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ABSTRACT 
 
The objectives of this study were to evaluate the prevalence of Bacillus cereus 
spores in vegetables and to investigate the toxigenic characteristics of spore 
isolates. The detection rate of spores was 26.7% (12 out of 45 samples) which 
possess a higher risk of food poisoning than vegetative cell. The occurrence rate 
of toxin genes in spore isolates were 91.7, 100 and 100% for hblCDA, nheABC and 
entFM enterotoxin genes, respectively. The cry gene and insecticidal toxin gene 
was detected in 10 out of 12 (83.3%) spore isolates. The presence and absence of 
cry genes is the only differentiated characteristic between B. cereus and Bacillus 
thuringiensis. Most vegetables were contaminated with B. thuringiensis spores. 
HBL and NHE enterotoxin were detected in 11 out of 12 (91.3%) spore isolates. 
Emetic toxin was only detected in one spore isolates. The insecticidal toxin (δ-
endotoxin) was detected in 10 out of 12 (83.3%) spore isolates. Although we 
investigated a small number of spore isolates, most of them were B. thuringiensis 
which produced the insecticidal toxin and enterotoxins. Thus, it is necessary to 
reduce the contamination levels of B. cereus and B. thuringiensis spores in 
vegetables for the prevention of food poisoning.  
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INTRODUCTION 
 
Bacillus cereus is a gram-positive, facultative anaerobic and 
endospore-forming bacterium associated with two types of 
foodborne syndromes, diarrheal and emetic syndrome 
(Schoeni and Wong, 2005). Diarrheal syndrome is 
associated with heat-labile enterotoxins which include 
hemolysin BL (HBL), non-hemolytic enterotoxin (NHE), 
single-protein cytotoxin K (CytK) and enterotoxin FM 
(EntFM) (Sergeev et al., 2005). Emetic syndrome is caused 
by a small, heat-, pH-, and protease-stable emetic toxin 
known as cereulide (Ehling-Schulz, 2005).  

B. thuringiensis is a facultative anaerobic, gram-positive 
and endospore-forming microbial insecticide employed to 
replace chemical pesticides in vegetables (Naranjo and 
Ellsworth, 2010). B. cereus and B. thuringiensis shows same 
phenotypic characteristics. The presence and absence of δ-
endotoxin (insecticidal toxin) encoded by cry genes is the 
only differentiated characteristic between B. cereus and B. 
thuringiensis (Sacch et al., 2002). B. thuringiensis, a 
microbial insecticide, possesses advantages such as low 
impact on non-targets (Roh et al., 2007). It is widely 

applied to vegetables for reduction of chemical pesticides 
(Naranjo and Ellsworth, 2010). B. cereus and B. 
thuringiensis are ubiquitous in nature and are widely 
found in the environments (Bartoszewicz et al., 2008).  

Food authorities generally accept that 105 log CFU/g of B. 
cereus contamination carries considerable risk of 
foodborne illness (Health Protection Agency, 2009). 
Bacterial spores are resistant to uncomfortable conditions 
and easily reach the intestine track (Jeon and Park, 2010). 
Most of the B. cereus vegetative cells and enterotoxins are 
inactivated by gastric acid in stomach, but spores survive 
and germinate in the small intestine responsible for 
enterotoxin production (Ceuppens et al., 2012b). The 
ingestion of spore-contaminated foods can easily cause the 
foodborne illness (Ceuppens et al., 2012a). A small amount 
of spore contamination is more dangerous than a large 
number of vegetative cells in raw materials. 

Consumption of vegetables has increased in developed 
countries and hence a more number of outbreaks 
associated   with   vegetables  have also been reported  
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Table 1: Primer sequences and reaction conditions for detection of enterotoxin and emetic toxin genes. 
 

