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Abstract

Bacillus cereus is a type of bacteria that can cause severe food poisoning. The aim of this study was to determine the incidence of
B. cereus in various full-fat milk and cheese samples and to assess the HBL (haemolysin BL) and NHE (nonhaemolytic enterotoxin)
production and the resistance to several antimicrobial agents of the isolates. A total of 259 samples of full-fat milk (raw, pasteurized and
UHT) and cheese obtained from different retail markets in Bursa province between July and December 2013 were analysed. Isolation of
B. cereus was performed using Bacara agar according to the method suggested by FDA. Twenty six (10.04%) out of 259 samples were
found to be contaminated with presumptive B. cereus based on their colony morphology and microscopic appearance, by counts that
ranged from 1x10" to 1.1x10* CFU/mL in raw and pasteurized milk and from 4x10" to 3.8x10° CFU/g in cheese. Thirteen isolates of B.
cereus were identified by APl system. However, further analysis using MALDI-TOF-MS confirmed 19 isolates as B. cereus. Thirteen out
of 19 (68.4%) isolates showed evidence of only NHE toxin production while six out of 19 (31.6%) isolates were positive for both NHE
and HBL production. All isolates were resistant to penicillin G, although they were susceptible to oleondamycin, erythromycin and
streptomycin. There were seven different patterns of multiple antibiotic resistance in this study. In our study, 84.2% (n = 16) of B. cereus
isolates exhibited multiple antibiotic resistance.
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Siit ve Peynirden izole Edilen Bacillus cereus’un Prevalansi, Enterokoksin
Uretimi ve Antibiyotik Direnci

Ozet

Bacillus cereus ciddi gida zehirlenmesine neden olabilen bir bakteri tiridar. Bu ¢alismanin amaci, ¢esitli st ve peynir 6rneklerinde
B. cereus insidansini belirlemek ve elde edilen izolatlarin HBL (hemolizin BL) ve NHE (nonhemolitik enterotoksin) liretimini ve cesitli
antimikrobiyal ajanlara direncini belirlemektir. Temmuz - Aralik 2013 tarihleri arasinda Bursa ilinde farkli satis yerlerinden toplam
259 adet tam yagh sut (cig, pastorize ve UHT) ve peynir 6rnegdi analiz edilmistir. B.cereus izolasyonu FDA tarafindan énerilen metoda
gore Bacara agar kullanilarak yapildi. Analize alinan ¢ig ve pastorize siit 6rneklerinde 1x10" ile 1.1x10® kob/mL ve peynirde 4x10’ ile
3.8x10° kob/g arasinda degisen sayilarda olmak lzere, toplamda 259 6rnedin 26 adetinin (%10.04) koloni morfolojileri ve mikroskobik
gériinislerine de dayali olarak B. cereus ile kontamine oldugu tespit edilmistir. Orneklerden elde edilen 13 adet B. cereus izolati API
sistemi ile identifiye edilmistir. Bununla birlikte, MALDI-TOF-MS kullanilarak yapilan analizde, 19 adet izolat B. cereus olarak identifiye
edilmistir. Bu 19 izolatin 13’Undln (%68.4) sadece NHE toksini bakimindan, alti izolatin da (%31.6) NHE ve HBL toksinleri bakimindan
pozitif oldugu go6zlenmistir. Tum izolatlar oleondamisin, eritromisin ve streptomisine duyarli olmalarina ragmen penisilin G'ye
direnclidir. Bu calismada, ¢oklu antibiyotik direnci gosteren yedi farkli model bulunmustur. Calismamizda, B. cereus izolatlarinin
%84.2'si (n = 16) ¢oklu antibiyotik direnci gostermistir.

