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W= Bl Il E (Mbrio parahaemolyticus, VP)E i F I E # GmFAE, BB RAL T HENER
BRMREEZ —, AREAKZTER TR HAENR AL 2L TR AT EEE L, AFHRXHA
MR R EE . BE . pH, BEE I M AFEA A VP AKEm, D, Pk 6 HEME T
by 45 B 1E I 4 & . % 55 A Design-Expert 2% 1 # i Box Behnken ¥ /0 4 & & Uit = B & = K-Fe N E
SERy, BEATO RLE AT, AR N T (ODsponn)E N A KRASH, ARRHENRERLSH: &
JE N 34.5°C, #HE N 3%, BEJE pH N 8.0, 7k HEah b, # % NaNO;, NH,Cl 2 Na;PO, &t VP 4 K By
YRR, B FERE FHK R=0.9217, KIE % R=0.8211, EJFH#A F=9.16, P=0.004, #* ¥
A AR, TR ENES A EERENA R, BRVASRE . A A At
VP By & KB I E A

KA Bl MmN, £k, BAETF; BHo; WAEERE

FESES $9653 XEFRIRE A XEHS  2095-9869(2019)02-0132-09

Rl 9 (Vibrio parahaemolyticus, VP)FEERIE WP £ Al 22 42 55 A 7 15 A 6 75 5K 07 TR o, X

BR, T IZAFAE Tl IR0 Kty Sy, AT DUJBR Y 22 Fif
Wy, HE e N B 1 32 S G 7
eSS 2 E K )(Bakeraustin et al, 2010;
Bonninjusserand et al, 2017; Ham et al, 2012; Liu et al,
2017; EFRFAE, 2017), TCi & NBFA IR SE ) B A 2

S A2 T A A A A PR 5 BR -4 PB4 7 A0 9
HA EE P L (Young et al, 2015), # = Hl, A
KWFFE O 445 TR R, 40 Johnson 4$(2010.,
2012) N AE A EENESY T 2 B il VP 53
BRERMEEENER, RITCIEIRAKMAE . A Yikis 2
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PRy, HEm5X 2 NMSEER R IEAE; Young
SEQO1S)WESE 1 i i AL K VP 32 il B2 4
FERISE, S5 NN, FE— Y5 R (T R T
IR A, Tk BE Y s me U N B A SR,
Johnson 28 (2010)AHF5Y =B, /KRR ELEERT VP Bt
ROME; IMEREQIS) A, pH. SR, L
A LAV S AR A T AR LUK EE R VP B Z
8 22 02 M B0 5 J7 A2 o0 A 30 3¢ B 48 1 R 5%
TR IEASE; Kaper 55(1979)F1 Rehnstam-Holm 55
(2014)y 52 B K W], oK VP S 5 pH 2 ARG,
WAL, R T K b S SRk S A A P - X I A
AR A B AR i A A (Blackwell et al,
2008) . it (Johnson et al, 2012) . A ¥774 i (Johnson et
al, 2010)3-. 153 2 T # £ 958 (Johnson, 2015), iR
9T 256 TR R0 o007, B OG22, A
REFE T IR HAR ], IRl G245 IE AN HES — Ry F 2L
SR . B, BAERETA LR GRS T A i
ATFENT .

1% T /772 (Response surface methodology, RSM)
BREEMBT RESE S Y, SN TIRES
ARG EAES M (Karami et al, 2016; Kumar et al,
2012; #ERAE, 2017; ¥R, 2017, BRIEE SR,
2017), %7 AT LR s % 52 e A ) i 1 45 L R
F25 R B AH BAE AT oA FA Ak, 38 mT DL S
FE 25 R R LK, 8 SEge kB, iy 2t a],
H T 8k )2 0 T 0k P 85 37 A A b (i i o 4
2017; $I5E, 2017). ABFFERA] RSM BFFEIRE |
B, pH. BERRER . HAUAZ AR VP BRI,
RAF A U AERR M A e R BERY R ERT L PEAS T X
6 P N T 12 G VE SR .

