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Abstract: In order to investigate the inhibitory effect and underlying mechanism of eugenol on the dominant spoilage
bacteria of Shewanella putrefaciens and Pseudomonas fluorescens during seafood cold storage, the minimal inhibitory
concentrations (MICs) of eugenol against S. putrefaciens and P. fluorescens were determined, and then the inhibitory effects
of eugenol atdoses of 0.5 MIC, 1 MIC and 2 MIC on the growth of S. putrefaciens and P. fluorescens were studied. The
damage caused by eugenol to the cell membrane was measured. The results showed that the optical density (OD) at 260 and
280 nm wavelengths of extracellular substances, the content of potassium ions (K") and the activity of alkaline phosphatase
(AKP) increased on average, and the activity of intracellular ATPase decreased. Scanning electron microscopic (SEM)
images and Fourier transform infrared spectra showed that eugenol destroyed the cell wall, and increased the permeability of
the cell membrane, leading to leakage of cell contents and finally cell death.
Keywords: eugenol; Shewanella putrefaciens; Pseudomonas fluorescens; inhibition; cell membrane
DOI:10.7506/spkx1002-6630-20190414-181
hEET: S983 SCRRBR GRS A G 1002-6630 (2020) 09-0001-06
51 30A%
JAAEAE, Lo, MR, T A B R A TO IR BRSO B I B A I BLER (D], BB, 2020, 41(9): 1-6.
DOI:10.7506/spkx1002-6630-20190414-181.  http://www.spkx.net.cn
ZHOU Qiangian, FANG Shiyuan, MEI Jun, et al. Inhibitory mechanism of eugenol on Shewanella putrefaciens and
Pseudomonas fluorescens[J]. Food Science, 2020, 41(9): 1-6. (in Chinese with English abstract) DOI:10.7506/spkx 1002-
6630-20190414-181.  http://www.spkx.net.cn

YSehs H39T: 2019-04-14

BETH: BERARRFEEST LIHE (31972142 31571914) « BARVK B ARE R LT (CARS-47)

BigETHRZTERERIE (19DZ2284000) ; LiEMRIRAILRS @B HE (17DZ2293400)
e HHE (1994—)  (ORCID: 0000-0002-3279-0655) , &, Hi-LBEFA, WFFEIHT M G R at .
E-mail: zhougianqian917@163.com
HEEEH A BiE (1968—)  (ORCID: 0000-0002-3194-9273) , %, #i%, {8t WA & LFE. E-mail jxie@shou.edu.cn




2 2020, Vol.41, No.09

Bt F

rmBEAHEENERNE, BRXHEBENEE.
EAE N A I i AR, H T PR R KSR 1 1
KNG AR BT, 2= i it T R, G A5
WA e AR Y I FLIKE (Shewanella
putrefaciens) FliR IR B E (Pseudomonas
Sfluorescens) AR PIFIZK = i 2 B 55 22 IR PR AR 35
JEWCE, s IRV B B 4 e B 25 M 2 0, ARSI AT
JR TR B 68 WA B B B AN 5 e {8 P i A AT DAE B4 4%
PR ST, R = H R -N-E e )R O =, K
R EUR AR, A AR SRR, FEURE
AT . LyuSRR B PR I Sy S R 45 4 5o T
T LR A A IR SR AN 20 . Zhang Nannan 25 R 7t & B
BT I EUA) 2 BT T A T U TR D 4 5 R 4 e
Wright 25 B i b ASS A SR A2 mT LA il s W75 B B
FIAEK, BilEfEM . Yao XiaolinZEP RS 1 1| Wk 2
B NI B2 3R AT ABCR 5 M1 0 1 o 400 B R a1, o
EERA R, LU Tyagi% RIS 57T 5
R 7&K I AR FH O ¢ 't AR 5 M TR ) 4100 o) 4% FH 5 9
5. FerreiraZe" R I Z 5 A &0 % 3+ e B AL B T
T I B AR KA ELAE R 5 0 (R M T A A
T BB AN T e A A A A

