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1:2)T, KEFApHMTVB-NER K ABEEAR -2, RAMFHIEFHERRRRE. 5%
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P H AR R IR A AR : 1,
12 LSAI = 2) e fa i P RSV 76 & BERT I (0d) . P
WIS OFE IGO0 d) A P i sh A AR L fn 2
FEPE . ANBIESE 5 7E Ry £ TP R & TV ok 2 0
T ZRE T 0T 58 S 1A DG BRI AR 4l L o8 5 R 1
IS BRI S, HE— 2D B R A A T
AR, MEShE A B T R R
Y

1 MBS FE
1.1 SCIg#t Rt

UK EE K B A0 (5 B K 20~25 cm, AR 200~
300 g). BICET R EW, EHE15.0~40.0 g/L,
ZR 6 R A FRZS | )« i £k (i 1 4 36 )
HBAERTAEA ). ABE(EE RS AR
R E SR LG AT T AR Bk,
H AL SR T,

1.2 UFE5EF

D3024REY High Speed (Refrigerated) Mirco
Centrifuge, ZEESCILOGEX (FEIEHETE); #r
JY300CHL VKA, dbat B AR Bk s A BRA
H); FR-980A‘EWHLIKEIG it R4, LiEEH
B A BRZA F s HHA208 kA K S (1), R
WG A AR 45T 5 Milli-Q Integral 8 4 /K
1, BRICH PN F] s TP-48P il & 4 ZUHF
1, B IREDRHEARAR; GII00TW4: H
FIKw R, EITERAER A R AR ; SW-CI-2FD
WNBEEE TAES , i & A BRA A
BS110SH F K-, &L FIHT R AL ) A B
2N FEs VMO109%EFEHL, VITA-MIX CORPOR-
ATION; & # R OHL(A13010196), i3
W T RHE A A Kjeltee 84004 H 38l K E A
1%, FF#EFOSS/AHl; PHS - 3BKi % pHit, i
K% B A BR A F] 5 UPT-11-60LAE 5 i 4l 7K
ML, PO B SEI 28 A A PR |l o A 350 3
Rt
1.3 EENHERE

W 3 (1] > 1 7 8 G K AE (20+5) °CIl JE F =
W8 h, WT /57440 min, FiR FAHZE40CLL
T, 441 keJFUBHEC 1~1.5 kgl He AT I 7K
(P fh JE VA R AE 40 °CIRLTF K ), e ABLE O K
48 ho K BELT BT RS F—4 °CHAMA H .
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FFasrd KL, L3k,
XK. KEE. LNNE, MR I E B HEE
RGO B BR B R, R R
JE 523, PI60 mmx50 mmx50 mmAYIEAR . F
T AR FEEE | I LA K fa AR SR vk e,
3% EE K FE A PR LTS o UEvE U TS Y fa T
5 BOR 15% R SRR SR TR, JF FHE Y E
il i TR EAE R K T HEH48 hJE B b
B K, MR AL, JF vk AR m
IR, fea BT HOET B SR AT Gl G BRI
DL & AR T

BawstELd Iy 3R, 2%,
S%HA10% 3 E AL (LIS E &), SN
N R SRR E MBI L1, 1: 1.5
A 2) AT R e . 1 2SR oIS = Y A bR IS
POFEIA], R I I S 76 Ve v T I8 05 19 25 4 I B
B L — R BRI , AR5 N P ST b HE S
VRS b, ZIE IR 2 amg SR, IEg
BEREY., mEETZE L — 2R, &
AT T . B R e R B A 1
R TR, S Z RS O, IR
THE, Bow LT, 7E(20+5) °Cilk B F R T
30 d GHIRIRREST A48 35) 0

1.5 pHAITVB-N{&

Iy TERERIOd, 5d. 10d. 20 dFI30 disf gk
FTHURE . R s fa b W AR I RS 5, B0 g
BN E TP, A LB F K90 mLIFHE
¥1%4), 10000 r/mins.0>5 minj5 , BUJEH T 100 mL
Pebir, D pHIA, %5 BT mLyE R HELER E A
A TVB-NIH
1.6 BEERABTIERPREMEE T

#ob k% 5DNANIR LR T X
AN Ti) ) B [0 T £ 7 AR 9 Bt AL e B, S () B
PRI FERTHA0 d). IS5 d)FJE #3(30 d). HL
FER e iR 42 40 SRR, U 144 s A ) 34
SIRAHS), RE TS50 mLE.LE T, T-80 °C
AR VKA PR AF . >R TruSeq DNA PCR-Free
Library Prep Kitil 71| & #2HUDNA, Jf H 1% 5 b
T8 JSE FL AU

