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KWk, BRRRERE IR, U EdBRERET TR EE, LFAd
BME SRR, R EREH0.125 pLimL, XX THE. BEFH. HERE. 7
BERLET K, REAWREY <0S5pul/mL; THE. 8EFH. HRE. &
FRUETHEEAERRHAZERRNRESL, ETHERTENHER; LE
FTRETHTABRERN AL, FERENEGBEMZ R £24ul/mLL & T8
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BMEAFLENHER, FERPEONBRBENREEA TR HARENREEHLR
M, AEAEHNRARERR TR RET &R E.
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N o T, A AN Ak 2% B 390 42 52 1 2
BEARI RN, B A — S22 A 5500 K 4K I fif
I C A R B Al =l A SR 38 VI 2 75 o

FE 0K I (essential oils) 2= M 75 75 A1 47 45 B
EA R WA R 0 IR KRR IR A
Y, 93 AL 20 B A HUR (FDA)YWE B A
N 42575 i (generally regarded as safe,
GRAS). BFFEIELM PSR Z B A B REIEN,
o e B Pt A AL DR, B C szl T
i (Oncorhynchus mykiss)!'"', #(Cyprinus
carpio)'". 5 15 i (Dicentrarchus labrax)" Fl B &
fift 4 (Loligo vulgaris) "5 K 7= iy i P, HLHR
9T B RO I, R YR T TR
¥ A B £ 1) Al B DR R 2 Sl — B AT AT

AW P B I E R,
KR B R E Y R e 2 A, R
B YRR N S SRR R, JF R AR K
ST T 2 W B Ry O AT R O A A, X
BE /B0 A W) B4R 22 5 KT (specific spoilage or-
ganisms)!"* o I [a] 7K 77 i v R AR E S TR A TE 22
S, FEZ AR S K IEURIE R 5 A R Y
TG TR R 7K 7 i O ik 551 1 4 2 0 20 R A 4K
0 50 3k 28 4 S R o H DA IR R K
(5 A2 T T R 2 Rk e, RS ki FH 2SR
— . B EFXIE, HAFSE S A P R T R fE
ACHEPEAN 7 T, RS T O AR T R A 0 T
Bz e A, RUABLHIEE AR

UAh, FEYRE I 24 R 2 R 48 kN oy Ak
AW, Horb B LA B v Ak, R
JFH B e B ARG s 2 52 e 0 1 IKUBR B J8 B 4 32
PR, B, K™ i DR & Af B 25 i, R
B ZORG AT RS 7K i R B

BT BT, RS ex I b
it 30 1 V8 K VA 0 A TR R AT A R A
SR G R AR R 3780 R PRV R 120 14 A
YN i B 20 43 0 M AN A B TR PR BEAT RN, OF
T 3 B G A B X R i Ak B R ) RRE 2
PEHEAT PPN 5 38 o A RO S RIS L M
PR L TR I S il B A% R R TR 9% LU A K T (Lussea
cubeba oil, LCO)X i W bk 09 B 4576, B
Ja TR Y o 8 S R RURN 20 i 48 B ok % %%
LI 7 A R V2 TR ) DR R ROCR , S ER h
RS ok R T R ) v g R i R — e 1
PRI

U bR i

1.1 MRE{NEE

VoK I [T TR RGE TR T S
55 R AT I ORI S AR ORAS , AR
FLigETAYTHRARAR; GREH. T
By KA 0T g L T A AR R A
R H ;s BREz . . FrEE . iEF . A
R . B Ks SR T TV A
FRREYRE A RA R PCRASEIHIE T
A T A TRARA R FLER B S L
BT AR REWERAGRAA; Pt
BB B Ak B IR WA T b B R A 0 B R A BR 5%
W 20 e b o o 0 F [ 25 4 ALk 27 A R A
B F] s 4 FLBE Zeiss supraS5 o 75 [ < /R « 25 ]
By 8 w4 7= VITEK2 Compact4: H shif 4E 49
SYRT R GEOh I A WA RN W AR R B RR X
Synergy HI/HIMy 3 [E 0 5 A5 A7 FR 2> w2 77 5
PCRIUH KGEFREY TRARAFA; 2A5)
FLICE AL UDK 159 & KA VELPA Rl A2 775 %€
Ah-1] W43 %% B 1 Lambda 35k PerkinElmer 57
ABRA T A OB 38 Agilent 126044 4
R AT BRA A AE =

1.2 7%
JE WM E 0B VA R B A0 ) TR

M, R T AR, KRR 04 CCUKAR 12 L,
R WG & GG W, IO R A& B Ak
. OEE . MER AR, JER S RAm T
B R S NG 1 97 HE(TSA) [, 28 °ClHIRE ;3748 h
5, PEREUAI AT VR, W T 200 pL KA AR BER
K, HERMAEA3IR, BAEMN20% H il T-80 °C
UKFE TR, A

mi %2 D16S rDNAJF HI 5By 1 . )
PR ARG KB I K S — A
FUTR 75 A 100 nLK TE K R, BRRRE . 100 °C
K ER F K 10 min, 10 000 r/minS.[>3 min, H
VE WA I DNAR M ; PCRY 14 K 1 16S rDNAH
518, ERTIH27F: 5-AGAGTTTGATCCTG-
GCTCAG-3"; Jxm5[#1 492 R: 5'-TACGGC-
TACCTTGTTACGACTT-3", T4 44 F B K/
#5411 500 bp, PCRIZ LA ZR S50 uL: DNAFAR
2uL, F. K3I¥4&1 ul, EX Tag 25 uL, JTH
JK21 L, PCRIGFZHL: 94 °CTHIZE S min; 94 °C
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AF 30 s, 55 °CiE k30s, 72 °CZEf#1.5 min,
3SAPEA; 72 °CHEM10 min; SRR E4 °C,
TN L VKA I PCRZE SR, I PCR™= Wy 1%
Z AT A TRA RA R

M AR 16S rDNAJT 51 38 1 BLASTH: 2 il
Clustal X 183K 4 #E17 )5 51 L Xt 73 #r 5 AR 48 221k
(Neighbor-Joining, NJ)K HMega 6.014 & &R 48 &
BW, B2 (Bootstrap) K Il & 5 B, H 2%
41 0001% .,

@VITEK2 Compact R G LEE : #4341
PRIE 1 16S rDNAJT 51 53 17 ME LA E G 45 5 2]« Fl iy
KA, ARSI WGE 3 VITEK2 Compact4: H 31
LW Rt A e B e, BARERES
HE 7 [ AR g LR 0 R R AR Y 4 R U 5 R 17

AL A AL 40 5 A7 B ) 2%
Stefanakis%" ik, KR40 ¥ H0L K I 145 E
PN iy G 2 3 X T TR R T R AR . G
TR 5 55 % (0 Al TR B, R v B R
(TSB)Fi B¢ = 1x10° CFU/mL, FH TG B A 2% e B i
W, BISURA TTSAR 3R M . f7 P LAY
WAL B NE S8 AW, BB S 6 mmi) JC TR U8 4K
A, T2 pLA IS, AU WA R IR R .
FEME BT SR A Th28 °CHE FR48 hfm , 4 10 AT Fel .
&, BRI, THEEE,

