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Isolation and Growth Pattern of Bacillus cereus from Ready-to-Eat Foods. Soon Han Kim*, Mi Gyeong
Kim, Min Cheol Kang, Young Wook Son, Chang Hee Lee, In Bok Kim, Young Ja Lee and Soo Young
Choi. Busan Regional KFDA, Busan 608-829, Korea — The contamination of Bacillus cereus was inves-
tigated in 240 RTE (ready-to-eat) food samples including 118 seafoods, 82 Korean packaged meals
and 40 other RTE foods. Many B. cereus presumptive strains were isolated from the enrichment cul-
ture in Tryptic Soy Broth (TSB) added polymyxin, followed by selective culture in Mannitol Egg Yolk
Polymyxin (MYP) agar and Gram staining. A total of 36 strains (16 in seafoods, 17 in Korean pack-
aged meals and 3 in other RTE foods) were identified as B. cereus by the analysis of 61 biochemical
tests of the API 50CHB/20E system test and supplementary tests of B-hemolysis, rhizoid growth,
motility and oxidase activity. The 28 strains out of 36 B. cereus isolates produced diarrhoeal enter-
otoxin in Brain Heart Infusion (BHI) broth. All isolates were resistant to ampicillin and penicillin
antibiotics, and most of them were susceptible to gentamicin, vancomycin, bacitracin, chloram-
phenicol, kanamycin and streptomycin. The growth of B. cereus was affected by environmental tem-
perature and incubation time. Culture with temperature under 107 effectively restricted the growth

of B. cereus.
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Diarrhoeal enterotoxin 44
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Table 1. Characterization of typed Bacillus strains on the basis of biochemical and physiological properties

Strains % ID° AP name Motiliy Oxidase Rhizoid Bacte.rial
test growth strain

KCCM 40935 80.6/18.5 B. cereus/B. mycoides + - - B. cereus

- KCTC 1661 822/148 B. cereus/B. mycoides + - - B. cereus
KCTC 1092 50.1/49.4 B. cereus/B. mycoides + - - B. cereus
KCTC 3062 96.0 B. cereus + - B. cereus
KCCM 41613 98.7 B. cereus + + - B. thuringiensis
KCCM 41606  52.9/28.7/15.1 B. mycoides/B. anthracis/B. cereus - - + B. mycoides

*Symbols: +, positive; -, negative.
®% ID means the percentage of identification.
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Table 2. Characterization of B. cereus isolates from various ready-to-eat foods on the basis of biochemical and physiological

properties *
Food samples % ID® API name Motiliy Bacte}'l al BCET-RPLA
strain test

Sea foods 5 80.5/194 B. cereus/B. mycoides + B. cereus +
11 58.7/40.9 B. mycoides/B. cereus + B. cereus +
78 61.1/38.8 B. cereus/B. mycoides + B. cereus +
81 90.4/9.5 B. cereus/B. mycoides + B. cereus +
86 90.0/9.9 B. cereus/B. mycoides + B. cereus +
123 66.5/334 B. cereus/B. mycoides + B. cereus +
128 69.7/30.2 B. cereus/B. mycoides + B. cereus +
167 95.2 B. cereus +
176 69.9/30.0 B. cereus/B. mycoides + B. cereus +
177 99.3 B. cereus +
204 64.7/35.2 B. mycoides/B. cereus + B. cereus +
226 50.5/49.4 B. cereus/B. mycoides + B. cereus +
228 99.8 B. cereus +
236 99.5 B. cereus +
238 80.5/18.7 B. cereus/B. mycoides + B. cereus -
239 96.8 B. cereus +
Packaged meals 16 99.6 B. cereus +
18 99.6 B. cereus +
19 99.6 B. cereus +
108 72.2/27.7 B. cereus/B. mycoides + B. cereus +
113 86.1/13.8 B. cereus/B. mycoides + B. cereus +
114 994 B. cereus +
117 99.2 B. cereus +
118 99.2 B. cereus +
119 80.6/19.3 B. cereus/B. mycoides + B. cereus +
140 74.4/24.0 B. cereus/B. anthracis + B. cereus -
148 99.2 B. cereus -
179 96.8 B. cereus +
189 76.3/23.1 B. cereus/B. mycoides + B. cereus +
190 68.2/312 B. cereus/B. mycoides + B. cereus +
205 67.9/30.0 B. cereus/B. anthracis + B. cereus -

219 81.1/174 B. cereus/B. anthracis + B. cereus
222 65.9/32.3 B. cereus/B. mycoides + B. cereus -
Other RTE foods 44 79.2/19.8 B. cereus/B. mycoides + B. cereus -
67 98.0 B. cereus +
68 99.9 B. cereus -

*Symbols, ®% ID are the same as Table 1.
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Fig. 1. Isolation rates of B. cereus from various ready-to-eat

foods.
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Fig. 2. Isolation rates of B. cereus with variable seasonal tem-
perature.

