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Abstract: In this study, six kinds of Huangjiu koji were used as raw materials to study the microbial community structure
and diversity of bacteria and fungi by using high-throughput sequencing technique. The results showed that the bacterial
community structure and fungal community structure of rice red koji (JQ1) and millet red koji (JQ2) were similar, the
bacterial community structure of wheat koji (JQ3), traditional Chinese medicine koji (JQ4) and alcohol medicine (JQ6)
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were similar, and the fungal community structures of JQ3, JQ4 and sweet koji (JQS) were similar. At the gate level,
Firmicutes was the dominant bacterial phylum of JQ2, JQ3, JQ4 and JQ6. The dominant bacteria of JQ1 and JQ5 were
Proteobacteria. The dominant fungal phylum of 6 kinds of koji was Ascomycota. At the genus level, Lactobacillus was the

dominant genus of JQ1, Bifidobacterium was the dominant genus of JQ2, uncultured bacterium_o_Chloroplast was the

dominant genus of JQ3 and JQS5, Virgibacillus was only the dominant genus of JQ4, and Staphylococcus was the dominant

genus of JQ6. The dominant fungi in JQ1 were Cyberlindnera, Monascus in JQ2, Aspergillus in JQ3 and JQS, Xeromyces in

JQ4 and Rhizopus in JQG6. It was suggested that, the microbial community structure of six kinds of koji were quite different

at the gate and genus level, which would provide a theoretical reference for the follow-up screening of red millet Huangjiu

koji.
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Table 1 Rating standard of Huangjiu
A PEEARUE A

WEEBEN, A OGEE, HRA e R 15~20

@F(205) AN, QFEEE, WRALCREEY  10~14
(BB VR, WA KRR Y 0-9

A S R AR, TR 20~30

F(3049) FTA BT B, TR 10~19
TR EA EI A R, A4 Sk 0-9

T SRR, BRI, To SR 20~25

FIBR(2549) T R, BAE 11, TSR 10~19
T ARBERIFE O, A 5k 0~9

ORI, AL SRl R A R R

A SR KU 20~25

PR 2S9D) it i, LA 08 SR 10-19
A BN, R AT S0 S KU 0-9
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Table 2 Physiochemical indexes of red millet Huangjiu brewed with different koji

SR Kok INKET R E il GRET i T i ez FrifE
WG (Yovol) 12.69+0.11° 13.78+0.04° 11.68+0.12° 11.030.05 13.22+0.10° 12.08+0.06" =8.0
pH 3.8440.01° 3.83+0.01° 3.80+0.01° 3.54+0.01¢ 3.62+0.01° 4.11£0.01° 3.5~4.6
M (g/lL) 7.72£0.12° 7.11£0.09° 7.4740.13¢ 9.08+0.03* 8.17+0.05° 4.16+0.08" 3.0~10.0
BHBSA(gL) 0.70+0.03¢ 1.0240.02° 0.81+0.04¢ 0.87+0.01° 0.58+0.05¢ 0.27+0.02° =0.16
AV 4 (Brix% ) 11.8+0.10° 12.940.10° 11.3£0.10° 10.9+0.10° 8.7+0.10° 8.1+0.10" -
W JFRE(g/L) 4.55+0.01¢ 7.22+0.04* 5.98+0.06° 6.21+0.09" 3.49+0.04" 4.28+0.04° -
S (g/L) 6.51+0.02° 9.18+0.01° 9.49+0.06" 10.39+0.04 5.14+0.07" 7.63+0.04¢ <15.0
R (%) 37.26+0.33° 18.58+0.12" 35.05+0.26° 38.14+0.18° 34.59+0.20° 28.95+0.13° -
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AR TEURH T A1) FH SRR B L, JUT L3 Al e
T OO A D DR e/ N i v PR A2 ) R TR BT B R
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TERCE FE AR 7 T, B AN LT (0 (R Kk aT il L /K
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MG HHZE . ACE #8%%. £ & )& (Chao D ¥8%K. &F ik
(Shannon)FE %, AAXT = FH T IFAE 6 Fh 2 i il
PR I B FNAN PR 2R . R, B E Aoy
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2.3.1 OTU RIELAMBEMZ TP o THEIFoprik
EAEAMTPLE R S IIRIE SR B, ¥ Reads 7 97.0%
FAERLEE AR T TR S K HA 25 OTUs,
A~ OTU X T—FRRIFA, SR 57T OTU i
T Fh RS, A FHRSSFEF Usearch 14, XX Lb )+
SIPEATERIEIR, £FE S OTU WIS ], BT il
e S OTU g insk 4.

FHFE 4 7T, 6 FPEWYIE Al =, A1 E R OTU
MBS 477 F0 214, 4l OTU 3 H IR T A
OTU #(H . JQ3.JQ4 h4fied . H. OTU % H &2,
JQI "h4fEs . B s OTU # Hixb .