PCR¥ 3¢  RHSGI¥XF515F (5-GTGCCA-
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GCMGCCGCGG-3")#1907R (5'-CCGTCAATTC-
MTTTRAGTTT-3")#17PCRY 1. PCRRH]
TransStart Fastpfu DNA Polymerase, 20 pLJ h &
% : 5xFastPfu Buffer 4.0 uL, 2.5 mmol/L dNTPs
2.0 uL, 5 pmol/LiE & [ 5| #)515FF1907R4%0.8 uL,
FastPfu Polymerase 0.4 pL, Template DNA 10 ng,
#MddH,0% 20 pL, MRIETLLK:, 5 BEPCRII S
$: 95 °CHIZEES ming 95 °CZEME30s, 55°CiR
K30 s; 72 °CHEAfI45 s, 27NFF; 72 °CHEfif
10 min, AR EAT3IRE S, H5 Al —HE A PCR
PR 5 2% B R WE I F vk R, I P Axy
Prep DNASE I 710357 £ (AXY GENZ 7)) VI [1]
WePCR™ ¥, £ Tris HCIWE /S 2% B8 1 BE e
CERV € il
LEMEERNE SRR

H QuantiFluor™-ST#5 {71 %% ) & & & 4t (Promega/y
AR E fEPCR™ W) o AR 4 7 o A6z i 445 2R A
JP M EOR, 4 #1llumina PE2503CFE, PCRF™
Yy e dy b T A W BE 25 B RS W HTABI
GeneAmp” 9700 PCRAY 5E i, K FHIlluminaZy 7
HiSeq2500ill J7 -5 -

1.7 BUEAIE

pHA=TVB-N{GL 4% >R HExcel 201054
XFpHFI TVB-NEUHE #4721t 404, A L ey
YE3RE L, HATVB-NK 24T, I 5E 45
AR LA (b v 22 0%

S8 F WA AAE it X SilvatZ ik
BOHE R RLOT% M AK S A b v Rl 43w 384
3 HRHIL(0TU), Ik HRDP classifier DI i 7 55
LU AT A 22500, 7ET T (phylum) & (genus)
G FKTGEH 4R R VE 48, 1 FH Mothur™
BAOFRIRIE T T HA AT Z B8 . Rl 4l
BS54 BT 4

2 4k

21 AERAHE THEpHELKRS T

R H i p HAE 119 75 £k 2 e fe Rl i o R b R
ARG Zh I BB S, XX T TR Ay
JiE T R AR B A K DL B AR PR A T
SN F — K & o b, 32 (2% . 5%F110%)
K {0 pHAE ZE RS I 175 dak 10 dRS A T+, BEJS

*x1 TERABHRETAHEpHET L
Tab.1 Changes of pH value of L. crocea with different salt dosage

f1  ff  fish . vinasse

FIEEE/% I s 1) /d

salt dosage time 101 1:15 1:2
2 0 6.50+0.04 6.50+0.04 6.50+0.04
2 5 6.66+0.03 6.61+0.07 6.67+0.02
2 10 6.72+0.03 5.74+0.05 5.39+0.02
2 20 5.92+0.05 4.69+0.04 5.65+0.01
2 30 4.96+0.03 4.75+0.12 4.65+0.01
5 0 6.50+0.04 6.50+0.04 6.50+0.04
5 5 6.73+0.03 6.54+0.09 6.71+0.05
5 10 6.81+0.06 6.72+0.03 5.78+0.06
5 20 5.29+0.10 5.45+0.14 4.97+0.04
5 30 4.65+0.04 4.3340.05 4.25+0.03
10 0 6.50+0.04 6.50+0.04 6.50+0.04
10 5 6.88+0.09 6.59+0.02 6.82+0.03
10 10 6.92+0.04 4.97+0.10 4.46+0.09
10 20 5.10+0.12 4.85+0.02 4.72+0.07
10 30 3.3840.05 3.40+0.03 3.34+0.10
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BHREAL, HREHI30 dJE, 10%FH £k & 4 A pHIH
B, % SR DA D B % R VR A — SE i
PR T R B (36 ). pHIE BT R
AR B RAE T, f00 R 8 5 o A A
B BT pR T DR O D 2 A AR FLIR
ATPHRE R LR 55 43 fiff 7 A Wi IR 4 R 1k 4y I 7
pHH &M T [ . IR — HER =48, AL
M1 2By REMpHIH &AL, MAEIL AL 1Y
pH{A fe iy, X2 PR R flc A= W A T A 2 0 R v 1
TE R AE Rk AR B Z A LR Y. 5 5% M=
HAL, 2%HFHh AR HI30 df5 1 pHIH &
4354 (4.9620.03) (RS L1 = 1), (4.75+0.12)(fa Al
el 2 1.5)H1(4.65£0.01) (A AE F1 2 2); TMT10%H
AR, 498 (3.38+0.05) (A L1 - 1),
(3.40+0.03)(fA A [ 1 1.5)F1(3.34+0.10)(fa ks [t
1:2), FEREARETR T AR, 5% 3R i 21 1) K
07 A ] A R 5 pH AR 1k 4 3 R 0 A e AR
—H,