Anahtar s6zciikler: Bacillus cereus, Stit, Peynir, Enterotoksin, Coklu Antibiyotik Direnci
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INTRODUCTION

B. cereus is a Gram-positive, aerobic or facultative
anaerobic, rod-shaped, one of the most important
endospore-forming spoilage microorganism in dairy
environment and also responsible for foodborne outbreaks
around the world . Outbreaks caused by this pathogen
have been reported in different parts of the world 3. It has
been associated with almost all categories of proteinaceous
food products including raw milk, pasteurized milk and
dairy products such as cheese, butter and cream ©. B.
cereus can contaminate the raw milk, pasteurized milk and
dairy products via dirty teats, soil, feed and processing
equipment and also post-pasteurization contamination
of milk can occur 74,

There are two types of severe foodborne diseases
caused by B. cereus, the emetic (heat-stable) and the
diarrheal type (heat-labile) 2, The emetic and the
diarrheal syndromes can occur when the bacterial cell
concentration reaches a level of 10° to 10® CFU/g and
10° to 107 CFU/g, respectively >4, The emetic syndrome
caused by an intoxication is characterised by an acute
attack of nausea and emesis occurring within 1-5 hours
after consumption, caused by cereulide, a heat stable, ring-
structured dodecadepsipeptide toxin >, The diarrheal
syndrome characterised by abdominal pain and diarrhea,
with an incubation period of 4-16 h and symptoms
that last for 12-24 h, can be caused by the enterotoxin-
complexes nonhaemolytic enterotoxin (NHE), haemolysin
BL (HBL) and enterotoxin FM (EntFM) and the single protein
cytotoxin K (CytK) 1719,

In recent years, antimicrobial resistance is one of most
serious health threats worldwide and there have been a
dramatic increase in the number of foodborne bacterial
pathogens resistant to a variety of antibiotics. The wide-
spried use of antibiotics in farming and through food
chain contributes an important source of antimicrobial
resistance 22, Many previous reports have shown that
B. cereus isolates obtained from different foods have
resistance to several antibiotics 2223,

Our study was planned to assess the prevalence
and level of B. cereus contamination in full-fat milk (raw,
pasteurized, UHT) and cheese; to determine the NHE and
HBL enterotoxin production characteristics of the isolates
and to examine antibiotic resistance and any possible
multiple antibiotic resistance of the isolates.

MATERIAL and METHODS

Sample Collection

Between July and December 2013, a total of 259 full-
fat milk and cheese samples including 53 raw milk, 50
pasteurized milk, 50 ultra-high temperature (UHT) milk
and 106 cheese (kashar, white pickled, braided, stick,

old, village, ricotta) were collected from Bursa province
of Turkey. Raw milk samples were provided from several
dairy farms while the other samples were purchased from
different retail markets and neighbourhood bazaars. The
samples were analysed on the day of arrival to laboratory
under refrigerated conditions.

Sample Preperation

The detection of B. cereus in the samples was achieved
according to the Standard Method of the U.S. Food and
Drug Administration’s (FDA) Bacteriological Analytical
Manual (BAM) 2, First, 10 mL or g portions of each sample
were homogenized with 90 mL of sterile saline peptone
water (0.1%, w/v) for 1 min in a Stomacher 400 (Seward,
London, UK). Tenfold serial dilutions of homogenates were
made in 0.1% peptone water as the diluents 7.,

Isolation and Enumeration of B. cereus

Detection and enumeration of cultured bacteria were
performed through plating on selective solid medium.
For this purpose, 0.1 mL (and/or 0.5 mL) of each dilution
was spread on (spread plate method) a plate of Bacara
agar (bioMerieux, France) plates followed by incubation
under aerobic conditions at 30°C for 24 h. After incubation,
colonies with a pink/orange colour grown on Bacara
agar were considered to have positive lecithinase activity
and were subsequently enumerated. The results were
expressed as colony forming units (CFU) per milliliter or
gram of analysed sample. Three characteristic colonies
were picked from each plate were isolated on Tryptone
Soya Agar (Oxoid, UK) at 30°C for 24 h. The morphology
of the cultures was also examined microscopically. The
isolates which were rod-shaped and with central or
subterminal spores were considered as presumptive B.
cereus 18, The purified isolates were transferred in cryo-
tubes containing Nutrient Broth (Oxoid, UK) with 20%
(v/v) glycerol and stored at -80°C for identification, further
MALDI-TOF-MS analysis and the ability of toxin production.

