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Bacterial Succession and Changes in Volatile Flavor Substances in Brown Rice Wine during Postfermentation
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Engineering Laboratory for Deep Processing of Rice and Byproducts, Changsha 410004, Hunan , China )
Abstract: Brown rice wine is a special fermented wine in China. It has a unique flavor that is derived from the
raw materials and its brewing microorganisms. Postfermentation of microorganisms has a decisive influence on
the final product quality at low—temperature. This paper mainly uses high —throughput sequencing technology
and gas chromatography—mass spectrometry(GC—MS) 1o analyze the changes of bacteria and flavor substances
in the postfermentation period of brown rice wine, to determine the dominant bacteria species, main flavor sub—
stances and best postfermentation period. The results showed that, for fungi, Saccharomyces cerevisiae was the
most dominant species throughout the postfermentation period (average abundance,93.90% ). The highest rela—
tive abundances of the other two fungi,the unclassified Pichia species and Mucor circulans were 11.47% and
8.32% , respectively. For bacteria, Lactobacillus casei and L. brevis were the dominant strains throughout the
postfermentation period, and their relative abundances were 85.72% and 10.68% , respectively. Contaminated
Pseudomonas campylobacter and Pseudomonas aeruginosa were found on the 7 d of postfermentation. However,
the two contaminating bacteria show significant decrease during the subsequent postfermentation period. The
volatile flavor substances comprised esters (11),alcohols (3),ketones (2) and phenol (1). Among them, esters
were the most abundant (up to 60% to 80% ) and included ethyl palmitate , ethyl linoleate and ethyl oleate, fol-
lowed by alcohols (15%-30% ) comprising B—phenyl alcohol ,n—decyl alcohol and 2—methyl-1-butanol. Ethyl
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palmitate content, which was the highest during postfermentation, first decreased and then increased: 33.06% to
26.90% from 0-14 d, and 26.90% to 33.38% from 14 d-28 d. The ethyl linoleate content fluctuates between 5%
and 7% from 0-21 d, and reached the highest value (12.36%) on day 28. Based on sensory evaluation, the 18th

postfermentation day(at 4 °C) is reasoned to be the best postfermentation time, when, the sample has a refresh—

ing taste, strong aroma, and is suitable for drinking, while the ethyl caprate and ethyl laurate contents reach peak

levels.

Key words: brown rice wine; postfermentation; high—throughput sequencing technology; bacterial succession;

volatile flavor substances
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Table 1 Microbial a—diversity index of brown rice wine at different postfermentation stages

LA EiiNes)
R Sh, Si C Sh, Si C
N vy Shannon  Simpson . . overage vy Shannon  Simpson . . overage
[E]/d  Sobs $5%k 1%L E}ﬁ Ace 5% Chao 5% E’!ﬁg Sobs $5%% Ry %‘;& Ace F5#0  Chao $5% E‘ﬁg
0 30 0.66 0.72 30.00 30.00 1.00 20 0.22 0.92 27.43 25.60 0.99
7 16 0.42 0.83 16.26 16.00 0.99 51 0.47 0.82 68.16 60.23 0.99
14 14 0.38 0.85 14.00 14.00 1.00 64 0.74 0.71 87.79 71.57 0.99
18 21 0.76 0.60 21.00 21.00 1.00 74 0.56 0.74 81.69 77.39 0.99
21 18 0.69 0.63 18.27 18.00 0.99 33 0.58 0.67 71.95 48.17 0.99
28 16 0.76 0.68 16.75 16.00 0.99 40 0.38 0.82 54.12 58.20 0.99
2 1 AN, AN IR S e BB il o TR I TR o 2.2 BRI G K W) FL A T A
RS AR e gl . Horb JE T 18 d AR AN TR] S A T 1) R s K TG A oy N L TR B R AE D
J#1 Sobs Shannon ,Ace il Chao $§%(3 %K, Ifif Simpson J& BT At o3 A WKL 1,
BN, )G B 18 d BEARIM EE RS YR E S FIE 1 KO T B AR AT, A

JE EV Z R R B SR AR Bchf . LR IS T3 0 R F2ETET] (Ascomycota) FIBEIET]
AR, 20 B ) 2K Sobs {HALH BUAE 18 do A7 DRI, (Mucromycota ) , & P fe 1425 (175 RO AR B ALER B

Y Hx K Shannon ,Ace Fl Chao $5 B0 BUAE 14 d, 1 fix THEE1 ] (Ascomycoat)
/M Simpson HEEHIBUAE 21 d. RPAOK UL, ATEANC o (Mucoromycoat)
HE& ) Coverage TRECERR T 0.9, TEFAE S HH Y751 100 rp [ 7

