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A AN AT BT A W R AR AR, 43300 B T IR P AR K 8 75 e A R 3B A % 7 ot A ST TR 1 AR
BOR o BRI BRI FRL AR K R G 7 Y A 3T R I il M DI TR Y AR = D 2. 09 log CFU/mLL, EBUE A %L i
3 1.80 log CFU/mL, i {3 FH# 75 l 4b B, 40 1 Hisi /b T 0. 63 log CFU/mL, 3V 2 3E # % & 4y 0. 05 log CFU/mL
(P<0.05), FIflira st 53 M, v A /K B A A IO Ak TH ) ) i A4 S T 0 200 e 2540 7 R S8 O SRR L 285
A MERR R 12 ( BCA) 7 JL A0 i P9 2 1 it O 226. 596 pg/mL( P <0.05) o #F— 25 (i = 40 M43 43 B 45
BN, SR AL AN TH A0 B S 4/, 0k B ARG . 28 R UTIR AR T IR A K B T g R — A
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P72 HA TR A A BRSCR , 0T 1 A — R B 9 B AR B K e v L P A A K

KER: BIAMTEINE ; BRERARK; BN ARSUR

hESFES: S917.1; TS201.3 MHERFRERD: A

B 77 M5 ( Vibrio parahaemolyticus, VP)
Je— P E A IR BUR I, ) AR TR
BEef, H A A I S 7 R A s R
TER AR DR B S50 1 @ L 1 9 b 75 e
AR i, T 51 R B L I 1 A% T A A
VRPNt 3l MM ED N W/ S I A
FRATE PR A T 7 1, LASE il ) o A T )
A KAV, BAT A+ 0 L E R BT (A S PR 3
o

P& P4 L % 7K (acidic electrolyzed water, AEW )
S FHRRE T A pH R LR TR
DLANE AT RS E | R I 2 R e 4
T o AHACT A p o7 27 TR, 0T ity 54 ity S35 W)
BN g R B AR AR B R T

s HEE: 2019-04-15 &[5 HH#A: 2019-05-19

PR R I s 7Bl AN TR e R = A
o X B82S A TR SRR 7 A AT R B A
(AL (ki e B I T3 A i) -, 8%
M i, SR R AR [y e A W] TR
T IS ET IR SR R B R, o
PR T, 5 R HL Ak KA D — RO 9 4
Jit, 5P A 4G 4, T 3 T P A R R AR
g AR AT AR A RSN R A K
255 R P R R E AR SRR T o 1 7 a4 5
TR R SRR

PR , A5 LA B i 4 9 o s DA T R A
BFFERT G, 230 FURE T IRV H At /K L 7P 30 R
PR 7 45 45 P IR AR T ) i A I BT 1) 3% K
VEH, AR 58— 58 A5 850 T R R BOR

E&TE: ERERRERLS (31671779,31571917) ; H K T AHF &% (2018 YFC160220 ,2018 YFC1602205 ) 5 |- i Rl 244 15 H
(PRBBCF(2016 ) 55 1-1 5, roR BHIES (2017 ) 55 44 5 ) BT 80E & R SRR TR (2017-01-07-00-10-

E00056 ) ; |- ¥ 7 B Z BE T4 (15SG48)

EE® N F W(1993—) , % WL A: 507 ) o B i & 2 R ITFAl . E-mail : 18270238071@ 163. com

BEEE: B 5 ,E-mail:yzhao@ shou. edu. cn

http: //www. shhydxxb. com



4 34 VF O, SF R FL AR IR R P IR A AR I A I 579
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1.1 SEIedhsy

b3 TR Bk < R I I i PR B R VPCL (
Vibrio parahaemolyticus clinicall YTy By T2
T N R B RAEA 2> B8 2], 32 2300
et R L A 7 15 57 2 (Tryptone Soy Broth, TSB) |
JBEEE R R S BRUR B 3R Bk (Tiytic Soy Agar,
TSA) Bt UBR R ER T IR £k I R h i 45 7 Ak
( Thiosulfate citrate bile salts sucrose agar culture
medium, TCBS) \NaCl &£ ¥l 5 Jb 5 il #r R A
FRTTAE 2 7] 5 S50 By HTR 2 2 e e 4. 5236
KRBT IK
1.2 FEMHE5RE