1 MR57E=%
1.1 &%, EMHEEERS

S I P B I 9K B (ACTT17802) K A 5 46 28
TRAF . TR F MR G R (TSB) N 7 5 s BHEE AR )
FARBRAE P24 . NaNO;, NH,CI, Na;PO,. NaCl
A AL 2A 38500 & A b4, Hor, NaNO; fil NH,Cl
Sy b AL T A BRA R =6, A WA T EZ4E
AL 2FAR 50 A BIRON 7] o 408 15 55 28 AR AR
A2 ZQZY-BG BRI 55 54 . AR 5 SR O
JEE (ODgo0 nm)[H R SH TU-1901/TU-1901 #2841 0] IS
A3 BT A AT AR A BRA JDIE . W
PR R RS B A A B A 7 A2 7= 1) PHS-3C %Y
pH H5E R, HERNSZIRTE 10000 S35 o 25 N 5E o

1.2 ELEAZE

BT 55 35 30 TSB, #5286 28 T—80°C vk
A O AR B RN G AR AL I, 30°CHEFE 24 h
DAIVEACTR R, B A AT Y B AP 2R 2] TSB WG 77
Er, R 3 40747, B PEIREEREA T 30°CH
F% 12 h, BERE 1 h BUEE 13K, 600 nm T~ I 2 4% 37 0L
j\JEE(ODGOOnm{E)O

MREE . EREERN pH X VP A= K Y52 I 5256 2 BE X
A EE(2008), 7 75 2 : LAl TSB £ 32 H &I NaCl
E S EAE R, B 1%~10%3E 10 EREE ;
JEEESLER S 10°C ., 20°C, 25°C. 30C., 35°C. 37C,
43°CH 7 ABEIE s SR 1 mol/L ) HC1 #1 NaOH 4+5
TSB Fi IR IR B , i pH 5.00. 6.00, 7.00. 7.50.
8.00, 8.50. 9.00 i1 10.00 4t 8 MEEAE, [h] iR 45 A
RRFR I S B 1 3R, Ar IR SR I OD fE. /AT
SE, Wl s VP AERKMEERRELIER, I
HE RSM 1% Box Behnken HU.ZHAJFM, M
Design-Expert #1701, SR 5 18 AT A i) A
fEAEREASHUESE VP, IHIE RS 18 h J5EERlm)
OD 00 mn TH(ME3)AUESSZ I B AT SE M

BB EL . AR ER A ER X VP By A KM S 56 n
. fE B SEOERE 2351 LL NasPO, . NaNO;
Ml NH,Cl fE RS | AR MRS, 4
MBI EA 0.2%~1%3 9 DEEEER) TSB HiFf . A
JE ¥R IR R TSR 8 h JFIAE VP AR S .
TARUEA S AR RS, WnARRRER U, SIS AT Y B AR
W 3% NaCl,

1.3 HiEahiE

RSM JZidid — R 9N e Y Se g, 250 2 R £
KA B M R R 2 R KK o 8 3 3 b 28 JB 5 i
EACHRWE , SR ORUE 22 351 X pR B RE 5 78 2 BHE R 1 I8
TS B R BRAR S pR B R B e . SRR
Design expert 8.0 HAFHFATERAL I, XHREE . hE
SR 5 VP A B E T RO R R
PG, BRI, e REOR B1H 7 R AL E
FRECRFIWBCABRIN LG AL, 2757 22 ik
E R E X (Karami et al, 2016), {1615 2] /) 3256
FUFER 3R, LIS UERIRL A A M

2 HBRE5HH

2.1 BE. BEMpH X VP £AKHEREFHMN
WE 1A B, HEIREN 10°CRE, VP A -
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2 R %40 &

WATHIT s A5 20°C~35°CIERIN , BRI A1 I,
8 hJ5 VP MR OD fEHHSM N, f s i T k24
1.5; it 35°CHE, OD {HNIA S FRE, 5501 35°CA
FEISR B IR A R T VP A A 1B AT,
TE 1%~3% G, B EREERY3EN, 8 h )5 VP B3R
WA OD [FFSEIN, Bers (T 1.8; SR T 3%

