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Killing effects on combined treatment of citric acid and temperature

for Vibrio parahaemolyticus on marine fish
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ABSTRACT : The decontamination method of Vibrio parahaemolyticus was studied using response surface method (RSM).

The temperature, time and pH value were selected as the single factor in the experiment. Based on the analysis of significance

and interaction among different factors, the optimal condition of decontamination method was obtained as follows: temperature

was 55.5°C, tims was 25s , and pH=4. 96. The predicted value and measured value of death rate of Vibrio parahaemolyticus

in salmon was 97.36% and 97. 07%, respectively. However, there was no difference in the activity of Ca’"-ATPase in fish

protein before and after treatment.
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TG B 9% 2 TCBS W A b M A il A IR A Al
LBS Wk 35 75 5% .8 B 7 5 B 3R A W C 0. 1 mol/L KCl+
0.0lmol/L NaCO; + 0. 04 mol/L NaHCO; ). 50 mmol/L
CaCl, .4 M KCl ¥y iy 7 5230 % H i H w0 X S 40 i
1.2 i
.21 BEWH % B RIMD2210663, ATCC33847,
ATCC17802.Vp098 . Vp343,Vp012 ff) TCBS #L7 ¥ B 7% &
LBS $:3:Wi,37 °C 180 r/min, 3 IR REFE. 4> Mg E 10
pL SR RE IR & B LBS ¥ 3R, 37 *C, 180 r/min, #R %
Fig% 4~5 h, WS R AR 9 ODso, {8 318 ODgoo 2 0. 8 2
. ¥ 4R A RIMD2210663, ATCC33847, ATCC17802,
Vp098 \Vp343.Vp012 i 6 F 5k , il R & W AWM .
1.2.2 Vp FET-RME  FICE O B W A% 43 3 W AL 28
HIJS BV 100 pL IR RER SR TE A& 900 pl PBS [ G B
1.5 mL .0 48 b Qi B WA S0 Sk 20 o R 22 fih B A B T
D IRFEE IR A5 B 1+ 100 BOKE R AT W, AR 35 X
BT TS Y RO A A T 4% R R AR AR U B T i 3 3 & 5
s BERE SR AW . BEHL 2~ 3 /N I B RGO R R AR R
FEHERD 3 AT TCBS L, 45 L 100 pL. 356 U 3 7% S0 A
20 CFU-300 CFU Z [a] f-F-A 43 50 1 B4l b s 30 ) e 7
IRl Vp BT MR Ry AR,

R A,
et v — ST B9 — b P BROR

Ab FHRIT T Y 5K
L2 3 R LISET R AR, 43 BIxE pH R | B
]/ B DR 2 . IR 100 pL IR AW T 1.5 mL 7,12
000 r/min &[> 8 min, B & ,7E 45 °C .50 °C .55 °C .60 C .65
CKBPAF, 35T 5 s.25 .45 s.65 s.85 s BURHE AT 4
BMFET %, ARSI H 100 L YR A W 250 U0TE » H
PBS H &, i B, I iR, 37 CL 15 5F 24 b, iHE0US 2 Ak BT B
VB, HoAy I pH2. 5. pH3. 5, pH4 ,pH4. 5. pH5 745
BR VAR T &, 7F 55 CoKIFH AL 15 s, M B Ik A . 37°C L %
F 24 h I BGIFRAE TR,

1.2.4 o R T VA DG AL IR B pHORTE ] 7 B PR 2 i
fil I, AR $% Box- Benhnken [ H .0 24 & 52 86 B2 F, LA L B .
pH . BR] 3 AN KRy B A% S, T8 R 48 12 3 Jy i 7 {8, >R 1 il
L TR 3 TR e = 2 =K Bt A B A MR AT AR, LA3R
BERKRIET R, KK ESKERITWR 1 Fox, RiEx
1,Box- Benhnken {4 [ 2h 4: i 17 Frdl & 5. a0k 2 BF
TN o FIAN AR — T 2 A W B 41 IR A T B 4 100 L, —
HE R0 PBS B W BRI AL 37 CHEFR 24 hoiFHG 3R
AL PIET A AR ) — 4IRS T 1 mL pHS. 5 R VA W
1,60 CARWALEE 15 s, 2R J5 & 0> . PBS T &, B B v #ii » 37
CHE% 24 ho iHE RIS AL BSR40 LU RZE T % . HE
16 Bl G AR 4 B4R & (B0 IR) 1.

