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Development of Predictive Model for Combined Effect
of Temperature and Salinity on the Growth of
Vibrio parahaemolyticus

LITao NING Xi-Bin

(College of Food Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Based on the standard strain-Vibrio parahaemolyticus BJ1.1997, temperature (7°C~43°C) and sa-
linity (0.5%~9.5% NaCl) which affected its growth status was studied with uniform design. The results
showed that Logistic equation is optimal in primary models, the second is Gompertz equation, the last is
Linear equation, so growth parameters can calculated from Logistic equation. The secondary model was de-
veloped by square root models, its » value was 0.9863, the lowest growth temperature was 9.0506°C and the
highest growth salinity was 5.93% [the corresponding lowest growth water activity (4y min) Was 0.9227].
Through F test, residual analysis and evaluation by bias factor and accuracy factor, the model can exactly
describe the relationship between the growth rate and combined effect of temperature and salinity (water ac-
tivity).
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Table 1  The factor and level for uniform designing

(Levels)
(Factors) 1 2 3 4 5 6 7 8 9 10
) 7 11 15 19 23 27 31 35 39 43
Temperature
0,
Sali (,A’) 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5
alnity (0.9758)  (0.9660)  (0.9560)  (0.9470)  (0.9360)  (0.9270)  (0.9170)  (0.9072)  (0.8974)  (0.8876)
(Water activity)
1.5 EKHFEBAEL .V t ; Noz 1=0
151 —ZRiEE: Linear Gompertz ; A t=+o lg N/N,, N
Logistic , ; U ; M:

2ls]

Uy =U*e/ A,e=2.7148

F2 =EMEREYFENRER
_ : = LPD=M—-(1/u
Table 2 Biological equation of models (1 )
MPD =1gNy+ 4
Models’ name Biological equation
Linear
Ig N=1g Ny + U*t
Linear equation J S r (RSS) r 1, RSS
Gompertz lg N=1g N, +
Gompertz equation A* exp{—exp[U*e(M—1)/A+1]} 152 T4RiEEl-
Logistic IgN=Ig N, + - - 6 = ’
Logistic equation A/{1+exp[4U(M-1)/A+1]} [©l;
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Fig. 1 Growth curves of VP BJ1.1997 at different combined conditions

:A: VP BJ1.1997

; B: VP BJ1.1997

Note: A: The positive growth curve of VP BJ 1.1997; B: The negative growth curve of VP BJ1.1997.
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Table 3 The statistical-analytical data of different primary models

— Linear Gompertz Logistic
No. Temperature-Salinity 7 RSS 7 RSS 7 RSS
1 7-6.5 0.9754 0.1788 0.9774 0.1644 0.9780 0.1604
2 11-2.5 0.9569 0.1331 0.9746 0.0790 0.9754 0.0768
3 15-9.5 0.9613 0.5445 0.9630 0.5207 0.9616 0.5404
4 19-5.5 0.9747 0.3501 0.9758 0.3355 0.9761 0.3315
5 23-1.5 0.9610 0.1517 0.9717 0.1105 0.9720 0.1094
6 27-8.5 0.9464 0.9411 0.9591 0.7224 0.9612 0.6859
7 31-4.5 0.9567 0.8011 0.9585 0.7256 0.9583 0.7346
8 35-0.5 0.8051 2.8665 0.9630 0.5910 0.9601 0.6377
9 39-7.5 0.9331 1.0433 0.9615 0.6089 0.9636 0.5766
10 43-3.5 0.9775 0.4212 0.9860 0.2629 0.9862 0.2607
%4 Logistic #E M4 FIIE ’ Logistic
Table 4 The statistical-evaluation of Logistic model ,
F Bf Af 5
No. F value Bias factor Accuracy factor
1 87.8111 1.0005 1.0352 > o Hmax
2 97.7124 1.0002 1.0190 8 35-0.5, ftmax 0.9190 b7,
3 49.0890 1.0038 1.0583 0.5972 h, ;
4 100.7528 1.0011 1.0402 9, 39-7.5, ftma —0.3289 07",
5 85.5998 1.0005 1.0258 5.2786 h. ’ 5
6 60.7036 1.0012 1.0571
7 56.2450 1.0055 1.0853 Hhmax !
8 58.8808 1.0018 1.0367 23 ZREBBMHE
9 64.9468 1.0009 1.0602 5 Hmaxs 2)
10 176.7868 0.9999 1.0394

