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E: FUWREARGEMAEENA T HENFRAD RN TR E Y & 98 W2
WK A, ARBEARN T 2M B A B P E AT B S R, A F lumina
Miseqilll F &L R 2 A B W ¥ % R, FARAX AR RER ML RKEN G 2N T KK
HEFEMRE, So NI M aEHEARGRMASRZIAN KR ERET,
KRBMEEAERATAHPH, FRESER. A, WERKFHE LAY, B
A Ik A BORH2M & TVB-NME 0 41 i & & 2 4 1 2176.34. 59.987159.92,
3.11mg/100g; HALBNAFHEFE LM EHMEEEMERD, KEENEKRE TR
Fg 2RRENMA TR REEREANFRKRERE; HASKERNFTVB-N> A X8 H
127, HplOM GAR "B AL FMAM;, REBMKK HGTVB-NF £ 4k iy B 3t
TH, BRGNS AKRSEEAAA YN AE; ARIEFAERRH R AMLEY
RAAREZHRAMEE, DASEHERAEAR. FAR. HaARFAERR A LR
MTHRTEAHN FRERARAFERRAFEADEGTE —HAOAEE, KXLh
MBEMRAAFRET BAGIL AT EE B IREREE, A E A @ E R %5

1R BT R B

KRR BAH,;, K&@,; MEH%; J§I%; [lumina Miseqll 7 ; X # o & & &

hE 4L S:S984.1; TS254.4

Hpre I TR S SE, EAB. KT
wEEE, BWSRME, BzEREsE, B

Tt Ak R AR B T e S e S Y
KRR I AE s B, R S A AR ) e A Y £
WAL, WAL GERE, =5 iRm0,
LU S 40 BR # FR A E i R (specific spoilage org-
anism, SSO)™, T ATHE M| FH £ &) v (9 38 F= W ik A7
BRAMACH, SRR, A, M.
Ak T S TR 7 TR S5 ) S R AU BR A Ak, il £
KR LEBRMME . oK™ 5l d 35 mS &
FHw, WE RS YR, S AR
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KT HAEMZ RN, —BRAES
Bk, (HZ2XMOrEfmEm A, BIEZD .
BPEAR, Jo ki Uk A e PR AR R O B AR I
AR BEE > TR R R, S RO
PCR (Real-time quantitative PCR, gqRT-PCR) . Z& {4
T B %8 12 3K (denaturing gradient gel electrophor-
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esis, DGGE) ., 1l J& 6 & ¢ Ji¢ H, Uk (temperature gra-
dient gel electrophoresis, TGGE)&: 1% 77 7 58
B, SR VARG SR O G, H X
J5 ik 2 M e HARA B A5 BA B, N BE 42 1 M
ML A ) AR A, JEAFE K, Tllumina Miseqil] J7
FORPIDE 5 . BUAIL . BB PR S ) T
N T IRE . AT BRI U MR VR 1 B
5%, WA 27 3 I e 3 I R R o B AR T B
H R T R AR AR, (HAE K R R Y
A2 L. PICRUSHE — Wik T rRNAJF 51 75 il 4
W DI Ref i, R MR TR 0 R e R
SR R SR AT X B, AEAS AT I A4 5 T A
AR IR R B R A A I ARk S
DI REASS G, R T g Ml B 3R 2 i T I K
Tk R 2 TR AR . AR T R R R T
B EFR, HRETHSEHSE R WARE .

H A5 (Scomber japonicus))g T B 7K P i v
Weverh FRa2, SAFEWNEAR. B,
e R | MEITRS, HEARHAZSMK, &
B RVF Ll A KRB ( Larimichthys croc-
ea) N BT . RGBS, RREWIL . A
W ORI K & T2, JR T R,
— Ry, 21 PR R S ) P 2 LA
HAEERGETEE, BEAGZMEDEW, i
AR, JEm YR, HETE A SCHER R
Al JOT VAR A ) o 8 Ak S5 T 4 B 2 £ 1Y) R
AR AT, H DB A: W AR D e A8 Ak B i
BT R W M 1) F 5 0 R LA Ol . A F Y
i 3 Ilumina Miseql J7> bt 5 2 1% il i A2 AL
PR AR TR V% A2 4k, i 3 PICRUSEHE AT 2 AE
W, BT 28 H A 5 50K B £0 98 e a) AL PR g
WECAR 5. A 1) 7= A A R R A R B A i
e Z A O F&, MG ZE W A8 D) Be i) #f B i
BEA R B9 J R 1, A K™ o 1 SO 5 4 41t
FIR AR .

