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ABSTRACT: Objective To study the growth heterogeneity of different serotypes of Vibrio parahaemolyticus (VP)
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under different culture conditions, and to establish growth prediction models for epidemic strains (03:K6, 010:K4).
Methods Seventeen VP strains of different serotypes were selected as the research objects, and different culture
conditions were set, including salinity (0.5%-10.0%), pH (3.0-11.0) and temperature (16-50 °C). The modified
Gompertz model was used to establish the primary growth model. The optimal growth range was determined by
comparing the maximum OD value (Yy.), the Lag time (1) and maximum specific growth rate (up.c). The
second-order response surface growth model was established by Design-Expert 13 software. Results There was
growth heterogeneity among VP strains. The coefficient of variation for differences in growth parameters i, and
Yinax between VP strains at salinity levels of 1.0%-3.0%, pH of 7.0-9.0, and temperatures of 20-40 °C was lower than
that under other culture conditions. The growth ability of the epidemic strains (serotype O3:K6, 010:K4) was
significantly greater than that of other serotypes when the salinity was 7.0%, the pH was 10.0, and the temperature
was 16 °C, with a statistically significant difference (P<0.05). The determination coefficients of the first-order growth
models fitted under different salinity and temperature were greater than 0.98, and the correlation coefficients under
different pH were greater than 0.9. The second-order response surface growth model was significant (P<0.05), and
the determination coefficient was greater than 0.94. Conclusion There is growth heterogeneity among VP strains,
but in certain extreme conditions, there are more obvious growth differences between different serotypes. The
modified Gompertz model and the second-order response surface growth model can be used to analyze and predict

the growth of VP under different experimental conditions, which can provide reliable and safe prediction for the

growth trend of VP.
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Table 1 ptpmax values of VP under different salinities
i3 0.5% 1.0% 2.0% 3.0% 4.0% 5.0% 6.0% 7.0% 8.0%  9.0% 10.0%
VP01 2.20 0.64 0.64 0.44 - - - - - - -
VP02 - 0.56 0.72 - - - - - - - -
VP03 - 0.76 0.98 - - - - - - - -
VP04 0.51 0.49 0.55 0.49 0.47 - - - - - -
VP05 0.53 0.57 0.76 0.48 0.56 - - - - - -
VP06 - 0.61 0.64 0.51 - - - - - - -
VP07 - 0.65 0.78 0.62 0.97 - - - - - -
VP08 1.63 0.73 0.69 0.50 - - - - - - -
VP09 0.43 0.52 0.77 0.61 0.42 0.44 0.54 0.46 - - -
VP10 1.04 0.70 0.77 0.81 0.38 0.70 0.66 - - - -
VP11 0.64 0.68 0.98 1.11 - - - - - . -
VP12 0.68 0.54 0.83 0.79 - - - - - - -
VP13 0.95 0.73 0.87 0.72 - - - - - - -
VP14 - 0.69 0.84 0.65 - - - - - - -
VP15 0.38 0.57 0.74 0.40 0.46 - - - - - -
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Fig.1 Curves of VP average growth parameters and coefficient of variation under different salinity
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Fig.2 Growth parameters of different serotypes of VP under different salinity
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J4(0.83+£0.12) . (0.50+£0.01), (0.71£0.07). (0.39+0.07).
(0.13£0.06) (ODgoo*h™); Ymax 1E 43 B 4 (0.73£0.08) .
(2.4040.04), (2.03£0.15). (1.38+0.23), (0.45+0.20); A {E 4}
R (7.34£0.47) . (4.33£0.29). (4.75£0.27). (6.16£0.39),
(6.76+0.60) h(F 3). 24 pH KT 7.0, BEE BRHRE (3G, B

PRI o~ Yimax BN, 2 BB, RIS BARE ttmax F1 Vinas
W) CV B WG, 1 Rl — MR 0 454 R ARkl 4 1 CV
YN E 3), HIARFSE T pH 7.0~9.0 2y VP HYRaE A
KX (8], VP A (4 PR EE PR 5T 18 Fe il AF K R BRE 2% (i,
PR Z ] iy 1 Yiax WA RBOBK . IR THE(ILTE
RS 03:K6. O10:K4)FNHA LI 7Y & A AEA [ R T
WA KSR T BESE T B &M 22 R0 6 pH N 9.0 B
03:K6 Htk Yo KT O10:K4 Hitk, fE7E D ETEXE S
(P<0.05); 7€ pH A 10.0 FHRATHE(MIE %N 03:K6.,010:K4)
Yomax TER T A MIE BRI R BE, F77E 1 25 57(P<0.05); H:
AT 27 B2 (P>0.05)(E 4),

