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Effect of Space Electric Field on the Microbial Community of Trichiurus lepturus in Freshness
Preservation Based on High-Throughput Sequencing
WANG Qian', XIE Chao'*, ZHENG Linbo!, ZHENG Wei?
(1. College of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316000, Zhejiang, China;
2. Zhoushan Changqing Ocean Food Company, Zhoushan 316000, Zhejiang, China)

Abstract: The preservation effect of space electric field on Trichiurus lepturus was studided. High-throughput
sequencing (Illumina Miseq) was employed to determine the microbial changes and base segments of Trichi-
urus lepturus collected in Zhoushan and preserved by space electric field combined with micro-freezing preser-
vation. Operational taxonomic unit (OTU) clustering and correlation analysis, diversity analysis, microbial
composition analysis, microbial community structure analysis, and correlation analysis were conducted to re-
veal the microbial community composition and biological information that affect the preservation effect of T. lep-
turus. The electric fields were set at 3 kV/m and 2 kV/m, respectively, and the non-electric field treatment
group was taken as the control. Each group of samples was stored at —4 “C. The effects of electric field treat-
ments at different intensities on the microbial community composition of 7. lepturus were compared among the
three groups. The microbial relative abundance suggested that during the preservation process of T. lepturus un-
der the combination of space electric field and low temperature, the effects of Psychrobacter, Pseudomonas,
and Janthinobacterium on the spoilage of T. lepturus were significant. After 20 days, the relative abundance of
OTU6 (Psychrobacter) and OTU13 (Pseudomonas) in the samples treated with 3 kV/m electric field was less
than 1%, and OTU7, OTU14, OTUS, and OTU9 were not clustered. The results indicated that there were hy-
giene quality risks in the preservation process of T. lepturus, and space electric fields can inhibit the prolifera-
tion of spoilage bacteria in T. lepturus, thereby extending its shelf life.

Key words: space electric field; Trichiurus lepturus; fresh-keeping transportation; high-throughput sequenc-

ing; correlation analysis; number of colony species
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Fig.1 Effects of different treatment conditions on the total colo-

nies of Trichiurus lepturus
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Table 1 Sequencing data of Trichiurus lepturus treated under

electric fields at different intensities

FEA GRSk AL IR
Y1 61636 26 459 690 429.29
Y2 61388 26362318 429.44
Y3 58 748 25237476 429.59

F2 OTU F3#E St

Table 2 Number of OTU sequences of Trichiurus lepturus

oTU J¥%5 Y1 Y2 Y3
OTU1 16 471 5085 31245
0TUS 5569 13 5
0TU3 13 472 4252 2234
0TU2 2883 6798 5979
OTU4 1396 3838 2 669
0TU6 1711 4805 2428
0TU7 497 365 8
0TU9 368 153 0
0TU12 153 1 0
0TU23 112 524 18
0TU20 48 24 0
OTU13 59 65 150
0TU16 60 38 55
0TU14 40 42 45

MiSeq M 5723 7= A2 K 1 16S 41, OTU J&7E ik
R MG R FHETE 5 5B AR
AR 2R B AR A . R 1 U AT LLAS
A R A A ROT 9 RCER R RP 38 R A R
FOAATR] , 22 B H 708 O, A Y BAT 05 5145
E B,