1 MESHE
1.1 SEIG# R

H A5 1K B f0 2 7 A B A S A R A
mAREE . HARES (AR B N400~500 g, AR 30~
40 cm)f 2K T B Gl kg e K £ (K i

300~350 g, MK 25~30 cm) > TF I 4 L VA e
7K I 77 5

H A MR s ik s, SCEVH R4S
BT KET, RhNBRELRE, KLY
a4, BT @) CUKAR IR, Fo. 4. 8. 12d
TETCH BEAE G vh 2y BB Rh 0 15 38U R4 T 20 H o
(HARBEFESLIE IO, T4, I8, J12, KEEMAFEN,
ICHYO. Y4, Y8, YI12), HEAHURE 5 BEHL A B
6T AT R, ®REHS50.0g, B T-80°C
VKRR B S 2253 M o

i 7 DNA 2 UK ) & (36 I OMEGA L /) ;
Gelview(dt 5t & e A WH AR A R A A]); L DNA/
Hind M (At RARAEFHE A BRAFl); 6xLoad
buffer. Agerose(dt &K&W AR F);
S0xTAE. HAb i3 40 B4t

1.2 LI 5&%

MiSeqi ¥ 4% (3% [E TlluminaZy 7]);  HLIKAYL
JY-SPCTHLIKA | JY300CHE IS MR RS (L st B
BEARITHIKIESARAF); HISSORE MR R E
OB B T R A S 56 22 AR T & A RN 7)) ;- Nano-
Drop-100043% 5% £ i (3% B Thermo Fisher/A wl ).

1.3 LA

LR pHY Ml 22 >k FH GB 5009.237-
201657 e E AT, HL2.0 gt R A% 18 A B AL 20.0 mL
FEMEK, 1R E30 minjFad ik, BOE IR pHI
. BIRGB 5009.228-2016" ™ & H 7 i 1k
TVB-NE i, FRE2.0 gL LA A 10.0 mL
=44, AR min, FE 15 min/5 i,
H5.0 mLJE iGE i PG BALHE T 400 o 2Rk
B9 E 2 % Patange S K U7 o MERRARENS.0 g
AT EOE T, IA20 mLAEFER /K, 52 min,
4°C, 12000 r/minf.0>10 min, B LiEw, HE
K EAR25 mL; ERIERXE T, A1 mL
ARG . 1 mLAERERK . 0.5 ghiRAWI(625¢
ToKGREREN, 1.00 g—/KBEFRBNIR A W), RS
JE A2 mLIE TEE, 5000 r/min.0>10 min, HC
I mL B3R T, ZARE T sRiEH 1 mL
KV, IS mL 1.1%06% B2 84 F12 mL & {5 5],
5 minJi§ 7EA=496 nmAb L (i 22 . 100 pg/mLI
2 e b 1 5 W43 ) B B 0. 20, 40, 60, 80,
100 pg/mLIPRAE TAERHR F R Tr s vEbniEth 2.

HESEaN WK SBULIRGB 4789.2-
2016 B AR AR E . FRE2.S gf AR
A BEAT 22.5 mLJG I A= BE L K B 0 R B R A
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1222 KopE o R 43 45

¥IJ52 min, Fi BB BE AR BEIA AR RE— 2 f5 4k, ik
WO GG R B, BIAPCAR: SRR ATH 57
TG, B RRE R 31T

B R mBADNARIR  ELWHRAET, A
FHBY IR TF- R Y FTF£0 {3 B RE A 2% fi £ )
Wor. WUAN10.0 g, BIRE, SNA10 mLIGHE A4 B
oKk, EEMBRE2 min, 4 °C. 2 000 r/min# .0
5min, B W, #H100 pumZb283d 08, U dE
AW . 4°C 12000 r/minE5.[>20 min, Y5 40
UUVE FH T DNABEHL . F2 HE 41 787 2k P 4 DN AR 5
UL BT 5 i DNASEHL, 1%BE BE BHEE I H
VKA I HE B 45 5, FHNanoDrop-10003 DNA ¥ &
FEEEE . DNAFEA T80 °CIRTE4 .