Target gene Primers Products size (bp) Sequence (5′–3′) 

hblA 
FhblA 
RhblA 

884 
GCA AAA TCT ATG AAT GCC TA 
GCA TCT GTT CGT AAT GTT TT 

 

hblC 
FhblC 
RhblC 

695 
CCT ATC AAT ACT CTC GCA A 
TTT CCT TTG TTA TAC GCT GC 

 

hblD 
FhblD 
RhblD 

1018 
GAA ACA GGG TCT CAT ATT CT 
CTG CAT CTT TAT GAA TAT CA 

 

nheA 
NA-F1 
NA-R1 

475 
ATT ACA GGG TTA TTG GTT ACA GCA GT 
AAT CTT GCT CCA TACT CT CTT GGA TGC T 

 

nheB 
NB-F1 
NB-R1 

328 
GTG CAG CAG CTG TAG GCG GT 
ATG TTT TTC CAG CTA TCT TTC GCA AT 

 

nheC 
NC-F1 
NC-R1 

557 
GCG GAT ATT GTA AAG AAT CAA AAT GAG GT 
TTT CCA GCT ATC TTT CGC TGT ATG TAA AT 

 

entFM 
ENTFMF 
ENTFMR 

596 
AAA GAA ATT AAT GGA CAA ACT CAA ACT CA 
GTA TGT AGC TGG GCC TGT ACG T 

 

cytK 
Cyt-F 
Cyt-R 

800 
ATC GGK CAA AAT GCA AAA ACA CAT 
ACC CAG TTW SCA GTT CCG AAT GT 

 

ces 
Ces3R 
CESR2 

405 
TTG TTG GAA TTG TCG CAG AG 
GTA AGC GAA CCT GTC TGT AAC AAC A 

 

Degenerate bases are designated as follows: K=G or T; W=T or A; and S=G or C. PCR amplification  95C, 30 s → (95C, 30 s→ 60C, 
60 s→ 72C, 60 sec 35 cycle → 72C, 5 min. 

 
 
(Adrienne et al., 2001). Contamination of vegetables with B. 
cereus is a major problem (Lee et al., 2012). Foodborne 
illness related with vegetables is caused by B. cereus 
vegetative cells or spores. However, previous studies could 
not evaluate foodborne outbreak risks of B. cereus spore 
contamination in vegetables. Thus, it is necessary to 
estimate the contamination levels of B. cereus spores in 
vegetables and investigate the toxin characteristics.  

The objectives of this study were to evaluate the 
prevalence of B. cereus spore isolates in vegetables and to 
investigate the toxigenic characteristics of isolates. 
 
 
MATERIALS AND METHODS 
 
Enumeration and identification of B. cereus spores 
 
Forty-five samples of vegetables were collected from retail 
markets in Korea. The vegetable (25 g each) samples were 
collected in a sterile stomacher bag containing 225 ml of 
buffered peptone water (Oxoid, Basingstoke, UK). These 
samples were homogenized by a stomacher (Interscience, 
Paris, France) for 1 min, after which 10 ml of homogenate 
was heated at 75°C for 15 min. Heated homogenates were 
diluted, after which 1 ml of each diluent were spread onto 
B. cereus rapid agar plates (BACARA; AES-Chemunex, 

Combourg, France) and cultured at 30°C for 48 h. The 
pink-orange color colonies on BAKARA were counted for 
enumeration of spores in each sample. One colony 
randomly selected in each samples were inoculated on 
blood agar (BA; Komed, Seoul, Korea) at 35°C for 24 h. 
Biochemical identification was performed using a Vitek-II 
system with a BCL card (bioMérieux, Inc., Marcy l’Etoile, 
France) according to the manufacturer’s instructions.  
 
 
PCR assay for detection of toxin genes 
 
The spore isolates identified as B. cereus were cultured on 
tryptone soya broth (TSB; Oxoid) at 35°C for 24 h. The DNA 
templates were prepared using the boiling method 
according to a previous report (Chon et al., 2012b). PCR 
assay was conducted using a mastercycler gradient 
thermal cycler (Eppendorf, Hamburg, Germany) with an 
AccuPower™ PCR PreMix (Bioneer, Deajeon, Korea), 300 
nmol/L of each primer, and 30 ng of DNA templates. Table 
1 shows primer sequences and reaction conditions for 
amplifying enterotoxin and emetic toxin genes such as hblC, 
hblD, hblA, nheA, nheB, nheC, entFM, cytK, and ces gens. A 
JinTech B. cereus PCR kit (Jinsung-Unitech, Seoul, Korea) 
was used to detect insecticidal toxin gene such as cry gene 
according to the manufacturer’s directions.  
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Table 2: Prevalence of Bacillus cereus spores in vegetables. 
 