22 FEIAH#ETEATVB-NEENK
F S M 35 36 A (TVB-N) 2 10 28 7 fof 7 )3 O

W) BB A e b, A R 3R Y R AR
JERORP, fERE It R, AR R R
TVB-N{H 2 SRR IL 3 (k2), X 5FR%
=B A RIS — 3, XATREE A
pHAE I W7 T [ DL KR I8 T 38 3 10 1R M 34 58
FRIRE e B T o 2308 1 2 TR AR T T R B A
il 0 14 R R A i o RETRIO YR BE A TVB-N
1 }9(32.5240.52) mg/100 g, #Bid T E ZHFREXT K
B AR SR 3 R o TR R B i T AR
e, R B ER TS A R T A S A
o1 o Rk AR b R IR 2R B A2 B A IR R B
A=) S e T A A, S EOR B TVB-NTELTE
B i B, HEEA AR TR0 d TVB-
NE . #4130 dJF B9 TVB-NE 1K T30 mg/100 g,
56 B R AR K et DA 2R, Hrhs%H
EhE A K, 43914 (20.70£3.31) mg/100 g (£
T 1), (21.92+0.70) mg/100 g (A L1 ¢ 1.5)
F1(21.35+0) mg/100 g (Fafi k1 : 2), HIEEAIR A
KR KRB A TVB-NE AL A I A — 2, Ui
5% FH 3 0 20 K v 10 70 R T ok R v R AR Ak /)
il A ARUE -

T2 TRBAHETXKHEEWTVB-NELZ L

Tab.2  Changes of TVB-N value of large yellow croaker with different salt dosage mg/100 g

% Hn f 2 M fish - vinasse

salt dosage time 101 1:15 1:2
2 0 32.52+0.52 32.52+0.52 32.5240.52
2 5 29.05+0.17 30.96+0.35 26.79+5.92
2 10 24.00+0.00 21.57+1.05 24.52+4.35
2 20 19.31+1.57 22.78+0.52 24.78+0.30
2 30 22.96+0.35 23.7240.63 23.90+1.20
5 0 32.52+0.52 32.52+0.52 32.52+0.52
5 5 28.52+2.09 31.13+0.87 32.87+0.17
5 10 23.46+1.24 30.26+1.39 27.13+1.04
5 20 21.22+3.13 25.74+0.35 26.96+2.96
5 30 20.70+3.31 21.92+0.70 21.35+0.00
10 0 32.52+0.52 32.52+0.52 32.52+0.52
10 5 32.52+0.52 28.18+0.35 24.31+0.48
10 10 30.26+0.35 28.70+0.18 27.83+1.05
10 20 27.13+4.17 22.61+1.39 25.04+3.13
10 30 23.66+0.70 24.52+0.52 22.96+0.69
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23 EERABEREPHEDEENTK
ZE4y BIRKE 0 pHAT TVB-NAH BB 047
5% 1 Eh 1 20 I f0 h aek R rh o BB E L ik
LT T RS VR T 2 0 s 45 A RN 7R A A 4 B 1
DL 5% H & 0 21 iy e £ W0 RE i R XF %2, B (] Br ik
WOR TERTHI0 d). T (15 OFE 130 d), 3o
group IF5 RS LA 1« LI A TEHIT 0] (quanl) . H il
(quan2)F1J5 M (quan3) AU R WL, group27s Al LL
A1 1SHF & EERT I (quand) . A (quans)Fl S 7
(quan6) AT AE R , group3FS A LL 1 « 26} K 12
A (quan7). 1 (quan8) 5 1 (quan9) 4R R %
B G R T AR F E A= Alpha % A M 54
7 BT %A DL H 28 )5 L1452 20910 0TU (K 1),
groupl . group2fllgroup3 434 F 173, 146f11671
OTU, grouplfigroup2 2 [A] 34 ) OTU R 1261 ;
group1flgroup3Z [B] A HIOTUN 13545 group2
Flgroup3Z [A] A M OTU K 1334 34ILA W
OTUN117A, i T MOTUSL & 1955.98%, 45#
B, SHMAEYEBEAHFOTUL S| — L) |-,
Hrrgroup1 fllgroup3 A7 A OTU%K & 5% =i, groupl
Flgroup2tt 5 B OTUS & £ /b, Ul I 52 2137 K4
AW, 3HE R LA BN, grouplty
group3 Tl E W AP AU fe i, 5 group2 il ¥
T SRR BLBE SR A1