BT, 8 h 5 VP B5FR Y OD i Fifl 2 38 hin i R A% 5
ERBER 10%0), VP WL PARReAER [FFE, mE 1C
AIHT, fE pHS5.0~8.0 JEEIN, HAEMHE AR T VP
A, i pHS.0 J5, MRARE (S OD fHA A
Ko X LGS RFIET A RY4IE (Beuchat et al, 1973; XIS
&, 20084 KL

r . A 20 ——m—1% B r C
16 [~ W10C Temperature | — @ 2%  #hJE Salinity —&—50 pH
—0—20C 18 —&—3% —0—6.0
L . . 20 :
1.4 —w30C - %
| —@-35C 16 ™ ¢ 6%
2 | —4-37C F 7%
“ | 43T 14 ——@— 8%
E 1.0 1.2
5
m 08 1.0
&
R 06 0.8
0.4 06
0.4
0.2
0.2
0
PR I T N AT Y W 0 T . PR I T AN N T B
0 2 4 6 8 10 0 2 6 8 10 12 0 2 4 6 8 10 12
i} 1] Time/h Iitfi] Time/h Fif ] Time/h
K1 OIRE(A). BRI pH(C)X VP KA

Fig.1

22 EE. BEM pH X VP AKZEEAR RSM
THMAREER

MR B R L, RATERE A 1E S EOE
AT =R =K RSM it 5508, HorR 54558
UL 1. FIH Design expert 8.0 St i1 %} 52 46 B P
AT Z It EAE4A, 58] VP 5535 8 h 5 Y ODegoo nm
M5 xQEE) . xiGERE) . x(pH)Z 8] 1 — I 2 5 [ 11
TrFEN

ODg0=—33.01+6.88%,+0.32x+1.40%,—0.01 1 06—

0.07X%1+6.42E-0.03%%—0.40%°—3.6 1 E-003x*—0.16X,”

SHZAEAI AT 220 A W36 2.3 2 a5 R oR i
FF OD A i sz iy [l AL B & (P < 0.01), 1H
SRR 25 AR 143 i35 (P=0.0014 < 0.01), JIFLAIX
AR FRBRMAR N, RAMAG FETEST
B o {ELJR S0 TR Y 4l 22 1 558/ N (MS=0.005), PLE
ZH R=0.9649, IEZEE R=0.9198, FrLILH % IE
P R AN, U5 7 R 2 A AR .

Effects of the temperature (A), salinity (B) and pH (C) on the growth of VP

3 MR R E R IR A . i 3 ]
DIEH, pH B— KRNI VP A KRk 51 ) 2
IKAF-(P<0.05), fH I 3 AR B 1) — Yk RLn X H A K5
i) AN I 3 (P>0.05) ;I B FIER BE 1Y) IR BRI VP 1Y)
A K TR ) B K- (P<0.01); (B | 53 F1 pH
= Z R 38 HAE FE R R A R R I RO 2
(P>0.05),

FIH Design-Expert FFEXTHE 1 B8R 1T =K
Z ot A, B S 20 B U 8] 05 5 4 60 0 10 T R
HAERERILE 2, 8 m 0GR B WESE B AN (1) 58 55
KN, BFUERR 2 AR ERZEAERA R, #HEE %R
7R 2 AN E A H AR B 3% (Karami et al, 2016; XIALHT
&, 2008), HilE 2 A7 UL, i EEFIER BE X OD {H #5200
H2 Bl A A3 KA T Ja AR, BT AT AR 3] —
AMAE A SRR BT EY, KR . FHEL
HAERX VP A K i . FIH] Design-Expert
B R AR 5 75 AR BE ) OD B — ik 2 35X
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BOF R S AR, 7550 pH A 8.00 I, IR RNk BE
B L S0 2544 )k 34.5°C I 3%,

F1 BE. BE. pHIINEMMAREESXREER
Tab.1 Experimental results and RSM scheme of
temperature, salinity and pH

e i i
No Temperature ('C)  Salinity ODs00 am
1 8.00 33.50 3.00 1.50
2 7.50 33.50 2.00 1.22
3 8.00 33.50 3.00 1.50
4 8.00 33.50 3.00 1.50
5 8.50 33.00 3.00 1.20
6 8.00 33.50 3.00 1.51
7 8.00 33.50 3.00 1.52
8 8.00 37.00 4.00 1.40
9 7.50 37.00 3.00 1.56
10 7.50 33.50 4.00 1.40
11 8.50 33.50 4.00 1.18
12 8.00 30.00 2.00 1.23
13 8.50 33.50 2.00 1.14
14 8.00 30.00 4.00 1.25
15 7.50 30.00 3.00 1.45
16 8.00 37.00 2.00 1.29
17 8.50 37.00 3.00 1.23