PCRY 3% A= | i DL H A 6 K 2 £ 1k
A DNACK SR, 40 B 51492 7F
(5'-AGAGTTTGATCCTGGCTCAG-3")#11 492R
(5'-TCAGGCTACCTTGTTACGACTT-3")y
FEA 168 rRNASEH . PCRIN 45 fF: 95 °CHils
P£3 min; 95 °CAE4:30s; 55 °CiE k30s; 72 °CHE
145 55 72 °CHE{HS min, FL33PIEIF. HFEG
W3 AT HEATPCRY S, LA 14 16 11
T 22 o 8 3 1.0% %) 35 A4 8 e Fi Uk K 0 PCRY 14
7Y, A8 FHDNAZEAL 0] &6 PCR™ W i A7 4l 1k
Ja, BAPATRERG YIRS, SRR
RECEAEYE B IR /I

B A 32 L2 I 8y D as B
FLASH#R{4:(version1.2.7, http://ccb.jhu.edu/software/
FLASH/)#459F 8, #&J5 H Qiime(version 1.9.0,
http://qiime.org/ #4770 M, AL4E BT A1 L BRit &
RO FE9T% AR I K |, FH Uclustlf 7751 5
2K B AF 43 2% B3 G (operational taxonomic units,
OTUs)"; BEHU A B R4 55 3 A =i 1P 904 B
MNOTUMAEIF ], HPyNASTYEGreengeneski
Pt e LU X HEAT AN Y KB . gk
FEEAH TR 7 50 S A 15507 51 OTUs, X R4
it B AL E HUS 1 900 2% (e I 3 2% B8 ) e 91 T 7 I
LAy Ar, LA BRAE b E] el T D0 O B A [ 3 B
WM 2% . fixJ5 Al FHPICRUSt(http://picrust.github.
io/picrust/ )R A7 10 3 [ 5 KEGG(kyoto encyclopedia
of genes and genomes) %4 & Lk Xt 7 47 T i T1 I
Gt

Gt AT FHQiime R 15 41 i 22 A 1
AL (Chao 14840, WFhZHEME . R IE B
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R REZHEM) 5 FIHREMA(v.3.1.1)H vegan
BRAEVEAE B i RO A NMDS —ZE /] 5 FIH B2 R
# (Pearson)AH DG 43 A i 146 20 i AH DG 40 78 Js 5 3
3 47 Bz R 2 25 ) AH &P (Spearman rank correlation)
THEL A0 40 DA R 7 RN A8 B =2 H] i A G, O
FHARE R A G R B, T HISASHEAT AR R Oy 22
A3 H1(One-Way ANOVA)FI 37 FEAS e 16

2 4R

2.1 IB{LIERR. BEESE O

Y R R R A B85 0K B A0 ) 4 pHIE 43 5]
96.98%16.81, 2 HTHpHASML A B, J5 %2
M. MAIET S, 8 E LA PO DR
FREFLRR, S pH T, B S FE B FCE P
TR, SR R AR 1 5T e A ™ A o B e 25 45
PEY) B (fipH b F o AHAEAS 5250 vh Jf oKt Bl pH e
R Ja T, XAl RS B TR T S R A
W, FERTRBURERT I, dE AR A
ARAS, ATl 2 0 28 2 H BpH E THE e (GR 1),

TVB-NJE/K ™ shFE i i A E R T, o i
E S WPREN VR =W/ &k =7/} LI K (Eo )l S
R W BRI Z — . HARE K E M
IR TVB-N/K 4351 A 13.85F17.43 mg/100 g, H.
AV O, HARESHLA T TVB-N{E ) =
T IR — B[] KB (L, Bl A ¥ R ST ] 11
K, 2R TVB-NS &2 Wi, S8R, 4%
35 5139.28F138.60 mg/100 g, A T [ K fa
KTVB-N_FAnfEBR ] (30 mg/100 g)*. i 4k
1) £ 25 TVB-N/K -3 % 7 5~20 mg/100 g, —fi
M, AAEILANEER. EARSREFEE,
HOLA P TVB-N & K B £ 5 . Shakila®F i@
T BF T H T A R R P o M T S TVB-NY
WAL, WA H ARSI TVB-NG & T HA
hk,