HE A it 3, 48 5 3 R T AR SR ARAT 8 IR
M R TR R I S A RS T s
H oy BRI R B, BLAHAE 2 B Othman 251"
Tk FRAE, Kt T oK CBERRE A
TSBE; R LB EMBE R 16, 8. 4. 2. 1. 0.5,
0.25%110.125 uL/mL, PRI NN A 96-FL 40 il £ 77t
Hr, BEFL100 pL, B3RSV B AR B I B 34N T AT,
T3S uL/mL B R s FIAT BT, IR A 5 T
(55 FR 56 2 T IR A o FREE i R v 15 7= 1Y
R TR, HITSBHE 77 B4 B £2x10° CFU/mL,
BTG SRR R L o6 fL AR, AL
100 uL; KroofLAR B AREARY, 7E28 °CH&AF T Ik
¥R, BEFR30 min H Zh K — K 600 nmik ISk
{5 (ODggp), FELEM E20 h, LA K ik,
SR AR A TR R BE S Sk S 4 0 ) A0 TR A K B Y B
RN TV BE

ML TS K & W AATEZ AR R
P pE S s R, BB BEOR B DA T RS
T EH2H A3 R AT IBCE A R, A ) o A
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. THB. ARSE. R fFERALL
B FRE I, b P A X 3 2 3 T A B/
P A BE (MIC) 24 0.125 uL/mL, 55 b 5Hiks i i
MIC < 0.5 pL/mL. i, ¥RKFEMA R E
AMWE RO, 0.5xMIC, 1xMIC, 2xMIC}
4x MIC 1 135 WK JHh Ak 3ok 8 v (PR AR T ) MIC Ly
0.125 pL/mL, H ALK HMICE BE#£0.5 uL/mL),
BUL15 minf5 B, K A TR R Ak B £ R
SR8y 2y, — R A P T IR K
5, B—HaRERKTES min, BHERR
Je b . 2 M Lawless %"y i dE AT AT 2 52 A
5, KRB0 10 R A A — IR, HI3ML
Wit HILALS 2 ) i 52 306 4 4645 28 0 16 A BB PR £
BCE VAN ORI 95 I b B A TR g, BLR )
Btk . o= E R, S=IEHER, 7-——KE
W, =R E X, S=BEA WA, 4=Ff
R, 3= R, 2=k W IR, 1=Hhm R,

MR AR EENK % I BarmanZg !
Ti B L TR 0O AR DU B AR R SR
W, BORIE N IXMIC, F AL R il
HWATHRZH, 28 °C. 180 r/minfR %M H 1 ho HL
Xof PR ZH AL A FRE AL PR ZH B 45 1 mL, PBSH
PE2UK 5 4 °C 2.5%J —WE [ 224 h, PBSIH ME2IK
Ja, BT TR R B E2 by Sl
50%. 70%. 80%. 90%. 100% . B5H6 B i /K ,
P HRCT B 4 Q35 3 XU b i IS LA
W4, B,

Jie 1 FUBR L S B e B S BB A i ) S
A LA 1A I 3 L T R ok o 8 SR )
FAWE N IxMIC, 28 °C 180 /mindR % IEE , /¢
) F AR B[] S B mLEE &, 4 °C 10 000 r/minf5 0>
10 min, HCLVEW, P20 5000 i b 2L e i
S (LDH) W 11 1260 nmib W OG{E , S2 DL R4
i e A FHL ) A A 8 LA R T HEL LDH 7% 000 2 e
WA SR Ak b AT, S R4S AN TR A N LR
ARG T RECE, KRBAAETIRS0W, TAE
WS s, (AP fA]S s JELEO0 MR . FLIR A
SBGEA R TR A T
LDHEI (%) =
T A0 T (R LD R B R BE — ot R B PR e FE
B PRI LD H 5% 2 R RO W 6 FE — 0 B B AR FE > 100

AW H b K & e R AR PR M A 4 69
545 ) WK Bt e fe . MIRSE, v
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HTIHWHERMETH A, 78348, HHE X
PERYZEIEK . 1 pL/mLILAS T4 10 % W F14 uL/mL
LU RS VA R 015 min, T Ky . 3R
HT4°CHRMETEA, JET0. 3. 6. 9. 12dH
R, R . R R A S A TR A
& W KA B EE B

D3 R T CF N 1 % 1l B R R i €
JE Mk B NE . BAKRHEAE 5 2% GB 4789.2-
20161 KoutsoumanisZE "L 3R 4T ¥ A TEER R A
WM 5E 2% GB 5009.228-201677 B #E17, 458 H
mg/100 g/ 5 fi P A 4L i 5 28 R FH v 50 £
TR, HREAES BEGB 5009.208-2016, H:
R SHAHANHBAIK, BALLCNE, BEETRBLARIE N
0 min, 55%B; 15 min, 65%B; 20 min, 80%B;
30 min, 90%B; 35 min, 55%B; i &1 mL/min,
HEFERE10 uL, AEIE30 °C, g K 4254 nm.

13 HIRLEBMSG I SR

K HISPSS 228K {4 AT 85 HE g it v A, SE e
Bl DL Y HhR 7E 25 (meantSD) %, 241 ] %k
P Lb Bk H B K 7 24587, Student-Neuman-
Keuls (SNKYIA YA Z H LA, 412 [ A HLAR
H Student’s-t-testifE 17431, P<0.05% /NG 1T
BEER,

2 g

21 BUMENSELELER

DA TR 3 [ A DNA K BAR , PCRY™ 14 K
018 WA B B R 19 16S rDNAJF 3, H Pk ARG  45
WIRTEZ)1 500 bpib A H S o #416S rDNAJT
H il it BLASTHS 5 & G2 i A7 17 91 [A] A% b X
45K HELC-Q2. LC-Q3. LC-Q6FILC-B3H
PR U % 11 Ay L I A (Shewanella baltica AJ000214)
FJE W FLEC T (S. putrefaciens X81623)% A —
S, ARXELLVEJE BARF ], T4 A A B A AR
Frift— L #i5E . 3833 VITEK2 Compact 5 48 X iX
kA PR T RTS8, 465 T 3 WX 40k 8 Ui 1
fEF=H4=H,S, A[{E4 °CHI3T °C&MF R K, AfiE
FIH Je B — 0% . 254 — % . D-@A0 . FrEmR
i, S (ARRANTE L% E FH ) K Ziemke 5P
WFITLEF, %8 AR S0 T 43 B 48k A BUEG 1 R IS
WA FUER AT

BIFRLC-R1., LC-S243 5|5 # R R 22 1H (Bro-

chothrix thermosphacta AODI01000055, 1#131E
ITE R 22 TR AR AR B TR (Aderomonas sobria
X74683)J7 5 [H] W1k A 99% , I 43 il i AL 2 7
R16S rDNAF N R G R B . FI W EBRLC-
RIFILC-S243 Il 5 #4422 1 (AODI01000055) I
TR B M B (X 74683) R A il — 43 32 o

