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Abstract: Bacillus cereus is an opportunistic pathogen, implicated in two main food-borne diseases: emetic syndrome and diarrheal
syndrome. The aim of this study was to establish a probabilistic model to predict the growth/no growth conditions or growth probability of B.
cereus as a function of temperature, pH;-and water activity (Aw). Using a cocktail of five strains of B .cereus, a logistic regression model was
chosen to study the effects of different values of temperature, pH, A, 0n the growth probability of B. cereus. A fractional factorial design was
applied and the experimental data were divided into two parts: 80% data was chosen as model data and 20% data was chosen as validation data.
A comparison was made between.the predicted and-observed values by selecting 30 experimental data from the literature, to test the model. The
results showed that the concordance index of the model data was 0.991, while that of the validation data was 0.988. This indicated that the model
showed high predictive.accuracy for homogeneous data. Additionally, the performance statistics obtained indicated a reasonable goodness-of-fit
of the model obtained, mainly owing to the high values of R%-Nagelkerke (0.949) and y?= 0.012, p = 1 of the Hosmer—Lemeshow statistic. A
high predictive accuracy.was obtained (83.3%) with test data, showing a wide range of possible applications.
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Table 1 Parameter estimates and performance statistics of the
logistic regression model for B. cereus
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Table 2 Results for the goodness-of-fit of the logistic regression model
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Fig.1 Growth/no growth boundaries at Aw = 0.985, A,,= 0.97, and
Ag=0.96, A, =0.95 for the predicted growth probability of the B.
cereus cocktail by using the logistic regression model at probability

valuesof 0.1, 0.5, and 0.9. Growth: p = 1; transition zone: 0 <p<1;
no growth: p=0
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Fig.2 Growth/no growth boundaries at pH values of 5.5, 5.9, 6.3,
and 6.8 for predicted growth probability of the B. cereus cocktail
by using the logistic regression model at probability values of 0.1,

0.5, and 0.9. Growth: p = 1; transition zone: 0 <p <1; no growth: p

=0
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Fig.3 Growth/no growth boundaries at temperatures of 10 C,

20 °C,25 C,and 30 C for predicted growth probability of the B.

cereus cocktail containing strains CCL1, CCL2, and CCL3 by
using the logistic regression model at probability values of 0.1, 0.5,
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7E: p=0.1(-). 0.5(-). 0.9(...); p=0(m4). p<[0,1](2 ). p=1(+).
AR 10 C AT IR EVE B, BN

210

FESEBRAE P, AR LR, SN i R B,
ANy 10 °C, WEFREFAFT A KEAEE, IRE 5
MR E 5 L, DRI 2 Mt P e HL AR 2, IR
IKPTEREA pH B P R FSRAM R R E I A A
AT LA BBL R, Rt a] DL > HREFE AR 451
Ko WEREZFAEATBRIEA KRN 0.5 KITBOL T, HAE
3 POUIN i 2 PR 3% 3.
& 3 p=0.5 RO RITEETMELER
Table 3 Afew predicted values of temperatureat p = 0.5

Ay pH Fom T 44
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Table 4 Results of comparison with the literature

i3 T/C pH A, AKEL }}%{w FEIR GpLE s A

i8]/h ()

Lanciotti®™ et al 325 65 096 2 48 BHI 3% 15%(VIV)iBA,  5Z(1.00)
Lanciotti et al 25 5 0.97 & 48 BHI A% 1%(VIV)iE A% %(0.02)
Lanciottiet al 25 6 0.97 & 48 BHI A% 1%(VIV)iEHy #(0.86)
Lanciotti et al 175 65 098 £ 48 BHI 1% 1%(VI)IEHy AZ(1.00)
Lanciotti et al 25 6 0.99 2 48 BHI #3% 1%(VIV)iBHs.  1&(1.00)
Little™¥ et al 20 68 0978 -3 <50 # 2 F B 2%NaCl #(1.00)
Mahakarnchanakul™etal 10 6.1  0.996 P2 <200 X P 7 0.7% NaCl #(1.00)
Mahakarnchanakul et al 10 58 0977 % <200 2 5 7 4% NaCl %(0.00)
Mahakarnchanakul et al 10 6 0.989 2 <200 28 1) 2% NaCl #(1.00)
Mahakarnchanakul et al 30 6.1  0.99 2 <200 28 P 0.7% NacCl #(1.00)
Mahakarnchanakul et al 30 6 0989 p-3 <200 &, 74 it 2% NaCl #(1.00)
Mahakarnchanakul et al 30 58 0977 P-3 <200 28 7t 4% NaCl #(1.00)
Benedict! et al 12 6.8 0992 P2 <50 RVE= -8 1.5% NaCl 7 (1.00)
Benedict et al 19 6 0.986 2 <50 AR R 2.5% NaCl #Z(1.00)
Benedict et al 12 525 0992 % 750 AR EEE S 1.5% NaCl %(0.02)
Benedict et al 28 525 098 % 750 A 0.5% %(0.18)
Chorin® et al 10 5 0.987 % £ BHIL M #A3EHRA  Tw(VN)H %(0.00)
Chorin et al 20 55 095 % - BHI Wi73e sk 21%(VVyHsd  %(0.00)
Chorin et al 30 55 0975 3 - BHI Mi73escik 14%(VV)yHH  2(0.64)
Chorin et al 20 5 0.991 & - BHI B 73E ik % %(0.06)
Chorin et al 30 5 0.975 % - BHI B3 73E ik % %(0.00)
Raevuori®® et al 2370 66 | 0957 P2 <50 KOoKAE &, 7%NaCl %(0.00)
FSA-CCFRA? 15 /48 0977 = <1000 APPEEE S8 4% NaCl %(0.00)
FSA-CCFRA 15 . 55 0989 % 696 APPEEE S8 2% NaCl %(0.23)
FSA-CCFRA 20 6 0989 % 720 APPEEE S S 2% NaCl #(1.00)
FSA-FMBRA® 22 65 0972 -3 1425 W 2(0.94)
FSA‘FMBRA 16 . 65 0972 -3 1425 W %(0.02)
Asplund™” 15 6 0.991 P2 <1000 e 1.7%NaCl 2 (1.00)
FSA-FMBRA 22 51  0.983 % 720 Sy e £ 5 _ Z%(0.03)
FSA-FMBRA 28 5 0983 F 244 w35 A _ 2(0.95)