FEAREAE SCHE Rz Y AR A B I 45 SRt 5 5L A ¢y
1B o J5 A TSR 5 Th FL TR (1) Shannon $84UF Simpson
FRBORWILE L 3l (H A AT [ A ) 2 AR R
A3 A B 2) Ty ) sl i o AEAE S AR TR Shannon 48
BRI Simpson FEEULIETHRIERIAEREIRTE, fOAAIH
O L 0 S R R T = 8 1 S JE TR MR , 5 L L T T )
A X 5 S e 1A/

80 r

60

40

I 1K AR 42 B/ %

20 f




20214E 8 H

RaftaSAR

4 9IR

176 o 42 85 15 1)
100 1 ¢

N
@ 801
g 60 -
=
=40t
i
H‘E‘-’ 20 ,

o L=

J5 R A]/d
BRPI ] (Saccharomyces cerevisiae )

= RO HEETRIE LR R (Unclassifide pichia)
B3 K B8 (Mucor circinelloides )
- HE
100 r
80
60
a0}

200 |

TR AT 42 B2/ %

PRXXXY
R
0 202022

J5 R Ta)/d

1 AEEREREXEFERER]EMKETEESH
Fig.1 Fungal structure of phylum, genus, and species levels of
brown rice wine samples at different postfermentation stages
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Fig.2 Bacterial structure of different phylum, genus, and species

levels of brown rice wine samples at different postfermentation
stages
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Table 2 The volatile flavor substances of brown rice wine samples at different postfermentation stages

%o

NI ST KA 4 P XU 0 B R X 55

AR 5T
0d 74d 14d 18 d 21d 28 d
IR B 2.51 2.85 3.54 4.18 3.40 2.09
B4R g 5.79 6.60 6.30 10.29 8.14 5.49
JVRERR 218 4.71 4.93 3.75 6.36 4.75 4.16
T PURR Z TR 7.8 8.95 7.18 8.83 7.76 8.82
Fite £ 1 33.06 29.17 26.90 28.32 32.04 33.38
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Continue table 2 The volatile flavor substances of brown rice wine samples at different postfermentation stages
%
AT J PR AT 42 5 P IR ) B X
VR0
0d 74d 14 d 18d 21d 28 d
IR Z g 6.65 6.79 5.02 5.70 6.51 12.36
MR L BR 0 438 0 0 4.39 0
AR L1 5.07 0 3.09 0.93 5.19 7.68
AR £ G 1.40 0 0.60 0.91 1.13 1.47
BRI — 2 TR 0.54 0.98 0.96 1.19 1.19 0.96
S U H g 2.88 0 0 0 0 0
B-RLE 14.08 16.79 23.94 21.53 20.99 13.84
IERAT 0.37 0.99 0.79 0.45 0.67 1.23
2-HIRE-1-TT 0 0 8.55 0 0 0
PP 5L 297 5L 0 8.21 0 0 0 0
2,2,3- = H AT 8.89 0 0 0 0 0
2,5-CT T 0 0 0 1.02 0.88 1.52
SR 93.75 90.64 90.62 89.71 97.04 93.00

2 PR, FIHAAEEE- B HOR ki ok
T 5 & TR B oA b A o 45 b ki o, b
it m FhR R Z A YRR R RESS i
J& 43 B ER A2

B A 11 Fp G ER LR 23R LT
RAEERR TR . HIUER ST FEAEER ST IR S i
2 T WAL TR JEIRIR O B FEFIFR — 1 5
iz G, X 2ok SR 7| T IR, W] S R
B R D RN L 7 oy B A b . Al
XoF B f A e P AR R IR O BRTE IS R e BL i) % 1 e
J5Tt,0~14 d /1 33.06%F% % 26.90%, 14 d~28 d /N &
33.38%; W.AH R TR 0~7 d 7E 6~7%2Z [81)% 50, i & %
5% 28 KK 12.36%; IR LERIAFAE T IG KSR 7 K
I 21 REES T, AR50 500 R 4.38%F11 4.39%
FERER ST 2 £ T8 R < 638 5 PR o 11
T = RSB NTERRR , |2 AFTE I b, RE AT (A
PRI RIS (Pl PUHES b AR £ R 75 i
e, FAMI S R, HEA MR IhmaE=,
AT LA I A frg e JEE R, IR ARRY e, 3 e, %%
2 TR BA B 77 B, HORDO & e 5 AR N
JeHE MG BEAR, MEEH B AESE 18 REEM T,
10.29%. HA RS A HRR L Ba 2 Ik sk A2
b W AR R RE B 2R 18 KoARSL 1, R 6.36% . [AIFEE
A AKRENE TR ORI (L BUAS 18 KA HE S,
1, S0 (odour threshold values in air, OVA )L 3
T AU 5 LRI (A Y LU A, A SR 7R
1P FAR BT T R 2 TR 5 28 TR TR I A (B3