22 WSMIE RN ESR

PR WA FCIRLC-Q6 ., #A R R ZTHLC-
R RIS B0 B LC-S2 3%k J8 0B Sl F 5% Xt
%, I AUR YRR DRI VAR PR il SO
L I BUBR TG M o L4Fh R 0 S il X 3K 8 T T )
0 24 R AN ], G e R A T ) 4 R RO R
W E4AN18.0~31.3 cm; T &FEy. HHFEF
Wy . FPEERE . AR L TR Z, WA
Bl B AR 49.0~22.8 cm; SR\ AT KL\ A T ARG
TH I B ROR — M, R AR 2.6~12.3 cm;
WREZ . s . BB SRS v 100 TR AR A 39 sl e (3R 1)
2.3 fEYHE ik E 4H 4 X TR T E Ak B MICIU 2

TEAC R B 8l e M e IODRS I BT T 3 1 A 3
Bl b, SR RO IR 0 R vk aE — 20 X 14Ok T s
HA A MMICHEATRM . ZEARSLE T, MICE X
A A0 A R %20 hiE, a] DL SE i A K a
ARORG TV BE o LA AR A i s 2H 43 X6 3R T T
PREL A AN TR AR BE B A A T, b PR R A
W kR, X A2 3R I AYMICH) 470.125 pl/mL;
HWAHTHEEG ., ABER . HER. FEEM
I PR, MIC<0.5 pL/mL; WM. #9K. #7
T2 3 2 B Hmm M X 30 T L T 10 B 5 R A X A
55 BRM . EHE O\ AT E AR ARG T B AR
R F2(F2). BLAN, VR A B KM 8 pl/mL
FI % S PR A A A T A iV

2.4 1EMALTR X B R SR E RSN

ETRribPrm g g R, LR kb AR
B TAEM . AEEW . FERE . AR RN
T F 6P BRI PR 5 R N Vil I 4 Ak R
f R, X T Ak FES A PR AR R 2 1
HEATPE MY o oA 2K il Ak 3 Y R B Al T R B
i, SAREZERMK, 2B MR E, B
PRRE T A1, PR AWK B B A2 R Y B
(P<0.05), 1T VLR i Ak BHXF A #5 £0 JB IR A % AE A
I 2).
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VILC-Q2|
¥ |LC-Qf|

V|LC-B3|
V|LC-Q3|
99

WP ALK S. baltica (4J000214)
o1 L WAL S. putrefaciens (X81623)

BSENT TLIRE S, olleyana (AF295592)

R LL 745 BLEG T S. abyssi (AB201475)

A ,
99__4———————ﬁﬁﬁﬁ&ﬁSﬁ@mmmwﬂ@@mmwx
95 RIKH FLIKE S woodyi (CP000961)
A TCIRE S, dokdonensis (GQ245918)
P
0.01
pa— SRR P. kilonensis (4J292426)
98 BN E A nectaris (JQ771132)
50, = RICHFHE P. phoshphoreum (X74687)
SRR P. carboxydohydrogena (AB021393)
V|LC-RI|
B 99 1 AR KR LLH B. thermosphacta (A0DIN1000055)
WP IR L2 B. campestris (AY543038.1)
—
0.1
73 RSB A diversa (GQ 365710)
Ye B INSBAMTA A, veronii (CDDK 01000015)
TN EF A RSB TE A, australiensis (CDDH 01000065)
C SEHERE S BAMITE A, allosaccharophila (CDBR 01000068)

483|— B BAEE A sobria (X 74683)

V|LC-S2|

7

74 WK SHEEH A, hydrophila (CP 000462)
BESBME A taiwanensis (FJ 230077)

TSI A, cavernicola (HQ 436040)

0.002

1 ETFXEEBYESBEKI6S IDNAFFIMEZN ARG L B R

Fig. 1 Phylogenetic tree based on 16S rDNA gene sequence analysis of the spoilage bacteria isolates

R I v B oAb B e DR JRR R 4 A2 R S e
o, BRG] 4332 . (DR E N il Ak 21
W BRI, AR pRRE e R, LA TR
A E B, H L ORS h  ON
(P<0.05), EL7F fie K Ab 30 J8 if o 5 5k £ P
BH; QMEE K AL R N, R RE
Bz mER, T EFE, Adsits
Bt 22 5 A8 .35 (P>0.05) 5 (BB 45 M5 il b 25 e o 1
I, Ao R R B2 M T B (P<0.05), AR
B fHARHR R, KA E i — R =
AL EE, gk EAE, AL I R rPORS T
RAMT, AT — o R BT BRSOk 1 £ R
AL IR, AR S 56 o 28 P A 1 A LS A £ A
HAE, BCE M B (P<0.05),
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1 HEYR R 4E 53 X R TN AR B I R 1

Tab.1 Antimicrobial activity of essential oils or their components against the spoilage bacteria isolates

il BE/%/mm inhibitory zone

TERE I 2H 5
essential oils or their components HRRLP TR 1 JEE WA B IR
B. thermosphacta LC-R1 A. sobria LC-S2 S. putrefaciens LC-Q6
PIEERE  cinnamaldehyde 19.6+6.1 18.042.3 31.3+4.0
T eugenol 10.6+2.5 124 +£1.9 12.8 +4.1
HEER  thymol 14.3+5.5 22.842.9 10.7 £7.2
FPEEEE  citral 14.2+7.9 12.62.8 18.8+1.2
W4T Litsea cubeba 9.0+0.4 17.5+0.9 17.542.5
FEE  Cymbopogon citratus 11.6£1.6 14.040.1 19.244.5
PR Cuminum cyminum 5.0+2.1 12.3+4.0 27422
MR Citri pericarpium reticulatae 0.0 +0.0 0.2+0.3 0.0 +£0.0
{1 Mentha haplocalyx 3.9+0.7 6.1+0.9 27+13
P Citrus sinensis 0.0£0.0 0.4+0.6 5.4+0.7
Frig&ES Cymbopogon nardus 0.7+0.6 1.1+1.1 7.6+4.9
Kk Allium sativum 3.9£0.2 0.0 +0.0 23423
J\SHIEE  Dlicium verum 6.5+1.5 2.6£0.9 45424
¥ Citrus limon 0.0£0.0 0.3+0.5 2.0+0.4

e RIS T AR B

Notes: The diameter of the paper disc was subtracted from the inbibition zone

®2 FEMEBEA S M E R SR ERE

Tab.2 Minimal inhibitory concentration of selected essential oils or their components against the spoilage bacteria isolates

FARINE R E/(WL/mL)  minimal inhibitory concentration (MIC)

TR I R4 S
essential oils or their components HORRLH TR B JEE WA L R
B. thermosphacta LC-R1 A. sobria LC-S2 S. putrefaciens LC-Q6
AER  cinnamaldehyde 0.125 0.125 0.125
T eugenol 0.5 0.25 0.5
HEFH  thymol 0.25 0.125 0.5
FriEEE  citral 0.25 0.5 0.5
\W#F  Litsea cubeba 0.5 0.5 0.5
R Cymbopogon citratus 0.25 0.5 0.25
IR Cuminum cyminum 2.0 0.5 1
MRz Citri pericarpium reticulatae >4 >4 >4
M Mentha haplocalyx 2.0 2.0 2.0
#i8  Citrus sinensis >4 2.0 >4
FERHS  Cymbopogon nardus >4 2.0 0.5
Kz Allium sativum 2.0 >4 0.5
I\AWEE  Hlicium verum >4 >4 4.0
¥ Citrus limon >4 >4 >4
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AP raw fillets