R2 TEBEREET VP B g (&
Table 2y values of VP under different pH

L7 pH 3.0 pH 4.0 pH 5.0 pH 6.0 pH 7.0 pH 8.0 pH 9.0 pH 10.0 pH 11.0
VP01 - - - 0.95 0.48 0.93 0.60 0.48 -
VP02 - - - 1.57 0.49 0.90 0.53 - -
VP03 - - - 1.23 0.49 0.73 0.52 - -
VP04 - - - 0.24 0.44 0.54 0.52 0.52 -
VP05 - - - 0.27 0.50 0.53 0.48 - -
VP06 - - - 1.33 0.50 0.81 0.62 0.48 -
VP07 - - - 0.87 0.58 - - - -
VP08 - - - 0.91 0.45 0.97 - - -
VP09 - - - 0.61 0.45 0.55 0.46 - -
VP10 - - - 1.27 0.48 0.99 0.66 - -
VP11 - - - 1.22 0.56 0.98 - - -
VP12 - - - 0.31 0.57 0.60 0.40 - -
VP13 - - - - 0.54 0.69 0.48 - -
VP14 - - - 0.67 0.51 0.54 - - -
VP15 - - - 1.02 0.49 1.01 0.60 0.44 -
A L4 4.0 c 10 4.0
12+ 3.5 3.5
Z 10} 3.0 81 30
*s 08} 2.5 & 6| 2.5 X
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Fig.3 Curves of VP average growth parameters and coefficient of variation under different pH
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Fig.4 Growth parameters of different serotypes of VP under different pH
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2. 7E 50 °CHEEH VP BHRR B B A K, # 45 °CHE
A VP08, VP09, VP10, VP11, VP13 B K(F 3),
TRHE 16~45 CCINREFRAMET, VP BHRRIN pmex 53510
(0.52+0.02) . (0.670.02) , (0.74+0.03) , (0.59+0.07) . (0.16:£0.06)
(ODgoo*h™");  Yinax fH 43 51 4 (1.4120.16) | (2.60+0.04) .

(2.53£0.03). (1.73£0.14). (0.22+0.08); A {843 H1°4(15.73£0.58) ,
(7.80£1.00). (6.24+0.42), (5.26£0.25), (13.51£0.91) h( 5).

MR R T 30 °C, AT RIFHEL IR fhnax« Yinax B HT
N, 4 DN 40 CCHFIRTZITIE R, TR fmax F1 Yinax (11 CV {H LB HT
B, MIREERT 30 °C, MEEWREEMIREAR, TR fune BT
WD, Yax N 20 CCHIRB/N, A BETHER, TR fimax 1 Vi
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1 CV ARG K, T F— R A0 T BRI A 9 CV (R4
N 5) e ARG IR 20~40 °CH VP Afid A K IX
(6], VP A et B PR35 i i A AT B A R, PRk
] s F Yina FO78 57 RBGEK . GETH AT PR (I T L R
03:K6. O10:K4)FH A i 575 B HRAEA R T K S
B BE S T R 25 T FEIRE R 16 °CHERATHE
(IMFHIN 03:K6., O10:K4) Yy (E KT oA 1375 HY B 1k,
03:K6 B Vinax [H/N T O10:K4 FH#E, 03:K6 Hkk A HKT
O10:K4 Wikk, f77F B E 2R (P<0.05); TN 20 °CHY
03:K6 Htk 1 fAKT O10:K4 HEEAEAL M E R &R, 1A
12 F(P<0.05); ZEIREN 40 °C . 45 °Ch 03:K6 Btk
Umax TH/NT O10:K4 TR FIHAD 1375 BV BRIAK, O3:K6 FEME Yinax
fE/NT O10:K4 KRNI A if 75 RY R AR, 7740 b2 7
(P<0.05); HAh &M T 25 A8 E(P>0.05)(H 6).
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Table 3  pimax values of VP under different temperatures

