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Introduction

Bacillus cereus is Gram-positive, rod-shaped, β-hemolytic, 
endospore forming bacterium possessing a wide spectrum of 
phenotypic traits that enable it to occupy diverse ecological 
niche; it is one of the most important pathogen found in 
dairy products [9].

Bacillus cereus causes many problems in dairy industries 
because of its ability to form heat resistant spores in milk, the 
capacity to grow in a wide variety of dairy products and its 
ability to produce toxins [29, 23]. It also produces spoilage 
enzymes such as proteases, lipases and lecithinases [12] 
causing ‘bitty cream’, ‘sweet curdling’ and bitter-rotten off-
flavours [36]. 

In dairy industries, B. cereus and its spores have very 
diverse contamination sources like soil, bedding, feed, dust, 
air, feces, dirty teats and milking equipment [12, 36]. B. 
cereus contaminates raw milk through both the vegetative 
form and the heat resistant spore form. Once these spores 
have intruded into raw milk, they cannot be destroyed by 
conventional heating processes [35]. 

Another important threat of B. cereus is its ability to grow 
at the storage temperature of milk (4 – 7 0C), which mainly 
determines the shelf life of pasteurized milk and derived milk 
products as well as toxin production causing public health 
hazard [6, 23] through its pre-formed cereulide (emetic) 
and entero - toxins [8, 33, 5]. The emetic toxin is heat stable 
(resistant to heat 126 0C for 90 min) and resistant to long pH 
ranges of 2–11, and enzymatic digestion [14, 39]. 

Different research papers reported that B. cereus is a 
predominant microorganism in dairy farms and raw milk. 
Due to lack of studies on the organism in Ethiopia, this study 
was conducted to determine the prevalence and load of 
Bacillus cereus in raw bovine milk, and to assess risk factors 
associated with Bacillus cereus load in raw milk and its public 
health significance. 

Materials and Methods 

STUDY AREA AND STUDY DESIGN

A cross sectional study was conducted on bovine raw 
milk samples collected from selected dairy farms that are 
voluntary to participate in the study in Debre Zeit town. The 
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area is 47 Km East of Addis Ababa, the capital city, at latitude 
and longitude of 8°45’N 38°59’E with an elevation of 1,920 
meters above sea level. The average annual temperature range 
is 14 0C to 26 0C with relative humidity of 61.3%. The study 
population was composed of apparently healthy lactating 
dairy cows in eleven volunteer dairy farms. A sample size of 
384 cows calculated according to Thrusfield [38] using a 50% 
expected prevalence of the bacterium. All lactating cows in 
a selected farm were sampled. In addition, information was 
gathered from milkers at the farms by using semi-structured 
questionnaire survey designed to assess the risk factors for 
milk contamination in the area. 

SAMPLING PROCEDURE

Before sampling, the udder and teats were washed with 
potable water and disinfected with cotton soaked in 70% 
ethanol wearing latex glove. The first two to three streams 
of milk were streaked into ground; then about 10 ml milk 
was collected directly from teats into a sterile screw capped 
universal bottle. The bottles were caped immediately and 
transported to the microbiology laboratory of the School 
of Veterinary Medicine, Addis Ababa University, in tightly 
closed ice box.

SAMPLE PROCESSING AND CULTURE

One ml milk sample was diluted to 1:10 with sterile 
peptone water (Oxoid Ltd, London, UK) in sterile universal 
bottle and mixed by manual rotation under biological safety 
cabinet; then, serial ten-fold dilutions, 10 –2 to 10 -4, were 
made using peptone water. From each dilution 0.1ml milk 
sample was spread on to Bacillus cereus selective medium 
plate (Oxoid Ltd, London, UK) in duplicates. To determine 
the prevalence of the bacterium 0.1 ml of each undiluted 
milk sample was also plated. Then, the inoculated plates were 
incubated aerobically at 30 0C for 18 – 24 hrs and checked 
for colony growth. If no colonies grew, the incubation was 
extended for another 24 hrs and rechecked for colony growth.

BACILLUS CEREUS LOAD DETERMINATION

B. cereus colonies were identified presumptively based on
color, morphology and precipitation of egg yolk on selective 
medium: as crenate colonies about 5 mm in diameter, 
turquoise blue in color, surrounded by a distinct opaque zone 
of egg yolk precipitation. The numbers of colony forming 
units (CFU) in this study was read from plates having 30 
to 300 colonies. Finally, the number of CFU/ml of samples 
was calculated using the standard equation of Nicoletta and 
Royston [26].