G T A (Sirion 200) , SE[E FEI
3 F 5 OptiMair® T B i 1t TAF & ®
A2 B — g A=W 4H , Esco China /3 &) ; pH/ORP
M5 A & ( model pH 430), 3£ Corning Life
Sciences 23 ] 5 i BE A ORI E AL (RC2Z) , H
7% Kasahara Chemical Instruments 2\ &) 3 #8 75 I 40
UK REAL (Scientz-1ID ) , J* 08T 2 A= W FHL 23w 5
LA K ] 25 A (FW-200) , H A AMANO 23 # 5 it
KM (BD FACSVerse) , & [F BD 23 A5 fry
BB OPL(5804R) , 7 [E Eppendorf 23],
1.3 SL®/HE
131 e fdKmy il e

Z253CHR (10 ] 9075, #40. 10% ) NaCl ¥
W, TE AR KA TP LB S min RAS PR PE L AR K,

43931 pH/ ORP 0 52 ASCRIAT 5 S8 0 5 A, 05 PR

PR AF K pH . S AL 18 R H A7 ( oxidation reduction
potential, ORP) F145 %{ & %, 43 ( available chlorine
W1,

x1 BEERKYELFER
Tab.1 Physicochemical properties of AEW

. Airstream

concentration, ACC)

WALRFE AEW
Physicochemical properties
R pH 3.26 £0.04
AL LA ORP/mV 1122.00 £1.57
A ACC/ (pg/mL) 27.89 +1.89

1.3.2 RikkifEs
I =80 °CpKAF P EBCHS Rl I P 5 B e PR T
Bk VPCL, I AR 2 vk R Rl 7 a1 9T 4 i 22

TCBS Hifgtsaa sk, 37 Cil s g%, PBUR T IE
T 9 mL JHERG K & N7 5575 (TSB,3% NaCl) i
w7837 °C 180 r/min [UFEK I EEFE 10 h, &
2RiEAe 2 E s H.

1.3.3  BUE /AR LR

W15 AL 7 I P ST R T 0
HrELL 10 min (25 °C,3 000 ) , W w44t it
A PRER K PRI B AR B R 9 log CFU/mL,

B AR — Ak 4 41, 3R =
PG R 2 P i 7K 2L R 7 I8t 4 R L A K
G, a5 R IR ZH B AR FER K 40 B TR TR
50.85% NaCl %W 4% 2 mL {R 5 1%5), AEW 4]
HOB RS AEW % 2 mL RS54, 4081 2
min, BRI, E 25 C 2% FIR 4™ 1
Jr AT R, BRI S 0. 85% NaCl ¥
W5 2 mLIRG5),50 W S DR 75 2 min,
HE KA G A4 (A/U) BRI S AEW £ 2
mL JE27,50 W #8740 B 2 min,

B DL A B R T ] mL YR
WMAZ] 9 mL 2 1% (0. 5% NaZS 0, %uo 85%
NaCl) 2 1| R 4 v A K R B f2 . A O.
85% NaCl JEEAT 10 AEB6 BEAR B, HL 100 WL A
AR BRI HEA T T T IR A o RIS I P B £t R
AT A 3 FPAS ] g AR BR300 2 16 A
FEB DL BOEHIR A o YIEOR SR A
SUREN IS @ =R SR = s R
TOMLINS 2545 th e 0 35 b 0 K A IF
SOCH R, FEA R B R R B b Al e i s .
o TSA [RGB (AR MR 97 0% ) AT TG T
B TH AL, TCBS [R5 95 5 ( R PR MG 97 45)
HEAT BRI PR T4
1.3.4  FHHBEMEMEESEL