ks 16 °C 20 °C 30 °C 40 °C 45 °C 50 °C
VP01 0.56 0.79 0.73 0.56 - -
VP02 0.59 0.71 0.81 0.53 - -
VP03 0.41 0.72 0.80 0.51 - -
VP04 0.54 0.75 0.94 - - -
VP05 0.47 0.69 0.79 0.48 - -
VP06 0.56 0.78 0.76 0.73 - -
VP07 0.53 0.80 0.89 0.52 - -
VP08 0.66 0.56 0.70 0.62 0.57 -
VP09 0.55 0.67 0.78 0.85 0.58 -
VP10 0.49 0.72 0.65 0.46 0.37 -
VP11 0.61 0.64 0.67 0.83 0.42 -
VP12 0.62 0.57 0.64 0.65 - -
VP13 0.49 0.53 0.52 0.31 0.44 -
VP14 0.47 0.50 0.61 0.75 - -
VP15 0.32 0.68 0.77 1.12 - -
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Fig.5 Curves of VP average growth parameters and coefficient of variation at different temperatures
A 20 - 3 O3:K6HHk B 40 - =3 O3:K6#k C 24 - =3 O3:K6iHk
i 3 O10:KA4R Pk ‘ s 2 O10:K4R{#k x 3 O10:KAR bk
03 oA 385 A 35 F £ Hfth 7 7 20} £ Hfh 7 T
~ 1.5 F A 3.0 [« A A
= \ 25 1| *§% .2@ [ ] 16 %ﬁ -
s 07 E20r F 2t 1] EH
) & é-ﬁ * Ny 3
& Pg = é 15} A
209 -@TT F Lol !*—‘ 8 | § @Eé
H 05 f EIH 4l =5l
0 -~
0F re
1 1 1 Il 1 1 1 1 1 1 0 1 1 1 1 1
16 20 30 40 45 16 20 30 40 45 16 20 30 40 45
it EE/°C L/ C L/ C

T A FoR 03:K6 B Rk HAb LT B B MR A H 25 53 8 2 (P<0.05),

K6 AR T AR MER VP R EK S

Fig.6 Growth parameters of different serotypes of VP under different temperatures
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Table 4 First-order growth model of VP

FELEE (16~45 °C), Hrh Y()fCFAERTE] ¢ B VP Y

— G KA

LI 0.5% Y(1)=0.1285+0.6576*exp {—exp[(0.5979¢(13.6678—£)/0.6576)+11}
EhE 1.0% ¥(1)=0.1078+1.9058*exp {—exp[(0.6286¢(6.4747—1)/1.9058)+1]}
HE 2.0% Y(£)=0.0865+2.2491*exp {—exp[(0.7693e(4.6027—1)/2.2491)+1]}
L 3.0% Y()=0.0665+1.9881*exp {—exp[(0.5433e(4.5941-1)/1.9981)+1]}
L 4.0% Y(£)=0.0780+0.6668*exp {—exp[(0.2170e(9.4081—£)/0.6668)+1]}
ERE 5.0% Y(1)=0.0807+0.2123*exp {—exp[(0.0760e(6.4430—£)/0.2123)+1]}
i 6.0% ¥(1)=0.1180+0.2573*exp {—exp[(0.0306e(11.6668-1)/0.2573)+1]}
L 7.0% Y(1)=0.1059+0.0109*exp {—exp[(0.4597¢(8.6271-£)/0.0109)+1]}

pH 6.0 Y(1)=0.0946+0.6392*exp {—exp[(0.8314¢(7.3365—1)/0.6392)+11}

pH 7.0 Y(1)=0.0501+2.3489*exp {—exp[(0.5027¢(4.3274—1)/2.3489)+1]}
pH 8.0 Y(1)=0.0748+1.9534*exp {—exp[(0.7190e(4.7482-1)/1.9534) +1]}
pH 9.0 ¥(1)=0.0994+1.2831*exp {—exp[(0.4185¢(6.1636—1)/1.2831)+1]}
pH 10.0 Y(1)=0.1011+0.3537*exp {—exp[(0.1273¢(6.7607—£)/0.3537)+1]}
16 °C Y(1)=0.0901+1.3216*exp {—exp[(0.5245¢(15.7343—£)/1.3216)+11}
20 °C Y(1)=0.0878+2.5176*exp {—exp[(0.6728¢(7.8020—£)/2.5176)+1]}
30 °C ¥(1)=0.0798+2.4500*exp {—exp[(0.7383¢(6.2404—1)/2.4500)+1]}
40 °C Y(£)=0.0881+1.7661*exp{—exp[(0.5950e(5.2564—1)/1.7661)+11}
45 °C Y(1)=0.1128+0.5560*exp {—exp[(0.1582¢(13.5130-1)/0.5560)+1]}
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Table 5 Design of response surface analysis test for VP

