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WELOE P, AR EE B .LHL(4 C, 4 000
g) 0 20 min, FE MR UK (FL42 0. 22 pm)
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Fig.1 SEM images (5 000 x magnification) of dynamic formation process of

Vibrio parahaemolyticus biofilm developed on the surface of fish scale
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The different letters in the same color column implies significant
differences (P <0.05). All experiments were done 3 times in
parallel
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Fig.2 Changes of the amount of EPC and EPR in the
dynamic formation process of Vibrio parahemolyticus

biofilm formed on the surface of fish scale
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NS R Ao A4 SR, B I I A
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B A IR B Y e d 22 [ Mg Ah 20 (0. 581) , i 4b
HE(1.213) ], fE—EREEHE (4 ~37 C)N,
A=W R Y B B R I R A RS i s . 5
SR A TR B2 A FE, 2o i B TR BE (40 °C) SRR
R L ST T A ) o R 1 s I AT [ Ak 22
(0.487) , HafbE 1 (0.837) ], {HAFEE A, W
FHTUKFEAE LI BE 1Y 4 °C I AT 58 4 30 il #1) v
MR GE TE F R TE BUAE e . 258 Bk, &
(25 °C, 37 CHI 40 C)HE TR (4 C, 10
CHNS °C) BEA F T Rl 5 1 5 1 7E #6555 T P
JA IR, H T AR P ) 6 e v B AR
IR P2 :37 C >25 C > 40 C >15 C >10 C
>4 C, L1,
2.3 ERMEFRAR K X £ 84 R E A i N E A WK
IRHBRBRTAR
2.3.1 PRSI AKOM A [ i BE A5 4 B i 5K
TR FEL982 THI R BSUA AR ) 45 I ) T BRASCR
PREFL A K RN TC T A R K Y B A LR
2,

*1 BBRMMEEARBESGTEESRERREMHIRNELRBERFAETELERUR
Tab.1 Efficacy of AEW in eradication of Vibrio parahaemolyticus

biofilm developed at various temperatures on the surface of fish scale

L& Temperature /°C

4 10

15 25 37 40

b FEH] Before
Mo 2k AbFRS After
EpC e

Eradication rate/% 67.80

64.90

0.206 £0.009* 0.283 £0.009" 0.395+0.01°
0.066 =0.007* 0.099 £0.012* 0.146 £0.007" 0.208 £0.008° 0.294 +0.032 0.214 +0.009°

0.508 +0.02¢ 0.581 £0.01° 0.487 +0. 006"

62.95 59.12 49.34 55.99

A3 Before
AN AEF)S After
EPR it

Eradication rate/% 62.04

67.00

0.496 £0.006* 0.684 £0.006" 0.815 £0.006° 0.912 £0.007°
0.164 £0.006a 0.26 +0.009*

1.213 £0.02¢ 0.837 =0.013
0.326 £0.009" 0.401 £0.011° 0.649 +0.026" 0.393 +0.011°

60. 05 56.03 46.47 53.01

T : [ — AT AR B 5 B8 B B2 5 (P <0.05) o Frfy SEB-FATI 3 R

Notes: The different letters in the same line implies significant differences (P <0.05). All experiments were done 3 times in parallel

x2 ERMEBMBKIMETE BRAKMNELEE
Tab.2 Physicochemical properties of AEW and STW

- AL SR A AR E
P Oxidation reduction potential/mV Available chlorine concentration/ ( mg/L)
R FL A K AEW 2.19 + 0.04 1179.0 = 7.0 45.00 = 2.73
JeH H kK STW 6.80 + 0.01 350.2 + 3 0.20 + 0.03
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7 0.5 g
S 0.2 S

0
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(a) 435 min

TS5 RIE S AL, 25 1 (B RR-2 ~3) £, 3=
AL, A5 ) 0l IS AR A5 T, = 2 ST AR IR &
FABEREIR , o0 A= Wy e w5 Bk L L Ah, Al 6
TR ARATLRE , L 25t B B4 . VRN X B, )
JCHA A SR KX B MR B 7E 37 °C IR i A 0k
HEHEF IR 5 min Zb3H, 2558 (1] 3a) 281, X}
A=Wk T P A 22 05 5 0 A0 B T R R Ol
22.38% F121.02% . xeegh R, Wb fig kK
ANURT DAY B3k w375 a3 B 7 6l 29 T TR i 1) A
PIBIE , T T LA A58 25 8 B0 AR 0k P 1) i
IR, FLH A 0 B 1) 5 BRSO 3 T JE 1 A
HK

