
Introduction

Bacillus cereus is a gram positive, spore forming

bacterium belonging to the family Bacillaceae.

Based on similarity in 16S rRNA sequence, B.

cereus, B. anthracis, B. thuringiensis and B. my-

coides make up the B. cereus group (Ash et al.,

1991). The species of the B. cereus group have a

high level of DNA homology (Seki et al., 1978),

but a specific sequence within gyrB gene can dis-

tinguish B. cereus from the other members of the

group (Yamada et al., 1999). B. cereus is wide

spread in environment (soil, water and dust) from

where it easily spreads to foods of plant origin and

through cross contamination to other foods such as

milk, meat and meat products (Granum, 1994,

Larsen and Jorgensen, 1997). B. cereus is an im-

portant cause of foodborne illness in humans and

is frequently involved in a number of foodborne

outbreaks (Notermanns and Batt, 1998, Lund et al.,

2000). B. cereus causes two distinct types of food-

borne illnesses, the emetic and diarrheal syn-

dromes, which involve emetic and diarrhegenic

toxins, respectively (Kramer and Gilbert, 1989). B.

cereus is also involved in a variety of local and sys-

temic infections like meningitis, endopthalmitis,

endocarditis, periodonitis, osteomyelitis, wound in-

fection and septicemia (Kortiranta et al., 2000,

Schoeni and Wong, 2005).

B. cereus produces several toxins, including an

emetic toxin (Agata et al., 1995b) and five different

enterotoxins, namely: Hemolysin BL (Beecher and

Mac Millan, 1990, 1991), non hemolytic entero-

toxins (Ganum et al.,1996, 1999), cytotoxin K

(Lund et al., 2000), enterotoxin FM (Asano et al.,

1997) and enterotoxin T (Agata et al., 1995a). He-

molysin BL, non hemolytic enterotoxins and cyto-

toxin K are regarded as primary virulence factors

involved in B. cereus diarrhea (Granum et al.,

1999, Lund et al., 2000). 

As the isolation and identification procedures

are time consuming and laborious and currently no

method is available to directly detect B. cereus and

its enterotoxigenic genes from various foods.

Therefore, the current work was undertaken to

standardize a PCR for direct detection of B. cereus

and its enterotoxigenic genes from meat and meat

products.
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Abstract

This study was conducted to standardize a method to directly detect B. cereus (gyrB) and its enterotoxigenic genes

(hblDAC, nheABC, cytK and entFM) from the meat and meat products by PCR, without going for isolation and identification

procedures. The method employed was compared with the standard microbiological procedures to determine its efficacy.

Among the 150 food samples (raw meats and meat products) analyzed, 60 (40%) were positive for isolation and 59 (39.33%)

turned out positive by direct PCR (targeting sequence within gyrB gene). Food samples screened directly by multiplex-PCR

showed almost similar enterotoxin gene profile as of isolates from these samples. Among the positive samples, only two

samples from the meat products showed different enterotxigenic gene pattern compared to isolates from these samples. The

incidences of various enteroxigenic genes hblD, hblA, hblC, nheA, nheB, nheC, cytK and entFM was 66.10%, 66.10%,

67.78%, 96.61%, 96.61%, 93.22%, 67.78% and 100%, respectively. Therefore, the current method can be employed for the

direct detection of B. cereus and its enterotoxigenic genes in the meat and meat products without going for isolation and

identification procedures and the method can be extended to other foods as well. 
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Materials and methods

Sampling

The samples (n=150) comprising raw meat

and meat products were collected at random from

different retail shops in and around different cities

of India. Approximately 30 g of meat sample was

collected in a clean plastic zip lock sachet and

brought to laboratory and processed immediately

or kept at 4oC till processed. Raw meat samples

comprising chicken (50), mutton (25) and chevon

(30) were collected from retail shops in Ludhiana

and Srinagar cities (India), maintaining proper cold

chain. A total of 45 meat products [Chicken seekh

kabab (5), Mutton seekh kabab (5), Chicken curry

(4), Chicken salami (4), Chicken lolypop (4),

Chicken sausage (4), Chicken pickle (3), Chicken

tika (3), Chicken pakoda (3), Chicken nugget (2),

Chicken cutlet (2), Mutton shami kabab (2),

Chicken fingers (2) and Chicken momo (2)] were

collected from different retail shops and restaurants

of the Ludhiana city (India). 

