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PCR #ERBLEEMBEEMBFREFEAERBIH
WOE N B B &, REF. RFA

CEAF K= BN L B e s CARE R RS Ry, B K2 it 2B, LI 201306)

WO O TR S R A B A ) R RSB, 2GRS AR AR B ARG BEE . 16S rRNA JFH 5Bt
Y MARGER ML, 2395020 HT 290 MPa. 6 min i AV BERT 5 T 4°CA 12 d WA (L ARAZ AL, B8 7p Bk
2| 24 MARIFHERI AR AR . SR BoR, AR R AT T LA BRI (Pseudomonas brenneri) BRI
W (Pseudomonas fulva). FEVEAFFE (Psychrobacter faecalis) WkK, £l m AT G AL RRETTIER]; W2 MR
FCIKEE (Shewanella baltica) « FEfEAR A MUTE (Pseudomonas lundensis)  VEIR LIRS (Stenotrophomonas rhizophila)
KBEHEIKPE (Staphylococcus epidermidis) ~ FAMAT B (Microbacterium oxydans) 543 -E WA & s AL EL )5 (1065 3]
P B T k> 2V K s Sy AT — SS B E AR s T ) i W 52 26K, A Rhizobium larrymoorei Microbacterium halimionae-
W KEKT (Macrococcus caseolyticus) , TR ETEESEHI B (Moraxella osloensis) « BEWMIKE (Kocuria rhizophila)
PR R NRATEE (Carnobacterium maltaromaticum) V98 B BRTE (Dermacoccus nishinomiyaensis) 5528 = K F 5
WS, JCHIE IR E R AT (Carnobacterium maltaromaticum) 5 15480 BRI DR 28 81 B8 9% o 801D B AR X0 265 v
Leucobacter aerolatus 812 1% (Pantoea agglomerans) « 45l % BE /R AT 14 palearctica YA (Yersinia enterocolitica subsp.
palearctica)~ Chryseobacterium vrystaatense WZEMEMEFT 1 (Brachybacterium rhamnosum) FEW A I . 7 FV i,
T A B R 2 S S AR A BT T AL, R e T A R o PG R PR B S R AR e, T A 2 G B VROR R e T A R i 52
PR . A m BRI T, SURIMCRE BRG], RIS Ee RSS9 I E s oA 3, X AT e
FERAR G A T KA AU R R 2 —

KR mi; Ak 78 BRHEEELR F&; REBEXRL (PCR); £EAMNEL; HAH
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Yi SIS o R AR A FE T R 56 1 X A A R B
AT SR, 25 LB R 2°CIEE 90 d I, JK 4k 550 MPa.
PRISISTE] A 5 miny PRI D 4°C I S 46T TR A
HTEE (2.57+0.16 1g (CFU/g) ) IHEAALT 2°CA XS
M2l (3.25+0.251g (CFU/g) ) &

R v Hs 52 A 1R 73— 77 T A T ¥ 77 ity w2 J T T 1)
W57, Mengden %5 M 5 i s Ab B R T L8 2 iy

0 31 &

e S IE TR E B, B S SRR i, Tt
HAria i B rp 2 BN B )5, VF2 iR vEAN R ik
e B e bR B, BRI AR R R O
B R R BRI T AR R A

B i PR B AT E BRI E TR MR R, A7

AN T PR A K B KIS R e o= i R B
WS 1) E BT LU P s — 7 RSB i e A
st (1)t TR R S BRI 5, 3 AR A o R 0T =
IEREERICR, A e 1 R — ks, Hsu 05T
e R A D) T s, g5 R S R s Ak
PRI ZAAHEL, 1504 300, 450 11 600 MPa #8511 54 11-RE
fEREA R MBI T 0.1. 0.5, 1.3 f12.81g (CFU/g) Hif7.

WA E I 2015-11-23 BATHIW: 2015-12-01

B4mH: HE TR SCEIFRE (2013BAD19B06); il liRiZE
FEATH (14dz1205101)

PEF MR W W, 2, WITLRMNTTA, #B%, WEARh. 9. &
o R g BT AR X G AR B SRR B 999 5 bR KA
22BE, 201306, Email: jxie@shou.edu.cn