0.8 1.5
m Jfi 41 % BEECP
o Hi4bEHEPR 2
0.6
g b 1.0 ¢
8 b =
8 0.4 S
\E \E
g g ¢ los s
8 0.2 S

g Control STE AEW Control STE AEW 4
(b) 4+ #10 min

HRB O B R RN BA RE M2 (P <0.05) o ITA S5 3 AT
The different letters in the same color column implies significant differences (P <0.05). All experiments were done 3 times in parallel
3 ERMERERRK AN B B Sk xRl A MmN E A 3R T AR S S 1R S RSN E B RYIER R
Fig.3 Amount of EPC and EPR in Vibrio parahaemolyticus
biofilm after being treated with AEW and STW for different time

2.3.2  AbFEEF[A] R ER A H i K I R 6 T
V¢ I T A 0 R TR SSOCR A 52 )

H TR HL g KR A I 7E 37 °C &A%
I AR YR 0 BR AR AR A, PR e AR
37 CHAF I A DI EAE T 50 5, IR
PE A g K5 AT 1 min, 2 min, 5 min, 8 min Fl
10 min J2ALFR , WAL i4SE 10 min 2340 P 72
AR FRL A 7K 0 AR W) BB T R ROR 1Y A2 k. i
SNREY AR (1K 4) W], B i i 7K 0 A=
W REE e s S 22 0 R0 B AD 25 1 083 Bk 38 B 1 [
AR BTG AN, 2240 3 10 min f5 15 BR 3 GK 3 i
KAE [ M5 2 B (64, 54%), M 4k & A
(61.42% ) ] o FTHL 414 0 G35 WL 48 R A ol fo
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1.5

0 2 4 6 8 10
BHE] Time/min
MAIRIER (2R b A [ 7 B e R B B F TR 25 5+ (P <0.05) ¢
A SR AT 3 Ik
The different letters in the same color line implies significant
differences (P <0.05). All experiments were done 3 times in
parallel
E4 Btk R A mINE £ MR
AEAREREERNSESEMEENENTL
Fig.4 The amount of EPC and EPR
in Vibrio parahaemolyticus biofilm after
being treated with AEW for different time

WSS T AEZELE 10 min L P FE PR 14 vl
fif K AL R 284k, 25 R L3R 3 ALFE S min
B, pH H 2. 19 FH i 3] 6. 26, A fL I8 it i Ao
(ORP) FA RCA W EE (ACC) W43 5t 1 179.0
mV 145 mg/L [&{%5] 176.9 mV 18 mg/L, &b
FI10 min B, pH T+ 855 6. 97, 4 k38 S5t i £
(ORP) FIAA RS MR (ACC) T 4357 B A 31 70. 7
mV F12 mg/L,

3 ifig

I BERE I — A~ iy B A Bl 22 A R 0 40
PR fioh 2 1T B8 0 A9 52 o e o 0 B R 7 4
fi i 73 M A 22 W M S M R ) B AR S R
B PO A IR A 2 B
G A D A W R e T 8 2 BB, ANSCRT
DA 14 240 R 114 286 B L A 0 5 JE R T L e 5 A
W RRAE R (R | )3 v LA BEL o 45 R
7R PR R R 3 7 A ) B o A 4 DA T R OK
AR T AL G A B IR AR TR 20 5 A A ok
— B IS AR B

FEXS R L 9 B T B A 0 5 1) Bl 25 o A
AIBIFSE i R B, X A~ i B R EoR] B e 4 4B
Be 2 — BB, 4 BRI (0 ~ 24 h) 5 55 —Bi
Bt LEMB AT 1 (24 ~ 48 h) 555 = BB, 2
Pl st 1) 1G5 (48 ~ 60 h) 5 55 U B B, A 1
TR AR YT (60 ~ 72 h) o AEWIBBIE AT HT 3 Bir
B, WA 205 M o R 1 0o B 5 R I () f) S
KAWL 60 h iF Py 35 (9 ik B R AH . A=)
BERFE AR HE RO, 2 i BRI e A 2R AL, [ I
ShZ B AL M R R B R 9
X TR TR IR 2 R B IR B T AR MR
IS ZR GEIA Y LA B A = ) 7= A 5 DR Y, T 2t
— Rk,