Identification and Further Confirmation of
Presumptive B. cereus Isolates

Identification of Bacillus’ species were performed using
a API 20E and API 50CHB test strips (bioMerieux, France)
according to manufacturer’s instructions. Confirmation
of isolated bacteria was made using matrix-assisted laser
desorption/ionization time of flight mass spectrometry
(MALDI-TOF-MS) (Microflex LT, Bruker Diagnostics, Germany),
in collaboration with the Duzen Laboratories Group,
Istanbul, Turkey.

Screening of Enterotoxic B. cereus

Haemolytic enterotoxin (HBL) and non-haemolytic
enterotoxin (NHE) production was assessed using the
Duopath® Cereus Enterotoxins Test Kit (Merck, Belgium)
according to the manufacturer’s instructions. The LODs
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(limit of detection) of this test were 6 ng/mL for NHE and
20 ng/mL for the HBL !,

Antibiotic Resistance Testing

Antibiotic resistance of the isolates was tested by the
Kirby-Bauer disc diffusion method ©%. Mueller-Hinton
Agar (Oxoid, UK) was used for this test. The disks used
(Oxoid, UK) and antibiotic concentrations were as follows:
oleandomycin (15 pg), tetracycline (30 pg), polymyxin B
(300 U), chloramphenicol (30 ug), erythromycin (15 ug),
penicillin G (10 U), cephalothin (30 pg), ampicillin (10 pg),
kanamycin (30 pg), vancomycin (30 pg), streptomycin (10
pg), and neomycin (30 ug). B. cereus ATCC 10876 was used as
control strain. According to the inhibition zone measured,
the isolates were classified as resistant, intermediate or
susceptible as recommended by Bauer et al.B%,

RESULTS

In total, 259 samples consisting of 153 milk (raw milk,
pasteurized milk, UHT milk) and 106 cheese were analysed.
Of these, 26 (10.04%) were observed to be contaminated
with B. cereus on the basis of the morphological and
microscopically features. These isolates were obtained
from raw milk, pasteurized milk and cheese samples while
none of UHT milks contained bacteria. The bacterial counts
varied from 1x10'" to 1.1x10° CFU/mL in milk samples,
and 4x10' to 3.8x10° CFU/g in cheese. The incidence
and contamination levels of presumptive B. cereus in the
samples are shown in Table 1.

Table 2 presents APl (20E and 50CHB) and MALDI-
TOF-MS identification results. Overall, 19 (73.1%) out of
26 presumptive isolates were confirmed as B. cereus by
MALDI-TOF-MS whereas 13 (50%) of these isolates were
initially identified by API test. Consequently, MALDI-TOF-
MS identified 6 isolates as B. cereus that were not identified
as such by APl identification systems.

In the present survey, 19 isolates characterized as B.
cereus were also analysed for enterotoxin production
potential. Thirteen (68.4%) of the isolates tested showed
the evidence of only NHE toxin production while six
isolates (31.6%) were positive for both NHE and HBL
production reaction (Table 2).

Table 1. Incidence and the counts of presumptive B. cereus from milk and cheese

The antibiotic resistance profiles of the tested isolates
are presented in Table 3 and Table 4. All isolates were
resistant to penicillin G, 63.2% to ampicillin, 57.9% to
polymixin B, 57.9% to cephalothin, 15.8% to kanamycin

Table 2. The results of testing for confirmation and toxin-producing

capability of presumptive B. cereus isolates (n = 26)

Identification Toxin Production

Sample

API MALDI-TOF-MS NHE HBL
Raw milk - + + +
Raw milk - - NT NT
Pasteurized milk - - NT NT
Pasteurized milk + + + -
Pasteurized milk - + + _
Pasteurized milk = = NT NT
Pasteurized milk - - NT NT
Pasteurized milk + -+ + _
Pasteurized milk = = NT NT
Pasteurized milk + + + -
Pasteurized milk - - NT NT
Pasteurized milk + -
Pasteurized milk + + +
Pasteurized milk = = NT NT
Pasteurized milk + + + +
Kashar cheese + + + -
Kashar cheese - + + -
Kashar cheese + + + -
Kashar cheese + A
Kashar cheese dr + +
White pickled
cheese ) + i :
White pickled
cheese * s & .
Stick cheese - + + _
Village cheese + + i -
Ricotta cheese - ne + -
Old cheese + + + +