E:al REBFHEERSATHAEE, b REAFERENM (REEFFNLERSHLNR) EE.

o R ) TN 445 SR T L S 2 1) 1 Bl o0 #
&8 S 32 TR S0 T ) A R A AR ) s
fE. WNERATRTLIB A H, DAAERE IR, 45
RIS 25 PO 1R AR K R HERf 325 1 100% (6/6);
1 AAERK S, BRIGETNH 9 A, HRFIl S
R 2 A, o3 pl R SR 2 AT R AE KA T=25 °C,
pH=6, Aw=0.97, f5&EN 1% (VIV) 1 BHI %
tHAIZE T=22 °C, pH=6, Aw=0.989 [Nz =73,
MIXPA KA, AR AT Re A WS TR FIK 509

IR (BILEA NaCl SRS K MG A —FE
T S80t. 4 Lanciotti 25 A\PLEHR (Rl g2t 7] Ay 48
h, TEASZEGH, GEEUKIN TRy 30 d, 1RA ATRE 48 h
W, BERE AT B AR AR KA R IR B . M) R
SRR T 07 DUREE & SO R SE B0 5l . R
HRT At 672 il A28 i 1) SR B0 A0 TR AR R 47
B A TR A fE Al R b i, RUASERRR=
IS LL AR R R A3 %, 1 BAE SR, 5k
TR B R A AR Y — R SE A K, RIS
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Bht pH FTES NI AN R LIRSS A Sk K JE
PR, HAS BT ARG R JE S A S th 2 A Ak
7 b TR R P, R — D e DA g
JR A A AR E AR RS B dh Al (0 A 45 B 4 BAT
BEONSER .

3 g

3.1 ASCER AR EMRARA EMORIEAT S, Witk
RIX I B RTARATT, IR & Bk S IR 5
BAUERTERE M. BT H P A 2 AR AOA7ALE,
TRA AR REIS IRAF R 0072 A K AR K X 3[R
R R 22 6T BN B AR HARIE 58 1T AT 1) S0 E A UK
BOANEIRAEHFE. ASCHE T logistic [ YRR, & 24
PG A A A A X g o FH () 7250 TR )
ARG AR Z AT 2 4 X IR v et L4
EsEl, iz R TR B RN 2, mT
Z AR BRI, e Rt s L FArE
TEE A KRR R TR A | Il A EAR R, (H
FE[FI ] Be 2 H I FEALA 125 2R, DRI B ) 4
P BRI (36 A SN

3.2 MFH AT LR B S A R R A KR pH
(LR 7K 335 PR I ) 4 D Ko 0 2 FRRF B O 2E KAl
AR FLRIREIAETR, B IE SR RA IR . Kiag
FEK T iEERD pH AT LA 25 i A 2 Fh A B 119
Ao SRR ER EOMLHLHA T A RIS -2 [
28 HAF RS FE ZEAAT B A KR s B R
PIREAR, AE /AR A X I 4 /)N, 2014 T=10 C
I, pH FZK7iE B R AN AL, {8 2 A 2R
A R A KM 238 BSOS 247K S B LG
UEAY SR FRAT 1R R RETE B E AR AR B AT pHL 7.0~7:5 2 [1]
AR, 24 pH=4.5. T<20 ‘Ch, WEREZEAT B LETAT
T N ERANAE K o S A R A 56 () 45 oK
YIZERT=ERA 99.1%:; KAFETT %A 98.81%,
A=y 0%, MERIAPESR.1.19%, IZRER—FE
ANIEIE AR BCR M, R R BN & HE, i
(] s I RIS A S B B 2R AR [T 14 2R A,
BRI (RTINS BE s , R 1) R>Nagelkerke {25
B, M 0.949, Hosmer-Lemeshow %6t 4°=0.012,
P=1, ¥iHIH logistic Bl AR Sl 27 O 1T AR K
ARSI, LA R . 18 FIRRAUN k3
BRI AT TN, 153 1RO T HERRE, DRk
AT LU SR FI000 — 71 FR] A A 2 A BT ) AR
B2 H TR AR M AR KR B 25 5 S P AR AN
FEA—H, FTgG R ARRIEEIRS %, 2K/
FEAE KA Re 2 A A A KA, @il 7 2
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T A IR DA 52 5 7T LA Rt 1 E e
YIRS 7 i BT G o AR EENLIY logistic Al YA AL AT L
20 B B AR 2R AT R A K A S PR 2R AR
Bl OO AT AR 2 AT RS A ok, X0
Insg = B EIME R 5, S T2 DA e 4
Rt T HENSFE, BT TR RS2
BHI VRS TRIE, AR T-SEbn bR UL, SR
Z, TSR AT R A, R A
MR, PIRIE AR AR E R A 2 bt
H5AIH (p=05) A, XFEESEERKARE
KA MR ZE 7 . R RREEIE 20 LASERR™ dh Ju
Jit, B TSR ZF FUAT B A0 A R I A SR i
AEAHARA K S TR .
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