Vegetables 

 

Number of Bacillus cereus spore1) 

Angelica keiskei Leafy vegetable 1.4 × 102 

Bok choy 1 Leafy vegetable 1.0 × 101 

Bok choy 2 Leafy vegetable 1.0 × 101 

Chamnamul (Pimpinella brachycarpa) Leafy vegetable 1.0 × 101 

Chicory Leafy vegetable 7.0 ×101 

Crown daisy Leafy vegetable 1.4 × 101 

Cucumber Fruit vegetable 1.4 × 101 

Kale 1 Leafy vegetable 1.4 × 101 

Kale 2 Leafy vegetable 3.0 ×101 

Red mustard Leafy vegetable 1.0 × 101 

Spinach Leafy vegetable 1.0 × 101 

Tatsoi Leafy vegetable 1.8 × 102 

Other vegetables (n=33) - Not detected 
 

1) Unit: log CFU/g. 

 
 
Electrophoresis was conducted on 1.5% agarose gel for 
separation of PCR products and detected using a UV 
transilluminator (Gel Doc 2000; Bio-Rad, Hercules, CA, 
USA). B. cereus ATCC 14579, F4810/72 and B. thuringiensis 
KCTC 1509 were used as reference strains. 
 
 
Detection of enterotoxins, emetic toxin and insecticidal 
toxin 
 
All spore isolates were inoculated into TSB (Oxoid) and 
incubated at 35°C for 24 h to detect hemolysin BL (HBL) 
enterotoxin and non-hemolytic enterotoxin (NHE). Each 
culture (1 ml) was centrifuged for 10 min at 10,000 g. The 
supernatants were estimated for detection of enterotoxins. 
HBL and NHE enterotoxin were detected using an 
enterotoxin-reversed passive latex agglutination (BCET-
RPLA) kit (Oxoid) and a Bacillus diarrheal enterotoxin 
visual immunoassay (BDE-VIA) kit (3M Tecra Diagnostics, 
Reading, UK). All spore isolates were cultured into 1% 
glucose-casein hydrolysate glucose yeast extract broth 
(CGY; Merck, Darmstadt, Germany) at 35°C for 24 h for 
detection of emetic toxin (cereulide) using Singlepath 
Emetic Tox Mrk (Merck, Darmstadt, Germany). The 
supernatants after centrifugation for 5 min at 10,000 g 
were estimated to detect emetic toxin (cereulide) using an 
immune-chromatographic test according to the 
manufacturer’s instructions. The insecticidal toxin (δ-
endotoxin) was observed using microscopy. The spore 
isolates were inoculated on tryptone soya agar (TSA; Oxoid) 
and incubated at 30°C for more than 4 days, followed by 
staining cells with TB Carbol-fuchsin ZN (BD BBLTM Difco, 
Detroit, MI, USA) (Guo et al., 2008). For the detection of δ-
endotoxin, microscopic observation (Axioskop 2 plus, 
ZEISS, Jena, Germany) was conducted. B. cereus ATCC 
14579,  F4810/72  and B. thuringiensis KCTC 1509 were  

used as reference strains. 
 
 
Antibiotic susceptibility assay 
 
Antibiotic susceptibility patterns of spore isolates were 
carried out using the Vitek-II system with an AST card 
(bioMérieux, Inc., Marcy l’Etoile, France) according to the 
manufacturer’s instructions.  
 