TEAH R B PR EE T, 1 0] DA Eb s AN [Rl A As o
OTU WY H , 7E— E M L EHIFEAS iy 2 v
. FReihZeuni&l | s, XHF4ie, 24005 /N T
10000 B}, OTU % HPs#hn, 47514 H > 10000~

3 N[ R A LA BT AN

Table 3 Sensory evaluation of red millet Huangjiu brewed with different koji

ZH Fokarih A Sanill Azl rh 2l T i ]

SN isrAR) SAREN HAB A, B, e iokul KA

S AR VAR BORAR BORAR AR AR

Mk Eqn| Eqn| E3n| LYE N M Eqn|

E(53) 81.8+10.0° 82.8+11.6" 72.4+4.2° 71.8+4.5° 78.5+4.8 74.9+10.4%
T BUEFR T IEEARE R 225 [R—47 H A R AR P Duncanil 36 (P<0.05) A B & 25 5%
T4 AR AP AEE OTU 3 H
Table 4 Number of bacterial and fungal OTUs in different rice wine kojis samples

e JQ1 1Q2 1Q3 JQ4 1Q5 JQ6
Eiifes) 308 346 402 389 306 325
HIA 85 101 118 113 113 101
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LRGN . BEAR AR AR RS, (2
A 7 7 25 FR AT 99.95%; 13X FEHA B
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Bacteria and fungi rarefaction curve
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Fig.1
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"IN, 6 PR i ARE L 25T e 3RS 445483 45 T
T . FE 97% FHRUZ ST, 4014 ACE 48
BUE 332.99~411.07 Z ], Shannon FEELE 3.73~6.02
Z [, Chao 1 $5%0AE 349.05~460.14 2 [f], 78 3554

Fl 99.91%~99.99%. JQ3. JQ4 W4 Chao 1 F5%K
1l ACE F8 5035 4b F 855 I BUE, X R JQ3. JQ4
AR V% F 5 2400, IR A v 2 2=,
Kl 2a B, BT 5 0BG ind Fh i ot e B4,
{HJZ Shannon MMZANIE AT, M THaxE, X 3R
LYt st I L e S R S SN O EA NP SE 7 e ol (= s
2N B ) ZARE RS S BEE I P A B i & A28 {k .

a6 P SAI IS
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[
24
¥ 3 — Q1
5 - Q2
21 -JQ3
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FFFFSF &S
[ENEZT]
b 30_ g
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5 2.0
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Fig.2 Shannon index of bacteriaand fungi in six rice wine kojis

6 FhIP AR S 20 7 J5 L3RS 476726 44515
HEEITH . 7E 97% MBS T, B ACE #8%K
7E 119.40~190.60 2 [d] , Shannon $§ 3¢ 7E 0.64~3.02
ZIf], Chao 1 $8%07E 143.00~162.40 2 [f], £ 35 530
Fl 99.95%~99.97%, JQ1. JQ3 W E. T Chaol #5 %K
1 ACE #5340 F 8 m M EUE, X 1 JQ1. JQ3
M BB REVR B 2 80E, RIS S5 2 4%
Il 2b Bz, Bl I A 385 0 4 o i) 50t e 1
Hn, /B2 Shannon HHZREIH ASEZZHA, & TFHa e, iX
YRR IR B AN, B 3 04 ECE R =2,

F 5 NI AT A B 2 AR R
Table 5 Diversity index of bacteria and fungi in different rice wine kojis samples
. FPAEL Shannonf§4% ACEF& % Chao 1354 mR
28
Bl HA i) HH i HEF i) H Bl HH

JQ1 74964 79409 3.73 1.10 361.93 190.60 366.65 151.11 0.999 0.9996
JQ2 68006 79611 4.86 0.64 382.76 152.30 391.00 147.43 0.9991 0.9997
JQ3 73705 79521 6.02 3.02 411.07 153.38 418.50 162.40 0.9996 0.9995
J1Q4 71004 79671 4.89 2.69 406.26 136.65 415.25 156.87 0.9994 0.9997
JQ5 77663 79055 4.91 2.24 332.99 131.21 349.05 144.62 0.9994 0.9997
JQ6 80141 79459 4.17 1.64 370.06 119.40 460.14 143.00 0.9994 0.9997
Bt 445483 476726
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(B2 BB 1 2R P E AN S B 25 D0 P s A B & A=
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SEHGRE A PR Y Chao 1 F5%4F ACE 45 %434
TR T L YR LR, X3RRI 6 Fh ety vy ith - 28 i 4
A w B e T ECTH . SO S o 4 TR R EC R 1Y
SRR 75 AR LRSS, X IR AR P2 A e %
AR IS BRSO
24 AELBERMEYINESES S
2.4.1 MEBEIRESH AT 7R TKRSF B 6 il 3k
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