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Abstract

Bacillus cereus (B. cereus) is a spore forming bacteria with a highly adhesive ability on the food
surface and which expresses concern about commercial sterilization due to heat resistance. In this
study, the heat challenge was performed at 60C for 60 min to derive the importance of the
inactivation of bacteria by time during heating 14 isolates of B. cereus from the tomato farm
environment. As a result, the final cell counts of B. cereus reduced after heating were 3.6 Log
CFU/mL on average (minimum: —2.8 Log CFU/mL, maximum: —4.7 Log CFU/mL). Reduced cell
counts of B. cereus after heating for 60 min ranged from 0.5 Log CFU/mL to 2.4 Log CFU/mL.
Remained B. cereus after heating can recover in an appropriate environment, and cause foodborne
illness. B. cereus existed in the farm environment during the cultivation stage of agricultural products
can be transferred to agricultural products through various routes such as soil, toilet handles and
worker gloves, thus, the management of B. cereus in a farm environment is essential. In addition,
improper sterilization, manufacturing, processing and packaging in the food processing stage cannot
be expected to inhibit the complete growth of foodborne pathogenic bacteria, and the risk of
foodborne illness can be increased. Therefore, thorough management of these processes is considered
important.
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Bacillus cereus= 13F9] 7HF0 2 IXE FAol= AL Aldt £ 5110 (Guinebretiere
et al., 2010; Yu et al., 2014), S A = FEFO A7) A3to] Qlth Arnesen et al., 2008;
Voort and Abee, 2013). A} ZALS A%0] AlulA| o] U3 &dhof|A] hemolysin BL(HBL) & -8
A A=A (nonhemolytic enterotoxin, Nhe), A|ZEA] K(cytotoxin K, Cytk)2} 22 thillg] A=/49]
g G4 A2 Qg Ay Amesen et al., 2008; Schoeni and Wong, 2005; Voort and Abee,
2013). TE 32 TE S4 AR ces RS 71K B. cereus7t A3/33t cereulideo]] 2J5f
FHHHoton ef al., 2005; Rajkovic et al., 2008; Voort and Abee, 2013). Rajkovic 5{2008)2] 17Lo]
OE, FE 54201 cereulide= & QHg/d0] ot Foll 9Jsl 5742 B/ &4o] FEA] gko
H, 19 2 pH(pH 9.5)°l141 121-150C 0l 274 ARE 0]4(60-80) =2 mit H2otl= 2o
= gl

ojget F=ma E 4 FHAE QI3 B. cereus A5E ALE Asfistw 1o g AHe
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Zasith AFGACIME AF AZ - 7 Al FREE AT, 54, dE 59 99 EF
£ 590 Alete] 542 AABHAY AFBAIZITHMukhtar er al., 2020). Z12ut HiIEA Q] EAFF
5 PRI B. cereusi= WE/Jo] 751l AFol F2lE= 5Eo] wot AU et A5s WY
A3lE AAA7]7]0f ojg}-20] Itk Faille et al., 2002; Luksiene et al., 2009; Stalheim and Granum,
2009; Vilain et al., 2006). Pereira S(2019)2 B. cereus= 11-2(140C)o|A ZAA7HS] 2AES S
ol AE3t Al 4= 747t o] FolR]A| AlThar Harskih

ASE At EY 9 AlE, 35 5 U WAAIE i 2Bl U2 & It (Amesen er
al., 2008). £ WiH Algfo] ZE HHOE o=, I Qs F2RE Aldto] 5% WS
FEtE A A6 & 227t At EYole e PR 9 R1EET ofe} ASE At
of AL & qloH, AFE Alat 5 X3 TAHONAE 24 4 55l 0] 7HsRE Bacillus
p 7} IS 2% ECHYu e al, 2014). Yu SQ014)2 EoIA] RelEl A9 44 4Ee
B3 & 136719 45 ERISIH.oH, 1 3 7971 Bacillus spp.ol| £33, Bacillus subtilis(n=32),
Bacillus pumilus(n=14), B. cereus(n=4) 5°] £ =ictal X 73}t

EWE(Lycopersicon esculentum)y= A|ANA 71 Ho| el Aoz 5 F WAE AR5k
22 gRE Bk s} 22 o] ZCHFAOSTAT, 2001). 20014 7|2, A4 AARES. Z7hdz
F4 3709k EoflA Fd 19] B0, HAIZ O FR3% AE0|H(FAOSTAT, 2001), &%, F%, pH,
A= 59 2] we} Aakgo] 7k o= F7tel7| wiol A7t golstAlt Bt Wit
) Ak Azl T} Bacillus spp.0] 2] OF AEE A7 Sl AEolcHMukhtar
et al., 2020). Frentzel 5(2020)°f w=H 426719] AJEULEOA B. cereuss EASIH.0H, 1 AT}
28%2] Al=ONA B. cereus7t AEH 02 ZRAIFITH

wEpA] 2 ALe] B2 Eo] o] Hol WAtk s T fjof w2t EnfE 5719
oA E2E B. cereusE Tololal, YA REo]AQ] A&AQl FA ol whE AlRHE EE4JS}
=S S0t B. cereus®] @ AFJE ERlsk= ZAolth