NT: not tested (MALDI-TOF-MS negative isolates (n = 7) were not tested for
toxin production), NHE: nonhaemolytic enterotoxin, HBL: haemolysin BL,

+ positive, - negative

Sample Type No)\of Samples No.'and Percentage (%) of B. cereus Count (CFU/ml-g)
nalysed Contaminated Samples by B. cereus Minimum Maximum Mean+SD

Raw milk 53 2(3.8) 1x10! 2.2x102 1.2x10%+1.5x102

Pasteurized milk 50 13(26) 1x10' 1.1x10° 2.1x10%+3x10?

UHT milk 50 - - - -

Cheese 106 11(10.4) 4x10' 3.8x10° 3.5x10%+1.2x10°

All 259 26 (10.04) 1x10! 3.8x10° 1.5x10%+7.5x10*
SD: standard deviation




638

Prevalence, Enterotoxin ...

Table 3. Antibiotic resistance profiles by disc diffusion method of B. cereus isolates (n = 19)

Antibiotics
Sample
oL TE PB C E P KF AMP K VA S N
Raw milk S S R S S R R R S R S S
Raw milk = = = = = = = = = = = =
Pasteurized milk = = = = = = = = = - = =
Pasteurized milk S S | S S R | | S S S S
Pasteurized milk S S | S S R | S S S S S
Pasteurized milk = = = = = = = = = = = =
Pasteurized milk = = = = = = = = = = = =
Pasteurized milk S S R S S R R R R S S |
Pasteurized milk = - = = = = = = = = = =
Pasteurized milk S S R S S R R R | S S S
Pasteurized milk - - - - - - - - - - - -
Pasteurized milk S S | S S R R R S S S S
Pasteurized milk S | R | S R R R R S S S
Pasteurized milk = = = = = = = = = = = =
Pasteurized milk S S | S S R R R S S S S
Kashar cheese S S R S S R | | | S S S
Kashar cheese S S R S S R | | | S S S
Kashar cheese S S | S S R S R S S S S
Kashar cheese S S R | S R R R R S S S
Kashar cheese S S | S S R | S | S S S
White pickled cheese S S R S S R R | S S S S
White pickled cheese S S R S S R R R | S S S
Stick cheese S S | S S R | R S S S S
Village cheese S S R S S R | S S S S S
Ricotta cheese S S | S S R R R | S S S
Old cheese S | R S S R R R | | S |
" MALDI-TOF-MS negative isolates (n= 7) were not tested for antibiotic resistance; OL: oleandomycin, TE: tetracycline, PB: polymixin B, C: chloramphenicol,
E: erythromycin, P: penicillin G, KF: cephalothin, AMP: ampicillin, K: kanamycin, VA: vancomycin, S: streptomycin, N: neomycin, R: resistant, IM: intermediate
resistant, S: susceptible

and 5.3% to vancomycin. None of the isolates showed
resistance to other antibiotics including oleondamycin,
tetracycline, chloramphenicol, erythromycin, streptomycin
and neomycin. Moreover, all of the isolates were found
to be susceptible to oleondamycin, erythromycin and
streptomycin. As shown in Table 5, seven different patterns
of multiple antibiotic resistance has been observed in this
study. Sixteen out of 19 B. cereus (84.2%) isolates exhibited
resistance to multiple antibiotics.

DISCUSSION

Several studies have also demonstrated the occurrence
of B. cereus (vegetative cells or spores) in milk from Turkey
and other countries. The incidence of B. cereus in raw milk
was recorded as 25% by Larsen and Jergensen B and
as 10.6% by Némeckova et al.®2. In comparison to those
studies, a lower incidence rate (3.8%) of B. cereus in raw milk

was observed in the present study. It is likely to be due to
improper hygienic conditions and poor farm management
practices during feeding, milking and milk storage. A study
conducted by Lin et al.®¥ reported that the incidence of
B. cereus in raw milk from holding tanks, raw milk from
balance tanks, pasteurized milk from high-temperature
short time pipes, pasteurized milk from holding tanks
and the final product was 80%, 85%, 85%, 76% and 90%,
respectively.