H A 85 0] b 20 i & s Ik, ¥ e i S99 3
D18, HRJFIFLRM I LT, BEASVE U H] K
B2 e A L 28 HR 2K F3.30 mg/100
go GB 2033-2015™ 1 HLE H A5 20 iz 1% 5 b A
140 mg/100 g, H 7K 6.5 /)N 720 mg/100
go R ZE S8R H A 4 e 7 it O H 1 Kb
WEBRE, 1K £ b 2 Kb F 1 S AR o BRAE Y .
HA T ARO[ R T AN [R) 1 A e A
b, WA MA CHM T KRB RN S EIR
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#F1 BHARSGBMAE&SSHEEEpH. TVB-N, ARMNMEZ2HMNTL

Tab.1 pH, TVB-N, histamine, total number of colonies in S. japonicus and L. crocea during cold storage

W l/d pH VERMEER S (mg/100 g) TVB-N  4HJ%/(mg/100 g) histamine &4 840/[lg (CFU/g)] APC
time J Y J J Y J Y
0 6.98+0.10°  6.81+0.02° 13.85+1.61° 7.43+1.15¢ 5.60+1.19* 2.88+1.05 4.99+0.48°  3.70£0.76°
4 6.98£0.00°  6.82+0.09° 27.87+3.23¢ 12.72+1.50° 8.05+0.94" 3.04+0.79* 6.92+0.58"  5.44+0.50°
8 7.03£0.07°  7.08+0.04* 39.28+4.12° 38.60+6.21" 10.35+3.04%  3.24+2.39" 733+0.12°  6.43+0.36"
12 7.39+0.09  7.16+0.07* 76.34+4.53* 59.98+7.08* 59.9245.70°  3.11£1.37" 8.60£0.36"  7.50£0.55"

e R EAT A AT RRRER B E(P<0.05); “IoR HAMES, <Y #omRsif; TH
Notes: different letters in the same row represent significant differences (P<0.05) in S. japonicus or L. crocea; “J” stands for S. japonicus, “Y” stands for

L. crocea; the same below. APC. total number of colonies

A T HEARIK -

H 7S 6§ R R 8 10, 07) 4 B Vi S B3 il 4.9 1g
(CFU/g)13.7 1g(CFU/g)(# 1), Fifi A5 v i i [1] 1) 42
K, 2RO Ve BECRIA R B, HAEE
S8R IR I 7 1g(CFU/g), Ko v ik 2= R 3 A
K E]7.5 1g(CFU/g). AU, H A LK ¥ f0 40 7
WK, BRE LRI OR R R, S5
A B 6 0 o R

22 AEEESHMST

XA FEA I DNAFEATIN T o X E 48 47
PRz, TUEAEE, B BENLE ST 9005%
P 8158 H AR 55 0 K B £ % 300 1) L PA) o 40
FEVE Z AR R E B . H AES 76 ¥4 i F2 o Chao
EEL. WF 2t . FRIEBM ARG LT ZH
PR B AR T B 25 ¥ R R) A JE K S B e D
TRBE A0V S 1] UL IR rh A AR B 22 T R AR
TR 3 (#2),

FIH 6 B R H A ALK o f074 o 2
HOTUR R L. HAES LA h OUT BB S nfs
Wb 0 dif, KE MK OTULS SR A3 293
A, W T H AR R ]S 2Fk P OUT

*2 HAHMAKE&?S

B L S 2R AR B — B0k . H AR
VA A5 A I ) B A 6286 M OUT(IE] 1-a), i K
BT 1470 (B 1-b), Ud B H A 85 7 6 W 72
o E AR AR R e R e 2, B
AR A U I 3 2 # 7E S [R] (0 04 g A 30T, BT R 4L K
BEA L =2 Ah A 45 RRAE .

