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Abstract

The objective of this study was to develop a predictive growth model for Bacillus cereus in nutrient broth and validate
the developed growth model in blanched vegetables. After inoculating B. cereus into nutrient broth, growth of B. cereus was
investigated at 13, 17, 24, 30 and 35°C. Lag time (LT) decreased while specific growth rate (SGR) increased with an increase
in storage temperature. Growth of B. cereus was not observed at temperatures lower than 12°C. Secondary growth models
were developed to describe primary model parameters, including LT and SGR. Model performance was evaluated based on
bias factor (B) and accuracy factor (4,). In addition, we inoculated B. cereus into blanched vegetables stored at 13, 24, 35T
and observed the growth kinetics of B. cereus in five different blanched vegetables. Growth of B. cereus was most delayed
on Doraji at 13C and was not observed on Gosari at 13C. Growth of B. cereus at 35T was significantly (p<0.05) slower
on Gosari than on other blanched vegetables. The developed secondary LT model for broth in this study was suitable to predict
growth of B. cereus on Doraji and Gosari, whereas the SGR model was only suitable for predicting the growth of B. cereus

on mung bean sprout.
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Fig. 1. Primary growth model of B. cereus in nutrient broth as a function of temperature.
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Table 1. Effect of temperature on lag time (LT), specific growth rate (SGR) and maximum population density (MPD)

of B. cereus in blanched vegetables and nutrient broth

Temp. (C)  Parameter Nutrient broth Mung bean sprout Bean sprout Doraji Spinach Gosari
LT 64.82° 57.37" 34.83° 71.65" 46.08" -
13 SGR? 0.07 0.08 0.04 0.03 0.05 -
MPD? 7.18 6.945 7.956 7.505 7.635 -

LT 6.61° 5.48° 477 5.65 6.24 11.29°

24 SGR 0.40 0.36 0.26 0.32 0.52 0.27

MPD 743 8.28 8.12 8.79 8.74 6.21

LT 2.12 1.75 2.12 3.80 2.13 2.51

35 SGR 0.84° 0.69® 0.79® 0.52 0.75% 0.39°

MPD 8.28 7.94 8.22 7.95 8.63 6.45

Values are means (n=3).

D LT: lag time (hr).

2 SGR: specific growth rate (log CFU/hr).

9 MPD: Maximum population density (log CFU).

#7¢ Means in a row with different superscript are significantly different (p<0.05).
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Fig. 2. Effect of temperature on lag time (LT:A) and specific growth rate (SGR:B) of B. cereus in nutrient broth.
B : Nutrient broth, [] : Mung bean sprout, A : Bean sprout, V : Doraji, > : Spinach, O : Gosari.
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Table 2. Validation of broth model for growth of B. cereus
in blanched vegetables

Model performance Index

By Ay

LT" 1.02 1.20
Nutrient broth

SGR? 0.92 1.15

LT 1.40 1.40
Mung bean sprout

SGR 0.81 1.23

LT 1.63 1.63
Bean sprout

SGR 0.60 1.68

LT 1.00 1.24
Doraji

SGR 0.50 1.98

LT 1.35 1.35
Spinach

SGR 1.77 2.00

LT 0.90 1.25
Gosari

SGR 0.48 2.08

D LT: lag time (hr).
2 SGR: specific growth rate (log CFU/hr).
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B 1309 22 A2 ME LT #hol V=9 F7ol wet
FoAQl alolE B, 35T e B 259 AE SGR

ZA A
o 1=
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Gl LHE il Sk 1480 A9 I ASR R £ Rdsl A, Sl R 49 A 407119
2 UEo F7 Wt B cereus®] T2 AWl 43S o Sshe Ao E UElSTHTable 2). ©]9F 22 A &
W= Ao g UEpsith & 047‘54 FLE = AHE-S Kang A ek At oMY LTE#H SFuEol4 2] SGREE-Z B. ce-
et al(2010)9] A+ Ao w2 e FUET FHA reus broth RS A8 4+ &= Ao 7 Ay H A
B. cereus® &2 sjElo] nf$ fASE Ao 2 HuEgon, oA FEAEA] Fe M= kx| et nAlEe] F=7]
A 32 £5= 13CAA 0.06 log CFU/Mr, 24TellA 040 2 SFU=Ee] HY 52 £5& oS53t Hl broth Rl
log CFU/Mhr2 & AFtollx F3)3t F &gl B. cereus®] g8gd e AeE Ay,