B

AR cooked fillets

B
Bp gab 4o

V)

Sz 7 1y 0 1
= v % % 7 %
it »y .
i nn /
N ] / 7
97, é é Aé . A L7, XA / 0.0 i A 4%, é 2
CTL 0.5MIC 1 MIC 2 MIC 4 MIC CTL 0.5 MIC 1 MIC 2 MIC 4 MIC CTL 0.5 MIC 1 MIC 2 MIC 4 MIC
K B /(uL/mL) ¥ it BE/(uL/mL) K A< BE /(UL/mL)
concentration concentration concentration
(@) (b) (©
8.0 Ca ¢
7] Bca
ﬁ é 7 V 7 7 - 6.0 A i )
a2 / 'V 4.0 77/ '
it ~
E g 2.0
<
7. A 277 A L7, . A 777, L7, A 2 A 0.0 277 477, A 4
CTL 0.5MIC 1 MIC 2 MIC 4 MIC CTL 0.5MIC 1 MIC 2 MIC 4 MIC CTL 0.5 MIC 1 MIC 2 MIC 4 MIC
At A< L/ (uL/mL) FE M B /(uL/mL) it ¢ E/(uL/mL)
concentration concentration concentration
(d) (e ®

2 ARBRETERBELERNRERTE
@WIHERE: ()T &M () F AR (KR (B (OWE T TR 14 3P 2 18 1 7T B2 52 17 18 3 2 57
(P<0.05); RFIKS 7R R 0 % EHER I 4R, A /NG F REROR B P 2 3 LU S0 4 B, R )5 RESROR 2 57 .3 (P<0.05)

Fig. 2 Sensory acceptability of large yellow croaker fillets treated by essential oils

(a)cinnamylaldehyde; (b)eugenol; (c)thymol; (d)citral; (€)Cymbopogon citratus oil; (f)Litsea cubeba oil. *Represents significant differences between raw

fillets and cooked fillets at the same group (P<0.05).Columns with different capital letter superscripts mean significant differences of raw fillets

(P<0.05), and with different lower-case letter superscripts mean significant differences of cooked fillets (P<0.05)
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Rl: W FIEMAEA; S EMIEMFHLC-S2: RAFAH; 6. WM FMELC-S2: 1L T4 il b H 20

Fig. 3 Scanning electron micrograph of spoilage bacteria untreated cells and after
treatment with L. cubeba oil (LCO)

1. 8. putrefaciens LC-Q6: control; 2. S. putrefaciens LC-Q6:treated by L. cubeba oil; 3. B. thermosphacta LC-R1: control; 4. B. thermosphacta LC-
Rl:treated by L. cubeba oil; 5. A. sobria LC-S2: control; 6. A. sobria LC-S2: treated by L. cubeba oil
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Fig.4 The LDH and UV-absorbing materials efflux from the L. cubeba oil treated bacteria cells
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Fig.5 Changes in the total bacterial counts and H,S-producing bacteria of

large yellow croaker fillets during chilled storage at 4 °C

# and *represents significant differences compared to control at the same time point (P<0.05)
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Fig. 6 Changes in the TVB-N value and histamine content of large yellow croaker fillets during chilled storage at 4 °C

# and *represents significant differences compared to control at the same time point (P<0.05)

2H Mg 2 ¥ 7 i R — R AR A e,
PP 7 o G R BT A ) B AR . R R
HREM¥ GO dfF, AT EIFHRE LT,
12 dif 35 52 933 mg/kg; £ 1804 pL/mL 1L T4
MAEHRS , SCEe 2 I 2H e 15300 1090 mg/kg
1 287 mg/kg(1¥16), KW L4545 il g . 2 30 1
Y 9 77 A (P<0.05), I 52 BRI AR R0, o 75
BRI RS, T ARSI A R IE T W SK Y
KE P F" At e, O 20K &Y iz
BRI ] 3, Wk A B AN, RN TVB-
NRIZH e G (A, WO R P 52 30 vh A 52
DASE I B A0 IR A T

http://www.scxuebao.cn

3 vk

o B EC A S22 JVE /K f 2 L3S B =2 — 1,
FohR (A AR % F W)tk A )OI
P 2270, H v B WA B EG B RN 2 19365 5 BL G
B R i LK 7= B BB . Owen S50V LI 58 o
DNAZ2 AE [a] P51 43 A7 45 J68 0 A B DG TR 43 g 4F A
[ P B R TR, A Al 6] 2 3 Ziemke 55 PR Ho 1Y)
H5 TR J WA FO LR B B8 Ry — 3 i, BRI 1
WA FOEC T o 8 16S rDNAKL 535 99%, ¥
fefabr AR, HE WA FUIC A REFE37 °C
FUFFAERK, NEERH I 0 . 248 0.
REWE . D-7 4 08 Rpr R AR, Mk R A B


http://www.scxuebao.cn

74 d R, AF: REPRE i X v SO B A O AT TR Y 0 R B AL 1149

IR B R B AR PR NI G 5 2 AR B A 52 6 3l
i VITEK2 Compact4: H sh i 4= 9150 Bt & 5t & B
A3 B AT B 1 4K A B TG TR LR A5 5 B I A L K
WY, 455 16S rDNAJF A e 45 53, AT LA &
X AR B TR WA 0 WA U IR TR o 94 A 55 Y
WF S 52 FE 58 K 35 4.0 °CV4 B 62 2RI & S AL v
VKRR oy JB G A BU TG TR, 3K 5 AR S e 43 SR e AR —
o REAEPIR B0~ CCyK K 10 L 35 R
NP WA LI, (HHAUK IR 16S rDNA V3
DX 1) 40 5 A TR A ), T R R R

AN, AR 2 50 DA I v i 75 ) D 6
rf a3 43 B A 1 B 1RR FRR 3R 22 TR RIT LR e FD A B
MG, FIREH /TS5 T REMAYE MR,
AR N L RPAVERE R, MDA Ho 3,
R IR T JCO % (Merluccius merluccius)®®
KV HEE (Salmo salar)P" . 52U EHEF (Pan-
dalus borealis)** 3515 ;= ity h & WL W TR, TR IHAE
St A, [ P oK S A Y S 9 A vk
Kt sh bR RERZE, TPEMEE
SHMER, ERE, R WA KA fUE
Yy, Iz TR P B AR (Oreochromis nilotic-
us)? . LGN KT R (Litopenaeus vannamei)™ 55 7K
AR, B A R B BUS R . ek
S5 A iffy o AP TR A A K 0 v T I Y
P, HIZAIETE R A A B TR Y B AR
T T B BH A 55 IR S R fE S B M TR (AL salraon-
icida) V3 8 K B M i R B W, SR,
Wang %5 PIBE 5T 0\ Sy g K S TE (4. hydro-
phila)>F ¥ 58 5 A0 R AR 35 8 WA