B KT R I M e £ P L RN B Rt A i
Wiy, &5 F TR R 2 W PR 2 Bl B (1) B 2= iy
FER (P>0.05) « KIAAFH (P>0.05) %5 . Lakshmanan
2UIRESELL 0.1 MPa g0, 1500 200, 250 MPa i &
PV TR AEA R AR W RE R . R . 2R A LR
FRIFIEZI, 455 7R 250MPa 8 i AN S 5% K 25 s 14
{HAE S CAIRIIE 17 Ky 10°CAIRIIE 10 KIN, ZEs
B — A REW S B, 200 MPa, 20 min HI# & 41
oA TR Bk £ 1) 75 8 R FI IR LEdA o A T 1~
31g (CFU/g) AL, ABATTHRA 4 T Hb PRI B e Hs b B 5
WP SN B R E KA X — . AR
WG R S (220 Fi1 290 MPa 2) HIALFE 3. 6. 9 min) X}



308 RNy TFEZ (http://www.tcsae.org)

2016 4F

A R BRI, 45543 290 MPa. 6 min [ &
A Ab B A A, 4CICHITIR], VA kA f IR B T B 2
BAG, HEA S A M IRAA LT T 3 4%, EXF T3
i S AL A £ Gl A A B AL PR S M IS R LA 3

AR I A2 . AEFEA L% 5 . 16S TRNA
JFB BT %0 R G R BRI, X 290 MPa. 6 min
R o s Ak B PR VA AT F EAT AN B B AR T, B R
5 290 MPa. 6 min i = F 45 {0V ek ity A [7) B T4 B Bt
TR IR M RARE R4 R AN R TR A s DUET XA
] BRRR AR R R R SR AR e R i 8
FEAEFI R 5 i R — D iR B %

1 #MR57%

1.1 RIS
L1.1 XEetH

B AR B I P Sk P R T, 1
Vit T, fA RO, RIMAYR O, R R
P, FUE . RN KGR 7 £
1.1.2  KBXHA

W ER A RS 2 B e 5% 77 3E (tryptose soya agar, TSA),
H R BEARGR AR WEAEK G R (tryptic
soy broth, TSB) , H BFMAYHAGRAFR; 24K
e, BRI AEMBEARGRA R WEED A
HETE, HREHAEMEARAMRAF; dNTP Mixture,
ETAY TR R AIRAR;: 514 27f, 1492r, 4T
YT (Rl A RAT; Biospin 441 DNA
W&, A TAY TR CERDF R A 7] ; Marker: DL2000;
BEnyi=p i
1.1.3 Z2MH

INV7-2996 ML Al (£[H INTERVAC AF,
AR 20 m/h, FHAITE] 10s, HEBE R 1.5s) ;
HPP. L2-600/2 ¥ (RIS ERAFD
HVE-50 ‘K144 ( H A Hirayama il i&47 PR A 7] ) ; BagMixer
VW T i ds (Rt LS WA W& AR A w))
Wi TAES (R R SR AR A F])D ; DK-8D Y

Rk AR A B E R A B A F]D s ZEISS Scope Al.

AXIO L7 Wi (Bl T A R A W))D s MiniSpan
Plue #5470 Ryl 55O L (WU SRS AT FR A 7DD 5 STHA4S %%
PRI CTURORIEAES) D 5 DYY-6C B IR
BT /N—128) ) ; UVP Biolmaging Systems 5t/ il 1%
%4 (£ Alpha Innotech A #])
1.2 WREHZE
12,1 a sisk 2 AGRI Rt

2k R NS G TR 280K e, 0 FI Rk
5~7em BOR, AR OMmORLE (L84S , H il
S Ho 7 48347 290 MPa. 6 min (Kl R AR FEE, A
B A TP EUH AT 2. R Z 0 e R AR BT A £
FIBEAL 1 LENIEEE = e A 2R (1) 357 oy £ 30 AT B v S )
Wog, HAWAD N E WA E T 4 CRuKFE I, 7628 4
R B8 R B 12 RINFENLE H 2 48568 5 He Ab # ) o5 £

B V& S, A AT TG R AR B R
FH T 0 46 1 i £ ) A FH B A G B I, i IR A 4 el
B T (I TR, BT AR I A 5 R
1.2.2 RAEZHNZE

M4 GB/T4789.2—2010 B ¥ MELM €, Wi
BRIZARAEDL,

[ A4 PR S B 7 SR R R RE 4L, B PRI B S
EPCNIR S G L U R N Y SRV S s O e e G
HEHEK N 30°C B R i s g7

AR DR B TR IR B R PR A 23R, S0k © K A R AR
H ik KA (tryptic soy broth, TSB) iR HH M,
SR AR SE AT I3 ) BESZ S NN 2 mL £ K B 10 1
A, 5 R RE, R S S s PR,
FREETION 30°C IR FRA 1 55
1.2.3 WHa Bt