23 HEBEEWERST

TETIRP B, H A5 00K B A8 A ot 40 7R 2
BRIETFSKITERE2-2), 73R E ] (Prote-
obacteria, 76.8%~76.8%). JEEER [ ](Firmicutes,
0.9%~19.3%) . #FF [T (Bacteroidetes, 0.1%~
8.2%). MRFTH 1] (Fusobacteria, 0.6%~7.5%)F1 ik
281 '] (Actinobacteria, 0.1%~1.1%). ZFEH &
oy FEOL A BRE, T8 H AEE AL 5 v 58 T )
FaoE , Vel AR MWIT R, (H7E KRBt b 0%
FTE TR JERET ] K 2 £ A
PR, AN B 7E B ARBSFE G PR R
FhEa S, EFERE RS AL, HE2%
TG ETHESR . BeAh, R0 diF, TR
FE H 2 6 FlOR B A0 A S PR A B m R E R,
TEVS I Je 2 W T 2k o BR AT TR T 7E H A 65 12 Jid

HRETAEESHMLEY

Tab. 2 Diversity indices of bacterial community of S. japonicus and L. crocea during refrigerated storage

Chao 1§53 M2 R FATREL RAKE 2R
Fiffa)/d index of Chao 1 index of species diversity index of Shannon phylogenetic diversity
time ] Y ] ] % J %
0 2384.7490.7° 2 246.6£132.3% 1215+57.5" 1200.2+57.6" 3.2+0.1* 3.7+0.5" 4424334 50.5+4.8*
4 2556.4+179.4° 2169.8+70.9" 1249.8+98.6"° 1 032.7+34.6" 3.2+0.3* 2.340.1¢ 40.4+4.3" 33.0+1.6"
8 3100.8+104.2* 2310.9£582" 1496.5+64.9* 1099.3+70.5 3.3+0.2% 2.740.35%¢ 46.1+3.3% 34.2+4.7°
12 2628+1943%  2157.1+82.6* 1265.7+102.6"° 1153.9£70.1* 2.9+0.6* 3.0£0.3° 45.446.3* 37.243.4°
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43 %

823

&1

439

(12.8%)

H A& (a)FfI K& & (b)S BB 5 2 A1t B E

JO. T4, J8. T12.43 WIVAKO. 4. 8. 12dH A, YO. Y4. Y8. Y1243 B0, 4. 8. 12diK# M, TH. AR TER
i T L R T A7 A 0 R 0 P F0 I BR, RS T i AU R R HT o L AR R e ) B 2 AR R — i % B e

Fig.1 Venn plot for bacterial diversity of S. japonicus(a) and L. crocea(b) during refrigerated storage

JO. fresh S. japonicus; J4, I8, J12. S. japonicus refrigerated storage for 4, 8, 12 days, respectively; YO0. fresh L. crocea; Y4, Y8, Y12. L. crocea

refrigerated storage for 4, 8, 12 days, respectively; the same below. The figures in different compartments mean the numbers of OTUs specific for or

common to storage time; the numbers in brackets indicate their proportion in the total; the sum of the figures in an ellipse was the total number of OTUs

at a certain time

[IIT] F4ts others TR ] Actinobacteria

5] AT 1] Fusobacteria [l 04T 15 1] Bacteroidetes
[ BT 1] Proteobacteria

[ ] FEE ] Firmicutes
100 [ —

90 +
80 |
70 +
60
50
40 +
30
20 +
10
0

P EIAR  E/%

aveage relative abundance

Jo J4 J8 JI2 YO Y4 Y8 YI2

Pt S
sample name
(@

[ 1] HAib others VI ERT B Vagococcus
T ASEhHF i@ Acinetobacter T B2 5 fa o J Pseudomonas

|:| WK # )8 Flavobacterium
P A2 BHR S R Pseudoalteromonas

V& VAT 1 JB Paychrobacter
W)@ Clostridium

Bl 14 B Photobacterium ] RICHTHIJE Photobacterium
[ 7 FLIC R & Shewanella

SRR %

aveage relative abundance

100
90
80
70
60
50

1 S S S |

1 N I I O A

i |

40
30
20 |
10
0 Jo J4 18 J12 YO Y4 Y8 YI2
FEm RS
sample name
(b)

E2 BASMAESSEAENRMEEETER)@FEDb)KFE EFHENEE

Fig.2 Average relative abundance at the phylum or class level (a) and the genus level (b) of bacterial community of