N T ORFR T ) 2 A I I BRI B R A 5 5 e I
FEER & &, FEYRE I B SR B AE £ il ol 4 5
B2, TEBE T FMOFERS, R
WA ARSI EIE, R —Fh R RARME A, e
CABBSR Gl A P A M JBE S 5 P o 3 5 R s o vt i o L
By R, Preferets, BivERm. BT itk
st RIS AR it H I I 4% 32 9 A AR 25O
T T T Byt 25 MK A B 40 B4 A . Zhang Yi¥' A1
Jafri"V5E o BIRE T T T A A RR MR R . A SR
PRI T B BR 1A 1 AR MR AR S LE R A s AL, B
ROHIRZZHWI T T HFR BRI E L, H2
0T AR FH T3 it JE DT PR 49 T SR AT BT AL B R 2
Feobo B, AW S 2 R 07 R T A I I A
FU IR B AN AR S B T A B L, DAt it DR o R AR
A R OREE T TE R SR A T BB A

1 MHES5HE

L1 MRS

JEE WA FC IR B WS 13 A4 “C I8 T g FLANIEE T I o 4y
1R E); PR M B ATCC27853 16 T Ik 5 Ak gh Bk A=
VAR TP T & (4K T98%) W4T gk h;
TIRAAERA R BIERERRES (alkaline phosphatase,
AKP) . =Wif1F (adenosine triphophate, ATP) B
TG T v A AR ) AR TR

12 a5 &&

HAMAEE K& T 27~ Bioscreen/A
MIRA3 R B S mes:  REERS (L H
PR/ #]; Nicolet iS5 FT-IRfH AR 427 4863 (Fourier
transform infrared spectroscopy, FTIR) {%  ZE[EFEER K
HRARAF.

1.3 ik
131 S/NMIRR BN E

K A RS R R R AN [F R BRI T
Py o A 6 16 1 VAR 5% 5 i v 5% 95 TS IO L B T R ¢ 6 AR
FTE, MR 2% MK (phosphate buffered saline,
PBS) ik, {fILEAMEZLI N10° CFU/ML. #£96 fLIK
d, AEFLIINT0 pLARE 2. 100 pL T &y, 100 pLk;
IRk, T A R AR EIREE S N93.75. 187.5,
375, 750, 1500 mg/L, XJHEZIMA100 pL i & 55 %4
2.5%1 — H E WAL (dimethyl sulfoxide, DMSO) Al
10 pLAHTE R, XTHEZH2 0 AN 100 LI K 110 nL2H
B, (E30 CRREFR24 h, (EB IR ) A %A W 22 2 4
BRI B R AR T A B R K B R e /N B R B (minimal
inhibitory concentration, MIC) , SZIGEE3 XK.

132 AEKhZed)

SE RSN ONIEIERE S M. R
B R v R % WA BU IR AN O R BB, I PBSHR
B, RAL10° CFU/MLIK B A5 A8 5] R SRk BE I T
iy AR IR EE 2 580 (KR L 0.5 MIC, 1 MIC,
2MIC) MMABWE HREFR48 h, FH 4 A A YA K ith
LA B A 5E OD gy B2 WU — ¥, 3 LIS [] g i Al
B, FEE NP ARG ) A K 2
133  AKPIE 190 5E

AKPIE A7 5 K FHAKPAR A & . 78 RE 77 35
N 10° CFU/MLAH B 2R 28 R 9K E 23 5180 (IR
0.5 MIC. 1 MIC. 2 MICT &MyEM, RIEIERIK L
150 r/minf130 C )5 AFH5 773 he &5 40510 hAI3 h&
B 1 mL¥EZ72%8 000 r/min & 0> 10 min, %R )5 FHAKPAF]
B E3E W R AKPIITE /1. W HRALADMSORE T &
By, SEEEE3 K.

1.3.4 A AR E

% ¥ Xiang Qisen®!"J5ik, FFMIEBN. FEk#F
PR R 8% 77 J o8 27 R IO U B AR OGRS B,
PBSHiFE, 3RE£110° CFU/MLINE R, K& R ERE N
0 (XIE) . 0.5MIC., 1 MIC. 2 MIC | #& B a7y 3l
AZE 1 mL 10° CFU/MLE & d, AR G LL150 r/min,
30 CHMREF3 hg, B iGN 10 A5 5 B 15
OD50 unM1ODsygg o R SLIH3 K, FHRBEES TAT.
135 K '&EMNE

L1337 H RIS TE W, KR &4
Krio hn3 h B35 K &8, LI EE3 K.