B T SR IR B B A R o o PR, Pk
30~300 N VA VST, 3547 3 L ET Rkl 2 4tk
AP VA2 bRl
1.2.4 BHEBAFILR

W 25 T AR RIS I vk, AR IR IR
TEA. WA, FIERRE. WS, RIRE.
HIEPE B, 2RO S ERRIEAT YD 5
U0 SRR RN R VR R, IR . PR T Rk
aikrgE, mHE 2 WhE, BRI TSB 9 (F
ARG TR NRRIREE TR, ARG FONENER TR 2 X EOH
5. SO KE TR ECR 40% H o SR VAR 1.
1 JBA]J5—40°C {17
1.2.5 g AEA LT

PR 0 T I 22 1 A P B A A S B, AR
FAEFAARES Rl . AR, AR R
FEAREG . A EHEE . RRIRAKMBEHAED .

1.2.6 #mif 2 F 420 DNA 423X

FEORAT 2 H I T I Al RS A JS AR Biospin 41 B4
HFEPNZH DNA S0 v B EAT SR 40 R ¥ DNA 425 2
] DNA #rid )G, B T-40°CIHRAF.

1.2.7 16S rRNA #) PCR 4 38 B3 IS 455k Ik o, vk Ao B

LL 16S rRNA i B3 5[4 276, 1492r /25 PCR 4™
w514, $EEUT DNA AR .

PCR #H4KH 25.0 ul AR, RNEAMHA 2.5 4l
10xPCRbuffer; 2.5 uL ANTP (£ Mg®") ; 0.3 uL TagDNA
Fif: 1.0 uL IEMS1Y; 1.0 uL RIE5140; 1.0 uL DNA
B 16.2 uLddH,0.0 BRI : 1) 94 CHUE B 5 min;
2) 94°CTIASME 5 min; 3) 94°CASYE 1 min; 4) 57°CiRkK
1 min; 5) 72°CHE M 2 min; 6) 72°CIEM 10 min; HHE D
B3 . 4) . 5) 25, i DL2000 fi maker. 2%
NEBH B VKA B PCR 93874, 7=#)29°0 1500 bp,
SAF I EEAL P43 A T A T REAT RS w0
1.2.8 ZARFRI

) PP A5 2 A BT PR 16S TRNA 3[R BEH



55 W W A PCR S5 AR B S 0 oy s A L 1A% e €6 240 1 BT AH 23 Hr 309

Geneious8.1.6 K AF By VI Pf 4%, & B EzBioCloud M ki
www.ezbiocloud.net 1 NCBI M ¥k http://blast.ncbi.nlm.
nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome
WATIZIR 741 2 F L6, A IR A APERR & (99% LA FD
(1751, H Geneious8.1.6 #fl (Biomatter K2 ) F
MEGAS.05 AT 2 I G RS K W .
1.2.9 £dEae

P& S E 3 AT . H Excel2010 A 2347 Zids
AbFE, THERRAEMM ZE . WIS R BUH Geneious8.1.6 4K
Pt (Biomatter 13 B 22 @)D BYUIPH% . 2 F LK, MEGAS.05
BATH R R KB
2 HR55H
2.1 BEERLDEEINE

AR A S AT bR —p s £a 1), g R Ak
it 61g (CFU/g) , Fomlakaifa — iy, AnfiaH.
MF T RO, Ry A R R Sk 4.94 1g (CFU/R) 4
Mwm RS, AN EELETES 3.74
lg (CFU/g) , Ut B s HAT R . Ramirez-Suarez
AU 3 W v Rt AN BT PR AN ML . SR AT
IREIRGE T, DARE s Rt 2R R VE R o BEAE IE 5N
) PR A, 52 45 A0 Bl 06 T AE A BB . Y20 4 d I,
AL S, G0 T G IR AT R R A R SR A
T A0 [ R S BA) /N TR 8 8 vy s AL B (1) 15 £ 1) BT 7

B R A — s A R, X AR
e RORT A A RN, AT e Y, A
RV A A AR K BT, A 12 d I, FRRRTIRAE
PRI SOOI R, R BT IS
MR S5 B E v T 18] R AR A mT HL, 12% 16 328 H P
I RO I 1] R AT e s i v ety £ 14 JE DRI A

x1 HELEIRTERIHNTL

Change of total bacterial counts of Trichiurus lepturus

during cold storage

Table 1

8 fe F Kb B i e AL PR S e AL B S
eI ) Before high (FEEITD RAEFTD
Storage hydrostatic After high hydrostatic ~ After high hydrostatic
days/d pressure/ pressure (aerobic pressure (anaerobic
1g(CFU-g") culture)/lg(CFU-g")  culture)/lg(CFU-g™)