S. japonicus and L. crocea during refrigerated storage

b AR AR AR BN, AHTE R R
8BTS, BRI R 87.5%,

TEJR K L, BREEAFR X =F B >5% 1) 4 1 & i
TP Mr(E2-b)o Bk L, H A F1 R H v (4
5 W Y 0 Ay BU IR T J® (Shewanella), HAER
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JH R T — BAL TR S . R OCHT IS (Photoba-
cterium)fE H AR BER 8 W F R, FREM
R I R e, R 2 A R A R R
TR, W KT & (Psychrobacter) Tt H A i
FEdh i B, (B R U AR i T A AL T A
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RAKE o AR B B R (Pseudomonas)TE H AR 65 FE i
2 B R R TR 2.3%~5.3%, 7E K B 1074 0 3
JER a2 o At 4 B A X R
JE U 2 Ah F AR AK T (R X 3 B <5%)

24 HREWERSN

Non-metric multidimensional scaling (NMDS)
FEAT A R s N 2 e, b2
Z I P MO RN A Y e R S, A
YRR, B LV RER — A BRE
FR12 d HASBESFE 5ORIA B0 A R B ke i, oAt RE
it 6712 W) o7 T S A AS TR IR 45 4 2H 1 22 S PR
(113), UiIX 6N AT WSS F A AR B, S5
FEAE SRR R o VO WD 9T A5 20 R 7 20
SRR, FEA VRN R A, FRARIEIMOmR, 40
TR A AH 22 S B T O o BT AR 1 B0 dINS
VO 22 SR, X S AN T 2 R R T RE
S5 R B — Bt . B3R I H A FI R
B AR ot R A A R A R ZE

03 r
JO YO
. 14 By4
02 | . AJg Ayg
®J12 2YI12
0.1 ¢
S0 A (o] -
o ..‘ ® 5 = s RN
DY 0| ,en aede © g
< w - forg e}
. L <
0.1 o o
<o ©
-0.2 | <
-0.3 : : : :
-0.2 -0.1 0 0.1 0.2
Hh1
axisl

&3 HASBMAR&SESEPAREEHEKN
EEERE SHINMDS— 4 [#

Fig.3 Two-dimensional NMDS of bacterial community
compositions of S. japonicus and L. crocea during

refrigerated storage

B HAES MK EATVB-NG B 5S4k & &
51 0 5 4 B RE Y 2 18] AT B2 R AR e g b
FEE KT I, PRIEAXT FEEE>1%, >0.4, P<0.05
PIRHOCHHTA . B2 7R Bk 4Bkl 1) H A5 b 5 TVB-
NP7 A R DGR L 1 LR, rp 52 TE A G 322k
P Fy-22 I B 4 (v- Proteobacteria) 144 [ 42X (Clost-
ridia), 2 GAHOCH B A y-BIR R A9 X 118k

Wb, AR e A A AR O Rt
TVB-N A CH L7/, FEARKINHE R
(Lentzea) . JG¥T 1 J& (Brevibacterium)55, {HARK:
0 H ELAT 2H A G Y A T (33

2.5 KGEEIfgETH:M

I 20 B R 75 DI RE T T HL PICRUSEN H A%
figs R0 A B L PR T A B AR R HEAT DD R B0,
WE S E TReh, AR TIRET & Bl ER, g
W H48.59%F146.19%; 5 ARHAH G Y HE P = 22 2
AR . ok G AR . se A, B
it DR B o A 3R A L A o A O R A R A 1 4
(Kl4), SR A, 2Fp e Rt R4
AR AR A DG HE H oA, b s e A B
ro T A AR B R R R R, H
Al v AR I P A B R BT RRAIG, I AR R B
VTR R IR B W R, VA RS T
T RE . AT R T B AR EERE S AR
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R3 ERHRDWHEAREMKEELBIIZPTVB-NE AR =L HXHE
Tab.3 Pearson analysis selected TVB-N and histamine production related bacteria of S. japonicus and
L. crocea during refrigerated storage
Wy S A M55 associated with histamine HTVB-N/4:#12%  associated with TVB-N
species HEFIZE  bacteria name r P HMEFIZE  bacteria name r P
H At JlEFL  Vibrionaceae 0.61 <0.01 JRE AL Vibrionaceae 0.61 <0.01
S. japonicus
BORZEAFE  Clostridium 0.55 <0.01  MRRZFMITHE  Clostrdium 0.43 0.04
ViR KW E  Moraxellaceae -0.55 0.005 ViR KR Moraxellaceae —0.63 <0.01
W ®  Flavobacterium -0.42 0.04 HMTE)®R  Flavobacterium -0.69 <0.01
W FEJR  Psychrobacter -0.57 <0.01 TEAFTHE R Psychrobacter -0.78 <0.01
BB BEE  Pseudoalteromanas -0.47 0.02 BAE M8 Pseudoalteromanas -0.62 0.001
WEFEE  Carnobacterium -0.59 <0.01 WEFEE  Carnobacterium -0.67 <0.01
Aliivibrio 0.65 0.04 SEEIRHIE  Klebsiella -0.56 0.04
W W& Fusobacteria 0.49 0.04 AR Acinetobacter -0.44 0.03
FiINER  Arthrobacter -0.46 0.02 W J®  Fusobacteria 0.43 0.04
FINFEJE  Arthrobacter -0.72 <0.01
K f WK IKHE  Lentzea 0.61 0.01
L. crocea
MNTE)R  Brevibacterium -0.52 <0.01
PARITHE JE  Corynebacterium -0.62 0.01
W JE  Dermatophilus 0.69 <0.01
WK KHE  Dietzia -0.51 0.01
X IKHJE  Gordonic 0.78 <0.01
TIEERE R Agrococcus 0.71 <0.01