Isolation and Identification

About 10 g from each sample was weighed asepti-

cally and homogenized in 30 ml of Brain Heart in-

fusion broth (BHIB). After an incubation period of

18 h at 37oC a loopful was streaked on Polymyxin-

pyruvate-egg yolk-mannitol-bromothymol blue

agar (PEMBA) media (Hi-Media, Mumbai-India).

The plates were incubated for 24 h at 37oC (Shina-

gawa, 1990). All the presumptive isolates of B.

cereus were subjected to morphological and bio-

chemical tests as per the method described in Bac-

teriological Analytical Manual (Rhodehamel and

Harmon, 2001).

Bacterial strains: Two reference strains of B.

cereus were used - ATCC 14579 procured from Hi-

Media (Mumbai, India) and NCTC 11143 (Kindly

provided by Prof. M.M. Willayat, of SKUAST-K,

J&K, India). The reference strains of B. cereus

were used as positive control during the biochem-

ical and molecular characterization of the isolates.

DNA extraction from food samples

Approximately 5 g of meat samples was cut into

small pieces and inoculated into 20 ml nutrient

broth containing polymyxin B (10000 U/100 ml, to

inhibit growth of Gram negative bacteria) and in-

cubated at 32oC for 16 h. Avoiding tissue pieces 1

ml of supernatant broth was taken into micro-cen-

trifuge tube and centrifuged at 5000 g for 3 min,

pellet was washed twice with 500 µl of sterile

MilliQ water to remove the PCR inhibitors and fi-

nally dissolved in 100 µl of sterile MilliQ water.

Dissolved pellet was heated for 10 min in boiling

water bath, chilled immediately on crushed ice for

20 min and centrifuged at 7000 g for 5 min, the su-

pernatant collected served as template.

Oligonucleotide Primers: The details and concen-

tration of the primers used in the present study are

provided in Table 1.

Detection of gyrB gene of B. cereus in food sam-

ples

The DNA amplification was carried as per the

method described by Yamada et al. (1999) with

slight modifications. The PCR was set up in a re-

action volume of 50 µl containing 3 µl template

DNA, 1X PCR buffer (10mM Tris-HCl pH 8.3 and

50mM KCl) 1.5 mM MgCl2, 200 µM of each

dNTPs, 1 U Taq DNA Polymerase and primer con-

centration of 1 µM each. Amplification was carried

out in thermocycler (Biometra, Germany) with ini-

tial denaturation at 95oC for 5 min followed by 30

cycles of 94oC for 1 min, 57oC for 1.5 min, 72oC

for 2.5 min and a final extension of 72oC for 7 min. 

Detection of eneterotoxigenic genes: The PCR con-

ditions used for the detection of enterotoxigenic

genes (hblADC, nheABC, cytK and entFM) in the

current study are described elsewhere (Ngamwon-

satit et al., 2008). The amplification was set up in

a final reaction volume of 20 µl, containing 5 µl of

template DNA, 1X PCR buffer (10 mM Tris-HCl

pH 8.3 and 50 mM KCl), 1.5 mM MgCl2, 200 µM

of each dNTP, 5 U Taq DNA Polymerase (MBI-

Fermentas, India) and primer concentration ranging

from 0.2-0.4 µM. PCR reaction was carried out in

thermocycler (Biometra, Germany) with initial de-

naturation at 95oC for 5 min followed by 30 cycles

of 94oC for 45 sec, 54oC for 1 min, 72oC for 2 min

and a final extension of 72oC for 5 min. 

Amplicons were separated on agarose gel

(1.5%), stained with ethidium bromide (5 µg/ml),

applying 5-6 Volts/cm and sizes were estimated

using 100 bp DNA ladder (MBI-Fermentas, India).

Results

Among 150 samples, 60 were positive for isolation
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of B. cereus, making an incidence of 40%. The per-

cent isolation from the chicken, mutton, chevon

and meat products was 32, 40, 36.67 and 51.11, re-

spectively. About 59 (39.33%) samples turned out

positive for amplification of B. cereus specific 365-

bp amplicon (sequence within gyrB gene) by direct

PCR. Of the 59 positive samples, 16 (32%), 10

(40%), 11 (36.67%), and 22 (48.89%), were from

chicken, mutton, chevon and meat products, re-

spectively. The only food sample turning negative

for direct detection by PCR was from meat product

(Chicken pickle-2), though it was positive for iso-

lation of B. cereus. The food samples confirmed

positive for gyrB gene, were screened directly by

multiplex-PCR for the presence of eight enterotox-

igenic genes (hblADC, nheABC, cytK and entFM).