FHAH B U W 5228 [0 IR R 1 vl
Ff 2L R e Y L R R A 7K 5 5 R P L ) 3 I
PRI IO 45 4

%uii%éﬂﬁw%ﬂz—@élﬁ 8 h Ji5,PBS
MW EVE. 4 30% 50% 70% .90% Fi
100% E’Jﬁvf“a@?— AT M 7K Ak B R B O I
PR, B BERR 10 min, 8 000 r/min B.0> 5 min) ,
FhREVEM 5 42 )5 ,8 000 r/min #5055 min 55 I
W, HIOK SRR R, B A fE B i
WiE T3 b, CEB A TR B
T -80 CUKFE TR 4 h B R TR, B 11
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4, HUBE LB AN A oM s i o
1.3.5  BCA L4740 5 8 it e )

Be il — R 20 W B A6 B R 0,25 .50 ,100 ,250
500,750 F1 1 000 pg/mL [ 4f 1l 385 £ 1 ( BSA) #5
HE AR, TEREAR Y 562 nm AN MR SGIE , 23
Tl EE e bR Lo MRl i 15 Pk [l 05 Oy 7R
Y=9.999 7X +0.082 5(R* =0.999) , %} AEW 41 .
TR P I 2 R K A 2 A L 1) A0 R A F i O AT
FE I E
1.3.6 gt M fSCEdE o b

40 5 1 i 2 (O B AL R T K AL LR
FE BRI FL il 7K 25 5 R 2 R R R R R 1
10° 4~/mL, 57, 80500 L F = v, HERR 24
J5z, P s A MR, T H e 280, 0 s o P
SRR T A A R ke 38 A 5 I 1) S A
(FSC) & 7~ 4l B () A0 XF /N, 48 A 0 5 w1l o
(SSC) 27 4 Jf (A bz B, 00 32 2 50 B) e 00 o %
WAIEM .. KA BD FACSVerse ji 24 B A #5173
BT, AR A 80 (FSC) Rk Aa b, Ul 1] £ 15
(SSC) R AL bR AEIE BT
1.4 HIBERBEESZITHH

SR A5 R 3 W E W {H, ] SPSS
19. 0T BARGE T F 3 Hr kG 3 /K 24 0. 05, 1z
LSD 3 #, UL P <0.05° 22 7 B 5%

2 giR50H

2.1 BRMEMMBKESBEREKA LR A M
MERRERR

1T TSA I TCBS 15 772 et 47 W v 14k, 15
O EGERS AN R ECR . W3 2 PR, 7Rk
HL A A A B2 0 P IR 1 30 R A ik D
T 1.37 log CFU/mL, 3.8 5E 5 45 5 75 5k 0. 61
log CFU/mL, A H)AAL I H (50 W) |, I B4R
WA T 0. 63 log CFU/mL, W 3 5 #3455 & >
0.05 log CFU/mL, i FH i 75 I FMIG ik i it v
fift K (AEW ) 47 4b BEA, 1% B B0 s 17 2.9
log CFU/mL, 3735 58453 £ 1) 1 95 4 1. 80 log
CFU/mL(P <0.05) . Z55 IR, AT IR A
IR SR E P B A B, PR LA K 5 G R I
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AR BLEA BRI R RO o

K2 AEEMELAIE2 min FERIALEMNE
HIZE R E =
Tab.2 Surviving and sublethally injured
V. parahaemolyticus populations after

various treatments for 2 minutes

TS

LELVES T5A/ TeBS/ Injured cells/
Treatment type (log CFU/mL) (log CFU/mL) (log CFU /mL)
Untreated 8.80+0.01* 8.64+0.02* 0.16 £0.02°

AEW 7.43+0.01"  6.82+0.04" 0.61 +0.04"

T - P AT RO T AN R 7 BE R R i 1) 25 5 2 35 (P <0..05)
Notes: The same column of data does not contain the same superscript
lowercase english letters, which indicates significant differences
between each other( P <0.05)
2.2 PAHBESTHRAMERHETL