 
RESULTS AND DISCUSSION 
 
Prevalence of B. cereus spores in vegetables 
 
The prevalence of B. cereus spores was determined to 
evaluate the risk of food borne illness in vegetables (Table 
2). The detection rate of spores was 26.7% (12 out of 45 
samples). The detection rate of spores was more abundant 
in leafy vegetables than in other vegetables such as fruiting 
vegetables and root vegetables. Contamination levels 
ranged from not detected to 1.8 × 102 CFU/g in spores.  

Kim et al. (2015) reported that the detection rate of B. 
cereus vegetative cells was 110 of 162 (67.9%) in Korean 
fermented soybean products. Moreover, incidence of B. 
cereus vegetative cells was shown to be 16 of 30 (53.3%) in 
salads (Kang et al., 2011). The detection level of B. cereus 
vegetative cells was shown to range from 1.2 to 4.0 log 
CFU/g and from 1.23 to 3.25 log CFU/g in organic 
vegetables and lettuce (Jo et al., 2011). B. cereus spores 
were previously isolated from 148 out of 189 (78.3%) rice 
samples (Kim et al., 2014). Most of the B. cereus vegetative 
cells are inactivated in stomach but spores survive and 
produce enterotoxin in small intestine (Ceuppens et al., 
2012b). The infective dose of B. cereus vegetative cells 
needs to cause food borne illness. It is generally  accepted  
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Table 3: Toxin gene profiles of Bacillus cereus spore isolates from vegetables. 
 

Source 
Enterotoxin 

 

Emetic toxin Insecticidal toxin 

hblC hblD hblA nheA nheB nheC entFM cytK ces cry 

Angelica keiskei + + + + + + + - - + 

Bok choy 1 - - - + + + + + + - 

Bok choy 2 + + + + + + + - - - 

Chamnamul  

(Pimpinella brachycarpa) 
+ + + + + + + + - + 

Chicory + + + + + + + + - + 

Crown daisy + + + + + + + - - + 

Cucumber + + + + + + + + - + 

Kale 1 + + + + + + + + - + 

Kale 2 + + + + + + + + - + 

Red mustard + + + + + + + + - + 

Spinach + + + + + + + + - + 

Tatsoi + + + + + + + - - + 

Detection rate (%) 91.7 91.7 91.7 100 100 100 100 66.7 8.3 83.3 

 
 
that 105 log CFU/g vegetative cells of B. cereus carries 
considerable risk of foodborne illness (Health Protection 
Agency, 2009). Spore contamination is more dangerous 
than vegetative cells because a small amount of spore 
ingestion can develop foodborne illness (Ceuppens et al., 
2012a). The incidence rate (26.7%) of spore in vegetables 
presents higher risk of foodborne illness than vegetative 
cell in vegetables. Thus, the contamination levels of B. 
cereus spores in vegetables must be reduced. 
 
 
Distribution of enterotoxins, emetic toxin and 
insecticidal toxin genes 
 
Table 3 shows the distributions of enterotoxins, emetic 
toxin and insecticidal toxin genes among B. cereus spores 
from vegetables. The occurrence rate of toxin genes in 
spore isolates was 100% for hblC, hblD, hblA, nheA, nheB, 
nheC and entFM enterotoxin genes. The ces gene and 
emetic toxin gene was detected in one spore isolate. The 
cry gene and insecticidal toxin gene was detected in 10 out 
of 12 (83.3%) spores. 

The hblCDA, nheABC and entFM genes were detected as 
major enterotoxin genes. Distribution of toxin gene results 
are in accordance with a previous study reporting 84% 
incidence of hblCDA enterotoxin genes in B. cereus in foods 
from Belgium (Samapundo et al., 2011). Kim et al. (2011a) 
reported hblCDA enterotoxin genes in 90.0% of clinical B. 
cereus strains. The nheABC enterotoxin gene was detected 
in 74 –to 97% of B. cereus isolated from Sunsik (Chon et al., 
2012a) and in 90.9 to 97.8% of B. cereus isolated from 
grain and foods (Kim et al., 2011a). The cytK gene was 
reported to cause three deaths due to foodborne illness in 
France (Guinebretiere, 2002). Incidence rate of the cytK 
gene was shown to range from 13 to 57% in B. cereus (Kim 
et al., 2011a). The ces gene was detected in only 0.05% of B. 

cereus strains isolated in a dairy production chain 
(Svensson et al., 2006). The incidence rates of toxin genes 
in spore isolates are in agreement with previous findings.  