1 Foo(2, 10)=7.56.

Note: Fon(2. 1072756, o = 0.1605% *(T —9.0506)” *(4,, —0.9227)

5 Logistic REEKSEFK

Table 5 The growth parameters from Logistic equation

No. 1 2 3 4 5 6 7 8 9 10
Umax(h™) -0.1002  -0.0633  —0.1104  0.1106  0.1546  —0.2842  0.4409  0.9190  —0.3289  0.7374
LPD(h) 3.1725 2.9028 3.3090 2.0471 1.6917 4.4644 1.6443 0.5972 5.2786 3.8975
MPD(lg CFU/mL) 2.6213 3.1927 2.2528 4.4341 3.6201 2.0736 9.1532 5.9052 1.9831 4.3803
r=0.9863, a= 0.1605, Thin = ,
9.0506, 5.93% ( Agmin= ,
0.9227), Twmin  Awmin , VP
(3.7] , 1 3 6 9 e 10°C ,
, , 2 , T'min Awmin
, ; , , Tnin Avwmin
VP Umax  —0.1732 h7', , 7]

© FERFRHMEDNR ﬁﬁﬁ}ﬂ'JH SHEAR http:

'/ journals. im. ac. cn

http://journals.im.ac. cn/wsthbcn



1204 s AR 2009, Vol.36, No.8
6 12 ,
F 2
s F>
B Fz6 ZREBEFHATER
Foo(2,7), P<0.01, =0.01 Table 6 The statistical-analytical data of secondary model
’ F F
Source -
, 7 ss &  MS  value
, Awmin t t0A01(7), Regressive 1.4798 2 0.7399 124.7280 0.0001
P<0.01 , , Residual 0.0415 7 0.0059
Total 1.5213 9 0.1690
95% 5.93%=0.50%; Twin ¢ o
M F0_01(2, 7)=955
t0.05(7), P<0.05,

Note: Fooi(2, 7)=9.55.

x7 REOPRFRUHSAER

Table 7 The statistical-analytical data of regressive coefficients

Se t D- 95%
Coefficient Regressive value t value p value 95% confidence interval
a 0.1605 0.0219 7.3268 0.0002 0.1605=0. 0518
it 9.0506 3.4689 2.6090 0.0350 9. 0506=28. 2028
Awmin 0.9227 0.0021 438.8153 0.0001 0.9227=0. 0021
2 10.05(7)=2.365, t9.01(7)=3.499.
Note: t0_05(7)=24365, t0>01(7)=3.499.
wmax(h™)16 015 r
0.10 L 3
= < *,
Z 005} A 4
2 TS
> 0.00 : : .
= -050e 0.00 0s0 *® 100
—0.05
-0.10 <
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Fig. 3 Residual analysis chart
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B 2050
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£ 000 : : *-
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70% B4 fREREESE
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Table 8 The statistical-evaluation of Logistic model

= Himax Himax Bf Af
(Temperature- () (b))  Bias Accuracy
Salinity) Predicted value Observed value factor  factor
15-0.5 0.0484 0.0809 0.8025 1.3414
19-6.5 —0.0145 —0.0629
23-2.5 0.1669 0.1227
27-7.5 —0.1286 -0.1071
31-3.5 0.3016 0.2748
39-1.5 1.0005 0.9457
43-5.5 0.2553 0.3115
Bf Af , Bf 0.8025(n=7),
Af  1.3414(n=7) Bf 1
, Bf 0.75~1.25 ,
sAf 1 ;
1.1~1.9 (&1 Bf Af

3 HGwEiR

3.1 DPS -
VP BJ1.1997 )
Logistic Gompertz
, 0=0.01
35-0.5 ,VP , 39-7.5 ,VP
3.2 VP
- , VP
, VP
9.0506°C, 5.93%(Awmin=0.9227) F
0a=0.01 , Bf Af

2 % X Wk
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