB 0%/ - S E i S S EOREA Ky e 8 B AN 3%EH - Rk
REE ST P AR RER o EE - EA/KILEKT S8R -
Chancharoonpong %2 A (2012) HIE S AR /K2 E81(E R IFATIIK
Trin B 40%5ETTE 45% o [BAE 72 /NRHR (ERE 2 22% o (EEHENZIN Rad e R
TER IR - RITFI K (e RS E KBS SREAVIFUERATTE - NAANTS
PRz EiE - NN A R e A - (K EERA AR E R
SMATEL - B REAE thn] RO ZE B ANV KR TIE B BUER K BE T TR R R 22
BORER LR -
R 2. AEPRIEBHRTR AR RAVK T G &

Table 2. Moisture content and water activity after drying in different rice media before and
after fermentation

Moisture (%) Japonica rice Indica rice Parboiled rice
Before 40.78 + 1.05% 38.67 + 1.01°B 41.55 + 3.00%4
Fermentation
After 43.29 + (.95 41.61 + 0.84%A 44.41 £0.41°A
Fermentation
After drying 11.45 + 1.658 11.19 + 1.20°B 15.26 + 0.80°*

Data were expressed as mean + S.D. (n=3).
b Means in each column followed by different letters were significantly different (p<0.05).
AB Means in each row followed by different letters were significantly different (p<0.05).

= OREREZ R Z BT

2 Ry RERSERF RN /2 M R RZ IR HE SR ] S2RF R A PREK r 2 EEEE 40%LL B>
RIEZE K Sy & @4 0.67 g 7Kig #2470 » B 500 g MR I R ER(E 2 4% B2 G i
BT A > €8 45 CIR R 6 /NRFHR » SREBIVEZEUK S EREREEE 0.1 g KigHZ
VIfehs o EEEIRER - MORARZIERIE R T RR AR -

BN (2020) HYEERESIR - SREWIERAE 40 CHFREAERFREERRE RGN - HO1E]
3 EUR - 124 BEZ BRI R AR E TR R A SHE BT 40°C A » 13 LU
RZRRIEBRE SRR 2R R 2 H R EOREDK & 8 EFIRGEHAY  RIEELL 45T %
JREZIE 6 /INEF Ry G A R EBHZ R CF -
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Fig. 2. The drying curves of different rice koji during cold-air drying.
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Fig. 3. The temperature profiles of different rice koji during cold air drying.
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RPEREM > SVELHEASHEG > BRELOE (a*) BT -

PR (2020 )T K 2 REZ RIS H RSN 45 SREUR AT AR BRAZ Se e (H (L)
R HALEE (a*) KEEE (b*) 855 - A (2017) W2 EITHECORIESIN T i 2y
T A g N E R (ERE R IR AL 2 BRI - T IR A AN S T 48 5 > (e
HFORELERE (2*) EFHVER > NIt ERERCREBRAEE (a*) (R RE KAl
SREWEET - AWTFE R 2 —FOREB e (0 (b*) AIEEEREZ2 5 - Hong Al Kim (2020 )
BRI IOREE ~ FRI R EEE - fEefEE (L) HHUZERE R 13.4 > 5K
KR Ry 8 Fods o MALEE (a*) DIEEE SR 3.4 |EE (b*) AILUKEER S &
6.8 » TENZIL 4 54 -

% 3. REFZRORE Z SN EABH (LR

Table 3. Comparison of the appearance and color of different dried rice koji

Japonica rice Indica rice Parboiled rice
L* 59.89 + 1.99¢ 69.49 + 0.64° 65.55 + 0.82°
a* -0.59 + 0.17° -1.18 + 0.21° 0.28 + 0.39°
b* 16.25 + 2.49° 16.94 + 1.35° 19.09 + 1.82°

Picture

Data were expressed as mean + S.D. (n=5).
#¢Means in each row followed by different letters were significantly different (p<0.05).

= - B T
AT AR (2020) ZHIREER - HETRBIEKRILBER A - 7 40
C T = R BB - TR AR T - TEHtE 4 0B 5 B ke

PR R 1% A A 2 R R R s -
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60

Reducing sugar (mg/mL)

® Japonica rice ® Indica rice m Parboiled rice

4. AEEEHR BIFESE -
Fig. 4. Reducing sugar content of different salt koji. Data were expressed as mean + S.D.
(n=3). #“ Means with different letters were significant difference (p<0.05).

2.5

Tyrosine (ppm)

® Japonica rice ® Indica rice m Parboiled rice

5. AEIEE 2 BaHE & -
Fig. 5. Tyrosine content of different salt koji. Data were expressed as mean = S.D. (n=3). a-C
means with different letters were significant difference (p<0.05).

Sawangwan Al Saman (2016 ) jReffoR RORBEMR 12 (wiw) JRE » FEIECREEETL 37
C T EIRGSERE 7 Ri% - ROREBEZAEKAR 12 5 (wiv) JREG > & 150 pm ~ 37C/E 1 h
& > FRE0R L 8000 rpm Ly 20 min RUTEREIFIR > FHIILA pHA.6 HIBFZL 75} o -D-MEL IR
) AT - R SAR BN > £ SOC K E 30 min > SAZHIA 1 mL HY 100 mM BBE#ATR
% » JRE0R LA 13500 rpm B0y S min > BUEL FJERADHIRG R ES &2 16.84 g/L - Hong Al
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Kim (2020) #FRER - 250 & GRS 2 S & - SREE S Ry 90.3 mg/g » K
SR 152 } 13.9 mg/g - Jo A (2021) DIAFEPREEE B FaRNE » SELEIH
B B BRI 15 KA LIVBY - RREE R /KRR RN A R - 1
% 15 RiglFhE e ERE AR -
% \\\Dﬁﬁ
WREDAZIA 15 min f  BOR BRI KR G REEINERA » TIFZORI

FRORER ~ 8&18 3 R I2 BZIE 6 h 1% > BEA BERDERPRES - H HECRIRER A

a*fy 0.28 > AIRENTHECR AL a* = ATl - ROREREL 12988 /IR & S5 (& TR BT
THRORZRITERZE 46.133 mg/mL }2 2.048 ppm (72 5 B s R R RIPKERZR

AR R H i H S HY R -

SRR

A5EE © 2012 - ZREE A2 RrE ot R L EAN A AP Z BRET - hELRE SR
ZPThE AL - B

JCRIE ~ PRER(E ~ BRRUE - 2019 o SERID L RV 2R SRS N BRI 9T - B
B R AP 57: 210-219 -

MIFE - 2017 - FHESGESHRPRMERIZE - ERRSE R 20 5m S - B -

PEEHE - 2019 < B IAURE SRR K @ B2 B EIS B 22T - HRAKSER
mn R ZBE Em S ELR

PRORUE ~ PR ~ 23t - 2020 - SARECRERER LA TRECK 20158 - EIERSE (LA
BimilEE 58:147-153 -

wUHREE ~ BB - 2020 - BEERFRIEANDOREE ZER - 2 8RR 2HamP 2
58:10-17 -

FOEH 2016 © THEREEARPREER M BUN b 2 2 8 - 2B REamBHETT e
firgmsC o 24k

B EZF ~ MRARLE ~ BRAITE - 2016 - SRR Z BUEMERI AN - 2ERSE (LR Ean
{EE2 54 : 160-168 -

\
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