H1 H2
groupl

1 #MAOTU% %5 Venn[E
Fig.1 Venn analysis of OTU distribution of the samples

PAREALA 2 17 510 85 AT REIUER A OTU
BOH 22 R R 2B, BE RS I i R
T W R ol 22 0 T R T AR R i 28 i L
THE2), UEIIARZEIN i Al RE ™ HE AL 2 B OT U,

quan9 £ 519

160 quan2 Ff 2
quan3 Ff 53
quan5 £S5
120 quan8 f 58

quand 154
quan6 6

PR
rarefaction

80 quanl FE5h1
quan7 F547
40
0 F
0 20 000 40 000 60 000
W H i

number of reads sampled

B2 #minBMihs

Fig. 2 Rarefaction curves of the samples

40 7 A 55 0002 KB, quanl Alquan7{3A
FROTURE LB, Bzt T F2, viuism
W PR BEAN 77 KR Z OTU, [/l — ¥ 5140F
T JE WS R e P B A OTUSK & : quan9>
quan3>quan6, H quan9fi¥ Chaoti 5t & (167)(353),
VLA LR 1 20 PR VR A RS F s
AP 3 1) TG K 8 RF i Shannon il £ B2 ] DUE H, 24
WP ECRK T2 0008, fh 2k T 738, wiig )y
Bt i 2 K, AT LR 5 R S AT i b 4 R
ZRR AR . B DU TR EE RN, quan3>
quan9>quan6, H quan3#*Shannon#s £k K (2.75),
1M Simpsond B8 /N (0.109)(#3), Vi B ks H hy
1 LAY T 20 Tl 22 e A

B AG R B A R LR AR 45 M o T N
O3 9 KB WA i 11K T SRR RE 5 IR BT 5 )
HrETT1, quanltjquand. quan2quan3. quan5
5 quan6 ., quan8-5 quan9: [a] B V& 45 ko A B RE
Ui W 7E & e v s I 34 TR R TR A AR, A0
Feom1 s 151 0 LSRN A VR e A IERT WAL, 5
s 29758 W AE e e b 5 AR L (&1 4) o RS R Tk
Y EEIR M, L9 LR AT R ] (Acidobact-
eria). JZE T ] (Actinobacteria) . AT E ] (Bac-
teroidetes) . R4+ ] (Bathyarchaeota) . %% &[]
(Chloroflexi). W4l ](Cyanobacteria). 5% BR
P —A5 4 F# 1] (Deinococcus-Thermus) . J 1 B[]
(Euryarchaeota), JEBEH[](Firmicutes). Ignavi-
bacteriae (ZR B '] F H). 5L 32 ] (Nitros-
pirae). Omnitrophica (BARE4N R BB, FERE
["J(Planctomycetes) . ZFJE B [ ] (Proteobacteria), 2
JEIK T ] (Spirochaetae) . #KBEW [ ] (Tenericutes) .
Z7 1 B ] (Thaumarchaeota) 1 74~ B ] f1 14> R 43 2%
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#3 HRAlphaBREEIE
Tab.3 Alpha diversity index of the samples
Bt b HRUF 5L AR S KT VR R A rAFREL EEBRIEHL BHRI%
sample sequences OTU Chao index Shannon index Simpson index coverage
quanl 56 581 88 129 1.48 0.413 99.95
quan2 47630 152 163 2.54 0.138 99.95
quan3 38 131 140 142 2.75 0.109 99.97
quan4 41081 106 145 1.62 0.351 99.92
quan$ 33078 124 153 1.87 0.322 99.91
quan6 43235 98 144 1.76 0.327 99.95
quan?7 58 565 88 107 1.68 0.304 99.97
quan8 33879 112 141 225 0.180 99.92
quan9 45532 161 167 2.44 0.156 99.96
3 quan3 Feils (V. parahaemolyticus) . % ¥ 3NE (V. alginolyticus) .
(f_ s AL QITIRTE (V. vulnifices) ¥4 e £ W g 14 B 22
. e e FERE TR | I S A 1
®E | L e Wy by T A 5% d LK £ ) pHA
T E ’_ quanl i1 (FDRMTVB-N{H (322), ML 1 1R
el pHIE S, M (4.65£0.04), TVB-N{EHEAL, W
(20.70+3.31) mg/100 g, AR A1 = LSRR
o ‘ ‘ ‘ i TVB-N{H % 55, (21.92+0.70) mg/100 g, i
0 20000 40000 60 000 RS 1 TREE ) B A T b2,
IR 6 FELEA T+ 15K Y it BT A O A8 25

number of reads sampled

3 # & Shannonis % #h4k

Fig. 3 Shannon curves of the samples

Wil TERA KRR, IR ET 54X
(64.44%~96.96%), UK & W AT 11(1.40%~29.43%)
FERER 1(1.54%~11.18%).