Twenty-six percentage (13/50) of pasteurized milk
samples analysed in this study had B. cereus in counts
ranging from 1x10' to 1.1x10°> CFU/mL. The presence of B.
cereus in pasteurized milk samples could perhaps be due to
high initial load of spores in the milk used for production,
inadequate pasteurization or post-contamination due
to unsanitary conditions. On the other hand some other
authors reported much higher B. cereus incidence levels.
Te Giffel et al.* reported that 40% of pasteurized milk
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Table 4. Number of resistant and susceptible B. cereus isolates to antibiotics

No. of B. cereus Isolates (n=19)

Antibiotics No. and Percentage (%) of No. and Percentage (%) of No. and Percentage (%) of

Resistant Isolates Intermediate Isolates Susceptible Isolates
Oleandomycin 0 0 19 (100)
Tetracycline 0 2(10.5) 17 (89.5)
Polymixin B 11(57.9) 8(42.1) 0
Chloramphenicol 0 2(10.5) 17 (89.5)
Erythromycin 0 0 19 (100)
Penicillin G 19 (100) 0 0
Cephalothin 11 (57.9) 7 (36.8) 1(5.3)
Ampicillin 12 (63.2) 4(21.1) 3(15.8)
Kanamycin 3(15.8) 7 (36.8) 9(47.4)
Vancomycin 1(5.3) 1(5.3) 17 (89.5)
Streptomycin 0 0 19 (100)
Neomycin 0 2(10.5) 17 (89.5)

Table 5. Multiple antibiotic resistance patterns observed among B.cereus isolates (n = 19)

Source No. (%) of Multiple Resistant Isolates Resistance Patterns
Raw milk 1(5.3) PB, P, KF, AMP, VA
Pasteurized milk (n= 2), kashar cheese (n=1) 3(15.8) PB, P, KF, AMP, K
Pasteurized milk (n= 1), White pickled cheese (n= 1), old cheese (n=1) 3(15.8) PB, P, KF, AMP
Pasteurized milk (n= 2), Ricotta cheese (n=1) 3(15.8) P, KF, AMP
White pickled cheese 1(5.3) PB, P, KF
Kashar cheese (n=2), Village cheese (n=1) 3(15.8) PB, P

Kashar cheese (n= 1), stick cheese (n=1) 2(10.5) P, AMP

PB: polymixin B, P: penicillin G, KF: cephalothin, AMP: ampicillin, K: kanamycin VA: vancomycin

samples were contaminated with B. cereus and that the
contamination levels were less than 5 CFU/mL in 77% of the
samples. In a study conducted in India, in approximately
10% of the milk and milk samples the level of B. cereus
contamination was more than 10° CFU/g 5. Zhou et al.*%
informed that 92 isolates obtained from 54 samples of
packaged pasteurized full-fat milk were identified as B.
cereus. In Poland, milk collected from a farm have been
found to contain B. cereus. Morever, the authors suggested
that a considerable level of contamination by this bacteria
of milk was also found in milk after pasteurization #7. In
another study B8 12 isolates of B. cereus were identified
from pasteurized milk.

Varying incidence rates of B. cereus in dairy products
were also reported by different workers. Prevalence rates
of 33.33% in raw pooled milk samples and 37.83% in
pasteurized milk samples were reported by Rather et al.>%,
Absence of B. cereus in UHT milk in our study was similarly
observed by Pacheco-Sanchez and Massaguer ¥ on 6500
packed whole processed UHT milk samples. Merzouqui
et al.’¥ detected B. cereus contamination in 51.6% of
milk and dairy products. The incidence of B. cereus in

