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Aspergillus Solid-State Cultivation of Four Different Industrial Strains of Koji Mold on Four
s 28 DEE Different Rice Cultivars: Microbial Biotransformation of Phenolic Compounds and Proteins
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Rice grains provide both nutrients and functional ingredients. Unpolished Thai-colored rice is particularly rich in
polyphenols. Additionally, phenolic acids are abundant in both colored and white rice grains. Various industrial strains
of koji mold have been used in Japan for over a thousand years to produce fermented products. The use of unpolished
Thai-colored rice grains for koji production has never been attempted before. Therefore, this study cultivated four
different rice cultivars—Riceberry (Thai black rice), Sangyod (Thai red rice), RD43 (unpolished Thai white rice), and
Koshihikari (polished Japanese white rice)—with four different industrial strains of koji mold: Aspergillus oryzae 6001,
A. oryzae 6020, A. sojae 7009, and A. luchuensis 8035. It was shown that four koji mold strains grew well on both
unpolished Thai and polished Japanese rice grains. Therefore, this study aimed to investigate the biotransformation of
polyphenols and proteins through Aspergillus solid-state cultivation.

Total phenolic content (TPC) and DPPH antioxidant activity in the methanol extracts of all rice koji sample
increased significantly after cultivation and varied depending on koji mold strains. The TPC in the extract of unpolished
Thai-colored rice koji was higher than that of unpolished Thai white rice koji and polished Japanese white rice koji.
Moreover, UHPLC-PDA-MS analysis revealed an increase in the contents of flavonols, flavanols, proanthocyanidins,
and phenolic acids after cultivation. It is known that polyphenols in plants are found in free and bound forms. Due to
the expression of various enzymes by koji mold, it is possible that koji mold releases bound polyphenols into a free form,
leading to increased alcohol-soluble polyphenols.

Total amino acid content in the methanol and 20 mM HCI extracts of 16 koji samples increased significantly after
cultivation. Additionally, the increase in amino acid content in both extracts of all rice koji samples cultivated A.
luchuensis 8035 was lower compared to that of all rice koji samples cultivated with the other three strains, except for
the glutamine and glutamic acid contents, which were comparable or higher. This is related to the lower y-aminobutyric
acid content, presumably due to low glutamate decarboxylase activity. UHPLC-TOF-MS/MS analysis revealed that the
methanol extract of Riceberry koji cultivated with A. oryzae 6001 showed branched-chain amino acids (BCAAs) at N-
terminal dipeptides. Comparing the total amino acid and dipeptide contents between Riceberry koji and Koshihikari koji
cultivated with the same strain 4. oryzae 6001, both amino acids and dipeptides accumulated in Riceberry koji, but only
amino acids accumulated in Koshihikari koji. This presumed that the accumulation of dipeptides may be due to the
inhibition of dipeptide-degrading enzymes by flavonoids.

Overall, Aspergillus solid-state cultivation on four unpolished Thai and polished Japanese rice varieties with four
different industrial strains of koji mold leads to distinctive biotransformation, resulting in unique characteristics. From

this phenomenon, it is possible to create a new highly functionalized rice koji.




WXEERROEE

ARFACERSCHRGEE X, B BRI W T IRIRE R TR L WS ORER 2 EET S
ZEWERL, RV 7=/ — VR ED ZIRHEM A EFET 2 Z LML TWD X A OF B LK
2 FE DB AR I K DA ERE R L, ZORS b EEET D L2 HIE L, ke L
T, XA OBPEBZK, BAROKEEKIZOWT b EEEEREEEZIT 7,

FP, BEEETEBICHNONTWD 4FEOBEZ VT, 4 FEO KRB ~DBERERER 21T -
LA 1 6EAETICBW TR RBHEEROMENBE SN D L L HIT, BT RIIZHANE S
T\ DR RS « 2 T B RIERIGTEDN @B L T D Z L AR TEZI D, XA
DLEKIZEBNTH BAROKE K EHEAR BENAET TS Z 2 LMLz,

BT, ZNENOREEL L | BIFEHEREATOZKRE D A 7 ) — it 2 Uiz & 2 A R
U7 x /) —VENRETOBIZBNTERLTHWAZ LAV L, ZORITHEBLZKBNE LI OK
BEYHEWI L ZHUCE U CDPPHFIIAMLIEME DR T 5 Z L 2 B0k Lic, ZOBSE, Mila
BESLIZHEG L QWD T2 SIS WIEE IR Y 7 = /) — VSR OREREFIC & 0 s i 22 He
ENTHRTHD EBEL Lto;na@%m%®mmufﬁli© BEDORY 7= ) —VIEE E&
Lzl ZA, KB D& B 2 & ITRHEIN 22 2628 BTz,

==Y \ﬁﬁMmm%¢®7‘/M@ BEIToTE A, RTOBREHIBWTH 37 Hilk
TI ey 7 BEE(GABA) DRI BIZE STz, RY 7= /) —LOAE LR 450K E
IZ X DHEMOBENIZIUE E e o 7oy, BRI Z &3S e 2 el S, BREIXZLL
S 38k & F7e ) GABAAE RNV 72 i T2,

U EORERN D, ZAFEREKRE G ATEOKE e 2 (AR CREEERT 5 L. 2 ToRIC

BWTHADZALRAELT, DFDOEDKT & B Z L IZR2 D Z RO E 0 Fll minert R
MA~OISHORREMEN R STz, £, RFFEONEO—HIXEEREN 2 mmSGEIcBi SIhT\nd, Bk
D DD, RPN CHFEE I LOPAIMET D 60 L HET D,