CONFIRMATORY AND DIFFERENTIAL TESTS 

From positive plates 2 – 3 colonies were picked and 
transferred to nutrient agar slants. These were incubated for 24 
hrs at 30 0C aerobically. Using Gram staining B. cereus group 
was identified as large Gram-positive rod shaped with short 

to long chains. B. cereus was differentiated from the group 
members as based on strong β-haemolysis on sheep blood 
agar (Oxoid Ltd, London, UK), diffuse growth in semisolid 
SIM medium (HiMedia Ltd, India) and characteristic pale 
green endospores without bulged sporangium and with no 
parasporal crystal bodies in red stained cytoplasm using 
rapid staining methods (warm 0.5% basic Fuchsin (BD Difco 
BBL Stains), Malachite green (Fluka) and Sudan Black B 
(Sigma-Aldrich). 

DATA ANALYSIS

The data were entered into Microsoft Excel (Microsoft 
Corporation, Redmond, WA, USA) and analyzed using 
SPSS version 16.0 software (SPSS Inc., Chicago, Illinois, 
USA). Pearson Chi-Square test was used to see statistical 
significance for categorical data. Generalized Linear Models 
(GLM) was used for mean comparison among farms and 
parities. One way ANOVA test was used for testing mean 
differences between farm managements. For all statistics 95% 
CI with 5% degrees of freedom (P < 0.05) was considered to 
identify significant variations.

Results 

PREVALENCE AND LOAD OF B. CEREUS IN RAW MILK

The overall prevalence of B. cereus in raw bovine milk 
samples was 15.4% (59/384). B. cereus load in raw milk 
samples ranged from 2.3 x 104 – 5.4 x 105 CFU/ml. Majorities 
of positive CFUs per/ml were above legal limit (> 105 CFU/
ml) in raw milk. Samples collected from farms coded as 2, 3,
4, 5, 6, and 8 were less contaminated with B. cereus (0 – 1%)
than those collected from farms coded as 1, 7, 9, 10 and 11
(1.8 – 3.6%) (Table I).

FACTORS ASSOCIATED WITH B. CEREUS LOAD IN MILK

Milk samples collected from farms managed both 
under zero-grazing and semi-intensive systems were highly 
contaminated with ranges of 2.0 x 105 – 5.4 x 105 CFU/ml and 
2.3 x104 – 5.4 x 105 CFU/ml, respectively; these values were 
above ranges of legal limit (> 105 CFU/ml) in raw milk (Table 
I). In addition, samples collected from cows found in 1st, 2nd 
and 6th parities were less contaminated with B. cereus than 
samples collected from cows found in 3rd, 4th and 5th parities 
(Table I). 

In this study, majority of raw milk samples collected from 
different herds contained higher B. cereus load, 2.0 x 105 – 5.4 
x 105 CFU/ml, than the acceptable limit of 105 CFU/ml. The 
microbial standard for grade ‘A’ raw milk is 105 CFU/ml for 
individual producer milk (from raw milk at farm level) and 3 
x 105 CFU/ml as commingled milk (19, 31, 13). 

Furthermore, pair-wise comparisons of marginal means 
of Log10 CFU/ml of B. cereus among farms were computed 
using Generalized Linear Models (GLM); farms coded 
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as 6, 8, 9 and 10 had statistically significant difference (P< 
0.05) loads of B. cereus CFU/ml milk. The pair-wise mean 
comparisons revealed statistically significant difference 
between farm6 and farm9, farm6 and farm10, and farm8 
and farm9 (p-values < 0.05) (Table I). During comparisons 
of mean of farm managements, the GLM pair-wise mean 
comparison was not done due to variables being less than 
three categories. Thus, One Way ANOVA mean comparison 
was used to test differences between farm management, but 
there was no significant difference (data not shown).

On the other hand, the mean pair-wise comparison of 
B cereus load in milk samples from cows of first parity with 
3rd, 4th, 5th and 6th parities showed statistically significant 
differences. Similarly, pair-wise means comparison of B cereus 
load in milk samples from cows of the second parity with 3rd, 
5th and 6th parities showed statistically significant differences 
(p< 0.05). Similar differences were observed among milk 
samples collected from cows of 4th with 5th parities (Table I).

Milk samples collected from dairy cows that differ in 
parities were varying significantly in their B. cereus load 
in raw milk (p< 0.05). Bacillus cereus load in raw milk 
increases gradually as parities increase from 1st to 4th parities 
and declines from 5th to 6th (Table I). This may be due to 

host clearing mechanisms that operated at the 5th and 6th 
parities as compared to the first and mid parities that lead to 
colonization with bacteria.