®3 BERRALERAMDINEEYRRAIEPHBELSFESTL
Tab.3 Changes in physicochemical properties of AEW during treatment of

Vibrio parahaemolyticus biofilm for different time

PR AL IR} [E] Treatment time/ min
Physicochemical properties 0 1 2 5 8 10
pH 2.19£0.04* 3.98+0.011" 5.62+0.094° 6.26+0.062 6.64+0.046° 6.97 +0.035"
LAY R B B A
_— ﬁjtj\JIEE{M . 1179 +7.0* 612.6 £5.1%  353.7+£8.16° 176.9+4.78% 106.1+3.65° 70.7 +2.06'
Oxidation reduction potential/mV
Available chlorine 45 £2.73 24 x1.02" 14 £0.6° 8 £0.49" 5+0.37° 2£0.25"

concentration/ ( mg/L)

T Rl — AT AR R TR A B2 (P <0.05) o FrA S 3 UCHAT

Notes: The different letters in the same line implies significant differences (P <0.05). All experiments were done 3 times in parallel

HEAh B T AN RE 451 (410 15,25
F140 C ) @ i oI T £ 0 2% 1 T 180 AE ) B
AT DL S5 RRWI, I eI R 1Y P A il B2 4%
PF R ¥l LUE A i, HAE 37 C AP B
WA PR R 2. 5 R KR E (37

C)HEL, i R AL (40 °C) 254 T HOB BEY)
WO AR, 3 T BEJE e i 5 S 114 40 1 B PR e
R FEHN, Rt — S RAIIE o

PR LA KA DAy — ot 7 R 25, AN (g
KA IAS BN " 38k PO T BRIl A b
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Eradication effect of acidic electrolyzed water on Vibrio parahemolyticus
biofilm formed on fish scale surface

CHAI Xufeng', QI Jiawei', ZHAO Li', LI Huan', DONG Xuri', TAN Ling', WANG Siqi',

LIU Haiquan'*?, PAN Yingjie'**, ZHAO Yong'*”

(1. College of Food Science and Technology, Shanghat Ocean University, Shanghai 201306, China; 2. Laboratory of Quality
& Safety Risk Assessment for Aquatic Product on Storage and Preservation, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China; 3. Shanghai Engineering Research Center of Aquatic Product Processing & Preservation, Shanghat 201306,
China)

Abstract ; The dynamic formation process of Vibrio parahemolyticus biofilm on fish scale was investigated. The
efficacy of acidic electrolyzed water ( AEW ) on biofilm removal was also evaluated. Dynamic formation
process of Vibrio parahemolyticus biofilm at 37 °C was further studied in detail by scanning electron microscope
(SEM) analysis and EPS analysis. SEM images showed that cells accumulated on the surface of fish scales,
grew into a mature biofilm with three-dimensional network structure after a period of growth (12 =60 h) , and
cracks appeared on the surface of biofilm at 72 h. Extracellular polysaccharide ( EPC) and extracellular
protein (EPR) biomass increased to maximum level at 60 h and then decreased with increase of cultivation
time. The biofim formation of Vibrio parahemolyticus on fish scale surface at various temperature (4 °C, 10
C, 15 %C,25%C, 37 C and 40 °C) was assessed by extracellular polymeric substances ( EPS) analysis. The
results indicated that Vibrio parahemolyticus can form biofilm on fish scale at all temperatures. 37 °C was more
conducive to form biofilm. AEW was used to remove biofilm formed on fish scale and it exhibited a strong
ability of biofilm eradication. SEM images confirmed that biofilm became sparse and three-dimensional
network structure was destroyed after being treated with AEW for 5 min. Further, the sequentially 10 min
treatment of AEW achieved up to 64.54% and 61.42% removal of EPC and EPR biomass, respectively.

Key words: biofilm; fish scale; Vibrio parahemolyticus ; acidic electrolyzed water; eradication
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