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The aim of the study was to investigate the enterotoxigenicity of 
Bacillus cereus isolated from raw minced beef samples, fifty beef 
samples were collected from butcher shops in Omdurman city, 
Sudan. Ten Bacillus cereus were isolated and identified by standard 
bacteriological methods. Culture filtrates of the isolates were used 
to test for enterotoxigicity using the rabbit ileal loop assay. Eight of 
the Bacillus cereus isolates were found to be enterotoxigenic and 
hence raw beef meat could be a source of food poisoning to humans 
consuming raw or ill-cooked meat. 
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INTRODUCTION 
Bacillus cereus is known to cause two 
different types of food poisoning which are 
characterized by either emesis or diarrhea 
(Granum, 2001; Ryaa et al., 1997). Emetic 
syndrome is manifested by rapid onset (1-5 
hrs) of nausea, vomiting and malaise. The 
toxin is produced at the late exponential or 
stationary growth phase of cells at the 
optimum temperature of 25 to 30°C (Adams 
and Moss, 1995). The emetic toxin is 
probably a peptide, termed "cereulide" 
(Agata, et al., 1994). The molecular mass of 
this toxin is less than 10 KD. The cereulide 
is stable in the digestive tract and induces 
emesis (Shinagawa and Suzuki, 1994; 

Mikami et al., 1995). The toxin is highly 
heat-stable at 126°C for 90 minutes. The 
toxin also can withstand extremes of pH 
from 2 to 11 and the proteolytic enzymes 
trypsin and pepsin (Hughes et al., 1988; 
Tumbull et al., 1990). This form is 
diagnosed by isolation of Bacilly Cereus 
from incriminated food. 
The onset of illness caused by diarrhoeal 
toxin is about 8 to 16 hours after 
consumption of the food contaminated with 
Bacillus cereus, and lasts for between 12 to 
24 hours. Symptoms include predominantly 
diarrhoea and abdominal pain and, 
occasionally, vomiting. The symptoms 
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generally resemble those of Clostridium 
perfringens (Notermans and Batt, 1998). 
The diarrhoeal enterotoxin can be destroyed 
by normal cooking temperatures at 56°C for 
5 minutes or be inactivated at pH value 
lower than 4 and higher than 11. The toxin 
can also be degraded by pepsin, trypsin and 
hymotrypsin; this diarrheal form is 
diagnosed by isolation of the organism from 
stool and food (Kramer and Gilbert, 1989).  
Beecher and Macmillan (1990) described a 
tripartite hemolysin, Hemolysin BL (HBL) 
produced by Bacillus cereus; a three-
component enterotoxin consists of a binding 
component B and two lytic components L1 
and L2, and is considered as a primary 
virulence factor in diarrheal type, it causes 
vascular Permeability and necrosis in rabbit 
skin. The presence of all three components 
is necessary for the toxin activity (Lindback 
and Granum, 2006). 
Bacillus cereus food poisoning can be 
caused by either ingesting large numbers of 
bacterial cells and/or spores in contaminated 
food (diarrhoeal type) or by ingesting food 
contaminated with pre-formed toxin (emetic 
type). Transmission of this disease results 
from consumption of contaminated foods, 
improper food handling/storage and 
improper cooling of cooked foodstuffs 
(Schneider et al., 2004). 
Infection of Bacillus cereus is not 
commonly reported because of its usually 
mild symptoms, but previous study 
demonstrates a fatal case due to liver failure 
after the consumption of pasta salad is 
described and demonstrates the possible 
severity of the emetic syndrome (Katelijne 
et al., 2005) 
The most widely used method to evaluate 
the diarrheal response of bacterial toxins is 
the rabbit ileal loop assay (Notermans and 
Batt, 1998). 
The purpose of the present study was to 
investigate the enterotoxigenicity of Bacillus 