XA SE

i

=H

1.3.6  ATPEgE /10l E

S FH ATPREE R 7 £ M ATPEESE /7. S8 1.3.3%5 i
TESAE BB ATUE, BOERE ISR, R
YHBE . 239 T°0 W3 hilll & ATPEEE /7, SEIRE 3 UK.
137  FTIRG M 43 F4504

K HIFTIRIE X 4 B o 1 45 M AR AT 40, 7
Y B BRI NN &R IR N1 MICH T & Wy, SRR
IMANZEAFFIDMSO. fEFERHLL30 'C 150 r/mind 77
6 h, SRJGEUEFREVLAS 000 r/min 0210 min, % b
Wi, JOPBSIEVEAMIM R, WiETHEE, JHFTIRMCH T
JE ) 40 T 20 R AT 23T o
1.3.8  FIHE T BB 2

K FH 1 F T S R L8R T B W ) AT A T A 4
o YUUEAMMI R 1.3. 71 R 75318, B AR £k
2.5% % —BE VAW E A4 h, SRJSEPBSHRIEBE R K,
%10 min, B T30%~100% 1) B ik, M4
BT EEEW 4, ARSI SN A AS
1.4 HIEGH 500

K FHSPSS 19.0%fF (HPRZJ7 253 #1) HOrigin 8.5
B Kt o S 3R AT S 2 o A R PR 3R U A

2 ZHRES

21 THEBRKHMIC

AN [F) ol 2 A T A M %o TS WA B T R 5 e A1
PRI B VR B L1 T 5 T %o JE8 A L DG I R 28 e 2
i 1 (IMIC ) 9750 mg/L, DMSOJEAME 1",

R1 TEEXENA LK EMSOLR L HMIC

Tablel MICs of eugenol against Shewanella putrefaciens and
Pseudomonas fluorescens
bk T &R E/ (mg/L)
. 1500 750 375 1875 93.75
JEE WA B IR - - + + +
PO TE — — + + +

e RS RIA R  RAAEK — NRE R ALK

22 T B WA T UG B AR 58 R R B A it 2R 11
Al

MEITATTLLVEH, WIRA A KSR, 7E
FFa61120 hiiE g i, <5 JVEAREK. ME T EH
BRI, T EB A SIE R . 0.5 MICT
B Ty b 2R 1D JE5 WA U IR R AE 85 IR AT 16 haZ 204, Bl 5
BEARTEAERI],  J5 10D g o I 5 AT BE A BT F5 2 1V #E
JrE. 1 MICFI2 MICAFE 4 TE4u T 2B K .

WENBATR, T & By x5 e i B 0 3 i F &
BERUUNIEIR LG H A K, 0.5 MICH BT &8y %) 9% %
P B L B A A PR A 14 hsz 240, B S IS i,
24 hfEm XTI . ATREE T B LR T % 6B i 1 11
St H AR K 0T, 1 MICHI2 MICA R4 B4 A K. iX
— 5 5 2 AT EMICH 25 AR L.

i =2 2020, Vol 41, No.09 3
—— X —e— 0.5 MIC
14~ A —— | MIC ——2MIC

025 10 20 30 40 50

B [ /h
—u— X —— 0.5 MIC
—— I MIC ——2MIC

O 2- 1 1 1 1 J
<0 10 20 30 40 50
I [A]/h

F1 THEERARERE (A) FPOLEMARE (B) dRiZKPw
Fig.1  Effect of eugenol on the growth of Shewanella putrefaciens (A) and

Pseudomonas fluorescens (B)
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Fig.2  Effect of eugenol on the activity of AKP in Shewanella

putrefaciens (A) and Pseudomonas fluorescens (B)
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Table2 Effect of eugenol on protein and nucleic acid in Shewanella
putrefaciens and Pseudomonas fluorescens
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Fig.3  Effect of eugenol on potassium ion leakage from Shewanella

putrefaciens (A) and Pseudomonas fluorescens (B)
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Fig.4  Effect of eugenol on the activity of ATPase in Shewanella

putrefaciens (A) and Pseudomonas fluorescens (B)
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