. g 2 HiH

Bacillus cereus HEY ZH|

378 Aol X EvtE 57 Auiehy, 24 - A, 58k S5 - Al 5 ZF SAOIA 1670
o] 33 NREY, T, FFA &Fo], 2 55 Aokl B. cereuss £t 19719 B.
cereus QA AgH 2 165 rRNA sequencing B4S E35f 2= 915 B. cereus 147]0] 3H510] AFS
XYt Table 1). SA=T] Fei2 FAEISIAE 14719] B. cereus?] TP HehE 0|85t
5N FH|519tt. 24 #-5= Tryptic Soy broth(TSB; Becton, Dickinson and Company, Sparks,
MN, USA)ol HFsto] 30ColA 24A17F 52t Higste] g3t Azt 24eke 55 M= TSB
o] ZUst 2AoZ A 8t Z, 15 mL conical tubeo]] A 1,912 x g, 4TOJA] 158 S YAE
gola] AASIYc AEHS A ASE phosphate-buffered saline(PBS; pH 7.4; KH,PO, 0.2 g,
NayHPO, - 7TH,0 1.5 g, NaCl 8 g, KCI 0.2 /' BH5H4 1 Ly At} 5FOE 718t 5 #AlE
AEAFT o] I 23] HHESIl oW, PBSE 0|85t FEHS 6-7 Log CFUML 0= 24
5] B4t} HFAoE ARSI

Bacillus cereus®| XN £M
B. cereus®] QAZAIL BA51| 9Jsto] SR Yo A PA] 8|3 HEA % | mLE AR
FLrzolM 0CZ d¥d 9 mLo] TSBO| &3t A% A% AIgE &3k6lo] | mLE 3t
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Table 1. Information of Bacillus cereus used in this study

Farm type Isolated sample name No. of Bacillus cereus
Handle of the toilet 1
Handle of the toilet 2
Facility Handle of the toilet 3
Gloves 4
Packing container 5
Handle of the toilet 6
Scale 7
Packing table 8
Harvesting table 9
Hydroponic cultivation Gloves 10
Gloves 11
Soil (stem) 12
Nutrient solution for hydroponics cultivation 13
Nutrient solution for hydroponics cultivation 14

F 9 mL9] 0.1% buffered peptone water(BPW; Becton, Dickinson and Company)E- ©]-&5}0] 243]
NRSBAATKO min). AR | mLE G 5 Z4] 60T ool ol Hrf 60 minh] 2L
7Vttt AR5 14 HS 0.1 mLA Foto] Tryptic Soy Agar(Becton, Dickinson and Company)
o E551ar BT AASHSIT: 208 (M0 E R0 Q= AlRE Adlol SYe e R
FHETE &, 30ColA 24A17F FF HiFelet vl & Mk Alestal ol Akl whet
Qe 58 AN BT B4 23] RS

Log CFU/mL = Log(CFU x [(Pition factor)

M. Zar ¥ 0F
AR 24 A3} 0 minollA] 60 min®]l ©|2717HA] B. cereus Nlat 4= FHaohs HEE HO
™, 0 min|A] H 5.340.2 Log CFU/mL(Z4 5.0 Log CFU/mL, |t} 5.9 Log CFU/mL)O|& %7
AlF<=7} 60 minol B4 1.7+0.2 Log CFU/mL(Z|4 0.5 Log CFU/mL, 3t 2.4 Log CFU/mL)7HA]
adk= A0 UGt Table 2). 0-20 min -7k F243H A7t dA8stloH, B+ 2.9 Log
CFU/mL(H4 2.4 Log CFU/mL, H| 3.6 Log CFU/mL)2] ZAE 3RQI3F 4= 9lth. 27] Ald<=0
min)®} HZ AF<4(60 min)Q] AINES HWsH HH 3.6 Log CFU/ML 42202 7HAgion HAi
A 32 2.8 Log CFU/MLQRY B. cereus), |t 74 422 4.7 Log CFU/mML(6YH B. cereus)=
UERTHTable 3). FAIRMS A}, o5 HE AP0l Aol7t e Ao= FRIEom, 28 o5+
£ 681 o] Hlsto] FAPFo] HlwA =2 Aol U 4= Uk
B. cereus= EY, A& T AAl] g2 AT 4= JloH EY ST V1E € 5EED
SO ApIAQ mAF AL B AlZ o o 4= QItiAmesen ef al., 2008; Vilain ef al., 2006).
EZE AR 7S Al BRI A1E 2 Bato g AlFo] Bk Aol mAkeHE 78k k. IR
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Table 2. The cell counts of Bacillus cereus isolates during heating at 60 for 60 min

No. of Bacillus cereus

Cell counts (Log CFU/mL)