FE YIS T BT BT 1 C R ST IESE, H
KEFX KGR . VDT QTR S 4 v (0 ) 4 3K 7
SR WA MR SO A Y, ORI K R
PR RS M 9 5% T i e DL 4 3E . Mahmoud 55! R
5% K BT B (Cyprinus carpio)J& WA E G E Y
R KT E (Flavobacterium sp.) MR & Bl (Vibrion-
aceae sp ) AEWY), TR SEH A LA RERE . A A
T3 R0 7 T P AT A O M R o AN 33X AT 5 4
XTI AR IR K A S S MO TR, L R il 2 A
BNARR . Gomez-EstacaZs 5T & LT &K il
e st I A IR AR, Azt s
ARG I 52 1 TR PR B MICEUR -

A S8 IR SR A R Tk G A 4 % TS T A B
FCTA . BN 2 22 T IR R A5 I T 19 e 7T 0
P, KMRERE., TEH. AREH. 75

P R AEE B R LA R T 3R S B Y LA AR
PEIE Y, MIC < 0.5uL/mL, X 5ERIEH
— SERIF Y A BRI, A B R TR AR 4
FBIMIC A0.5 uL/mLP T 7 By %t K B 1 5 A4
FEVP 1T R (Salmonella typhi) I MICSY 3 K1 1.6 Fi
0.125 pL/mL P4,

AR 25 LA R RORG Wi 4 4 8
RFFREERE , BN — BT EE SRR, R 2
R, 53 500 o B AR 1 O =) A A g (=0, B
SRR W A7 T Il — 4 A, A BRI
IUREPTR I P . Kim%E OO 5 K BT R I X AL
MR L A WA AR T K T B B MICH,
0.5 pL/mL; LiSEPYBFSEUE S L5 A5 i K
FF TR R 4 €5 7 4 BR A 1Y) 100 1RO PR R T IR
K, MICHO0.125%(KR A 3Lk, Viv), H5A5E
I EE IR AR —F

1L 3R e AIE G TH 7 B 396 2 () MILC L 35 S
TR AR B 77 35 S T AR A B B, AR R R T
BT, PUREACRE — MBS, AR
K BRI TR T AE AR SR K R LA
HEME R, MICH0.5 pL/mL, {H¥f1 pL/mLAY L
EFRMHTRE AR, MEYCRAA R,
SIS ISR R N R N R NS Y SRR G o
Ty WEL il BT v B s B A R, HfE DL A
KAVER FERMAY . Y mkERSE
4 pL/mL(8 xMIC)HT, 7] L4k 2 41 il 41 PR 3 Jo v
WAEMAR . SALEEM, 0.018%563 HlTE
RN B S0 M B RCR AR B, B H Tk
JhR e b vk BE 4 T 6% A1 SR I P BUR D
o Y E 155 B I A 0 O V0 R e ) 2 B R R R VD 1)
TGP B 0 28 R A 2, B B IR i R 5 v
M B RCRAR B 3510 e, 2506 il T i
FiE e, AL BRIk E, 5
B AR A R A RO L Gk A g oK
FLAH,

YR W 4 R Z 2R/ TIaw,
v B S ELAT B o ORI OO, (S T fg
SRR S B KR, DR I A 6 B RG T Ak B S
i R SR PR e AT AN . ARSI R R
T OB A B R ARG T B L ), AT
K46 % 22 7RG AL B R B R R 2
M, GREATHEL . ABEH . HER.
BEREANIL A T 45 SFORG I B8 v T R R B
a2k, R WRE I T IE K B A A A R . AR

http://www.scxuebao.cn


http://www.scxuebao.cn

1150 KorE ¥R

0 E

SCEG R, PR RS B AR BB TS PEARGR , (HED
SRR E MR EE NS L. NowakECIWF5T &
PR HL Rk 2k R T 2 2 MIC I s i 22 <A
FAEA AT, BT PR AR B A, Rt
RSB P SN A [ Ak B R IR B2 7
PERYRE M o o B ARORE il 2 KUBR (5 i,
A F 58 2 R G T ABOR T B e A AR
KE B IS, W A 2R A B -5 R
M R AT 1 1 v DT QI SE K 4~5 41, BE RS
iR R SE7I N R X e = i1 N o v o i I =98

PGS 2 2, ERAR 2R, Bk
P FIBIL I 1 A 58 4 B B . B AR 40 RS Th 0 30 5
BLHIF 58 B LA R FE I . 1) FC B 45 R A
R, K A R AR A8 B, — A R ) A
B R B HoK M, 5 ke 40 i 5t A AR A
SEPERR A, (R S R, M LR
B A IR AN ANRAET . AR SE 068 i 40
MBS B LEE . i P LDHAI B2 1) I B e
TRE , SESE I8 T4 T AT WA FUER T . TR
B TR R A B 2 TR AN M s A A . LD
i 3t o7 B R BT SR L 2 TR T T s K
FEER A0 ARSI, JERE SR A . (A A S0 50
3 AP TR AT B 3R 22 B R Y LDHABE O AN
B, 3T BEJE B LDHAN F 8 48K (3 000 u),
A YEH A 3 27 200 B 440 B S L 77 A i) L TR A X 4%
/N, WCLDHBE U o ASik i JRA% A ) 1) P g
HEA T A0 MRS -, RS 0 SR T B T AL R
(OB YR R T 3h J A T B, BUEATP A RS2
BH, 3t o] B8 1 2 74 I 3 2 B8 00 6 T i
7 A AR RO I BL ] 2 — o

VA K T £ 1 0 AN L B A S I A B ER
W AR RLZBEMBRMA AT, THH. &
B T B AR TS (1A A 0 G e X 3 3 A B S
VT B B AT AR R, Pl A TR TR T
JK 7 T VTR 1 0 A A T R i e R 49 4
SEEE L, H A S R 5 K i R 1% 2
PEo AT, AE YRS A AR R — R K R AR e 5
FH 16 7= b O 6

SE K

(1] AolvEpi s BrE s E. s EEr S E %M. b
ROl H Rk, 2016: 32.
Fishery Bureau of Ministry of Agriculture. China fish-
ery statistical yearbook[M]. Beijing: China Agriculture

http://www.scxuebao.cn

Press, 2016: 32 (in Chinese).

A2 VRBh, FRAA, S KR YA R AR P )
AFAL[T]. o EK AR, 2009, 16(3): 442-450.

Li XY, XuZ, Guo QY, et al. Changes of freshness in
cultured Pseudosciaena crocea during chilled storage[J].
Journal of Fishery Sciences of China, 2009, 16(3): 442-
450(in Chinese).

B UG, R, AR, S SR E WA ORI L
JR A o 2 7V B AL BRI R[], P A
2014, 14(1): 60-67.

Lv W J, Zhao J, Wang J L, et al. Effects of tea polyphen-
ols on preservation mechanism of myofibrillar protein
from large yellow croaker[J]. Journal of Chinese Insti-
tute of Food Science and Technology, 2014, 14(1): 60-
67(in Chinese).