Hi P& 1 R, S50 R L, R A ik 2K Ak B
ol I L PR TR P 48 T 46 1] 4, 200 6 1) 1) it
VN, R AR A S RE (5 I
1650 Nt N (P e oo N B A T €
fiff KRG e P N Ak B2 r A I I R 20 4G
PRSI F5e o W ., M 7™ R e 4, O b Tl ke A
Wik o A 31 FL B UL 5 B 200 i A 4 i BE R 20
OB 52 3] 7™ IR, A O R R O Y 4 AR
JRROT R AR TR R B R 7 A s
IR () AR SR ™ A ool B R R B9 0 0 23 R
AN, BN S 5y Z BSR40 i 24
ZF AR R RLEE (O , B MO A P> o At B
P02 IR H A 7K ] LA B 205 35 4 A 20 i
AR AT RELEAE P AL B rp W P i /K B 5 o i i A
HEE%[ZI,%] i
2.3 ZREREST BRI

i3 3 Al MR R Fi i K AL BRI, 3 E Bt
IR REZ SN (P <0.05) , 87 Ak 25 25 i
It LA (P >0.05) x4 R 5 SEM JEZ
AR AN E R — B BT AR HAL, R Ak
B A B Y e R A P 5 R v i
AR BRE BE H  EREAHIE (P >0.05) 0 X
— S5 RIRY, WRVE AR K 45 G 7 A B AT 20 1R
I PN ORI T PR L A K A PR
BoX—IEm EERA
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SEM HV: §.0 kV WD: 4.98 mm i

SEM MAG: 20.0 kx View field: 13.8 ym 2 pum
Det: SE

(a) ARabz

Untreated

SEM HV: 5.0 kV WD: 6.31 mm

I

SEM MAG: 20.0 kx View field: 13.8 ym 2 pm
Det: SE Date(m/dly): 08/27/17

Performance in nanospace

(c) 50 WBFE IR A2 nin

Ultrasound power 50 W for 2 min

b 3

MIRA3 TESCAN SEM HV: 5.0 kV

SEM MAG: 20.0 kx View field: 13.8 ym 2 pm

MIRA3 TESCAN SEM HV: 5.0 kV

SEM MAG: 20.0 kx View field: 13.8 ym 2 pm

WD: 6.77 mm

I

Det: SE Date(m/dly): 08/27/17

(b) AEWALFE2 min
AEW for 2 min

Performance in nanospace

WD: 7.04 mm MIRA3 TESCAN

Det: SE Date(m/dly): 08/27/17 Performance in nanospace

(d) AEWEEA50 WABFIhZALH2 min

AEW combined with ultrasound power 50 W for 2 min

1 FREFHAERRIADENENEHMEREER

Fig.1 SEM photographs of V. parahaemolyticus strains after various treatments

£3 AEAEARRMLENEEBMFERL
Tab.3 The leakage of proteins from

V. parahaemolyticus after various treatments

e e on oo RFURRIL
Treatment type 562 rotein concentration/
(pg/mL)
%t BEZH Control 0.142 + 0.003" 126.596 +6.382°
AEW 0.197 = 0.003"  243.617 +6.382"
50 W 0. 145 + 0.002° 132.979 +4.255°
A/U 0.189 + 0.008>  226.596 +17.022"

T R AP RATROE AN R A3 7m i 18] 22 5 B3 (P <0..05)
Notes : The same column of data does not contain the same superseript
lowercase english letters, which indicates significant differences
between each other( P <0.05)

2.4 HFEEVFHFIERRIE

SR P 2 200 SO 25 4 T 26 0 2 e P 1 7
o AR I A0 AR R A, IO S e O
@, @ Y S FSC A SSC, al U i Ak 22
AJe A BT 25 RN A, | 8] 2 RO, il
PSR B0 A1 7R AL bR AR rp S, A R P RS R
i B B2 B AL n] i s R B ok . BV
IPEICER 20 R /NBEAT B A . SR AR B
FHEL , LR 7 2L 200 P Y R B AR A B R . R
ARFRL v AR /DN UL AZ A R X 2R T
R Ak BN b a0 S 20 P 5 4 B O
BRI AN Y S8 FSC 55 SSC 22 57
K.
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Q1 Q2 Q1 Q2
10° 14, 72% 30. 4% 10° r4. 30% 20. 8%
10t 10*
T T :
Q 10%} .- 2 10°}
w2 . w2
102 - 10%}.
10! Q3 10! Q3
L 39. 9% o 42. 8%
10! 102 10? 10* 105 10! 102 10° 10* 105
FSC-A FSC-A
01 Q2 Q1 @
10° }1. 14% 8.97% 10° }0. 760% 6. 24%
10t 10t
¥ i
3 10° 3 10°
w2 w2
102 [~ 102
10t 10'tQa Q3
ot EPRRE 60. 9%
10! 102 10° 10* 105 10! 102 10 10* 105
FSC-A FSC-A