0 4.94+0.06 3.74+0.06 ND

4 ND 4.77+0.06 4.18+0.08

8 ND 5.234+0.29 4.36+0.26

12 ND 6.52+0.40 5.69+0.10

H: ND R RME .
Note: “ND” means not detect.
2.2 WMERSEFNEREBENLERE

Coit VRIS B AU BRI, AR/
HFER 3 IASEFRIE, IWASEICFEIHE . AN FEREFRA
PET 73 245 2 24 BB BRRR, A7%0Rh Bet 1~20, R
B4 Anaerobic Bet 21~24, iy F A s FE H Al R B T B
A HRHES T W 2.

R2 FaLEIETEAEEENSSHIESN

Table 2 Analysis of colony morphology and characteristics of Trichiurus lepturus during cold storage

k52 EEe S B g, Bee ik i WEEH RIRE  AIOLE B A TEAR
Number of bacteria  Gram stain  Morphology Color Level of apophysis Edge shape Surface state  Gloss Transparent Bacteria shape
Bet 1 G A% R [ e i H 3% W) F
Bet 2 G 5 7% ENE| i e e i ANZEH FF
Bet 3 G 5 7% FI 2L Rk e e i ANZEH FF
Bet4 G 7% kR AN N TR et i o TS, WSS FF
Bet 5 G 7% ARk AROR, FLRRERZ bR i o POARE, WSEE FF
Bet 6 G [ 7% BEA EEREEN G i iy H NEW] i3
Bet 7 G [ 7% A el ey ey f AN i
Bet 8 G 54 )& g e e i £l eS| F
Bet 9 G A% P [EEREEIN ! e i £l NEW F
Bet 10 G 7% SR 5 e TGy f RNIEW Gl
Bet 11 G 5 7% R [EEWEEIN 5! e e i ANZEH FF
Bet 12 G [ 7% i i et i Cl ANIZEW] FF
Bet 13 G’ [ 7% W i et i Cl ANIZEW] FF
Bet 14 G’ [ 7% H i T i iy H NEW] B
Bet 15 G’ [ 7% i 2 i P i iy H NEW] B
Bet 16 G [ % ey Rég e i H NEW F
Bet 17 G’ [AJE M [EEREEIN ! e i H NEW B
Bet 18 G 7% A 5 Jei Jei &l RNIEW il
Bet 19 G’ 5 7% i 3 Ree e e i ANZEH piskas
Bct 20 G’ 7% SN Rt et i Cl ANIZEW] B
Anaerobic Bet 21 G* [57E E] RN ERN ! G bt f ANEH] F
Anaerobic Bet 22 G & H i i e H NE F
Anaerobic Bet 23 G 5 JE g ek ey ey f ] i
Anaerobic Bet 24 G 53 ) (S Rt Jaiy e H ANiEH I

TE: “G™AREECRITER, “G™ AL [CHITER .

Note: “G™” means gram-positive bacterium, “G™ means gram-negative bacterium.
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AT A A S A R LR 3.t R I A
i P E Y e I T AL, Bet 1. Bet 5. Bet 9 R AR
P, Bet 6. Bet7 JBSLH7IGIA, Bet 8. Bet 10, Anaerobic
Bcet 23, Anaerobic Bet 24 J& i %, Bet 3 JEAC U,

Bet4. Bet 11 JBARZIATE, Bet 14, Bet 17 JB AT ERE
Bet 18, Anaerobic Bet 21 Anaerobic Bet 22 J&FLIR A,
Bet 15 JBHEREA, 1M Bet 24 Bet 124 Bet 13+ Bet 164 Bet
19, Bet 20 AR A E K, Afrilt—P%E.