cereus isolated from raw minced meat using 
the rabbit ileal loop assay. 
MATERIALS AND METHODS 
Study area: The study was conducted in 
Omdurman city, Khartoum State, Sudan. 
Sampling and cultivation: Fifty minced 
meat samples were collected in sterile 
screw-capped bottles from 10 different 
butcher shops and were transported to the 
laboratory on ice in a thermos-flask. Two 
grams of each sample was suspended in 5 ml 
sterile normal saline which was used to 
streak blood agar plates that were incubated 
at 37º C for 24 hours. Smears from 
suspected colonies were stained by Gram’s 
Method and examined microscopically. 
Isolates that were haemolytic, Gram 
positive, spore forming and catalase positive 
were further identified by conventional 
biochemical tests. 
Enterotoxigenicity of Bacillus cereus 
Isolates: Two rabbits (1 Kg each) were used 
in the test and it was performed as described 
by (Beecher et al., 1995). Each rabbit was 
sedated with ketamin (30 mg/kg) and 
Xylazine (5 mg/kg) intramuscularly. 
Animals were then secured in the dorsal 
recumbence and a mid line incision was 
made in the abdominal wall and the small 
intestine was exposed and flushed with 
sterile saline before ligation. The ileum was 
segmented and tied off to form 6 loops each 
5 cm long, separated from one another by 2 
cm blank loops. Culture filtrates of the 
Bacillus cereus isolates were prepared in 
brain heart infusion broth over night at 37º C 
aerobically and filtration through millipore 
filter (0.22 µm) (Beecher and Wong., 1994). 
Five ileal loops in each rabbit were injected 
intraluminally with 1 ml of sterile culture 
filtrate and the sixth loop was injected with 
1 ml sterile brain heart infusion broth as a 
negative control. The ileum was then 
returned into the abdominal cavity and the 
incision was sutured. After a holding period 
of 7 hours rabbits were sedated as above and 
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the abdominal cavities were opened for 
examination. The gross appearance of the 
loops was noted, and fluid inside the loops 
was measured, RIL activity was reported as 
the ratio of fluid volume (in milliliters) to 
loop length (in centimeters) (V/L). 
Responses were considered positive when 
V/L was ≤ 0.5. Results were considered 
applicable when negative control was 
negative, results didn't give these criteria 
were eliminated from the study.  

RESULTS 
Ten strains of Bacillus cereus were isolated 
from the fifty minced meat samples and 
were identified by colonial and biochemical 
features (Figure 1). These were grown under 
aerobic conditions on 5% sheep blood agar 
at 37°C, B. cereus colonies were dull gray 
and opaque with a rough matted surface and 
zones of beta-hemolysis.  

 
 

Fiqure 1: Frequency of B. cereus in raw minced meat 
 
The isolates were tested for 
enterotoxigenicity by the ligated ileal loop 
assay in rabbits (Figure 2). Eight out of ten 

(80%) strains exhibited positive response 
and gave V/L ratios greater than 0.5.  

 
                     
 
 
 
 
 
 
 
 
 
 

Positive response   negative response    negative control 

Figure 2: Enterotoxigenicity of B. cereus by (RIL) test 
The greatest response seen in this study was 
0.8. The two negative controls gave V/L 
ratios less than 0.5 (Table 1). The fluid in 

positive loops ranged from straw colored to 
red as a result of variable degrees of 
hemorrhages. 
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Table 1: Rabbit ileal loop assay (RILA) activity of various Bacillus cereus strains 
 
No of  Bacillus cereus strains Fluid volume to length ratio 
1 0.8 
2 0.75 
3 0.65 
4 0.65 
5 0.6 
6 0.6 
7 0.55 
8 0.55 
9 0.3 
10 0.25 
Negative control (1) 0.2 
Negative control (2) 0.2 
 
DISCUSSION 
Justification of food poisoning is considered 
one of the main problems in Khartoum state, 
Sudan.  Since there are 34 cases reported in 
2010 from hospital admissions (Health-
Sudan FMO, 2010). The World Health 
Organization reported it as one of the main 
cause for morbidity and mortality in 
developing countries (Olea et al., 2012). 
Result of the present study showed that the 
frequency of isolation of Bacillus cereus 
from raw beef samples was 20%. Fluid 
accumulation in rabbit ileal loops was 
detected in eight (80%) out of ten of the 
isolates. This high rate of enterotoxic 
Bacillus cereus in the isolates is in agreement 
with previous studies (Spira and Goepefert, 
1972; Josef et al., 2009). On the contrary, 
Turnbull, (1976)  reported that only 2 of 11 
isolates of Bacillus cereus from food 
poisoning investigations exhibited positive 
response in RIL assay. 
The presence of some isolates of Bacillus 
cereus which didn’t exhibit positive 
response in RIL tests might explain that not 
all B. cereus strains cause enterotoxaemia. 
Psychrotrophic strains grow very poorly at 
37º C suggesting that they would be unable 
to grow in the ileum and probably not 

causing diarrhea, these observations need, 
however, to be confirmed. Psychrotrophic 
Bacillus cereus can grow well in foods kept 
at or below 7°C and may produce emesis 
even if the food is treated with heat since the 
emetic toxin  is stable to heat while the 
diarrheal toxin can be destroyed upon heat 
treatment (Kevin et al., 1998). 
Understanding the ability of B. cereus to 
grow at low temperatures will help to 
control multiplication in refrigerated food 
and prevent outbreaks of food-borne 
poisoning. 
In conclusion, the present study illustrates 
that, most of the Bacillus cereus isolates 
from raw minced beef meat were found to 
be enterotoxigenic, which makes the raw 
beef meat is one of the most important 
sources of food poisoning to humans. 
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