ERM, B, B TE, . JFEE R AT KR
ot 7 OREEFCRBTTT[). v B & b 224k, 2013, 13(2):
130-136.

Wang J L, Zhao J, Lv W J, ef al. Study on fillet quality
of Pseudosciaena crocea dip by oligomeric proanthocy-
anidins during cold storage[J]. Journal of Chinese Insti-
tute of Food Science and Technology, 2013, 13(2): 130-
136(in Chinese).

FRUTr, 4B . K3 e R R A e I OR 2 IR T 7
[3]. Ak TFE244R, 2003, 19(4): 209-211.

Chen L J, Zheng M F. Freshness-keeping effect of large
yellow croaker by coating with sodium alginate
solution[J]. Transactions of the CSEE, 2003, 19(4): 209-
211(in Chinese).

Al R, BSCE. AT VST R R R R R 3
f SR AE IR T[], A A AR, 2013, 13(6): 147-
152.

LiTT,LiJR, Hu W Z. Effects of edible coatings
chitosan on the shelf life of large yellow croaker
(Pseudosciaena crocea)[J]. Journal of Chinese Institute
of Food Science and Technology, 2013, 13(6): 147-
152(in Chinese).

Rabea E I, Badawy M E T, Stevens C V, ef al. Chitosan
as antimicrobial agent: Applications and mode of
action[J]. Biomacromolecules, 2003, 4(6): 1457-1465.
Bakkali F, Averbeck S, Averbeck D, et al. Biological ef-
fects of essential oils-a review[J]. Food and Chemical
Toxicology, 2008, 46(2): 446-475.

Hyldgaard M, Mygind T, Meyer R L. Essential oils in


http://dx.doi.org/10.1021/bm034130m
http://dx.doi.org/10.1016/j.fct.2007.09.106
http://dx.doi.org/10.1016/j.fct.2007.09.106
http://dx.doi.org/10.1021/bm034130m
http://dx.doi.org/10.1016/j.fct.2007.09.106
http://dx.doi.org/10.1016/j.fct.2007.09.106
http://www.scxuebao.cn

78

d BB, AR RELPRT IOV SR B DI 3T T Y 40 8 A B LR 1151

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

food preservation: Mode of action, synergies, and inter-
actions with food matrix components[J]. Frontiers in Mi-
crobiology, 2011, 3(12): 12.

Yildiz P O. Effect of essential oils and packaging on hot
smoked rainbow trout during storage[J]. Journal of Food
Processing and Preservation, 2015, 39(6): 806-815.
Mahmoud B S M, Yamazaki K, Miyashita K, et al. Bac-
terial microflora of carp (Cyprinus carpio) and its shelf-
life extension by essential oil compounds[J]. Food Mi-
crobiology, 2004, 21(6): 657-666.

Kostaki M, Giatrakou V, Savvaidis I N, ef al. Combined
effect of MAP and thyme essential oil on the microbiolo-
gical, chemical and sensory attributes of organically
aquacultured sea bass (Dicentrarchus labrax) fillets[J].
Food Microbiology, 2009, 26(5): 475-482.

Sanjuas-Rey M, Pourashouri P, Barros-Velazquez J, et
al. Effect of oregano and thyme essential oils on the mi-
crobiological and chemical quality of refrigerated (4 °C)
ready-to-eat squid rings[J]. International Journal of Food
Science and Technology, 2012, 47(7): 1439-1447.

Gram L, Dalgaard P. Fish spoilage bacteria-problems
and solutions[J]. Current Opinion in Biotechnology,
2002, 13(3): 262-266.

Bekaert K, Devriese L, Maes S, et al. Characterization of
the dominant bacterial communities during storage of
Norway lobster and Norway lobster tails (Nephrops
norvegicus) based on 16S rDNA analysis by PCR-
DGGE[J]. Food Microbiology, 2015, 46: 132-138.
Stefanakis M K, Touloupakis E, Anastasopoulos E, et al.
Antibacterial activity of essential oils from plants of the
genus Origanum[J]. Food Control, 2013, 34(2): 539-546.
Othman M, Loh H S, Wiart C, ef al. Optimal methods
for evaluating antimicrobial activities from plant ex-
tracts[J]. Journal of Microbiological Methods, 2011,
84(2): 161-166.

Lawless H T, Heymann H. 1% 5B B WM IR EE 5 H R
[M]. E#%, 2. dbat: JpEE Tk kAL, 2001: 430-
475.

Lawless H T, Heymann H. Sensory evaluation of food
principles and practices[M]. Wang D, trans. Beijing:
China Light Industry Press, 2001: 430-475 (in Chinese).
Barman S, Ghosh R, Mandal N C. Use of bacteriocin
producing Lactococcus lactis subsp. lactis LABW4 to

prevent Listeria monocytogenes induced spoilage of

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

meat[J]. Food and Nutrition Sciences, 2014, 5(22): 2115-
2123.

Koutsoumanis K, Lampropoulou K, Nychas G J. Bio-
genic amines and sensory changes associated with the
microbial flora of Mediterranean gilt-head sea bream
(Sparus aurata) stored aerobically at 0, 8, and 15 °C[J].
Journal of Food Protection, 1999, 62(4): 398-402.
Ziemke F, Hofle M G, Lalucat J, et al. Reclassification
of Shewanella putrefaciens Owen's genomic group II as
Shewanella baltica sp. nov[J]. International Journal of
Systematic Bacteriology, 1998, 48(1): 179-186.

&SR, & SRR EY SRS A R M), R
= MR AR A, 2008: 7.

He C Y. Comprehensive utilization of plant resources of
essential oils riched in citral[M]. Kunming: Yunnan Sci-
ence and Technology Press, 2008: 7 (in Chinese).

Owen R J, Legros R M, Lapage S P. Base composition,
size and sequence similarities of genome deoxyribonuc-
leic acids from clinical isolates of Pseudomonas putrefa-
ciens[J]. Journal of General Microbiology, 1978, 104(1):
127-138.

AR, BIERS, YRRl 5. V58T GE K B fh 4 T AR 4
FCRIAE 24 08 B 6 5[], 7K 77 2431, 2006, 30(6): 824-
830.

Guo QY, Yang X S, Xu Z, et al. Bacterial flora and
identification of dominated spoilage organisms on cul-
tured Pseudosciaena crocea at chilled storage[J]. Journ-
al of Fisheries of China, 2006, 30(6): 824-830(in
Chinese).

TKEE, AT, BB, 55, R BT G REVE A R B S
BRI R[] E A 524k, 2013, 13(7): 181-188.
Zhang W, Ni L, Lv X C, et al. Freshness evaluation of
iced fresh large yellow croaker and the relationship
between freshness and bacterial flora[J]. Journal of
Chinese Institute of Food Science and Technology, 2013,
13(7): 181-188(in Chinese).