R3 24 MEAMMERENLETESR

Table 3 Physiological-biochemical characteristics of 24 strains

[R5 AN AL S A A R AICHE RS R K ik
Number of bacteria Oxidase Catalase O/F Flagellum Arginine hydrolytic enzyme
Bet 1 + ND 44k Oxidation J ND
Bet 2 + ND Tt Alkalinity y ND
Bet 3 + ND TPk Alkalinity J -
Bet 4 — ND P Alkalinity \ ND
Bet 5 + ND Sk Oxidation «/ ND
Bet 6 ND M Alkalinity ND ND
Bet 7 + ND TP Alkalinity ND ND
Bct 8 - ND X I¥ Fermentation ND ND
Bet 9 + ND BE Alkalinity v +
Bet 10 — ND X I¥% Fermentation ND ND
Bet 11 — ND %4t Oxidation ND ND
Bet 12 ND + ND ND ND
Bet 13 ND + ND ND ND
Bet 14 ND + J ¥ Fermentation ND ND
Bet 15 ND + FAk Oxidation ND ND
Bet 16 ND + ND ND ND
Bet 17 ND + X% Fermentation ND ND
Bet 18 ND — ND ND ND
Bet 19 ND + ND ND ND
Bct 20 ND itk Alkalinity ND ND
Anaerobic Bet 21 ND — ND ND ND
Anaerobic Bet 22 ND - ND ND ND
Anaerobic Bet 23 — ND J ¥ Fermentation ND ND
Anaerobic Bet 24 — ND JZ ¥ Fermentation \ ND

i

ND FRAME, “—Fm WM, o FoRBtE, IR EaiE.

Note: “ND” means not detect, “— means negative, “+” means positive, “V’means the detected bacterium have flagellum.

2.3 16S rRNA B9 PCR 18 K I A #E 5L AR AL Ik A0 18

KA PCR ¥ 35, F 2%I0% 5 5 B e e Fn
MakerDL2000 iF47 Bl b e it vk A 4, B 1 R it
EHLIK B, 24 BRIGALE 4 PCR &84 5 145 5] A Bk
/N3 1500 bp 7 A S E B4R, Ul B 24 B R G0 B PR
R IUR T, K PCR ¥ =ik &L T AW TR
B 2 ] 0

[EREREN Ry

1500 bp R 2N iy
=% BT T 2058 4 1 500 bp

B 1 24 A H HRIFAS AR BB kA 3 I
Fig.1 Agarose gel electrophoresis’s picture of 24 strains

2.4 RELBWOWN
FE 3 B R 2 AL E 91%~95% 2 7] M R BHE &,
ALEEALE 95%~99%2 ] A [A] JE 5< &, AHABLEE 99%LA L

H[RIFR G R IR AU 99% LA L 2 RN F #kk,
RENFHAERE R M ILE 2.
thE 2 o] 0L, Bet 5 5 Pseudomonas filva NBRC 16637
TEF—5330, SRGRFREIT, FHaia A 4311
H Bet 5 A tHBANE (Pseudomonas fulva). Bet 1 5
Pseudomonas brenneri CFML 97-391 [F12EZ K R, Bet 1
AR AL M (Pseudomonas brenneri). 1P 2 W] L, Bet
2 A Rhizobium larrymoorei; Bet 3 A% % 1A FL G TR
( Shewanella baltica ) ; Bet 4 kW R & 7 ¥ )My
(Stenotrophomonas rhizophila); Bcet 6 g B 1 o B b &
(Moraxella osloensis); Bet7 NFEEAF B (Psychrobacter
faecalis); Bcet 8. Anaerobic Bet 23 (] Geneious /741 LEX
AR A 100%, i Bet 8 5 Anaerobic Bet 23 S [R]—Ff
B NEENZE (Pantoea agglomerans); Bet 9 gl i ia
MUBE (Pseudomonas lundensis); Bet 10 225 g 28 U /R /AT
palearctica WA (Yersinia enterocolitica subsp. Palearctica);
Bet 11 N Chryseobacterium vrystaatense ; Bet 12 A
Microbacterium halimionae; Bet 13 24 Leucobacter aerolatus;
Bet 14 253 B % BRI (Staphylococcus epidermidis); Bcet
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15 I ERCMIREE (Kocuria rhizophila); Bet 16 AL
M (Microbacterium oxydans); Bet 17 i Macrococcus
caseolyticus; Bct 18, Anaerobic Bet 22 (| Geneious /#51
EEXF AL S 100%, 1iHH Bet 18 5 Anaerobic Bet 22
[F — PR D = FLIR E & I WA B ( Carnobacterium

98] Bct5
BBIQ01000036 Pseudomonas fulva NBRC 16637
AM293566 Pseudomonas moorei RW10