The eight fragments of enterotoxigenic genes

namely, hblD, nheB, hblA, nheA, hblC, nheC, cytK

and entFM, had a predicted size of 1018, 935, 884,

759, 695, 618, 565 and 486, respectively (Fig.1).

The food samples screened directly showed almost

similar enterotoxigenic gene pattern as that of iso-

lates from these samples. Only two samples from

the meat products (Chicken pickle and Chicken

momo), showed different enterotoxigenic pattern

when compared to isolates from these samples.

Only entFM and nheA were detected in Chicken 
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Table 1. Primer Sequence for Enterotoxigenic Genes (hblCDA, nheABC, cytK and entFM) and gyrB gene specific for B.

cereus.

Fig.1. Agarose gel (1.5%) electrophoresis showing different

enterotoxigenic genes of B. cereus from food samples.

M presents 100 bp DNA ladder.

L1 presents mutton sample experimentally contaminated

with reference strain of B. cereus (ATCC 14579) 

L2 presents B. cereus contaminated chevon sample (Group

I)

L3 presents B. cereus contaminated meat product (Group III)

L4 presents B. cereus contaminated chicken sample (Group

II)



Pickle-1, while as isolate from the sample harbored

all the genes. The Chicken momo-2 showed the

presence of hblD, nheA and entFM by direct

screening, whereas, all the genes except cytK were

present in the isolate from this sample. The inci-

dences of various enterotoxigenic genes hblA,

hblC, hblD, nheA, nheB, nheC, cytK and entFM in

the samples was 66.10%, 66.10%, 67.78%,

96.61%, 96.61%, 93.22%, 67.78% and 100%, re-

spectively.

According to the presence or absence of entero-

toxigenic genes, the food samples were divided

into six groups. The samples having all the eight

genes were assigned Group I. Group II and Group

III lacked hbl complex (hblCDA) and cytK, respec-

tively. The isolates lacking both hbl complex and

cytK were placed in Group IV. The Group V com-

prised the isolates in which, none, one, two or all

the three genes of hbl complex were absent but

cytK, entFM and at least one gene of nhe complex

(nheABC) was present. The isolates which were

similar to Group V but lacking cytK gene were

placed in Group VI. Among the total samples pos-

itive for gyrB gene (59),  29 (49.15%), 6 (10.16%),

5 (8.47%), 10 (16.94%), 4 (6.78%) and 4 (6.78%)

occupied Group I, Group II, Group III, Group IV,

Group V and Group VI, respectively (Table 2). 
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Table 2. Distribution of Virulence Groups in Food Samples

Group I: Isolates having all eight genes were assigned 

Group II and Group III: Isolates lacked hbl complex (hblCDA) and cytK, respectively. 

Group IV: Isolates devoid of both hbl complex and cytK.  

Group V: Isolates in which none, one, two or all the three genes of hbl complex were present but cytK, entFM and at least

one gene of nhe complex (nheABC) were present. 

Group VI: Similar to Group V but lacking cytK gene.

Discussion

The isolation and identification procedures are time

consuming and cumbersome, therefore, a faster

method was standardized for directly screening

food samples for the presence of enterotoxigenic

genes of B. cereus without need to go for lengthy

isolation and identification procedures. By direct

screening and isolation, 59 (39.33%) and 60 (40%)

samples were positive, respectively. To test the ef-

ficacy of the method, meat samples negative for

both isolation and direct detection (PCR) were ar-

tificially contaminated by standard strain of B.

cereus (ATCC 14579). After which the meat sam-

ples turned out positive for both gyrB gene and all

the enterotoxigenic genes by direct PCR. Among

the food samples positive for presence of B. cereus

specific gyrB gene, only two samples from the

meat products (Cpik1 and Cmom2) showed differ-

ent enterotoxigenic pattern when compared to iso-

lates from these samples. This can be probably due

to presence of PCR inhibitors (spices, flour) and/or

due to less bacterial load in these samples (Ombui

et al., 2008).  The complete hbl complex was de-

tected in 36 (61.01%) samples, Aragon-Algero et

al. (2008) and Ngamwonsatit et al. (2008) detected

hbl complex in 67.7% and 65.94% of B. cereus iso-

lates, respectively.  The complete nhe complex was

detected in 54 (91.52%) samples. Aragon-Algero

et al. (2008) and Vyeletelova and Banyko (2008)

detected nhe complex in 99.4% and 98% of iso-

lates, respectively. The cytK gene was detected in

40 (67.78%) samples, similarly Chitov et al. (2008)

reported a prevalence of 70.40% for cytK gene.