Ordonez J A, Lopezgalvez D E, Fernandez M, et al. Mi-
crobial and physicochemical modifications of hake
(Merluccius merluccius) steaks stored under carbon di-
oxide enriched atmospheres[J]. Journal of the Science of
Food and Agriculture, 2000, 80(13): 1831-1840.
Mamlouk K, Macé S, Guilbaud M, et al. Quantification
of viable Brochothrix thermosphacta in cooked shrimp

and salmon by real-time PCR[J]. Food Microbiology,

http://www.scxuebao.cn


http://dx.doi.org/10.1111/jfpp.12291
http://dx.doi.org/10.1111/jfpp.12291
http://dx.doi.org/10.1016/j.fm.2004.03.001
http://dx.doi.org/10.1016/j.fm.2004.03.001
http://dx.doi.org/10.1016/j.fm.2004.03.001
http://dx.doi.org/10.1016/j.fm.2009.02.008
http://dx.doi.org/10.1111/j.1365-2621.2012.02991.x
http://dx.doi.org/10.1111/j.1365-2621.2012.02991.x
http://dx.doi.org/10.1016/S0958-1669(02)00309-9
http://dx.doi.org/10.1016/j.fm.2014.06.022
http://dx.doi.org/10.1016/j.foodcont.2013.05.024
http://dx.doi.org/10.1016/j.mimet.2010.11.008
http://dx.doi.org/10.4236/fns.2014.522224
http://dx.doi.org/10.4315/0362-028X-62.4.398
http://dx.doi.org/10.1099/00207713-48-1-179
http://dx.doi.org/10.1099/00207713-48-1-179
http://dx.doi.org/10.1099/00221287-104-1-127
http://dx.doi.org/10.1002/(ISSN)1097-0010
http://dx.doi.org/10.1002/(ISSN)1097-0010
http://dx.doi.org/10.1016/j.fm.2011.09.012
http://dx.doi.org/10.1111/jfpp.12291
http://dx.doi.org/10.1111/jfpp.12291
http://dx.doi.org/10.1016/j.fm.2004.03.001
http://dx.doi.org/10.1016/j.fm.2004.03.001
http://dx.doi.org/10.1016/j.fm.2004.03.001
http://dx.doi.org/10.1016/j.fm.2009.02.008
http://dx.doi.org/10.1111/j.1365-2621.2012.02991.x
http://dx.doi.org/10.1111/j.1365-2621.2012.02991.x
http://dx.doi.org/10.1016/S0958-1669(02)00309-9
http://dx.doi.org/10.1016/j.fm.2014.06.022
http://dx.doi.org/10.1016/j.foodcont.2013.05.024
http://dx.doi.org/10.1016/j.mimet.2010.11.008
http://dx.doi.org/10.4236/fns.2014.522224
http://dx.doi.org/10.4315/0362-028X-62.4.398
http://dx.doi.org/10.1099/00207713-48-1-179
http://dx.doi.org/10.1099/00207713-48-1-179
http://dx.doi.org/10.1099/00221287-104-1-127
http://dx.doi.org/10.1002/(ISSN)1097-0010
http://dx.doi.org/10.1002/(ISSN)1097-0010
http://dx.doi.org/10.1016/j.fm.2011.09.012
http://www.scxuebao.cn

1152

Ko AR

0 E

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

2012, 30(1): 173-179.

Mejlholm O, Beknas N, Dalgaard P. Shelf life and
safety aspects of chilled cooked and peeled shrimps
(Pandalus borealis) in modified atmosphere
packaging[J]. Journal of Applied Microbiology, 2005,
99(1): 66-76.

TS, R F, BTG, & VKB KT )W s 40 T A
SE KR BEEE R AT (). P A AR, 2013, 13(12):
188-196.

Zhang W, Ni L, Huang Z Q, et al. Species identification
and analyses on intestine bacterial flora of iced fresh
large yellow croaker[J]. Journal of Chinese Institute of
Food Science and Technology, 2013, 13(12): 188-196(in
Chinese).

Castro-Escarpulli G, Figueras M J, Aguilera-Arreola G,
et al. Characterisation of 4eromonas spp. isolated from
frozen fish intended for human consumption in
Mexicol[J]. International Journal of Food Microbiology,
2003, 84(1): 41-49.

Qian Y F, Xie J, Yang S P, et al. In vivo study of spoil-
age bacteria on polyphenoloxidase activity and melanos-
is of modified atmosphere packaged Pacific white
shrimp[J]. Food Chemistry, 2014, 155(11): 126-131.
BB, RFEH, X, &5, R IHE IR K7 5
%5 MEBUR RN K254, 2017, 41(6): 861-869.
GeY Y, ZhulJ L, Liu L, et al. Spoilage phenotypic char-
acterization and identification of Aeromonas isolated
from spoiled Larimichthys crocea[J]. Journal of Fisher-
ies of China, 2017, 41(6): 861-869(in Chinese).

Wang H, Liu X C, Zhang Y M, et al. Spoilage potential
of three different bacteria isolated from spoiled grass
carp (Ctenopharyngodon idellus) fillets during storage at
4 °C[J]. LWT-Food Science and Technology, 2017, 81:
10-17.

Burt S. Essential oils: Their antibacterial properties and
potential applications in foods—A review[J]. Interna-
tional Journal of Food Microbiology, 2004, 94(3): 223-
253.

Gomez-Estaca J, de Lacey A L, Lopez-Caballero M E, et

http://www.scxuebao.cn

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

al. Biodegradable gelatin-chitosan films incorporated
with essential oils as antimicrobial agents for fish preser-
vation[J]. Food Microbiology, 2010, 27(7): 889-896.
Nowak A, Kalemba D, Krala L, et al. The effects of
thyme (Thymus vulgaris) and rosemary (Rosmarinus of-
ficinalis) essential oils on Brochothrix thermosphacta
and on the shelf life of beef packaged in high-oxygen
modified atmosphere[J]. Food Microbiology, 2012,
32(1): 212-216.

Kim Y G, Rho B J, Lee K K, et al. Antimicrobial activ-
ity of Artemisia princeps var. orientalis essential oil
against fish pathogenic bacteria[J]. Journal of Fish
Pathology, 1994, 7(2): 113-117.

Li WR, Shi Q S, Liang Q, ef al. Antibacterial activity
and kinetics of Litsea cubeba oil on Escherichia coli[J].
PLoS One, 2014, 9(11): e110983.

Gill A O, Delaquis P, Russo P, et al. Evaluation of antil-
isterial action of cilantro oil on vacuum packed ham[J].
International Journal of Food Microbiology, 2002, 73(1):
83-92.

Tassou C C, Drosinos E H, Nychas G J E. Effects of es-
sential oil from mint (Mentha piperita) on Salmonella
enteritidis and Listeria monocytogenes in model food
systems at 4° and 10 °C[J]. Journal of Applied Bacteri-
ology, 1995, 78(6): 593-600.

Donsi F, Ferrari G. Essential oil nanoemulsions as anti-
microbial agents in food[J]. Journal of Biotechnology,
2016, 233: 106-120.

WulJL,GeSY, LiuH, ef al. Properties and antimicrobi-
al activity of silver carp (Hypophthalmichthys molitrix)
skin gelatin-chitosan films incorporated with oregano es-
sential oil for fish preservation[J]. Food Packaging and
Shelf Life, 2014, 2(1): 7-16.