B. cereus and B. thuringiensis can be distinguished by the 
presence of cry genes (Roh et al., 2007). The detection rate 
of cry gene (83.3%) is in contrast to previous studies 
reporting isolation of B. thuringiensis spores from 13 of 
189 (6.9%) rice samples in Korea (Kim et al., 2014). But B. 
thuringiensis is widely applied to vegetables as a microbial 
insecticide (Naranjo and Ellsworth, 2010). On the other 
hand, Rosenquit et al. (2005) reported B. thuringiensis in 
31 of 40 B. cereus-like strains isolated from ready-to-eat 
foods in a Danish retail market. Enterotoxin gene 
possession and foodborne illness of B. thuringiensis have 
been noted (Ankolekar et al., 2009; Cho et al., 2015). 
Although we evaluated a small number of vegetables, most 
vegetables were contaminated with B. thuringiensis spores 
which possessed enterotoxin genes. 
 
 
Enterotoxins, emetic toxin and insecticidal toxin 
production ability 
 
Detection of enterotoxins and emetic toxin was conducted 
to evaluate the potential risk of foodborne illness using the 
BCET-RPLA, BDE-VIA, and Singlepath Emetic Tox Mrk kits 
(Tables 3 and 4). HBL and NHE enterotoxin were detected 
in 11 out of 12 (91.3%) spore isolates. Emetic toxin was 
only detected in one spore isolate. The insecticidal toxin 
(δ-endotoxin) was detected in 10 out of 12 (83.3%) spores 
isolate. 

The major toxins related to food poisoning caused by B. 
cereus are HBL and NHE among enterotoxins (Bottone, 
2010). The HBL enterotoxin complex is encoded by the 
hblCDA gene (Schoeni and Wong, 1999). The HBL and NHE 
enterotoxin complex are only produced when all tripartite
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Table 4: Toxin production of Bacillus cereus spores isolates from vegetables. 
 

Source 
Enterotoxin Emetic toxin Insecticidal toxin 

HBL1) NHE2) Cereulide3) δ-endotoxin4) 

Angelica keiskei + + - + 

Bok choy 1 - - + - 

Bok choy 2 + - - - 

Chamnamul  

(Pimpinella brachycarpa) 
+ + - + 

Chicory + + - + 

Crown daisy + + - + 

Cucumber + + - + 

Kale 1 + + - + 

Kale 2 + + - + 

Red mustard + + - + 

Spinach + + - + 

Tatsoi + + - + 

Detection rate (%) 91.7 91.7 8.3 83.3 
 

1) Bacillus cereus enterotoxin reversed passive latex agglutination (BCET-RPLA) was used to detect hemolysin BL 
(HBL) enterotoxin; 2) Bacillus diarrheal enterotoxin visual immunoassay (BDE-VIA) kit was used to detect non-
hemolytic enterotoxin (NHE) of B. cereus; 3) Singlepath Emetic Tox Mrk kit was used for detection of co-expressed 
marker proteins produced with emetic toxin, simultaneously; 4) δ-endotoxin was observed by microscopy with TB 
Carbol-fuchsin ZN stain. 

 
 

 
 

Figure 1: Microscope photographs showing δ-endotoxin (insecticidal toxin). 

 
 
enterotoxin components are present (Ryan et al., 1997). 
The HBL production results are in accordance with 
previous reports that HBL enterotoxin was detected in 24 
out  of  28  (85.7%) B. cereus and all of B. thuringiensis  

 
 
isolates (100%) (Rosenquit et al., 2005). HBL enterotoxin 
production rates were shown to be 85.9 and 81.8% of B. 
cereus isolated from grains and foods (Kim et al., 2011a). 
The NHE complex is encoded by the nheABC gene (Granum  
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Table 5: Antibiotic susceptibility of Bacillus cereus spore isolates from vegetables. 
 