0 min 20 min 40 min 60 min
1 5.0+0.4 2.3+0.4 2.1+0.4 1.9+0.5
2 5.0+0.4 2.440.2 2.340.2 2.240.2
3 5.240.2 2.6+0.3 2.4+0.4 2.4+0.4
4 5.5+0.3 2.9+0.7 2.4+1.0 2.2+1.0
5 5.1+0.7 2.0£0.2 1.7£0.2 1.7£0.3
6 5.2+0.0 1.6+0.1 0.8+0.7 0.5+0.5
7 5.740.1 2.6%0.1 1.6+£0.2 1.5£0.3
8 5.8+0.0 2.7£0.3 1.5+0.5 1.6£0.2
9 5.3£0.2 2.9+0.2 2.0£0.4 2.0+£0.5
10 5.940.1 2.740.1 2.3+0.5 2.2+0.4
11 5.0£0.1 2.440.1 1.9+0.2 1.8+04
12 5.3+0.0 2.540.2 1.940.1 2.040.1
13 5.3+0.3 2.240.1 1.7+0.3 1.740.2
14 5.2+0.0 2.4+0.1 1.3:04 0.84+0.3

mean+SD.

Table 3. Reduction level in final cell counts at 60 min compared to initial cell counts at 0 min of Bacillus cereus during heating at 60T

No. of Bacillus cereus

Cell counts (Log CFU/mL)

Initial (0 min)

Final (60 min)

Reduction level

1 5.0+£0.4 1.9+0.5 3.1
2 5.0+0.4 2.2+0.2 2.8
3 5.240.2 2.4+0.4 2.8
4 5.5+0.3 2.2+1.0 3.3
5 5.1+0.7 1.7+0.3 3.4
6 5.2+0.0 0.5+0.5 4.7
7 5.7+0.1 1.5+0.3 4.2
8 5.84+0.0 1.6+0.2 4.2
9 5.3+0.2 2.0+£0.5 3.3
10 5.9+0.1 22404 3.7
11 5.0+0.1 2.0+0.2 3.0
12 5.3+0.0 2.0£0.1 3.3
13 5.3+0.3 1.7+0.2 -3.6
14 5.2+0.0 0.8+0.3 -4.4
mean+SD.
QI3 7|ZAIZ Tl & A 71710 ASE Aol AEE 4 A.0H(Vilain et al., 2006), TAFAITF
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o] AL o= /\Egﬂ/\oﬂ 16;)6].% =go] 73t IAZ Qlsf A A1Z AL glelo] A7|Hol AR
AFEA]7]7] o3 A1SE Aba 9ho] 9J3lo] Eth(Faille et al., 2001; Vilain et al., 2006).
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o] A7} T o 0 Kousouranis er al, 1999), o} A7t A2 ARHE At
recovery 71RO Qlglol A8 HAHY BACE A0] AT 1) AT BA02 3t HEE
AL 2] SIS op A % Itk B} A2 olF Ae A 1 S0l B ol
239 A AAH o A 2= 9tk oA QIthDabbah er al., 1969). T3 Kragh 520222 I<
B3l AxE HANML B. cereus /732 SISIOH, AHE B9 £/ HUH B. cereus7}
7 WollA Ajsestele IgolA A3k A& BojFIL) B, cereus®] doubling time 20-6040]
), a7 infectious dose) Tk 10° CFU/g(EE mL)E L&A Uck(Frentzel et al., 2020).
Doubling time2 20&o|gf1 7g519S wl, & AgAo] 7 & Aoz IRIEH 2H B cereus=
60COlA FHEE 60% 52t sltjhe zhof A7} 20001E Jlofl 558 R 5= e =
7;}z] MRS 2~ olr,].

oo&w T
TRER B corens] A £ WA I ol Aol dfst o) Basich @A) 4%
Spgol dhek k] Q142 wolAl T glom, Qg Telol dieh AL SSatod AAel ST
2o 28 T AES B 455 AL P4 S0 BT ok ueby 4% 99 FER
Eqaw Al el o) AE ) A5E Aad AU AF RS PuT 4
Q= Zk319] o] Wasitt,

V. 2 <

B, coreus’s A% FRIN] H2hs0] 7 A FAFITOR 5] TR Yol Yol
AEAAY] A Bats S E Alofsh] ofFth & Ao E EVtE 57 S04 2EE
14719] B. cereusS 60T oA 605 =<t GAE|SPHA AI7FPE B. cereus®] EZAJSE A S E%ﬁ}oq
B. cereus®] GATAIL FHolslTt. 11 Al 60 S0t ] T ZAH B cereus Al B
3.6 Log CFUML(H4: 2.8 Log CFU/ML, |t} -4.7 Log CFUmL)& Uehdth. d4e] & Aaie
B. cereus A5+ A 0.5 Log CFU/mML, o 2.4 Log CFU/mLE Q1= itt. A8 & #AEsl=
B coreusi= AH%3710] M B3] £ recovery=Jol A 7153191, Ol B, coreus A5 9
o] iglo] @ % Siek. 54K2S] ARHEARIA 357 0] AR B. coreuste ThRE AR(E%
SH S50l 0 2 % Bl 5082 o 201 el 74 B . o

O

Bl Weole). ok, A% AgRAINS] RAMT A - AR AR - B 5L A4S A7
o A % A AT & QI AFE WY AP £ & ouE ol 3ol thet
4% QAle] BAT Bt Ry Bowd
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