K, AR R, B 3 A RS
DURREER 2, BRI B W Re s AR IR FE T
LB 25 R 2 SOl 51 o, K el 3 R R A1
Fi6 28 Ak A -t 8 A 21, ARSI HH 1) P S 400 ol D
THBAE 8 L b IHIXT A T K M TN S
R, K B B 2 e A — R U
Y FEH iR 15 (ethyl carbonate , EC )™, 2 AP B
i EELEA R RS BN B R R A AT
FE AT B S5 AR T

BRI 5 R ERE R T 2 B LB
IESSEE 2- IR 1-T s, Ho B-IR SR EAE
i A S A A 13.84%~23.94% , WA IR AESE 14
RAFE b v o TF 28 P2 1) e e AR AR 6T 35 2 4333k
1.23%.0.37%. 1M 2-H He—1-T ARG RIER) 14 d H
IR, FHIXS B R 8.55% , BLJE XM K o B—IK LB IR
ER( I KR ST =S ST S A 017 7 gt
LTI S Th & ST R &S o, B
DA T (14 B AL 7 A S H At XU 9 5 ) i R4
JBI, B £, S ph R TR AR AR A AR, AT AR
AN P A AR A B, Foh AT Z e R AT & i -
CTERE ST ANERP s B) | EE AR R B S5 8 DI R BEAE
AT FR , SeaREERE T LU Rk A ) B L
X T B2 S P= A RE e ML 75, i AT DA B
LR TR S5 — RGN AR R, 1F 5B 5 A F e T
BT L Y R G A e R R Y A B AR A
M BEW TR 2 KU o A A, S Y
B, 208 B A A 2 o A A, AR 5 b
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R AT PR T JE A AU

TR 2A A0 B A P 0 O A R v 5 L AR
HRZH A5 KB BOFE— B 2,2,3-—
FLIR T HAAE J5 2 TSR 0 RAES H LR 8.89%, Ik
Jo ARG o PP 3 20 I 5 TR SR 7 RFRah P B
K 8.21% , BUJG A s o FH R HLAT A
(WA, AT I 0 7R 3 o il 4R P B 2 (B =S A ) B A
PRI oK R R B 14 I T 7 1T B 2 A TRt K B i v R
FEFR = I IR, 2, 5T B 5 R A
18 K24 28 KB, AN & B 1.0% 447 o

T 9 7 SR 2 R LT RO 1Y) T 248 A
P M R U R B AR T T 9% 8 X 194 i 4781,
PN ST, RS K i 2 T e ) 1 22 T 28 A e
FIEH T BN FERIT . BRI AR & R AE 60%~
80% JE A8 Ak , B AR 5 S TE 15%~30% A2 4778
b, o BRI IR TR B-AK Ll T VR LR MR
LR BETR TR AR T8 SE TR TR R R T 7 R
TR K. IR & BB TR R FE G R B 2R 18
RFAMEGE T WA JG R e, RS R RE &, 0
T I B UAR IS A

3 &ig

TE A P T T T 7L R T A R T 1
PSTENEY 4 For L e 5 VAU PR i H I [
JHC AP 2t o A BRI 531 A TR PR A S LA
e e K e e v e A ) 1 AR =7 A8 A DA K™ HE R XL
WA ST AT E 5 1o L BRI OC , T L BTG RE KP4 Y
DR A L B T 2 S E AR T T R R I R Y
ity P R B 7 A R, O T A (RS AT XUk
(R — SRR . e A TR P L B T 25 A P R A ]
Ml M R AR BT, (EL A I T ) R S BRI 2R
ATRE, PRI, 5 AR A T A ) T G 2 T Y
Az o REKTP i R TR T2 XK ) B M AR R £ T B -
KW A VIR LR AR Ol TR Ol A EERR 2
Wit IR G o A BEAR B UK 3BT O 45 5 S B AT
AN BRI 5 R R 18 d B RUBR A A, TE ] 8 4
AR, BOA D SR i A R A o X BB 4N R X Sk
KA Y TP A A 7 I e, 38 it KT TS 7 AU 4 3t
TR SRR, AT A B R, R B RS KR
et T e S
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