‘AF268968 Pseudomonas brenneri CFML 97-391
Betl

Bet9

ABO021395 Pseudomonas lundensis ATCC49968
Bet6

X74897 Moraxella osloensis NCTC 10465
KM486054 Psychrobacter ciconiae 176/10

Bet7

AJ421528 Psychrobacter faecalis Iso-46

Bet 18
ﬂ{ JQMX01000001 Carnobacterium maltaromaticum DSM 20342
Anaerobic Bet22
——JEMHO01000060 Carnobacterium jeotgali MS3
Anaerobic Bet21
100 JQLO01000001 Carnobacterium divergens DSM 20623

N
=)

100

100 Bct 14
L37605 Staphylococcus epidermidis ATCC 14990

100

maltaromaticum ) ; Bet 19 & [ 4= ¥ % M H
(Brachybacterium rhamnosum); Bet 20 A P55 [ IKEK B
(Dermacoccus nishinomiyaensis); Anaerobic Bet 21 4

Aii W BT B8 ( Carnobacterium divergens); Anaerobic Bet 24

N Serratia myotis .

91—Bct3
100 EAJOOOZ 14 Shewanella baltica NCTC 10735

EU143361 Shewanella basaltis J83

AM403589 Stenotrophomonas terrae R-32768
wEBcM

10 CP007597 Stenotrophomonas rhizophila DSM 14405

X73041 Rhizobium aggregatum 1FAM 1003
Bet2
JADWO01000071 Rhizobium larrymoorei ATCC 51759

EU999734 Chryseobacterium angstadtii KM
Betll

JPRIO1000006 Chryseobacterium vrystaatense LMG 22846
100) Bet 19
82 AJ415376 Brachybacterium rhamnosum LMG 19848
;00'£AGBX01000008 Brachybacterium squillarum M-6-3
JX398975 Brachybacterium huguangmaarense M1
] 99r—Bct 20
X87757 Dermacoccus nishinomiyaensis DSM 20448
100 EAY894323 Dermacoccus abyssi MT1.1
AY 894328 Dermacoccus barathri M12.1

Ii Y 16263 Kocuria palustris DSM 11925

9
9
100 X87756 Kocuria rosea DSM 20447
\T‘_': Bet 15
100~—Y16264 Kocuria rhizophila DSM 11926
0

100

—
FN597581 Leucobacter aerolatus Sj10

GUS564360 Microbacterium oryzae MB10
100, HQ622524 Microbacterium marinum H101

AY 119686 Macrococcus brunensis CCM 4811
99 Bet 17
100 Y15711 Macrococcus caseolyticus ATCC 13548

Bet 10

KJ739884 Serratia myotis 12
100 lAnaerobic Bet 24
JPUX01000001 Serratia nematodiphila DSM 21420
JF295057 Pantoea wallisii LMG 26277
Bet 8
0 KT075196.1 Pantoea agglomerans
77 | Anaerobic Bet 23

FR729477 Yersinia enterocolitica subsp. palearctica Y11

1AM072820 Leucobacter alluvii RB10

99
%3 87 Bet 12
KJ920278 Microbacterium halimionae PA36
66 -AB274908 Microbacterium hatanonis JCM 14558
82 Bet 16
100L—Y17227 Microbacterium oxydans DSM 20578

JPDV01000006 Yersinia enterocolitica subsp. enterocolitica ATCC 9610

B2 AT 16S rRNA /3 Rl R4 9 24 T B ke 24K F
Fig.2 Phylogenetic tree of 24 strains base on 16S rRNA gene analysis

2.5 LIRS EEIEFARMARSTLOHR
FRHE A P A AL %58 &5 4 PCR 945 11, 6f 24 FHIE A
[ JE SR R AN RIS 35 07 K — AT gk 4, IR
FASTRPP LU 75 R TR 4 B 4L AR 4T WK 4,
PRARE TR I A0 21 -5 A8 A A3 T L2 5

& 4 0T, TERRFREAMET, F 2RI R L
WAV M BOP  E RV . HA B R S,
A0 22 G MR R L) BRI, 22 G B PR B ) 4
INF o5 G B RV L) 74.64%, b B o 22 B PR 32
B T T SR, T 2 EBH P R e T L AT E T
PUrE, X RES EATI 4N M BE LA R R AT OG22 G
PEBE A0 M BEGAS  JRRBE 2> T, B KB
AN RE . BRBE R TR, B s R S T
T R 22 G M TR (O A0 IR 4 K, AN B B A 8 22 G B
BT, A PGB R AR e R A B S, R N T £
SERIL VA BOR BTG TN, 1] fE L0 () R85 4 F 3G B

o MR A S R R AR K. BLAR A S M
BTN, R A, 2 RORH R AR A A
A, AR 2 B PR R 75.28%, T4 K
FHYE TR A 24.72%.