“r FoRFEARMRRE, “PRIOR RS R AL

Notes: "' denotes the correlation coefficient of the sample, and "P" represents the overall correlation coefficient
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Fig. 4 Categories of functions related to metabolism of bacterial community in S. japonicus and

L. crocea during refrigerated storage
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Fig. 5 Functional prediction of bacterial community of amino acids, carbohydrates and lipid metabolism in

S. japonicus and L. crocea during refrigerated storage
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Comparative analysis of the spoilage characteristics of Scomber japonicus and
Larimichthys crocea during refrigerated storage by
Illumina Miseq sequencing technology

ZHANG Mengsi ', TANG Haiging’, OU Changrong ", CHENG Sanhong '

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. Faculty of Food Science, Zhejiang Pharmaceutical College, Ningbo 315100, China)

Abstract: To compare microbial community structure, diversity and metabolic potential, and analyze their
relationships with the spoilage characteristic between Scomber japonicus and Larimichthys crocea, Illlumina MiSeq
sequencing technology was used to sequence the 16S rRNA V3-V4 hypervariable region of bacteria, and the
physicochemical and microbiological indices including pH, total volatile basic nitrogen (TVB-N), histamine and
aerobic plate count (APC) were detected. The correlation between microbes and fish spoilage and histamine
producing was investigated by Pearson analysis, and the relationship between bacterial community composition
and metabolic function was also predicted by phylogenetic investigation of communities by reconstruction of
unobserved states (PICRUSt). The results showed that the pH, TVB-N, histamine content and APC in both fish
fillets increased with the storage time extention, however their values in S. japonicus fillet increased faster and kept
higher than those in L. crocea throughout storage. TVB-N and histamine content reached 76.34 mg/100 g,
59.92 mg/100 g in S. japonicus, while 59.98 mg/100 g, 3.11 mg/100 g in L. crocea at the end of storage, respect-
ively. An increase tendency was observed in richness and diversity of bacteria in S. japonicus muscle and then
followed by a decrease during the storage, while a sustained increase tendency was observed in that of L. crocea.
Shewanella was the dominant bacteria in fillets of both S. japonicus and L. crocea. Twelve types of bacteria in S.
Japonicus were screened as TVB-N correlation bacteria, ten of which also showed significant correlation with the
histamine producing, meanwhile seven types of bacteria in L. crocea were screened as TVB-N correlation bacteria,
however, no bacterium showed correlation with histamine producing. Amino acid metabolism and carbohydrate
metabolism were higher than other metabolism during the storage. The abundance of function genes related to
amino acids metabolism and carbohydrate metabolism in S. japonicus was enormously higher than that in L.
crocea throughout the storage period such as histidine, arginine and proline metabolism and butanoate metabolism,
propanoate metabolism and pyruvate metabolism, respectively. This may partially explain why S. japonicus was
more perishable than L. crocea from the level of metabolism of the bacterial community. Our study provided a new
method to understand the spoilage characteristics of different aquatic products from the perspective of bacterial
community and their metabolism related function genes.

Key words: Scomber japonicus; Larimichthys crocea; bacterial community; spoilage; [llumina Miseq sequencing;
metabolism related function gene
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