1.2.5 IRiR&MWIIE ARG 17 Fhdl & 00X 50 800 , Foek
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Tab.1 Factors and their coding levels in response surface a-

nalysis
Level
Factor Coding
—1 0 1
Temperature/C A 50 55 60
Time/s B 5 15 25
pH C 4.5 5 5.5

Kol Vip 1) #5515 00

1.2.5.2 ANT5% W6 Huft WA AR IS B TR A TR
TR 10~ 15 min, A8 7 B 20 58 BB b (B9 1
) Ho 3 RSO FR 4 i PBS, 5547 L8R BRI A T TCBS
Ma,37 CHEFE 24 h 5 iH40. HAy 3 ASAL 2140 , in pHA4. 96
FERERR W, 7F 55.5 C AT A3 25 s J& . 9650 . B B ik AR
F TCBS ¥4k ,37 CHi % 24 h 54K,

1.2.6 2R (A M E

1.2.6.1 WURAERAMEIE b 73— P WL &
it 0 2R RGP S R, S 2ok A AT i B = S ) 2
g KW, — 1 8oe B4, — {3 ] pH4. 96,55.5 °C,25 s 4b
LB AR AE TR I B TR AR E R R 5~ 10
min, BCHBFEE, 76 GROK I SIS S A 20 mL T Y &
B ORI RV B 15 min, SR 10 fF VKUK AR B,
AJFCFE 4 000 r/ min B EOHLPE L 10 min, 375 FVE
BUBVIIEY) . FERBEESR B O 3 Ik, e Ja 15 21 B9 LIS 2F 4k
YUREY I Tris-HCL ZZnlii (pH7. 0) %54, RFERE
100 mL, Jr 45 (4 UL £F 4 B o i Ca® - ATPase 7% $4l
5E

1.2.6.2 Ca® -ATPase WM 2 #ERE P A 20
mmol/L TrissHCI 2. 5 mL.50 mmol/L CaCl, 1.0 mL.4 M
KCl 1.0 mL.6.67 mmol/L dATP 1.5 mL #1 4. 0 mL JJLJ& £
HeE R BN 1.0 mL15% [ = (S e 2¢ 1k )X M .
FHARBR B =76 314 nm P K I 52 B & &

2 & B

2.1 BEHEFERBLR 45 °C.50 C .55 C.60
C .65 CHBE S T4 TIREXT Vp JET-F M5
me CPE] 1a)  BET 2 B T2 1) T /8 i 4 K, 45 °C & 50
CHET-F e, FFF T3 13%,55 C & 60 °C
TR, BT T 5%, MR E KT 60 CHLBE
ToRE I 100%, 28 (b AN 3 . 45 SE PR A 7= R
FHA B0 38 B4 LB BB A sk 50 °C ~60 °C,

7 pH2.5.pH3. 5. pH4 . pH4. 5. pH5. 5 &4 F
M T pH X Vp RT3 A2 (& 1b) , Vp FET- %
B pH I RN FEAR . Vp 76 pH2. 5 MR IR I W
LT RIE 1002, 2 pH £ 5.5 B AET- R AR T ik
5% X UL Vp £ —E W R AE 1. 5 & 5 K
MR B B A pH JE R E A 4. 5~5.5,
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Fig.1 Single factor experiment

Note: (a), (b), and (¢) show the effects of single factor temperature, pH and time, respectively, on the death of Vp.
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Tab.2 Experimental design and results for response surface