a3 M 5 B RR BE VR R T DL, B A R R
BBIQ01000036. W&V AJ421528 S A A S 1
AF268968 {r i e ANFE 5V 2K, ULAHIX 3 Rl EIK 5 %2
B R IR, 1 PR B AB021395. U % )i
A BLEG I AJ000214. FEFRIEFR LA CP007597. 3 4
HERIE L37605 AT B Y 17227 (o R Ab 3 ) B
Vi B IEAEAE, (HBEJS W ZWI &, v REH T IX L
Tl 0 40 &5 440 52 B v S (R0, L ARAS 31008 B R B Pk
K, WAL R T . W U I R LA
Ty A8 IR 3 ISR B A PU G TR RV L I A, T AE AR
BF 5 A5 BC B R RV SR PR e () B A /D, X TR T
A s A R RE RS AT R RIX 2 S0 RE B s AN R
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Lopez-Caballero 25U*Ith, % i1 57 15 HH A5 U E 11 068 s LR A
J& o R.larrymoorei JADWO01000071 « M. halimionae
KJ920278 . ¥4 KERTE Y 15711 B I3 ik 7] f) 48 K-35 %7
WA A, (AR g e A i v ek ok R P B v B S L
PSR o B 2 ER B B b SR S B X 74897 FEAEA
Ve [A]— BLAA A, HLAE S22 I F P B A v AR AL L 4
W T . TR IMOER T Y 16264 P E I JIRERTE X87757. 77
FLIR A Z I AT TQMX01000001 33X 3 Ffvitfs 2% 1% A
FEW Rt R ot — B AEAE, JUIE = FLIRR WA 2 () AT b
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Table 4 Colony evolution of Trichiurus lepturus during cold storage (aerobic culture)

%
wipg RO GBRIER) A4 R R 8 K R 12 R
AN T e - o e Fresh Trichiurus GlBRER) GlmER) BRI
BT A2 R . .
Number of . o lepturus which Cold storage for fourth Cold storage for eighth Cold storage for twelfth
. . Name of strains Fresh Trichiurus . . . .
anaerobic bacteria lepturus pretreated high days(after high days(after high days(after high
P hydrostatic pressure hydrostatic pressure)  hydrostatic pressure)  hydrostatic pressure)
2% I FHYE G
R G 72.99 25.36 20.09 20.29 24.72
(Gram negative)
Bet 1 Pseudomonas brenneri 7.3 NG NG NG NG
Bet2 Rhizobium larrymoorei NG NG 8.3 10.88 7.38
Bet 3 Shewanella baltica 22.99 8.45 NG NG NG
Bet 4 Stenotrophomonas rhizophila 0.73 1.41 NG NG NG
Bet 5 Pseudomonas fulva 10.95 NG NG NG NG
Bcet 6 Moraxella osloensis 8.03 12.68 11.79 9.41 8.49
Bet 7 Psychrobacter faecalis 9.49 NG NG NG NG
Bet 8 Pantoea agglomerans NG NG NG NG 2.58
Bcet 9 Pseudomonas lundensis 13.5 2.82 NG NG NG
Bet 10 Yersinia enteroco{itica subsp. NG NG NG NG 461
Palearctica
Bet 11 Chryseobacterium NG NG NG NG 1.66
vrystaatense
-z Mt
R fi 6 27.01 74.64 79.91 79.71 75.28
(Gram positive)
Bet 12 Microbacterium halimionae NG NG 4.37 7.06 9.97
Bet 13 Leucobacter aerolatus NG NG NG NG 3.87
Bcet 14 Staphylococcus epidermidis 1.82 2.11 NG NG NG
Bet 15 Kocuria rhizophila 4.02 10.56 9.17 5.88 2.95
Bet 16 Microbacterium oxydans 1.09 2.82 NG NG NG
Bet 17 Macrococcus caseolyticus NG NG 5.24 4.71 5.54
Bet 18 Carnobacterium 11.68 43.66 4934 51.77 4723
maltaromaticum
Bcet 19 Brachybacterium rhamnosum NG NG NG NG 3.69
Bet 20 Dermacoccus 8.4 15.49 11.79 10.29 2.03
nishinomiyaensis

T NG RRAAK

Note: “NG” means not growth.
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Table 5 Colony evolution of Trichiurus lepturus during cold storage(anaerobic culture)
%
BRI s Tl R 4 R Rl 8 R AT 12 R
éfllﬁ;f;«:f T R G G INED G R R TN