Port Salut Argentino cheese was notified as 50% *. A
study performed by Cosentino et al.*? on dairy products
(pasteurized milk, UHT milk and cheese) indicated the
presence of Bacillus spp. in 265 (70%) of 378 samples
tested. By Khudor et al.*, the incidence of B. cereus in milk,
soft cheese, curls cheese and yogurt samples was reported
as 32.7%, 16.6%, 18% and 26%, respectively. A previous
study 1?2 demonstrated contamination with B. cereus in
31% of 215 dairy products included soft fresh cheese, soft
ripening cheese, cottage cheese, cream cheese, butter
and cream. Reyes et al.*Irecorded a 45.9% incidence
of B. cereus in dried milk products. In India, Bedi et al.B”
reported an overall incidence of 53.8% of B. cereus in milk
and various of dairy products. In Turkey, Gundogan and
Avci ¥ investigated the occurrence of B. cereus in raw milk,
white cheese and ice cream samples from different dairy
processing plants and determined that the contamination
rates with B. cereus were 90% in raw milk, 70% in white
cheese and 20% in ice cream samples. In the current study,
the presence of B. cereus in raw milk, pasteurized milk
and cheese samples could perhaps be due to high initial
load of spores in the milk used for production, inadequate
pasteurization or post-pasteurization contamination due
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to unsanitary conditions such as dirty teats, soil, feed and
processing equipments. The spores also formed by this
microorganism may resist pasteurization of milk.

In our study, initial identification of species level of B.
cereus isolates was confirmed by APl 20E and APl 50CHB
test systems and further with MALDI-TOF-MS analysis. The
results of these tests did not always match. Performance of
the MALDI-TOF-MS technique was higher for identification
than API systems. Rapid and reliable identification of
pathogenic microorganisms is important for the surveillance,
prevention and control of foodborne illnesses “. In
recent years, MALDI-TOF-MS has been demonstrated as a
powerful method for identification of bacteria in routine
laboratories . Previous studies also described the perfor-
mance of MALDI-TOF-MS for bacterial identification #-,

B. cereus causes two types of food poisoning, the
emetic and diarrheal syndromes and produces one emetic
toxin and four other enterotoxins: haemolysin BL (HBL),
nonhaemolytic enterotoxin (NHE), cytotoxin K (CytK) and
enterotoxin FM (EntFM). The HBL and NHE enterotoxins
are considered as the primary virulence factors of diarrhea
after infection by B. cereus ©2%3. Of 19 B. cereus isolates
obtained from our study, 68.4% (13 isolates) were positive
for NHE toxin production and 31.6% (6 isolates) for both
NHE and HBL production. Enterotoxigenic characterization
of B. cereus in milk and various dairy products has been
examined by several authors. Te Giffel et al.B”* found
that the 27% of the B.cereus isolates from pasteurised
milk in household refrigerators produced haemolysin
BL enterotoxin. Of the 37 B. cereus isolates 70-76%, were
found to be enterotoxigenic (as determined by three
different methods). Zhou et al.?® determined that 33.7% of
B. cereus isolates from pasteurized full-fat milk contained
three enterotoxic HBL complex encoding genes hblA,
hbIC and hbID. In another investigation, 28 of 94 (29.8%)
isolates of B. cereus from dried milk products were positive
for diarrheal enterotoxin production ¥4, The results of
the study performed by Cosentino et al.*? exhibited the
toxin-production ability of 72% of B. cereus isolates from
dairy products by a reversed passive latex agglutination
assay. Svensson et al.*¥ suggested that mesophilic isolates
compared with psychrotrophic B. cereus isolated from
the farm, in silo tanks and pasteurized milk had higher
enterotoxin (HBL and NHE) production potential. In Turkey
and other countries, the detection of enterotoxigenic B.
cereus isolates in milk and dairy products can pose a major
public health threat because the toxins NHE and HBL could
potentially be able to cause diarrhea.