The entFM was detected in all the samples, sug-

gesting it as the most common gene, likewise, Yang

et al. (2005), Ngamwongsatit et al. (2008),



Vyeletelova and Banyko (2008) and Aragon-Al-

gero et al. (2008) also detected entFM in all the iso-

lates. These findings are similar to the current

study, however, slight variations as reported by au-

thors, could be due to the difference in the genotype

of B. cereus strains in the different geographical lo-

cations. 

There was a higher incidence of the enterotoxi-

genic genes in mutton and meat products as

54.54% and 59.01% of samples from mutton and

meat products, respectively, harbored all the genes

(Group I). The high incidence in mutton as com-

pared to chevon and chicken may perhaps be due

to different source of sampling, as the mutton sam-

ples were procured from the retail shops in Srinagar

city (India), indicating adaptation of more patho-

genic strains of B. cereus in foods from Srinagar,

as some food poisoning outbreaks due to B. cereus

have been reported from Srinagar City (Hussain et

al. 2007). The higher incidence of virulence genes

in meat products is in accordance to the findings of

Baachil and Jaiswal (1988), and may be possibly

due to contamination of meat products during pro-

cessing or afterwards. In rest of the samples the en-

terotoxigenic gene pattern was almost similar

(Table 2). Thus, the enterotoxigenic gene profile of

food samples screened directly being almost simi-

lar to those of B. cereus isolates from same sam-

ples, indicate that the current method can be

employed for the direct detection of enterotoxi-

genic genes of B. cereus from meat and meat prod-

ucts, without going for isolation. The method can

also be extended for the screening of variety of

other food samples. 

Acknowledgement

The authors are thankful to Heads of the Depart-

ment of Veterinary Public Health and Animal

Biotechnology who provided all the necessary fa-

cilities to render this research successful. We are

also grateful to Professor M.M. Willayat for pro-

viding reference strain and his invaluable technical

and moral support.

References

Agata, N., Ohta, M., Arakawa, Y., Mori, M., 1995a. The bceT

gene of Bacillus cereus encodes an enterotoxic pro-

tein. Microbiology 141, 983-988.

Agata, N., Ohta, M., Mori, M., Isobe, M., 1995b. A novel

dodecadepsipeptide, cereulide, is an emetic toxin of

Bacillus cereus. FEMS Microbiology Letters 129, 17-

20.

Aragon-Algero, L.C., Palcich. G., Lopes, G.V., Ribero, V.B.,

Langdraf, M., Destro, M.T., 2008. Enterotoxigenic

and genetic Profiles of Bacillus cereus strains of food

origin in Brazil. Journal of Food Protection 71, 2115-

2118.

Asano, S.I., Nukumizu, Y., Bando, H., Iizuka, T., Yamamoto,

T., 1997. Cloning of novel enterotoxin genes from

Bacillus cereus and Bacillus thuringiensis. Applied

Environmental Microbiology 63, 1054-1057.

Ash, C., Farrow, J.A., Dorsch, M., Steckebrandt, E., Collins,

M.D., 1991. Comparative analysis of Bacillus an-

thracis, Bacillus cereus and related species on the

basis of reverse transcriptase sequencing of 16S

rRNA. International Journal of Systemic Bacteriology

41, 343- 346.

Bachhil, V.N., Jaiswal, T.N., 1988. Bacillus cereus in meats:

Incidence, prevalence and enterotoxigenicity. Journal

of Food Science and Technology 25, 371-372.

Beecher, D.J., Mac Millan, J.D., 1990. A novel bicomponent

hemolysin from Bacillus cereus. Infection and Immu-

nity 58, 2220-2227.

Beecher, D.J., Mac Millan, J.D., 1991. Characterization of

components of Haemolysin BL from Bacillus cereus.

Infection and Immunity 59, 1778-1784.

Chitov, T., Dispan, R., Kasinrerk, W., 2008. Incidence and

Diarrhegenic potential of Bacillus cereus in pasteur-

ized Milk and cereal products in Thailand. Journal of

Food Safety 28, 467-481.

Granum, P.E., 1994. Bacillus cereus and its toxins. Sympo-

sium Supplement. Journal of Applied Bacteriology 76,

61S-66S.

Granum, P.E., Andersson, A., Gayther, C., Te-Giffel, M.,

Larsen, H., Lund, T., O’Sullivan, K., 1996. Evidence

for a further enterotoxins complex produced by Bacil-

lus cereus. FEMS Microbiology Letters 41, 145-149.