%x2 IRE. HEM pH M VP ERIERMEYIIER S = 54
Tab.2 Analysis of variance for effects of temperature,
salinity and pH on the growth of VP

Wi H Rl " ¥y Fi P{H
Item Sum of Mean F value P value
square square
F Model 0.320 0.036 21.4 0.003

Sl Lack of fit  0.011 3.808 47.6 0.001
afiiR 7% Pure error  3.200 0.005
S Total 0.330 16

e P B R=0.9649, KIE &% R=0.9198
Note: R*=0.9649, Adj. R*=0.9198

9
5% 2% Residual 0.012 7 1.678
3
4

2.3 FEERER. FHEFMEEX VP EKHER TN

Ve AU BIREE . EhBEFN pH 24, LM k2R
VT W ER AR R M X VP AR 5 T 52
WK 3A s, MR 0.2%)5 , J 3R NasPO,
5 OD {2 WA TARE, 2 HAE = 0.6% M JL-F- I
il 7 VP A B 3B SR TEMA 0.2%~0.4% NaNO;

3 EE. TEMpH @ITAHEREEZ AN
Tab.3  The significance test for coefficients of established
regression equation for temperature, salinity and pH

g R 9S%CL IR OS%CL B b4
Item Coefﬁment Standard 93%Cl 95%CI P value
estimate low high
Intercept  1.510 0.018 1.460 1.550
pH —0.110 0.014 -0.140  -0.076 0.0001
TR 0.044 0.014 9.505 0.078 0.0094
S heg 0.044 0.014 9.505 0.078 0.0194
pHXT —0.020 0.020  —0.068 0.028 0.3613
pHxS —-0.035 0.020 -0.083 0.013 0.1312
T=S 0.022 0.020 —0.026 0.071 0.3083
pH? —0.100 0.020 -0.150  —-0.055 0.0014
T —0.044 0.020 —0.091 2.953 0.0022
s? —0.170 0.020 -0.220 -0.120  <0.0001

B, OD {BRE % 5% 5 o] A 3SR 3 R (12 h JE L),
{HJE A MR BEFE 0.6%~1%3E [l T, OD {E K | B
WEAE, R BT, hE 3C nra, 2l
T NaNO; X VP AERK By, 7E 0.2%~1%7EE P,
FE R P NHCUHR BE A9 34 5 OD B384 398 . 52 BH I8 1)
T, BARIMEN 1% 8 AR ZE THERIH VP 1)
AR, HEMT, FIVREER NasPO, JIHI/E B 5k T
THRREL AEEL ; NaNO; Al NH,Cl 3/ Fi %A 1
25,

2.4 BERE: MHEMEEX VPEKIZEERMRSM
DHAFREER

M4 B T 25 21, FRATER A S S E0E
AT =& = KF RSM 5325, HorR 54500
WL 4, FIH Design expert 8.0 Zti 4R 52 56 4
AT Z e mAEE, 155 x3(NasPO,) . x4(NaNOs) .
xs(NH,CI)H BZAE &, LI VP 153% 8 h J5 A ODgoo nm 1H.
R HAR R a2 W R H RN
ODg00 nm=1.26-2.01-003%7.85%,—0.03xX,—0.09%;—1.96—

0.04%,Xs2.32—0.04%,X;+3.075-0.04xX3X5—1.47—0.04 %
X2 —1.12-005xx5>+2.42-0.03 %X,

XS BRI T Z oA HlA, 2% 5 h NasPO,,
NaNO; Fl NH,C1 Xf VP A= K520 (14 [l A 53 A % o
MR 5 AT, AR 3 (P<0.01), KILIRZEAN R
F(P>0.01), F H.[FIH 5 R B HE R E R=0.9217, 1
ERE R=0.8211, ik Sb4k Hi5 uf ] )4 15U ik fig B
92.17% ODgoo nm WINAEFYAZE . [BIHAEHY F=9.16,
P=0.004 <0.01, i8] NasPO,. NaNO; il NH,Cl *f
VP A K52 e AR R AT R0 . AT LR BRI
(] DA AR Sk o B R T R &y L A R N A R I A R
KBy
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Fig.2 Response surface plots and contour plots of the temperature & salinity (A), pH & salinity
(B) and pH & temperature (C) and their mutual interactions on the growth of VP