RISK FACTORS ASSOCIATED WITH MILK CONTAMINATION 
WITH B. CEREUS

The data obtained from the questionnaire survey were 
analyzed to assess risk factors for milk contamination with 
B. cereus. The variables in the questionnaire survey and
corresponding mean count of Log10 CFU/ml of B. cereus for
each farm were associated. Accordingly, there was statistically
significant difference in B. cereus mean count among farms
that used cleaning with common towels, individual towels and
those not using towel at all; between farms that had concrete
and gravel sand types; between farms that were cleaned every
day and twice a day; between farms that used udder cleaning
with disinfectants and those did not use disinfectants; and
between farms using aluminum and plastic milk containers
(p< 0.05) (Table II). Constructing dairy house from concrete
floor, cleaning cow shed and udder frequently as well as
keeping hygiene of personnel had strong effects on B. cereus
count in raw milk (Table II).

Variables Categories CFU/ml Positive* Negative** 
Farm Code Farm-1 3.2 x 105 – 5.4 x 105 7 (1.8%) 38 (9.9%)

Farm-2 4.1 x 105- 5.2 x 105 4 (1.0%) 28 (7.3%)
Farm-3 4.7 x 105 – 5.1 x 105 2 (0.5%) 14 (3.6%)
Farm-4 3.5 x 105 – 4.1 x 105 3 (0.8%) 14 (3.6%)
Farm-5 2.3 x 104 – 5.3 x 105 4 (1.0%) 20 (5.2%)
Farm-6 0 0 (0%) 20 (5.2%)
Farm-7 3.5 x 105 – 5.4 x 105 8 (2.1%) 51 (13.3%)
Farm-8 2.0 x 105 – 3.3 x 105 2 (0.5%) 28 (3.3%)
Farm-9 2.4 x 105 – 5.3 x 105 14 (3.6%) 49 (12.8%)

Farm-10 4.1 x 105 – 5.4 x 105 5 (1.3%) 13 (3.4%)
Farm-11  2.0 x 105 – 5.3 x 105 10 (2.6%) 50 (13%)

Farm Management Zero-grazing 2.0 x 105 – 5.4 x 105 43 (11.2%) 279 (72.7%)
Semi-intensive 2.3 x 104 – 5.4 x 105 16 (4.2%) 105 (27.3%)

Parity Parity-1 2.3 x 104 – 5.4 x 105 7 (1.8%) 17 (4.4%)
Parity-2 3.3 x 105 – 5.3 x 105 14 (3.6%) 43 (11.2%)
Parity-3 2.5 x 105 – 5.4 x 105 14 (3.6%) 85 (22.1%)
Parity-4 3.3 x 105 – 5.4 x 105 17 (4.4%) 77 (20.1%)
Parity-5 2.0 x 105 – 4.1 x 105 3 (0.8%) 69 (18%)
Parity-6 2.4 x 105 – 5.4 x 105 4 (1%) 34 (8.9%)

Prevalence 59 (15.4%) 325 (84.6%)
aPositive* =confirmed B. cereus CFUs; negative** = no confirmed B. cereus CFUs; CFU/ml: colony forming units per milliliter 
Pair-wise comparison of mean differences between farms indicates statistically significant (p< 0.05) differences only between Farm -6 and Farm-9, Farm-6 

and Farm-10, Farm 8 and Farm-9.
Pair-wise comparison of mean differences between parities indicates statistically significant (p< 0.05) differences only between parity-1 vs. parities 3 -6; and 

parity-2 vs. parities 3 and 5; parity-4 vs. parity-5.

Table I : Prevalence of Bacillus cereus in raw bovine milk 

BACILLUS CEREUS IN BOVINE RAW MILK
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Discussion

The prevalence of B. cereus in the present study, 15.4%, 
was higher than previous reports by Mosso et al. [24], Parkash 
et al. [30] and Muhamed et al. [25] who found prevalence 
rates of 0%, 6.5%, and 10%, respectively, elsewhere. However, 
the current finding is similar with that of Gilles et al. [15] 
and Hempen et al. [18] who reported 15.4% and 17% 
contamination, respectively, of raw milk samples with B. 
cereus. In contrast, higher prevalence rates, ranging from 
26.7% - 57%, have also been documented [1, 2, 3, 10, 28, 
34, 33, 37]. The higher prevalence of the organism in these 
reports compared to ours could be due to occurrence of 
different types of sources of contamination among different 
environmental settings. Thus, exposure of raw milk to these 
sources could vary among different countries and farms 
within a country.

In this study, majority of raw milk samples collected from 
different herds contained higher B. cereus load, 2.0 x 105 – 5.4 

x 105 CFU/ml, than the acceptable limit of 105 CFU/ml. The 
microbial standard for grade ‘A’ raw milk is 105 CFU/ml for 
individual producer milk (from raw milk at farm level) and 3 
x 105 CFU/ml as commingled milk [19, 31, 13]. 