In comparison to our results, studies conducted by
Schlegelova et al?? demonstrated that 18 of 96 B. cereus
isolates from dairy products exhibited resistance to
streptomycin, four isolates to erythromycin, two isolates
to neomycin and one isolate to tetracycline. Earlier reports
also specified ampicillin and penicillin resistant B. cereus
isolates from a variety of foods %%, Our findings are in

agreement with those reported by Khudor et al.®*¥who
observed that all B. cereus isolates from milk, cheese and
yogurt had resistance to penicillin, but the susceptibility
to neomycin. However, the same researchers found that
45.1% of the isolates were resistant to tetracycline, 6.4% to
erythromycin and 3.2% to streptomycin. Susceptibility to
oleondamycin, erythromycin and neomycin of all isolates,
as observed in our study, is contrary to those reported by
these authors. Merzouqui et al.?¥ isolated B. cereus from
milk, dairy products, spices and rice salads and screened
the antibiotic susceptibility profiles of the isolates. They
indicated susceptibility to chloramphenicol (67.2%) and
erythromycin (84.4%), which are consistent with the
outcome of our study. However, tetracycline resistance
(90.6%) determined in their study is contrary to that found
in our study which revealed susceptibility to this antibiotic
(89.5%) of B. cereus isolates. A study performed in Turkey
showed that none of the 34 B. cereus isolates from ice cream
samples was resistant to vancomycin, whereas one isolate
of B. cereus from raw milk had resistance to vancomycin.

In conclusion, this study revealed that the presence
of B. cereus in full-fat milk (raw and pasteurized) and
cheese. In addition, our findings presented the potential
of B. cereus isolates to produce the enterotoxins HBL and
NHE as a health hazard. B. cereus counts of 3.8x10° CFU/g
in cheese samples can be sufficient to cause illness by
this bacterium. Although the numbers of B. cereus in the
samples were relatively lower than the actual number
of cells required to cause illness by this bacterium, it is
important to consider that milk and milk products may be
easily contaminated and bacterial counts may rapidly rise
due to poor milking, equipment cleaning and sanitizing
procedures and improper cooling. We also detected the
occurrence of multiple antibiotic resistant B. cereus isolates.
Therefore, antimicrobial agents should be responsibly
and prudently used in veterinary medicine. As a result,
to ensure the efficient pasteurization and cooling of milk,
and to avoid the post-pasteurization contamination are of
primary importance to prevent foodborne illnesses caused
by consumption of milk and dairy products contaminated
with B. cereus.

CONFLICT OF INTEREST STATEMENT

The authors declared that they have no conflict of
interest.

ACKNOWLEDGMENT

This experiment was financially supported by the Unit
of Scientific Research Projects, Uludag University (Project
No: KUAP(V)-2013/12 and HDP(V)-2013/20).

REFERENCES

1. Kumari S, Sarkar PK: Bacillus cereus hazard and control in industrial
dairy processing environment. Food Control, 69, 20-29, 2016. DOI:


http://www.sciencedirect.com/science/article/pii/S0956713516301815

641

YIBAR, CETINKAYA
SOYUTEMIZ, YAMAN

10.1016/j.foodcont.2016.04.012

2. Kotiranta A, Lounatmaa K, Haapasalo M: Epidemiology and
pathogenesis of Bacillus cereus infections. Microbes Infect, 2, 189-198,
2000. DOI: 10.1016/51286-4579(00)00269-0

3. Panico MG, Caporale V, Agozzino E: Investigating on a foodborne
outbreak: analysis of the critical points. Ann Ig, 18 (3): 191-197, 2006.

4. Venkitanarayanan KS, Doyle MP: Microbiological Safety of Foods.
In, Berdanier CD, Dwyer J, Feldman EB (Eds): Handbook of Nutrition and
Food. 2" edn., 37-67, CRC Press, USA, 2008.

5. Al-Abri SS, Al-Jardani AK, Al-Hosni MS, Kurup PJ, Al-Busaidi S,
Beeching NJ: A hospital acquired outbreak of Bacillus cereus gastro-
enteritis, Oman. J Infect Public Health, 4, 180-186, 2011. DOI: 10.1016/j.
jiph.2011.05.003

6. Cressey P, King N: Risk profile: Bacillus cereus in dairy products. MPI
Technical Paper, New Zealand, 98pp, 2016. http://www.mpi.govt.nz/news-
and-resources/publications/, Accessed: 23.01.2017.