Name of strains Fresh Trichiurus

Fresh Trichiurus lepturus Cold storage for fourth  Cold storage for eighth Cold storage for twelfth

anaerobic bacteria lepturis which pretreated high days(after high days(after high days(after high
P hydrostatic pressure hydrostatic pressure) hydrostatic pressure) hydrostatic pressure)
B2 Y G
2RI G 0 0 23.58
(Gram negative)
Anaerobic Bet 23 Pantoea agglomerans NG NG NG NG 6.13
Anaerobic Bet 24 Serratia myotis NG NG NG NG 17.45
RYA M +
* ‘E%BHF%G 100 100 76.42
(Gram positive)
Anaerobic Bet 21 Carnobacterium divergens NG NG 100 100 16.04
Anaerobic Bet 22 Carnobacterium NG NG NG NG 60.38

maltaromaticum

T NG"EKprALEK.

Note: “NG” means not growth.
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Microbial ecology of Trichiurus lepturus of haitail pretreated by high
hydrostatic pressure during cold storage based on phenotypic and 16S
rRNA gene analysis

Xie Jing, Liu Xiao, Yang Xi, Qian Yunfang, Zhang Xinlin
(Shanghai Engineering Research Center of Aquatic Product Processing & Preservation,
College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The effect of high hydrostatic pressure (290 MPa, 6 min) on microbial ecology changes of Trichiurus lepturus
during vacuum-packaged storage (12 d) was studied via 16S rRNA gene sequencing analysis and phenotypic methods. The
microbial colonies of aerobic culture and anaerobic culture, which were obtained from 5 microflora’s growth stages (including
fresh Trichiurus lepturus, fresh Trichiurus lepturus which were stored under 4°C for 4, 8 and 12 d after high hydrostatic
pressure treatment), were isolated and purified by the tryptic soy agar medium and tryptic soy broth medium, repeatedly
classified by the traditional phenotypic methods (morphological, physiological and biochemical characteristics of bacteria
strains), and then the bacteria DNA of pure culture was extracted and amplified by the polymerase chain reaction (PCR).
Finally, 24 bacteria strains of aerobic culture and anaerobic culture in the vacuum-packaged Trichiurus lepturus under the 4°C
cold storage were obtained. The result showed that Pseudomonas brenneri, Pseudomonas fulva and Psychrobacter faecalis
which appeared in the initial microflora of fresh Trichiurus lepturus were inactivated and non-existent after the high
hydrostatic pressure treatment; 5 bacteria strains (including Shewanella baltica, Pseudomonas lundensis, Stenotrophomonas
rhizophila, Staphylococcus epidermidis and Microbacterium oxydans) gradually reduced and disappeared after the high
hydrostatic pressure treatment. Three bacteria strains gradually grew with the extension of storage time, which were
Microbacterium halimionae, Macrococcus caseolyticus and Rhizobium larrymoorei. In the whole process of storage after the
high hydrostatic pressure treatment, 4 bacteria strains (Moraxella osloensis, Kocuria rhizophila, Carnobacterium
maltaromaticum and Dermacoccus nishinomiyaensis) always existed, and they were not sensitive to the high hydrostatic
pressure treatment. Especially Carnobacterium maltaromaticum, which had a high proportion of total bacteria amount under
the conditions of aerobic and anaerobic cultivation, could be considered as a dominate strain during the 4°C cold storage. At
the end of the shelf life of vacuum-packaged Trichiurus lepturus pretreated by high hydrostatic pressure, 5 bacteria strains
(Leucobacter aerolatus, Pantoea agglomerans, Yersinia enterocolitica subsp. Palearctica, Chryseobacterium vrystaatense and
Brachybacterium rhamnosum) appeared. The colony evolution of Trichiurus lepturus during the cold storage showed that
Gram negative bacteria were sensitive to the high hydrostatic pressure treatment, while Gram positive bacteria had a high
tolerance to the high hydrostatic pressure treatment. Under the influence of high hydrostatic pressure treatment, the
microorganisms which have stronger ability of causing corruption are inhibited, and the microorganisms which have weaker
ability of causing corruption become dominant bacteria, which may be one of the factors that the high hydrostatic pressure
treatment can effectively extend the shelf life of Trichiurus lepturus.

Keywords: bacteria; cold storage; sterilization; high hydrostatic pressure treatment; Trichiurus lepturus; polymerase chain
reaction (PCR); physiology-biochemisry technology; microflora
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