Table 3. Antibiotics susceptibility of B. cereus isolated from
various RTE foods

Susceptibility

Antibiotics Resistant  Intermediate Susceptible

(%) (%) (%)
Ampicillin 100 - -
Bacitracin - 13.9 86.1
Chloramphenicol - 28 97.2
Erythromycin - 30.6 69.4
Gentamicin - - 100
Kanamycin - 13.9 86.1
Penicillin G 100 - -
Rifampicin 69.5 222 83
Streptomycin - 28 97.2
Tetracycline 111 223 66.7
Vancomycin - - 100

I 3o AFE g fEd BE 2 f5AFCA 10T
ojgte] A& REol IR AL FEHYPTH AA Ay
S M)A 2 o] &3} B. cereus, Staphylococcus aureus 5 &
A% patten®A & A 2] AR[9E FAF 2HE U

9 @ Ohrs
W 4hrs
O7hrs
8 O 24hrs
E 7
3
[T
Q
_8’ 3]
5
4°C 10C 20°C 30°C

Fig. 3. Growth pattern of B, cereus KCCM 40935 in relation to
temperature and time.

ehfio] 7uto] B. cereus Y HFEE MTd £ A&uiA
7} H3 g AL RaZ.

2 o

=9 thaE AEY A, HF 5o AHF 1184, 4
u, AW A 5o £AEF 827 2 71E} ready-to-eat(RTE) 4]
Z 407, & 2401 A0 2 Bacillus cereus?) LENHE 2
Ag AT, A72F 167(13.6%), TASE 178(207%), 718}
RTE A Zd A 3A(7.5%), & 364(15.0%) A B. cereus7} 7
£ itk B. cereusd) &2 polymyxin BE 3718 TSBHl
Mg AHEE FauF F MYP agarol M AFAQ Hgs
Adstgod, ddd dF5S ez 28 gH, oxidase
test, EAZEH A x| o)A 9] rhizoid growth, B-88A f - §
T B3 4 o#FES EHsA. APl 50CHB/20E
system$& F3 A3 EHF motilityAd 52 Bt
HEFHOZ B cereus2 X FA - FAY} U 367+
% 2873(77.8%)7} BCET-RPLA Alg& %3] BHI brothe]
A AT 5AE Adste Ao vEEt ok& e A4
244 AE A3 B2dE-2 ampicillin (100%), penicillin G
(100%) 2 rifampicin (69.5%)°) W3¢ B¢ 29, gentamicin
(100%), vancomycin (100%), bacitracin (86.1%), chloram-
phenicol (97.2%), erythromycin (694%), kanamycin (86.1%)
9 streptomycin (97.2%)0] 24 Yehl Tk B. cereus<]
AL 29 Azt WA FUAE Hisd, dFLE
Q1 10ColstelME 7 A&o] 423 A€ 5y, 20T
2 30T EaAde FAHT F4& Bo 7)L0] AFde
d7ld) 53] we Fort sty ddHh

= L

re

1. Ash, C. and M. D. Collins. 1992. Comparative analysis of



10.

11.

235 ribosomal RNA gene sequences of Bacillus anthracis
and emetic Bacillus cereus determined by PCR-direct
sequencing. FEMS Microbiol. Lett. 94, 75-80.

. Ash, C, J. A, Farrow, M. Dorsch, E. Steckerbrandt and M.

D. Collins. 1991. Comparative analysis of Bacillus anthracis,
Bacillus cereus and related species on the basis of reverse
transcriptase sequencing of 165 rRNA. Int. |. Syst. Bacteriol.
41, 343-346.

. Claus, D. and R. C. W. Berkeley. 1986. Genus Bacillus Cohn

1986, pp. 1195-1139. In P. H. A. Sneath (ed.), Bergey’s
manual of systematic bacteriology, Vol. 2. Williams &
Wilkins Co., Baltimore.