K
F(FE 6. 7)o XEIHBIMIT I 2208, SREH, tna 1Y Az gt G it o 0 0
TG ] T A AR TR 2 R B 2 (P>0.05), ODggo fELAT 4 — T y 1 ; ;
S i 7 T A KRR 92 53 1 B 25 (P<0.05), ODgoo fH 1 21 “‘: ~
WA KA R T 0.94, 4 19— ZRi I i 2 KA Y R ki B 7.0 8.0 9.0
BT 0.95, FUIH L 1 U AEREAT O A 5 WEFC € - 30 3
< 6 VP ODgy 1B Z 25 M 57 E AR B
Table 6 Secondary response surface model for the ODg values of VP
n B PO
7 i} 2
B3 e QAL X F ) R

VPOl  Y=2.3894+0.00394-0.3335B-0.0147C+0.02704B8-0.02034C+0.0118BC-0.22234>-0.21828>-0.2093C> 22.42 0.0016* 0.9758

VP02  ¥=2.2824+0.0464-0.20758-0.0400C+0.001748+0.06534C+0.1356BC—-0.11584>-0.05438°-0.1974C* 9.79 0.0109*  0.9463

VP03  Y=2.2639+0.08234-0.2893B-0.0358C+0.001548+0.13014C+0.0837BC-0.18014>-0.27678°-0.1126C*>  13.35 0.0054*  0.9601

VP04  Y=2.2546+0.11684-0.2497B+0.0154C-0.07114B+0.10994C+0.1065BC-0.04324>-0.1149B>-0.1613C>  19.48 0.0022* 0.9723

VP05  ¥=2.3400+0.06834-0.21848-0.005C-0.052424B8+0.13384C+0.0189BC-0.11904?-0.14078°-0.0857C*>  25.84 0.0011*  0.9790

VP06  Y=2.3748+0.07104-0.22918-0.0367C-0.07094B+0.09954C+0.1261BC-0.13904%>-0.135782-0.1490C* 33.80 0.0006* 0.9838

VP07  Y=2.3138+0.04584-0.3229B+0.0952C-0.10924B+0.10534C+0.03675BC-0.25434%>-0.2424B>-0.1020C> 9.20 0.0125* 0.9431

VP08  ¥=2.4827-0.03554-0.15558-0.0285C-0.015245-0.02024C+0.0982BC-0.36104?-0.150582-0.1925C> 1091 0.0085* 0.9515

VP09  Y=2.2538+0.07424-0.30618+0.0224C+0.05254B+0.02484C+0.0618BC—-0.18684>-0.10518>-0.0763C* 8.92 0.0133* 0.9414

T R B, TR

®7 VPEFH RN ERE

Table 7 Secondary response surface model for the Lag time of VP

e _ ” P(H
T ATR R 2
[ 7S 2 o7 TAI AR F ) R

VPOl  Y=5.2104+0.51094+0.8052B-1.7111C-0.17024B-0.29594C+0.2751BC+0.72424%+1.4496B>+1.2213C*> 26.69  0.0011* 0.9796

VP02  Y=5.5731+0.10674+0.42308-1.7316C-0.49074B-0.50634C+0.2874BC+0.352942+0.77018>+0.9077C> 21.50  0.0018* 0.9748

VP03  Y=5.6291+0.27074+0.6738B-2.0894C-0.03274B-0.31754C-0.1387BC+0.46924>+0.9054B>+1.5379C> 27.40  0.0010* 0.9801

VP04  Y=5.2364+0.34764+1.1302B-1.7205C-0.33234B-0.18924C+0.2670BC+0.53494%+1.1518B%+1.3420C* 124.82 <0.0001* 0.9956

VP05  Y=4.9890+0.52294+0.8748B-1.9481C-0.26054B-0.13874C+0.1502BC+1.08064%+1.66978>+0.9784C> 191.52 <0.0001* 0.9971

VP06  Y=5.1330+0.14244+0.93068-1.8918C—0.37844B-0.28944C+0.1922BC+0.05044%+1.05428>+1.3264C> 55.82 <0.0001* 0.9901

VP07  Y=6.0626+0.63274+0.92018-2.4331C-0.48044B-0.34924C+0.1649BC+1.14294>+1.76508>+0.7701C> 99.39 <0.0001* 0.9944

VP08  ¥Y=5.6655+0.18004+0.66868-2.2415C—-0.23484B—0.37814C+0.2465BC+0.96374%+0.8163B2+0.7524C* 99.39  0.0001* 0.9917

VP09  Y=5.1969-0.72944+0.5239B-2.5358C-0.84764B-1.27624C+0.0650BC-0.272642+1.3435B%+0.7702C* 13.18  0.0055* 0.9596
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