Source 
Antibiotics1) 

Benzylpenicillin Oxacillin Gentamicin Ciprofloxacin Erythromycin Clindamycin Vancomycin Tetracycline Rifampicin 
Trimethoprim/ 

Sulfamethoxazole 

Angelica keiskei R R S S S S S I S S 
Bok choy 1 R R S S S S S S S R 
Bok choy 2 R R S S S I S R R R 
Chamnamul  
(Pimpinella brachycarpa) 

R R S S S S S S S S 

Chicory R R S S S S S S S R 
Crown daisy R R S S S S S S S S 
Cucumber R R S S S S S S S R 
Kale 1 R R S S S S S S S S 
Kale 2 R R S S S I S S S R 
Red mustard R R S S S S S S S S 
Spinach R R S S S I S S S R 
Tatsoi R R S S S I S S I R 
Resistance rate (%) 100 100 0 0 0 0 0 8.3 8.3 58.3 
Intermediate rate (%) 0 0 0 0 0 33.3 0 8.3 8.3 0 
Susceptibility rate (%) 0 0 100 100 100 66.7 100 83.3 83.3 41.7 

 

S: susceptible; I: intermediate; R: resistant. 

 
 
et al., 1999). The NHE production results are in 
agreement with previous findings that the NHE 
detection rates were 88.9, 90.6 and 81.8% of B. 
cereus isolated from clinic, grain and food (Kim et al., 
2011a). Emetic outbreaks caused by emetic toxin are 
rare (Kim et al., 2011b). Only one spore isolate was 
identified as emetic strain using Singlepath Emetic 
Tox Mrk, but this kit only detects co-expressed 
marker proteins. Thus, reconfirmation of emetic 
toxin-producing ability using HPLC and cell culture 
methods is needed. Enterotoxin production rates of 
spore isolates were similar to those of previous 
reports.  

B. cereus and B. thuringiensis can be distinguished 
by the production of insecticidal toxin (δ-endotoxin) 
(Roh et al., 2007). The production rate of insecticidal 
toxin (δ-endotoxin) showed 83.3% in spores isolate. 
These results showed that most vegetables were 
contaminated with B. thuringiensis spores which 
were similar to enterotoxin production ability of B. 
cereus. B. thuringiensis is employed to replace 
chemical pesticides in vegetables as a microbial 

insecticide (Naranjo and Ellsworth, 2010). Although 
we investigated a small number of spore isolates, 
most of them were B. thuringiensis which produced 
the insecticidal toxin and enterotoxins. 
 
 
Antibiotic susceptibility patterns 
 
The spore isolates possessed enterotoxin genes and 
produced enterotoxins. It is therefore necessary to 
investigate the antibiotics susceptibility. The criteria 
of B. cereus antibiotic susceptibility have not been 
published by the Clinical and Laboratory Standards 
Institution (CLSI). Therefore, antibiotic susceptibility 
results were interpreted using a standard developed 
for Staphylococcus aureus (CLSI, 2006). Table 5 
shows the antibiotic susceptibility patterns of spore 
isolates. All tested spores were susceptible to 
gentamicin, ciprofloxacin, erythromycin and 
vancomycin but resistant to β-lactam antibiotics 
such as oxacillin and penicillin (Park et al., 2009). 
These   results  are induced by the synthesis of β- 

lactamase in B. cereus.  
In conclusion, 12 out of 45 vegetables were 

contaminated with spores which possess a higher 
risk of food poisoning than vegetative cell. HBL and 
NHE enterotoxin were detected in 11 out of 12 
(91.7%) spore isolates. The insecticidal toxin (δ-
endotoxin) was detected in 10 out of 12 (83.3%) 
spore isolate. Most vegetables were contaminated 
with B. thuringiensis spores. Thus, it is necessary to 
reduce the contamination levels of B. cereus and B. 
thuringiensis spores in vegetables for the prevention 
of food poisoning.  
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