25 s P9 IETTRAVHAN T 1% .76 25 s & 45 s JE T analysis
AN T AL 49665 s JRIETHBRIE 100% . T 17 No. A B C 00
VO£ S 15 SR Rl 0 7 A 0 YT ) i S s : : ’ : 0T
—25 s, 2 0 0 0 96. 99
3 0 1 —1 95.79
2.2 WIS VXTI A R £ 4 o
2.2.1 BRI K E MR i 1 . e
FRA 561 26 0 0 45 1+ LUELFE CAD LB ] () S . . . o s
pH(O BB &, LASE T (y) Sy w8, 43 B 7 7 0 -1 1 94. 88
RBTIEARIGER 2. 8 0 -1 —1 95. 56
TR Z W] B )y FE R 9 0 1 1 95.03
y=97.23+0.21A+0.14B—0.30C—0. 088AB 10 0 0 0 97.26
+0. 040AC— 0. 020AC — 0. 020BC — 0. 56A A\ 2 — 1 0 0 0 97.29
0.028BA2—1.89C A\ 2 12 ! o 0 96. 02
. o o 13 —1 0 —1 94. 98
X IZAE AL E AT T7 22 00 M 25 R WL 3R 3 AR R 4L " . 0 . 01 13
WEEERR LR 4 . BRI ATLIE N P<<0.000 1, . ) ) 0 97. 09
Wl A A Ty R AN ] b 3 ] 1) 22 S s AR AU P = 16 0 0 0 97. 3
0.1262>>0. 05, A i 3 5 #8570 (1 4% 1E D 2 7R 4L R 17 —1 1 0 96.57
=96. 7300 . UL B IZ AR AL RE AR BE 29 96. 73 06 M 17 L B4
x3 HPABEBRFESN
Tab.3 Variance analysis of regression equation
Variance sources Sum of squares Degree of freedom Mean square F Value P Value
Model 18.17 9 2.02 53.67 <C0. 0001
Lack of fit 0.19 3 0. 064 3.55 0.1262
Error 0.072 4 0.018
Total 18. 44 16

R=99.28% ;R*=98.57% ;R*9=096.73%

AR A R S 3. 27 V0 AN RE JH IR B A B L AH O
FHECR=99. 2800 UL LB AU SRR L R AP, &K 4
(] 0 77 s AR R R A 3 T R AR — IR I A (P <<

0.05) ., C(P<C0.05) .3 ; WKW A* . C B &; % H
T TR
2.2.2 wp g oA K tide B BAREE RARH LT
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Tab. 4 Significance test for regression coefficients

Coefficient Standard

Model F value P value
estimates  deviation
A 0.21 0. 069 9.72 0.016 9
B 0.14 0.069 4,24 0.078 4
C —0.30 0.069 18.82 0.003 4
AB —0.088 0.097 0.81 0.396 9
AC 0. 040 0.097 0.17 0.692 4
BC —0.020 0.097 0.043 0.842 5
A2 —0.56 0.095 34.82 0. 000 6
B2 —0.028 0.095 0.086 0.777 6
C2 —1.89 0.095 397.77 <0.000 1
-
¢
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L pH EXF Vp JET- g m i KRR, L Ll pH
JehEE., W LLE W BE A R W TR pH R R
iK% T2 W & W It = . R A pH 4 0 A
53.5 °C~60 CHl 4. 75~5. 25 W30 Fl BT, FE TR
B K. AR TH R4 R A A 55,5 C .25
s pH4. 96, BRI UM FET- R K 97. 36 % .

2.3 ‘LA MREIE

2.3.1 Vp BET-FR ATi5Y =30, BRI Fm =
AL B, R AT R, M LI 3 AT LLE L 70
°C,25 s AbHLJSAET R A F] 76. 09% . pHA4. 6,5 s 4b
IS AET- R ILF] 94. 1% .1 55.5 °C.25 s 5 pH4.
96 BEA AL RIS FET- K F 97. 07 % . X UL BH pH Al
R R IA VR R T E AT Sl b BRI

Fig. 2 Response surface and contour plots for the effect of cross-interaction among two factors on death rate of Vibrio parahaemo-
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Fig.3 Death rate of Vp on salmon
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S3fE ATP Jie BT i R AL v i I v 23 7 | R IR
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I,55.5 C.pH4. 96.25 s &b P )5 Ca*"-ATPase %
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Ca® -ATPase 1 M B F MK, XM 55. 5 C,
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Fig. 4 Ca*"-ATPase activity of salmon
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ShEREE U)W ATP A i 1) 9 12 Jk 141 7= 4= ADP #I
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Pase {1 . JOHLRE 7 5 0000 e >R FH BN A4H R 24 12 .

TATWFFE LB, 70 CALHE 25 s B}, Vp JET- Rk
F| 76. 09% (FEAL T 0.59 —0. 67 ANE %), 1M
55.5°C .pH4. 96 Ab¥ 25 s, Vp FET- %Kik F] 97. 73%
(BEAR T 1.34—1.92 MY . Castillo 48 AHiiE
i Y B 2 95 KR A5 SR B AN R L T R L B A T
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