Ao 52 £=¢ vusisls w o mEA S AR

UERATH(Table 2). o3 A= Bl A&s FHlshs ¥ 2% (A8
el zpolof whal 21F9] pH, Aw 2 21E] A #E 0
o] Apo] ol °JF Flew AtnETh B A ME Tl F2olA Eol AlgEE HAY wat

B AT 2ARE 247k LHERS) pHO Awe Table 33 = @ &€ WER STPI@AR], RabA, St AlEA,
2tk 7 U] pHE SekA} 56602 5714 ER Zoly o)A B cereus®] B HEE EAREIL brothel A 7

PV dgkor], BUE(648), SRUR6.62), AFH(679), =0 B cereuse] 47 2R vladte] broth mele] €3
w7160 wth FE BHEAW) £ mepdst  7FeEE BTG B cerens 2t EEM(3, 17, 24, 30,
0.95% 7P wgke Mﬁrg(o 96), %FUFE(0.97), mAke]  350)F brothel MM A& WSS SAHA A, 13C
(0.99), A1FA|(1.00) 2202 B AA7to|A] Abgg ERe pu M 4= 3 = IS Al BE veelM 2=
sl Aw= B. cereus?} /Hxl—o].ﬂoﬂ mo Agta zholqe. ol HlEst fi=rle Aasta Al 24 SEe Seke
=3 U] AL 1309 24T B cerens] 4Er]e B A UENTE £ A7 Axel WmEW B cereus=

A Ay 24 2w wal Roz gERtol) 35Coae ma e AEACIM whes] S48k, aAke e =
njo whEA 228t W o2 GBS bl Aga oM =2 SAsIT meiAls vE Yl vE A

oz ge pH9‘r AWE ZFe EAS) A9 2 fo m AR WE pHS} AwS 7PE, DRI HE Vel v
= evyyl 2o Hy 24 &5 tha val Agke ng Al FEe] wof ldw A FAEY AE 72

) BEAEA X 3%3(2006)011 AAE s e BAATRE HelA el B siEe] 9L vix= 7“’%
Ul B RAAD] ufaw B R up2 f5ater o g dubd o2 YEdAe F=rI(LT)e Hul 54
Qo Ho| Ho|= TA] &S nA] = Aoz Holh,  FTE(SGR)= brothoM ek Aol S WAAIRE, EEpA ek 1A
wAkele] AS, the Uz Hlg) Aol daro] sagz oMl LTRSSkl el SGREk B. cereus 873
tha A vehl, Holdfel o8] gAEE 4% xxe) 5T A both RS A& i 2l lew
T2} DARRIGA B. cereuse] E4lo] G Qe Ao IEHTE Broth= B cereus®] 4= HAHom AXT 9
2 ARHh 79 Z2d= A(NaCl), pH, Aw, 5, 2% = 20& 24 S AR AEgE UE 4 o, broth
A QB S} o] Be 1 - o)A Al AISo] Jere ] 2dale] A3 HrlE Bl 739 AR HEH S =% &

Avtm Rug s glon, gl azolAmto s i S4e o SRS HelA F83Pl ol 89 Zlem Avkdnt 2 A7

o Al Belrt g Aoz AlHtHLee o of T P HERUS ol 8std dds FAIARL, Bt
1983, Troller JA 1986). B &R o] vt 2= 9 27X B. cereus®] 4

Broth®] 22} 4474 Relejx B3 UEFel A% oS A 7 ol Z A7) ol FoA W WA Ee] S dAlshe 7|E
el gt A5 A3}, A7 FA9 A5 219 2polE ura}qq oluf A= AL W o] 7ed Aotk &Al FHAelA
= Bel 4%, LT 2ol mepx| e} mafe] 7l A gtetal SGR 7‘*74?4 Azl ARge] Alg S7kska flou, A v

L o}z HACCP & £o] Q;(] 01-o1jr B Ao A A
2o UEFo HACCP 3449 CCP ¥ CLS A% s}

? 4

Table 3. pH and Aw of various blanched vegetables

3 frE718 A% B HACCP AlEle] A& AFahed &
Mung bean Bean . . . . S o]0
oot srow Doraii  Spinach  Gosari o} HACCPS] R3hE Frhe) shev] Aol T 4 91& 2
o2 AlgHETh
pH 6.62 6.48 5.66 6.79 7.16 = Afedn
= ©
Aw 0.97 0.96 0.95 1.02 0.99

Values are means (n=3). THEEEEARIY. SAHE 4. hitp://www.nags.go.kr/.
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