Granum, P.E., O’Sullvian, K., Lund, T., 1999. The sequence

of the non-hemolytic enterotoxin operon from Bacil-

lus cereus. FEMS Microbiology Letters 177, 225-229.

Hussain, S.A., Munshi, Z.H., Hussain, I., 2007. Food poi-

soning due to Bacillus cereus. A case report. Journal

of Veterinary Public Health 5, 57-59.

Kortiranta, A., Lounatmaa, K., Haapasalo, M., 2000. Epi-

demiology and pathogenesis of Bacillus cereus infec-

tions. Microbial Infection 2, 189-198.

Kramer, J.M., Gilbert, R.J., 1989. Bacillus cereus and other

Bacillus species. M.P Doyle (ed.) Food-borne Bacte-

rial pathogens. Marcel Dekker, New York. Pp. 21-70

Larsen, H.D., Jorgensen, K., 1997. The occurrence of Bacil-

lus cereus in Danish pasteurized milk. International

Journal of Food Microbiology 34, 179-186.

Lund, T., DeBuyser, M.L., Granum, P.E., 2000. A new cyto-

toxin from Bacillus cereus that may cause necrotic en-

teritis. Molecular Microbiology 38, 254-261.

Ngamwongsatit, P., Buasri, W., Pianariyanon, P., Pulsrikarn,

C., Ohba, M., Assavanig, A., Panbangred, W., 2008.

Broad distribution of enterotoxin genes (hblCDA,

nheABC, cytK and entFm) among Bacillus

thuringiensis and Bacillus cereus as shown by novel

Primers. International Journal of Food Microbiology

103

M.A. Rather et al. / Journal of Advanced Veterinary Research 1 (2011) 99-104



121, 352-356.

Notermans, S., Batt, C.A., 1998. A risk assessment approach

for food-borne Bacillus cereus and its toxins. Sympo-

sium Series-Society for Applied Bacteriology: 51S-

61S. 

Ombui, J.N., Gitahi, J.N., Gicheru, M.M., 2008. Direct de-

tection of Bacillus cereus enterotoxin genes in food

by Multiplex Polymerase Chain Reaction. Interna-

tional Journal of Integrated Biology 2, 172-181.

Rhodehamel, E.J., Harmon, S.M., 2001. Bacillus cereus. In

Bacteriological Analytical Manual (Jackson, G.J.,

Merker, R.I. and Bandler, R. eds.) Centre for Food

Safety and Applied Nutrition, U.S. Food and Drug Ad-

ministration, College Park, MD.

http://www.cfsan.fda.gov/~ebam-14.html. 

Schoeni, J.L., Wong, A.C.L., 2005. Bacillus cereus food poi-

soning and its toxins. Journal of Food Protection 68,

636-648.

Seki, T., Chung, C.K., Mikami, H., Oshima, Y., 1978. De-

oxyribonucleic acid homology and taxonomy of the

genus Bacillus. International Journal of Systemic Bac-

teriology 21:182-189.

Shinagawa, K., 1990. Analytical methods for Bacillus cereus

and other Bacillus species. International Journal of

Food Microbiology 10, 125-142.

Thaenthanee, S., 2004. Study of hemolysin BL heterogeneity

of Bacillus cereus isolated in Thailand. PhD disserta-

tion. Mahidol University. Thailand.

Vyletelova, V., Banyko, J., 2008. Detection of HBL and NHE

enterotoxin genes in Bacillus cereus using Multiplex

PCR. Paper presented at 12th International Sympo-

sium on Microbial Ecology (ISME12). Cairns, Aus-

tralia.

Yamada, S., Ohashi, E., Agata, N., Venkateshwaran, K.,

1999. Cloning and nucleotide sequence analysis of

gyrB of B. cereus, B. thuringiensis, B. mycoides and

B. anthracis and their application to the detection of

B. cereus in rice. Applied Environmental Microbiol-

ogy 65, 1483-1490.

Yang, C.I., Shih, D.Y.C., Huang, T.P., Huang, Y.P., Wang,

J.Y., Pan, T.M., 2005. Establishment of a novel Mul-

tiplex PCR assay and detection of toxigenic strains of

the species in the Bacillus cereus group. Journal of

Food Protection 68, 2123-2130.

104

M.A. Rather et al. / Journal of Advanced Veterinary Research 1 (2011) 99-104