X L[ R Ty 25 7 B AT I R (3R 6),
— W7 FEH NasPO,. NaNO; Hl NH,Cl %} VP 24 K i1
o HA BRI PE(P<0.01), =FZEIHITIERH
AHELZ00 25 R X 1% A K B S I A 135 (P>0.05), H
A NazPO, 1) IR 5 2 2. 3 (P<0.05)

FIH] Design-Expert #AEXF R 4 (98HR#E1T —1K
Z e E LA, B 2R U 8] 05 75 T B o 0 T K
HAFELILAE 4, K 4 775, 183 VP BEEAY ODgoo m
{HRE# Na;PO,. NaNO; fll NH,Cl H{E & —Fhiy ik
JEE iy Y ARG, R BERR AR | A EURN 2 kT
R AR 25 5 45 v 2T R (B U W

fREL | A Z AN VP A K52 R JC B i i A2k
BN (P>0.05).,

3 g

MR EREE . pH MOEFRERSFE Z AL X VP
() A AR ELA AN R AR BE 2 , XL T RS R
BT MMIRAT R ESRGE KR SHEA A, Hi,
MEEE . R pH =R FRI/ER A 20 tHha 70 4E4R
A3 T Rl B B AL (Beuchat et al, 1973; Young
et al, 2015), R T43#7, Beuchat Z5(1973)HF
S5 TR . EREEA pH XF VP AEAE S5 1R IE AR
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0
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Fig.3 Effects of the Na;PO, (A), NaNO; (B) and NH4CI (C) on the growth of VP
%4 NaPO,. NaNO; 1 NH,Cl IR E 25 RS KWER % 5 NazPO,. NaNO;#1 NH,CI 34 &% M3
Tab.4 Experimental results and RSM scheme of HEKBFRAMEFAERFTESR
Na3;PO,4, NaNOj; and NH,Cl Tab.5 Analysis of variance for effects of NazPOy,
NaNO W NH,CIVREE  NasPO, 1 NaNOj; and NH4CI on the growth of VP
J¥%5  Concentration of Concentration of Concentration ODgo i H SR ¥y FE PE
No NaNO; NH,CI of Na;PO, Item Sum of square Mean square F value P value
(gL) (gL) (gL) 157 Model 1.750 9 0.190 92 0.004
! 0.00 1.00 0.30 0.140 B2 Residual 0150 7 0.021
2 0.00 0.50 0.00 0.582 Hedpl
3 0.50 1.00 0.60 0.096 Lack of fit 0.130 3 0.042 73 0.042
JifiT 5
4 0.50 0.50 0.30 0.127 ARz 0023 4 5750
5 1.00 0.50 0.60 0.084 Pure error
6 0.00 0.50 0.30 0.261 Total 1900 16
7 1.00 1.00 0.30 0.109 Sf B Rszf;ﬁ(ﬁ-%é] : gﬁ?iﬁz R=0.8211
8 0.50 1.00 0.00 0.572 ote: R=0.9217, Ad). R=0.
9 0.50 0.00 0.00 0.450 %6 Na;PO,NaNO; #1 NH,CI [E}3 FREAHEEMHEEN
Tab.6 The significance test for coefficients of established
10 050 0.50 030 0.136 regression equation for Na3;PO,, NaNO;z and NH,4Cl
11 1.00 0.50 0.00 0.536
EX o 95%CI &=
12 1.00 0.50 0.60 0.076 it H W"@‘fﬁ PRE 95%CI % 0 M P
I Coefficient Standard 95%CT 1 95%CI P val
13 0.50 0.50 0.30 0.132 tem estimate > ranoard 95%Cllow -y on value
14 0.50 0.00 0.60 0.093 Intercept 0.350 0.065 0.200 0.500
15 0.00 0.00 0.30 0.102 A-NaNO, -0.190 0.052 -0.310 —0.068 0.0077
16 0.50 0.50 0.30 0.113 B-NH,Cl -0.180 0.052 -0.300 -0.061 0.0093
C-Na;PO; —0.330 0.052 -0.460 -0.210  0.0003
17 1.00 0.00 0.30 0.101 AB 0079 0073 0250  0.094 03172
AC 0.047 0.073 -0.130 0.220  0.5438
MR ; Randa S5(2004)W5C T IR EE R BEXPINEERY BT oo ol e
SN 125 B RE MR, AR SEER A3 73X 3 A -1 B? _4:500 0:071 _0:170 0:160 0:9513
R FEEAE, B RSM @ TEZHELZ S c 0240 0071 0074 0410 0.0113
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Fig.4 Response surface plots and contour plots of Na;PO,&NH,Cl1 (A), Na;PO4&NaNO;
(B) and NaNO;3;&NH,C1 (C) and their mutual interactions on the growth of VP