TE R B9 50 2K L (E1S), 32T RE WA i 3
WM 14348, Horpgroupl. group2flgroup3/y
W k124 105F11174N &, 9RE & (Vibrio). Chl-
oroplast norank (i 41 & |1 T J& ) F I ¥ %1 J& (Enter-
obacter) &3 WIS W I H e & o 7E & TG ,
INEE B o 48 X34 (70.06%~83.28%), i 7E K& 1
WP S B B F Chloroplast norank . 4 #T 1 & 32 &
15 20 11 8 (Pseudoalteromonas) % HA T J& Eb 4]
Ay, AEHAE 3 v L AN TR R B R
K, JHorhgroupl ©REIR B e K. 78 & B 5
group 1 1Y I TE J& FIr o Le 90 7E 3ZAE S b e/, T
group2i Ko 9NE & —2E) Z A6 T K™ i b iy
BIRMEECRE, R8T I JE 09 R0 i s
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3 TR

H i e 0 A9 3k F 04 DR R 22 04 £ (Trichi-
urus japonicus)” ** . #(Carassius auratus)™, Hh
(Ctenopharyngodon idella)* "*'* *'4% | T LIKH
11y SR AR T £ T % I 9 4G AAR A,
Xof T P £ TP R AR AE ) T D R SC R A B B D
ABIE5E LA K B o O ) 4 T £, SR 1 el
I A AT TR R W) R T 2 RE R AT T
Mo BIF 5T 45 3 Sy e 100105 K8 VR Tl A ) 0F 5 4 AL AH
KIS , y7E— 2D 42 R e ™ i T AR
LIS E

K ¥ 16 pHFI TVB-N1H ) 22 1k 5 9 K8 W sk 26
Wh—EXFR, TERMRY, MEES KM
PR NEW) ot (B 28 55 ) A A R e B30, A il = T g
FAREANRIKRNY L, 25 INEE T & L6 E
W R, R DR A R B A B
AR R K W pHIE SE L THE A TVB-N{H &
W T R R R . B AT TR e R 2 e TR R K
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Fig. 4 Microbial community histogram with cluster tree at the phylum level
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Fig. 5 Microbial communities and distribution of the samples at the genus level
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Microbial community in vinasse liquid during processing of vinasse fish

ZHU Xivhua', LIN Huimin ", DONG Tianjia', KONG Jialei’, DENG Shanggui '

(1. School of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China;
2. Donghai Science and Technology College, Zhejiang Ocean University, Zhoushan 316000, China)

Abstract: In order to discuss the microbial community diversity of vinasse liquid during processing of vinasse
fish, the large yellow croaker (Larimichthys crocea) was chosen as a material to produce vinasse fish with
traditional pickling technology, and the bacterial flora of vinasse liquid was measured by Illumina HiSeq2500
high-throughput sequencing technique. The results showed that the pH value slightly increased in the first 5 or 10
days and then gradually decreased with different salt dosage (2%, 5% and 10%). The TVB-N value was all lower
than 30 mg/100 g after 30 days of processing and the lowest value was found in 5% salt group. The variation of the
pH and TVB-N value in the 5% salt group were basically the same in different ratios of fish to vinasse (1 © 1,
1 :1.5and 1 : 2), which indicated that the quality of this vinasse fish was stable during processing. High-
throughput sequencing results of 5% salt group showed that the Chao index of the vinasse liquid of 1 : 2 was the
largest (167), which indicated the highest community richness. The Shannon index of the vinasse liquid of 1 1
was the largest (2.75) and the Simpson index was the lowest (0.109), which indicated the highest bacterial
diversity. The main microbial domains of the vinasse liquid involve 17 phyla, 1 unclassified phylum and 143
genera. Proteobacteria, Cyanobacteria and Firmicutes were dominant, of which Proteobacteria was absolutely
dominant. Vibrio, Chloroplast norank and Enterobacter were dominant, and Vibrio was absolutely dominant in the
early fermentation. The results could provide theoretical basis for the study of microbial community diversity of

vinasse fish liquid and references for the control of hygienic safety of drunk aquatic products.
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