2 mCER R SCAR N B i I 14 ST R B B (FSC/SSC)
Fig.2 Scatter plot of V. parahaemolyticus ( VPC1)by flow cytometer ( FSC/SSC)

3 heEgNE

AT T B I B TR AT A B ACR E
LR E R Rk RO T IR I SYE N
R P T T A i o 1, 9 e i S
P LRI MBS AL FSC 5 SSC AL, R85
TR R A 7K I 5 R P D AR X I P
AR KAE T o AR FARAL BELZH 1 7 #iit 8. 80 log
CFU/mL, FR% FL i K 56 5 8 7 RS B A B B8
&R 6.71 log CFU/mL(P <0.05) , W5 & B
200 TR 200 6 R 3 T RELRES , 400 BT DA o i) 2 A T 2 ([
2) , I R s i 226. 596 we/mL, A7 7E i
FNEZES (P <0.05) , 73 AN U B R A AR & o
RIE DI ILSH FSC 5 SSC R AEHMUE , A%
/N TR EE AR ARG R o TR G A4 R AL BN AT LS
W B LA B ) T s e e oo, i EL ot 2%
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Combination of acidic electrolyzed water with ultrasonic for Killing Vibrio
parahaemolyticus

XU Yu', ZHANG Zhaohuan', ZHAO Li', LIU Haiquan'*>*, PAN Yingjie' ", ZHAO Yong'’*”’

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai

Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghai 201306, China; 3. Laboratory of Quality

& Safety Risk Assessment for Aquatic Product on Storage and Preservation, Ministry of Agriculture and Rural Affairs, Shanghai

201306, China; 4. Engineering Research Center of Food Thermal-Processing Technology, Shanghai Ocean University, Shanghai
201306, China)

Abstract: This study evaluated the bactericidal effects were evaluated against Vibrio parahaemolyticus by
acidic electrolyzed water ( AEW ) combined with ultrasound which is a method different from the traditional
sterilization methods. The effects were compared by viable plate count analysis. The physiological response
was studied by scanning electronic microscopy (SEM) and cell membrane permeability revealed by protein
leakage. Flow cytomeltry analysis revealed changes in the physiological states of V. parahaemolyticus. The
effects of the combination of SAEW and ultrasound on the reductions of V. parahaemolyticus were evaluated in
comparison with acidic electrolyzed water or ultrasound. The results revealed that AEW combined with
ultrasonic showed bacterial reduction in V. parahaemolyticus by 2. 09 log CFU/mL and the sub-lethal bacterial
reduction was 1.80 log CFU/mL, when compared to the reduction of 0. 63 log CFU/mL and the sub-lethal
bacterial reduction of 0. 05 log CFU/mL (P < 0. 05) after ultrasonic treatment only. Scanning electron
microscopy ( SEM) results showed that electrolyzed water combined with ultrasonic treatment had obvious
destructive effect on the cell structure of V. parahaemolyticus. The protein leakage of V. parahaemolyticus
detected by bicinchoninic acid ( BCA) were 226. 596 pg/ml, respectively, and difference was significant
(P<0.05). Flow cytometry analysis showed that the cells became smaller and the change in particle size
increased. In summary, acidic electrolyzed water combined with ultrasound could be more effective in
reducing V. parahaemolyticus, the physiological response changes, protein leakage and changes in the
physiological states, when compared with acidic electrolyzed water or ultrasound alone. The combination of
acidic electrolyzed water and ultrasound could be an new technique to reduce the risk of V. parahaemolyticus.
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