TERF VP A RKAHY 3045 Tz W i iR 2 S 4L
HAHESHTAME & BRI, A, R BHEBR P g
AHR=0.9649, K IE R E R°=0.9198, PRy AL
IS T RSM 4Bl Sk o 382 F 15 s b i A AT
S, RSM s KL AR SEm R B . RGO
i, ATRLA % A R Z R BEAEA, HAERE 8T
R B S g0 25 SR R i, NI BEAS BT 2 ()
Sy {22 (B () 56 R (FR 2R 45, 2017). BHIL, By
A BT AT B b B Ao R RN PR DR AR R X
VP A 258 128 K I RZ ]

BIREL, WEERREL . A RE AN VP A KA
W B B B2 (Bjk et al, 2017; Criminger et al,

2007; Oliver et al, 1983). HT PO REE & M &8
PR 7, HLFR A A0 M B i e e P DA B iF 22 40 i 1 34
sEVE, PR A A B AR 4 (Mccarter et al, 1987; FF
SFAEEE, 2015). AAS S5 EWIRN AL FIEIR, ¥
M) 240 AR RE - B 1 038 e (R AE, 2011) . H i HE R
() BF 98 & A P 7E £ 0F 2 R o0 £ Rtk
(Hermenegildo et al, 2000)5 5 EHLIA A 7 (Ching
etal, 2009; JFAFAESE 2015)%5 07 1H . HUOR 2 B UK
o 0 B R ARERS /D (Zhang et al, 2014), {HH G20 1Y
AR HEH B artt A 068 . BT ERT VP A K
W AR BPEAA I ARSLE, FER P R I
fili R RSM X855 72 B v (978 3R - VP A Ktk AT
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AR ORI L3I I 1 0 139

IyME, BSLT NasPO,. NaNO; fil NH,Cl & 848 fk it
ODyoo nm TH A Z R BN 7 FRALRY o 38 53 (] S AR 7 2
SRR, BERRER . HARE AN VP A KRR
WEAAEIR) . XSS AR A s A T ERE T R AR
i (Bjk et al, 2017; Mccarter et al, 1987), i< i
RIS R 2 I B BT T 1, BERR ER . Al A Az &
Z 8]0 22 BAE 52 i AN B I
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Abstract

Vibrio parahaemolyticus (VP), which is ubiquitous in the marine environment, is one of the

key foodborne pathogens affecting humans. It is thus of great significance for both scientific research and
public safety that we understand how and what environmental factors affect its growth. To determine the
functional relationship between a combination of environmental factors and VP growth, in this study the
effects of temperature, salinity, pH, phosphate, nitrate, and ammonium on the growth of this kind of
bacteria were investigated using response surface methodology (RSM). First, a Box-Behnken design was
used to optimize the three critical internal factors of temperature, salinity and pH for this species, using
optical density (ODgoo nm) @s a marker for the growth of VP. It was found that for these factors, the
optimum parameters were 34.5°C, 3%, and 8.0, respectively. Based on these results, the combined effects
of phosphate, nitrate, and ammonium on the growth of VP were then further studied with the same method
to develop a response model. The coefficient of determination (R?) of the model equation was 0.9217,
while the correction coefficient (R?) was 0.8211. The regression model had an F-value of 9.16, and was
thus statistically significant (P=0.004). These results indicated that the model proposed herein had
satisfactory accuracy. Results obtained from verified testing were also in good agreement with those
obtained with the model. Clearly, phosphate, nitrate, and ammonium all exhibited negative effects on the
growth of VP. These outcomes are beneficial to the culture of VP, and even to the establishment of early
warning systems for marine environments and seafood safety.
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