Paul S, Dubey R C, Maheswari D K, et al. Trachysper-
mum ammi (L.) fruit essential oil influencing on mem-
brane permeability and surface characteristics in inhibit-
ing food-borne pathogens[J]. Food Control, 2011, 22(5):
725-731.


http://dx.doi.org/10.1111/jam.2005.99.issue-1
http://dx.doi.org/10.1016/S0168-1605(02)00393-8
http://dx.doi.org/10.1016/j.foodchem.2014.01.031
http://dx.doi.org/10.1016/j.lwt.2016.11.010
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://dx.doi.org/10.1016/j.fm.2010.05.012
http://dx.doi.org/10.1016/j.fm.2012.05.001
http://dx.doi.org/10.1371/journal.pone.0110983
http://dx.doi.org/10.1016/S0168-1605(01)00712-7
http://dx.doi.org/10.1111/jam.1995.78.issue-6
http://dx.doi.org/10.1111/jam.1995.78.issue-6
http://dx.doi.org/10.1111/jam.1995.78.issue-6
http://dx.doi.org/10.1016/j.jbiotec.2016.07.005
http://dx.doi.org/10.1016/j.fpsl.2014.04.004
http://dx.doi.org/10.1016/j.fpsl.2014.04.004
http://dx.doi.org/10.1016/j.foodcont.2010.11.003
http://dx.doi.org/10.1111/jam.2005.99.issue-1
http://dx.doi.org/10.1016/S0168-1605(02)00393-8
http://dx.doi.org/10.1016/j.foodchem.2014.01.031
http://dx.doi.org/10.1016/j.lwt.2016.11.010
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://dx.doi.org/10.1111/jam.2005.99.issue-1
http://dx.doi.org/10.1016/S0168-1605(02)00393-8
http://dx.doi.org/10.1016/j.foodchem.2014.01.031
http://dx.doi.org/10.1016/j.lwt.2016.11.010
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://dx.doi.org/10.1016/j.fm.2010.05.012
http://dx.doi.org/10.1016/j.fm.2012.05.001
http://dx.doi.org/10.1371/journal.pone.0110983
http://dx.doi.org/10.1016/S0168-1605(01)00712-7
http://dx.doi.org/10.1111/jam.1995.78.issue-6
http://dx.doi.org/10.1111/jam.1995.78.issue-6
http://dx.doi.org/10.1111/jam.1995.78.issue-6
http://dx.doi.org/10.1016/j.jbiotec.2016.07.005
http://dx.doi.org/10.1016/j.fpsl.2014.04.004
http://dx.doi.org/10.1016/j.fpsl.2014.04.004
http://dx.doi.org/10.1016/j.foodcont.2010.11.003
http://dx.doi.org/10.1016/j.fm.2010.05.012
http://dx.doi.org/10.1016/j.fm.2012.05.001
http://dx.doi.org/10.1371/journal.pone.0110983
http://dx.doi.org/10.1016/S0168-1605(01)00712-7
http://dx.doi.org/10.1111/jam.1995.78.issue-6
http://dx.doi.org/10.1111/jam.1995.78.issue-6
http://dx.doi.org/10.1111/jam.1995.78.issue-6
http://dx.doi.org/10.1016/j.jbiotec.2016.07.005
http://dx.doi.org/10.1016/j.fpsl.2014.04.004
http://dx.doi.org/10.1016/j.fpsl.2014.04.004
http://dx.doi.org/10.1016/j.foodcont.2010.11.003
http://www.scxuebao.cn

74 d R, AF: REPRE i X v SO B A O AT TR Y 0 R B AL 1153

Antimicrobial effects and mechanism of action of essential oils against
dominant spoilage bacteria isolated from large yellow croaker
(Larimichthys crocea) during chilled storage

MENG Yuxia', CUI Huijing', ZHAO Qiancheng', LI Meng ',
BIAN Chuhan', BAIRujian’, MA Yongsheng "

(1. College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, China,
2. Xinxing Cathay International Group Yili Agriculture and Animal Husbandry Science and
Technology Development Co., Ltd., Yining 835000, China)

Abstract: To evaluate the feasibility of essential oils as natural preservatives in extending the shelf life of chilled
large yellow croaker, the antimicrobial efficacy of 14 essential oils against the dominant spoilage bacteria from
large yellow croaker (Larimichthys crocea) during chilled storage at 4 °C was investigated. The dominant spoilage
bacteria were isolated from skin, body cavity, gill and intestine of large yellow croaker, and identified by the se-
quence similarity analysis of the 16S »DNA genes and physiological and biochemical test. The paper disc diffusion
method and microbroth dilution technique were employed for the determination of antimicrobial activity of 14 es-
sential oils. Sensory acceptability of fish treated with different quantities of essential oils were evaluated using a
nine-point hedonic scale ranging from 1 (most disliked) to 9 (most liked). The mode of action of Litsea cubeba oil
against spoilage bacteria was studied by scanning electron micrograph, measurement of release of intracellular
lactate dehydrogenase (LDH), and 260 nm absorbing material. After dipping in a solution containing 4 pL/mL L.
cubeba oil, the total microbial load, H,S- producing bacteria, total volatile bases nitrogen(TVB-N), and histamine
content of refrigerated large yellow croaker fillets as a function storage time were determined. The results showed
that a total of 6 strains of bacteria were identified as four strains of Shewanella spp., one strain of Brochothrix ther-
mosphacta and one strain of Aeromonas sobria. The 14 essential oils showed different antimicrobial activity
against spoilage bacteria isolates, and cinnamaldehyde had thse highest activity with a minimum inhibitory concen-
tration(MIC) of 0.125 pL/mL, followed by eugenol, thymol, citral, Cymbopogon citratus and L. cubeba oil, with
MIC<:0.5 pL/mL. The flavours of large yellow croaker fillets treated with eugenol, thymol, citral, C. citratus and
L. cubeba oil were found to be acceptable. L. cubeba oil can disrupt the cytomembrane of spoilage bacteria isol-
ates and cause the leakage of protease and nucleic acid. Dipping fish fillets in a solution of 4 uL/mL L. cubeba oil
significantly reduced the total microbial load, H,S-producing bacteria, TVB-N, and histamine content. Eugenol,
thymol, citral, C. citratus, and L. cubeba oil showed high antimicrobial activity against the dominant spoilage bac-
teria isolates from chilled large yellow croaker, and had no adverse effects on the organoleptic properties of the
fish fillets. Therefore, it can be concluded that essential oils had the potential to be used as natural preservatives to

enhance the shelf-life of seafood during chilled storage.
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Corresponding author: MA Yongsheng. E-mail: mayo@dlou.edu.cn

Funding projects: National Key Technology Support Program (2015BAD16B00) Sub-Program
(2015BAD16B08); Liaoning Province Department of Education Fund Program (L201607); Doctoral Research
Fund of Liaoning Province (20131010)

http://www.scxuebao.cn


http://www.scxuebao.cn