. Fang, T. ]., Q. K. Wei, C. W. Liao, M. ]. Hung and T. H.

Wang. 2003. Microbiological quality of 18C ready-to-eat
food product sold in Taiwan. Int. . Food. Microbiol. 80,
241-250.

. Finlay, W. J. ], N. A. Logan and A. D. Sutherland. 2002.

Bacillus cereus emetic toxin production in cooked rice. Food
Microbiol. 19, 431-439.

. Granum, P. E. 1994. Bacillus cereus and its toxins. |. Appl.

Bacteriol. 76 (Suppl.), 615-66S.

. Granum, P. E. 1997. Bacillus cereus, pp. 327-336, In Doyle,

M. P, L. R. Beuchat and T. J. Montville (eds.), Food Micro-
biology, Fundamentals and Frontiers, ASM Press, Washing-
ton, DC.

. Johnson, K. M. 1984. Bacillus cereus foodborne illness -an

update. ]. Food Prot. 47, 145-153.

. Johnson, K. M., C. L. Nelson and F. F. Busta. 1982. Ger-

mination and heat resistance of Bacillus cereus spores from
strains associated with diarrhoeal and emetic food-borne
illnesses. J. Food Sci. 47, 1268-1271.

Kaneko, J., R. Nozaki and R. Aizawa. 1978. Deoxynucleic
acid relatedness between Bacillus anthracis, B, cereus and
Bacillus thuringiensis. Microbiol. Immunol. 22, 639-641.
Kim, S. S., Y. H. Park, J. S. Lee, J. H. Yoon, Y. K. Shin,
I. K. Rhee and Y. J. Kim. 1998. Taxonomic studies of the
beta hemolysis-causing pathogen Bacillus cereus isolated
from sea water. ]. Microbiol. Biotechnol. 8, 67-73.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2L

Journal of Life Science 2004, Vol. 14. No. 4 669

National Committee for Clinical Laboratory Standards.
1991. Performance standards for antimicrobial disk suscep-
tibility test. ed 4. M2-M4. NCCLS. Villanova, Pa. Order
from NCCLS. 771 East Lancaster Ave., Villanova, PA 19085.
Sarrias, J. A. M. Valerc and M. C. Salmerén. 2002.
Enumeration, isolation and characterization of Bacillus
cereus strains from Spanish raw rice. Food Microbiol. 19,
589-595.

Seki, T, C. Chang, H. Mikami and Y. Oshima. 1978
Deoxyribonucleic acid homology and taxonomy of the
genus Bacillus. Int. . Syst. Bacteriol. 28, 182-189,
Somerville, H. J. and M. L. Jones. 1972. DNA competition
studies within the Bacillus cereus group of bacilli. |. Gen.
Microbiol. 73, 257-265.

Valero, M., L. A. Hernandez-Herrero, P. S. Fernandez and
M. C. Salmerén. 2002. Characterization of Bacillus cereus
isolates from fresh vegetables and refrigerated minimally
processed foods by biochemical and physiological tests.
Food Microbiol. 19, 491-499.

Woo G. ], D. H. Lee, J. S. Park, Y. S. Kang and C. M.
Kim. 2002. Prevention of food poisoning outbreaks and
food safety control. Food. Ind. Nutr. 7, 17-21.

Yokoyama, K., M. Ito, N. Agata, M. Isobe, K. Shibayama,
T. Horii and M. Ohta. 1999. Pathological effect of cereulide,
an emetic toxin of Bacillus cereus, is reversible in mice.
FEMS Immunol, Med. Microbiol. 24, 115-120.

HEE. 2002 BERRYAE AxTELY vAESH 93
T HE55 ARSI dTRIA. A EFEUAA. pp.
235-305.

HHEE. 2003, oW Fol Mo AFELA 2AE A HeD
A48 A4, 4FEAUHAY AFRIA. 4B ED
A, pp. 325-408.

AP, 2003. A F AAEE Fd A3 v AE A7
Holl B3 A7 AESALIAY ATFEIA. 2FS
A . pp. 465-513.

o of

L 2gM. 2008, 979 AR AEHE 29 B B 43

5 BARE 24 4FEAUHNY AFRDA. 4 EYS
FokdA. pp. 73-210.