z2 ORI A AT A1 OTU ARRIFFIRT L, i
BCSAFRMEF IR RNER T 97% W7 91 K Hoti i 44
A EURERE S B Y OTU P54 B 2257, W45 &
YR EREM LT . OTU 0 01 BE R A, o fa fE 25
6] L 375 15 —4 “C45 & Ak BRIE RS 14 i Wi v
BIRA i, O R KB W . 1K b, SRog s
A A TR 2 I T DV IR T T S R RE TR O
ATy O N P B AT S| (Cammapmteobacteria) A
PN, NBVB I N oA )z, & A A OTU
OB BOKCF R TR RG]
7 IL G & BF (Shewanellaceae) . 52 . 18 F £} (Pseudo-
monadaceae ) . 55 8 ¥ & B+ (Sphingobacteriaceae) ek
B (Micrococcaceae ) . BEHT G E B (Moraxellaceae) |
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Table 3 OTU taxonomy information
oTu % OTU 432&
OTU1 d JUFFE & (Bacteria) ;p ZFTEATFE ] (Proteobacteria) ;¢ TN ARIAETE 7 49 ( Gammaproteobacteria ) 5 o {5 L & H
(Pseudomonadales ) ; f ZLF7 [C R} Moraxellaceae ) ;g Uﬁ?’%ﬁ@(l’sychrobacler)
OTUS d $UFF B & (Bacteria) ;p ZETEFF I ] (Proteobacteria) ;¢ TR TE 1 40 ( Gammaproteobacteria ) ;0 28 £ FJifd i H
(Alteromonadales ) ; f 75 FUEC B} (Shewanellaceae ) ; g 7 BU G & (Shewanella )
0TU3 d {UFT 58 (Bacteria) s p ZEIEATHT ] (Proteobacteria) ;¢ AR B 4K ( Gammaproteobacteria) 5 o {5 B H
(Pseudomonadales ) ; f i B B} (Pseudomonadaceae ) 5 g 5 5 H 5 J& ( Pseudomonas)
0TU2 d fUAF & (Bacteria) ;p JERETR 1] (Firmicutes ) ;¢ ZEFFF R 49 (Bacilli) ;0 ZEAUAF A H (Bacillales ) ;£ ZEH1HE G R}
(Listeriaceae) ;g 2214 )& (Brochothrix )
OTU4 d $UFF I & (Bacteria) ;p ZETEAT B[] (Proteobacteria) ;¢ IS TE 1 44 ( Gammaproteobacteria ) 5 0 {5 S & H
(Pseudomonadales ) ;f 5417 [G & (Moraxellaceae ) ; g JitZk i (Acinetobacter)
0TU6 d {UFT 5 (Bacteria) s p ZEIEATHT ] (Proteobacteria) ;¢ AR T 24X ( Gammaproteobacteria ) 5 o {5 B H
(Pseudomonadales ) ; f 547 [G B ( Moraxellaceae) ; ¢ FE V3T B ( Psychrobacter)
OTU7 d T JE (Bacteria) 5 p T (Acinetobacter) ;¢ ZE & (Actinobacteria) ;0 ANEFFHE H (Actinomycetales ) ; £ fHERFARE
(Micrococcaceae ) ;¢ 19 ¥ (Arthrobacter)
OTU9 d $UFFE & (Bacteria) ;p ZETEAT BT ] (Proteobacteria) ;¢ TS TE 1 44 ( Gammaproteobacteria) 5 0 {5 S & H
(Pseudomonadales ) ; f {5 HL I JE (Pseudomonadaceae) ;g MU J& ( Pseudomonas)
0TUI12 d UFFIRE (Bacteria) s p $UFT A& (Bacteroidetes ) s ¢ BiNEHT R 2K (Sphingobacteriia) ;o #EHEFF H (Sphingobacteriales ) ;
f ¥ BEAT )& (Sphingobacteriaceae) ;g 1 HiFT B (Pedobacter)
0TU23 d JUFFEJE (Bacteria) ;p ZETEAFE ] (Proteobacteria) ;¢ TN ARIAETE 7 49 ( Gammaproteobacteria ) 5 o {5 5L & H
(Pseudomonadales ) ;f 547 [G 5 ( Moraxellaceae ) ; g B& V& T (Psychrobacter)
OTU20 d $UFF I & (Bacteria) ;p ZETEAT BT ] (Proteobacteria) ;¢ T IAETE 1 44 ( Gammaproteobacteria ) 5 0 {5 S & H
(Pseudomonadales ) ; f 547 G ( Moraxellaceae) 5 g i (Acinetobacter)
OTU13 d $UATF IR & (Bacteria) ;p JEEEPAT ] (Firmicutes) ;¢ ZF/EFTF R 2 (Bacilli) ;0 FLFF R Lactobacillales ) s £ FF R}
(Carnobacteriaceae) ;g Al it T 14 & ( Carnobacterium)
OTuUl16 d BUFF & (Bacteria) ;p ZETEFF T (Proteobacteria) ;¢ A ASTE 444 ( Gammaproteobacteria) 5 o 7T 18 H
(Enterobacteriales ) ; f I #F B %L (Enterobacteriaceae) ;g K B (Escherichia coli)
OTU14 d $UFF I & (Bacteria) ;p ZETEAT BT ] (Proteobacteria) ;¢ I EIAETE 1 44 ( Gammaproteobacteria ) 5 0 {5 S & H

(Pseudomonadales ) ; f 547 [G & ( Moraxellaceae) ; g TR £ 1# (Acinetobacter )

HNEFEEdp.cio.g N OTU 32K HEFS .

iR ¥ & £} (Oxalobacteraceae) . 2= H#r ¢ & #F (Listeria-
ceae) M HFFE B (Caulobacteraceae) o £F J& /K L, 4
- H )& (Bacteria) "EX H & (Psychrobacler) —EH b
DR ARSI 0 g ) 5 5 a3, e )5
WA R EZAEH . IR OTU 438 Hh @ 2 A mg v
THEE (Psychrobacter) AB A & (Pseudomonas) AN
AT HE B (Acinetobacter) . RAFFEE (Carnobacterium ) o
23 ZHVEIREUT

Alpha $5 BR BEPE T A LI 2.