The current records of B. cereus load was lower than 
previous reports [4, 7, 11, 17] (107 CFU/ml - 1.9 x 108 CFU/
ml]. However, reports comparable with our data were also 
documented [4, 21, 27, 32]. Difference among the reports 
may be due to the time variation from milk collection till 
inoculation since bacterial populations in raw milk may be 
as high as 5Log CFU/ml before commingling (at farm level) 
and 5.4Log CFU/ml after commingling (in collection tank) 
[13]. 

As shown in table I, the significant variation in B. cereus 
load among farms may be due to reasons like variations in 
shed floor construction, hygiene of the farms, parities of 
dairy cows, milking procedures and farm managements. 
When cows are at pasture, the teats are predominantly 
contaminated with the soil, whereas teats of cows housed in 

Survey variables Farms P-value
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11

Farm 
management Zero-grazing 10.3 7.7 - - - 5.1 15.4 - 15.4 - 15.4 0.000

Semi-
intensive

- - 5.1 5.1 7.7 - - 7.7 - 5.1 -

Shed floor 
type Concrete 10.3 7.7 - - - 5.1 15.4 7.7 15.4 5.1 15.4 0.000

Gravel sand - - 5.1 5.1 7.7 - - - - - -
Shed cleaning

Every day - - 5.1 5.1 7.7 5.1 15.4 - - - - 0.000
Twice a day 10.3 7.7 - - - - - 7.7 15.4 5.1 15.4

Udder 
cleaning Every day - 7.7 - - 7.7 - - - - - - 0.00

Twice a day 10.3 - 5.1 5.1 - 5.1 15.4 7.7 15.4 5.1 15.4
Udder 
washing Disinfect. 10.3 - - - - 5.1 15.4 - 15.4 - 15.4 0.00

No disinfect - 7.7 5.1 5.1 7.7 - - 7.7 - 5.1 -
Towel use

Common 10.3 7.7 - - - - - 7.7 15.4 - 15.4 0.00
Individual - - - - - 5.1 15.4 - - - -
Not at all - - 5.1 5.1 7.7 - - - - 5.1 -

Milk 
container Aluminum - - - - - 5.1 15.4 7.7 15.4 5.1 - 0.00

Plastic 10.3 7.7 5.1 5.1 7.7 - - - - - 15.4
Milk 
consumption Raw 2.6 - 2.6 - - - 5.1 2.6 2.6 2.6 - 0.46

Yogurt - - - - 5.1 2.6 2.6 5.1 2.6 2.6 5.1
Boiled 7.7 7.7 2.6 5.1 2.6 2.6 7.7 - 10.3 - 10.3

Storage time 
of boiled milk 6 hrs 7.7 7.7 2.6 5.1 7.7 5.1 15.4 7.7 15.4 - 10.3 0.003

8 hrs - - 2.6 - - - - - - - 5.1
12 hrs 2.6 - - - - - - - - 5.1 -

F1-11: Dairy farms coded with 1-11, Disinfect = disinfectant; Numbers indicate percentages representing a given variable

Table II : Descriptive statistics on assessment of risk factors for milk contamination with B. cereus based on questionnaire survey
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the barn are mainly contaminated with feces and bedding 
material [22]. 

Furthermore, the data obtained from the questionnaire 
survey was analyzed to assess risk factors for milk 
contamination with B. cereus. Constructing dairy house 
from concrete floor, cleaning cow shed and udder frequently 
as well as keeping hygiene of personnel had strong effects on 
B. cereus count in raw milk (Table II). Gleeson et al. [16] have
indicated clearly that contamination of the teats with soil
play significant role in B. cereus load of milk. Our findings as
stated above partly contradict with this idea. However, there
could be other farm practices that favour recontamination
of the udder such as use of common towel and others that
were not identified in this study. Therefore, this needs further
investigation.

The recorded high count of B. cereus in raw milk indicates 
poor hygienic production of milk. This is hazard alarm to the 
public health. It is more effective to exclude microorganisms 
than to try to control microbial growth once they entered 
into milk [2]. The diarrheal toxin is a heat-labile enterotoxin 
produced in the intestines when B. cereus concentration 
reaches 7Log CFU/ml in food. In addition, the emetic 
syndrome is produced by a heat-stable toxin produced in 
the food product when B. cereus concentration reaches 6Log 
CFU/ml [20]. 

In conclusion, this study showed raw milk samples were 
highly contaminated with B. cereus though at variable level 
among the different farms. Various farm level risk factors 
were shown to affect contamination rates of raw milk 
samples. Bacillus cereus load in majorities of dairy farms were 
beyond ranges of legal limit in raw milk intended for public 
consumption. Therefore, the hygiene status in dairy farms 
should be improved to reduce B. cereus load to acceptable 
level; individual towel use, udder dipping by disinfectants 
and personal hygiene should be regularly practiced in dairy 
farms. Milk for public consumption should be properly 
boiled at appropriate temperature and time. 
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