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ABSTRACT - The purpose of this study was to provide basic data necessary for the prevention of food poisoning
and safe food management. We examined 872 food samples for B. cereus in accordance with the MFDS Food Code
and investigated characteristics of their harboring toxin genes. We detected and isolated 113 strains of B. cereus from
78 food samples (8.9%), and the average detection level was 48 CFU/g. B. cereus isolates carried at least 1 toxin gene
among the emetic toxins and 5 enterotoxin genes. The toxin gene profiles of B. cereus were classified into 18 different
types of isolates showing genetic diversity. Among the strains, 34 (30.1%) had all 5 enterotoxin genes (Cytk-nheA-
entFFM-bceT-hbIC), accounting for the highest percentage. The entF’M and nheA genes were major enterotoxin genes,
while the emetic toxin gene, CER, was the least detected in B. cereus isolated from food samples.
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Materials and Methods
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Table 1. Classification of food samples in this study

Food type No. of samples
Ready-to-eat food 107
Frech-cut product 20
Ready-to-cook food 20
Kimchi, Picked-boiled food, Salted seafood 46
Seasoning food 36
Prepared food 452
Ready-to-agriculture 191
Total 872
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AFFA AL, DAY 4. mAE AW 418 vpde
2 A2 Al wEk AA 258 FHHo R Fshd
e A2 95 225mLE 7H8ke] stomacker (BagMixer
400VW, Interscience, St. Nom, France)® 23}3t & A gL
Aoz ARgEATt A8 AS A 346t Mannitol
Egg Yolk Polymyxin agar (MYP, Oxoid, Basingstoke, England)
T ATl 1mL7}t HES =Eate] 30°ColA 2447
&3t & J=k el lecitinaseS A sh= e 3] 9
A ks AlFtaitt. Al Paoll A dF A
&S AE3le] Blood agar plate (BAP, Hanil Komed,
Seongnam, Korea)oll 533 30°CollA] 24A17F vl Fsle] B-
hemolysisE &213}93.9, tryptic soy agar (TSA, BD, Franklin
Lakes, NJ, USA) Hi=]o]l Althgh §- 37°Col| 4] 244]%F nfj s}
o] VITEK 2 Compact (BioMerieux, Marcy I'Etoile, France)<]
BCL cardE ©]-&-38t] Astetsds AAlsisinh. 5712 B,
cereus} Bacillus thuringiensisS %3171 $18] 0.5% basic
fuchsing ©]-&-3}o] 2354t H (Insectidal crystal protain)
A 72 drides Slsit

© o £ 2

o M

B. cereus EA M} QAL

B. cereus =24 A RIS S8l =5 22l B cereus
straing Bt 100 pLoll F-A1A 100°ColA] 30%7F 35
©]3L 4°Cell A 14,000 rpm, 57 A4S § TS
template DNAZ. AM8-313T}. A B. cereus?} B. thuringiensis
£ o] S8l s sadid K ey]) HE RIS
Bacillus  cereus Detection (Bc/Bt distinguish) PCR Kt
(Jinsungunitech, Seoul, Korea)S A}&-3}] Polymerase Chain
Reaction (PCR, Life Technology Holdings, Singapore)% A3}
Stk E2E B cereus?] SAFAAE AR ER o] £
Qg2 E e A Ad AR X320 wel B. cereus
7} AAEhE A=A 5F(hbIC, beel, entFM, nhed, CytK)=F
T-EZ2(CER 3l PowerCheck™ Bacillus cereus 6-toxin
Detection Kit (Kogenebiotech, Seoul, Korea)S AF&-3le] A%
Aol A A A o2 PCRE AAISHIEE PCR A=
1.8% agarose gel= 7] @53t glstsict.

SAM

Ao 4 A3E Microsoft Office Excel 20102
ZZ2 WS AFE3F] Chi-square test 2 ANOVA &
AR, P FEel 0.05 Hvrd o FAHCE &
ool sk

o, 1% of
o o X rfz

Results and Discussion

AMZTH B cereus UEE
= 872749 AA| 5 78ANA B. cereus’} HEE S 8.9%

o



Table 2. Detection of Bacillus cereus in different food types

No. of

Food Type SI;Ir(r){p(l)is detected P—\;(azlue
samples(%)
Ready-to-eat foods 107 6(5.6)
Frech-cut products 20 1(5.0)
Ready-to-cook foods 20 0(0.0)
e pedtolel 4 neasy oo
Seasonig foods 36 7(19.4)
Prepared foods 452 33(7.3)
Ready-to-agriculture 191 20(10.5)
Total 872 78(8.9)

*P =0.001 means that there is a statistically significant difference.
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Table 3. Contamination level of B. cereus in different food types
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EY B cereus 298 ==
872719] B. cereus L9 T2 EHENA HU
20,000 CFU/g2 H++ 48 CFU/g AEHJon, 44
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2-49-2Y-A2F 38 CFU/g, ZH|4E 28 CFU/g, %
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ARE FAS st doh. Y BT S %
21Z o] Ag o1& B cereusell Wit 40| AA ] 9
A gt} B AF A3 7150 dE A Fe deie =

T Ajtshy 7lFo]l AAEHA &L FAE T EREAA
A% 20,000 CFU/ge] A& o] AFHAHe] 443
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Ao 7ol A FES| AHst AAHASHAE B. cereus

2 QAF AFES U F vk iAo AFES
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(unit : CFUY/g)

No of samles 10-10° >10° Mean StdDev Min. Max.
(CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g)
Ready-to-eat foods 107 5 1 93 938 ND? 9,700
Frech-cut products 20 1 0 1 4 ND 20
Ready-to-cook food 20 0 0 0 0 ND 0
KimChiS’ jtlzges‘l:f‘;ﬁg foods, 46 11 0 38 106 ND 610
Seasonig foods 36 7 0 28 90 ND 480
Prepared foods 452 32 1 17 243 ND 5100
Ready-to-agriculture 191 19 1 113 1447 ND 20,000
Total 872 66 105 48 773 ND 20,000

YCFU : Colony Forming Unit.
YND : Not Detected.