Miseq Il 75 9 OTU SRZEREME RALE VI RETS Y
BARMEE NE 2 da] LUA YA S BOR Ei08 1o
30 000 i 45 AR AR i 2R i 22 , Ul W0 e 45 3, ot —
ALHE I A AN 23R T 20 OTU 2, BT 52 1R
PG LR S A, YRR EUIN T 10 000 1 BEA
FAE B B HE I, AR A AR I S 1 OTU i Pt -
TH, Y EBREK T 10 000 2 J5 , B2 32 B AR 33

Y2
Y1
Y3
I5+F
op
g L
o 50
H
=
25+¢
0 L
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B 2 Alpha {53 th 2k

Fig.2 Rarefaction curve of alpha index
T, BEAS R ARG HE A OTU $i 2818 b7 B ik
FhaE AT Y2 BTk RS T OTU %
BEET YL Y306 H Y1 PR BB s T B
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Fig.3 Heat map of abundance of microbial genera under differ-

ent electric field intensities
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FF 1 (Proteobacteria) B 1 ¥ - FE Wl /b, 1 I 7E — 2 B
BE 1 it A0 23 8] B A e A% 10 ) AR TR AT B 0 A R
BE L AH Y2 R Y3 Z (0] 22 5N B 150 B R 370 B Y R
SN AR AT B AR K B R AN g T — 2
PEATHEIE . JEEBE B (Firmicutes ) I BEVE 3 B 78 i i 23
[B) F8, 37 22 Jim A8 K, 1 RH 243 (1) H, 37 % JEE B AT 114 52 i AN B
o AT RE R TS ] H S B T A B A A A R
B, 5 B0 HL 37 N SRR A R RE A A R B el R R
U TR (Actinobacteria ) FE i JI FE 28 4 HEL 39 2 5 TR 7%
FEERER, I H Y3 YRR B R T Y2, Ui 7 W7
XoF T R R A BT A — o A VR FH T ELR R
Yy B 038 KA E R AR B . BREA L 3 Ah g
GRS , 25 (] L 37 0 A PR R A — 2 Al R, OF:
L BE 7 3700 3 0 18 A R 5 R B 0S92 ()
FHL 37 RE 08 0 ) A8 T AT TR LA B 1 ) A K B, (HR
B TR X253 ] H 3 AT g AN
2.5 MEARHERST

AN TR HL 37 588 BE T T2 WA Vs A A DL 4, TRk
KA 5,

FH & 4 R] R, e 2 (8] L 37 0 7E -4 "CIR B I

100 -
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IS
i
Protq
g Firn
ZE 40F Acti
He
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Fig.4 Microbial community structures under different electric

field intensities
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Fig.5 Collinearity diagram
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Bio FERNZS M2 G R N e ke T R,
2 kV/m 41T B IR R ZEE T 3 kV/m 41, BB 25 [a]
Yide — T2 BT L Re g 4 i w8 ¥ T Y A R B, i HL
2 kV/m R ZHO GV R ITHIRCREA0 T 3 kV/im,
W5 BT LLE L8 N 2 6] L 3 2 ) TR RE B (Fir-
micutes) AR = BE T4, Ui A 25 6] B, 3 % TR BE T AR K
BHE AN, AT RESE TS R ] T R R A
4 A K B T R RE R A T 22 1 A (AR AT AT, AT
i JEEBE T (14 A X T2 B 120231 iR R (Actinobacte-
ria ) X %5 (6] L 37 LSS RBURR B 25 FEL 37 588 88 O 1R I
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Fig.6 Heat map of sample distance
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Fig.7 Principal component analysis
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KNG P R AR A 535

3 g

PIFFILA iR gE %k 4, 2% Tllumina Miseq 1218
S HOR XA [ L 58 B R I 2R 20 d A9 a4
A IR VR DR AR I | A ST AN [R] FL 37 58 BE I A A R
st PRI 2 B B A W B A O . ik OTU 26 2
RV Hr A RE L SO AT REAS T T 45 4 23 B A
KM 43 M T B, TRFE 25 1] H 37 0 27 e Gl 2 W 4 A i) 722
fbo OTU RKJm 24 & FLICTH R (Shewanella) R
M & (Pseudomonas) . T.HiAFF J& (Pedobacter) 15 FF
%)@ (Arthrobacter) ABFFEJE (Acinetobacter) 25 O FF
& (Janthinobacterium) .8 22 W J& (Brochothrix) W& ¥%
wWE (Psychrobacter) W B (Caulobacter) AR VEE &
AEXT 3= BE 25 S RN 2 56, 4 W V2 B JE (Psychrobacter)
1R B & ( Pseudomonas ) 20K & (Janthinobacte-
rium ) 25 AR Y)W R EEBUS TR . 5 R R Bkt
Fh1Liy f A i LARE VR TR AT 5 M S R M T
N MR 2R 5 R 23.24% .24.27% Fl 17.98% ; H:
rh g V4 T T A Ay I A W T A e WG i v
FEAEM . MR YL A OTU ZREVER A 2 MA
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A SE G A 8 KA o, A R T g S L R
Miseq 5 P 25 I AR RE A% S5 07 it T 301 ) g 0 v
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O 2 A W el B AR B A i L BT AT Pl Ak
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S 3k
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