Table 4. Profiles of emetic toxin gene and enterotoxin genes in Bacillus cereus strains used in this study

Emetic
Enterotoxin genes toxin No.(%) of B. cereus isolates from foods
Profile e
Ready-to-eat  Frech-cut  Kimchi, picked-boiled Seasonig Prepared Ready-to- Total
CytK  nhed  entFM  bceT hblC CER f(f)ds proiluct foods, Saltj:d sea foods foi)ds f070d5 agriciulture (n=113)
(n=10) (n=1) (n=13) (n=13) (n=44) (n=32)
1 + + + + - 5 1 7 2 15 4 34(30.1)
2 A 3 + - - 1 4 2 7(6.2)
3 + + - + - 1 2 3 3 9(8.0)
4 < 3 - + + - 1 1(0.9)
5 + - + + + - 1 1 3 5(4.4)
6 - 3 < + A - 1 1 3 8 13(11.5)
7 + + - - - 1 2 5 2 10(8.8)
8 3 - - + - 1 1(0.9)
9 - + + - - 1 1(0.9)
10 - 1 - + - 1 4 1 6(5.3)
11 - 3 - + - 1 1(0.9)
12 - - 3 < - 2 2(1.8)
13 - + - - + 2 2 4(3.5)
14 < - - - + - 1 1(0.9)
15 - - - - + 1 1(0.9)
16 - 1 - - - 3 3 3 3 3 15(13.2)
17 - - + - - 1 1(0.9)
18 < - - - - 1 1(0.9)

+: detected, -: not detected.
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PO Z enterotoxin®l] 2]+ AL emetic toxindl] 2]
gt FEFo] Unt. AAN 2F=3 B-E enterotoxin
HBL (heamoltic enterotoxin ; hblA, hbIC, hblD), NHE
(non-heamoltic  enterotoxin nhed, nheB, nhe(C),
CytotoxinK (CytK), enterotoxin FM (entFM), Bacillus
cereus toxin T (bceT)7t oW, FTEZ 5 CER
(Cereulide)el] oJ3l] LAY S 2] F A 2] B. cereus
113575 deE FE 54 (CERS F=4 5% (0K,
nhed, entFM, bceT, hblC)YS ET3 F 652 SAhHAA
£ BAsI9t). AEdEs 22AF 33704 445(38.9%),
2 HH 7Fed AR 207004 325(28.3%), A A-A
o2 AZF 11404 135(11.5%), Z1)2E 7A0A
135(11.5%), ZA4HAE 6404 105(8.8%), A1 41H ¢
AFl A 15(0.9%)7F 1= AT FeldtFE UHA
o s7H7EA ] B4 fAAE Beetden, 54 f3xk
EA Aol mEk F 18719] profile® #5750 SafA
2kl thFd g YER ATH(Table 4). 54 5E(Cytk-nhed-
entFM-bceT-hbICyS 5 R 4571 345(30.1%)= 7t
A wow T F nhed-entFM 155F(13.2%), nheA-
entFM-bceT-hbIC 137F(11.5%)O. 2 <=o]Qit}. 2]&d 2
o459 54 FHAF profiledd] dist o 2pol= §iAHh
(P = 0.301).

B. cereus®] TES29 CER §-AAE HA3F profile
13, 152 25R/7F o BF F=aE VN o B3t
AT} Profile 13> X&]2F 27, ¥R A3 7Fsd &4t
27 T 47(G5%)7F AEEALH profile 15 &4
FollA 157(0.9%) BRIt FESA CER AS A5
A& T nhedSt emtFMrS 7HA= 570 tkal HIE
S®), 2 Aot YRS FUTE g EA FHA
Q1 nhed, hbICE= B. cereusZ 213 AAE 2= 9] 1214
Ql WEAGRJAA T HAEI =g, B AFx =
10353(91.2%)7F AZEH A Kim 570 B3 F52]<
5 54192 F2] B cereus= 82 527 A} profile
2 BREY Cytk-nheABC-entFM-hbIACD-CERS X538 &
YF7F 32%% 71 =g OS2 Cyth-nhedBC-
entFM-bceT-hbIABC 2 Cytk-nheABC-entFM-hbIACD-CER
Z} 20.9%, Cytk-nheABC-entFM- bceT-hbIACD-CER 20.2%
£o g AZHYCH TEEL CERFAAS BA3 vle
°] 50.2%, nheABCS} hbIACDE 852%= - Aol H]s)
=2 A%S HAY. B cereuss AL HSEFoR
AA AE T AR AFAAARE A 7]Fo] AA
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