7. Te Giffel MC, Beumer RR, Slaghuis BA, Rombouts FM: Occurrence
and characterization of (psychrotrophic) Bacillus cereus on farms in the
Netherlands. Neth Milk Dairy J, 49, 125-138, 1995.

8. Christiansson A, Bertilsson J, Svensson B: Bacillus cereus spores
in raw milk: Factors affecting the contamination of milk during the
grazing period. J Dairy Sci, 82, 305-314, 1999. DOI: 10.3168/jds.S0022-
0302(99)75237-9

9. Mahler H, Pasi A, Kramer JM, Schulte P, Scoging AC, Bar W,
Krahenbiihl S: Fulminant liver failure in association with the emetic toxin
of Bacillus cereus. New Eng J Med, 336, 1142-1148, 1997. DOI: 10.1056/
NEJM199704173361604

10. Lund T, De Buyser ML, Granum PE: A new cytotoxin from Bacillus
cereus that may cause necrotic enteritis. Mol Microbiol, 38, 254-261, 2000.
DOI: 10.1046/j.1365-2958.2000.02147 .x

11. Dierick K, Van Coillie E, Swiecicka I, Meyfroidt G, Devlieger H,
Meulemans A, Hoedemaekers G, Fourie L, Heyndrickx M, Mahillon J:
Fatal family outbreak of Bacillus cereus-associated food poisoning. J Clin
Microbiol, 43, 4277-4279, 2005. DOI: 10.1128/JCM.43.8.4277-4279.2005

12. Cadira 0, Giiciikoglu A, Terzi G, Kevenk TO, Alisarli M: Determination
of enterotoxigenic gene profiles of Bacillus cereus strains 1solated from
dairy desserts by multiplex PCR. Kafkas Univ Vet Fak Derg, 19 (5): 869-874,
2013.DOI: 10.9775/kvfd.2013.9008

13. Kramer JM, Gilbert RJ: Bacillus cereus and other Bacillus species. In,
Doyle MP (Ed): Foodborne Bacterial Pathogens. 21-70, Marcel Dekker,
New York, 1989.

14. Granum PE: Bacillus cereus. In, Doyle MP (Ed): Food Microbiology:
Fundamentals and Frontiers. 373-381, ASM Press, Washington, 2001.

15. Agata N, Mori M, Ohta M, Suwan S, Ohtani |, Isobe M: A novel
dodecadepsipeptide, cereulide, isolated from Bacillus cereus causes
vacuole formation in HEp-2 cells. FEMS Microbiol Lett, 121, 31-34, 1994.
DOI: 10.1111/j.1574-6968.1994.tb07071.x

16. Ehling-Schulz M, Guinebretiére M-H, Monthan A, Berg O, Fricker
M, Svensson B: Toxin gene profiling of enterotoxin and emetic Bacillus
cereus. FEMS Microbiol Lett, 260, 232-240, 2006. DOI: 10.1111/j.1574-
6968.2006.00320.x

17. Granum PE, O’Sullivan K, Lund T: The sequence of the non-
haemolytic enterotoxin operon from Bacillus cereus. FEMS Microbiol Lett,
177,225-229,1999. DOI: 10.1111/j.1574-6968.1999.tb13736.x

18. Wijnands LM, Dufrenne JB, Rombouts FM, in ‘t Veld PH, van
Leusden FM: Prevalence of potentially pathogenic Bacillus cereus in food
commodities in The Netherlands. J Food Prot, 69, 2587-2594, 2006. DOI:
10.4315/0362-028X-69.11.2587

19. Cho SH, Kang SH, Lee YE, Kim SJ, Yoo YB, Bak YS, Kim JB:
Distribution of toxin genes and enterotoxins in Bacillus thuringiensis
isolated from microbial insecticide products. J Microbiol Biotechnol, 25,
2043-2048, 2015. DOI: 10.4014/jmb.1506.06025

20. Dikbas N: Determination of antibiotic susceptibility and fatty acid
methyl ester profiles of Bacillus cereus strains isolated from different food
sources in Turkey. Afr J Biotechnol, 9, 1641-1647, 2010.

21. Roca I, Akova M, Baquero F, Carlet J, Cavaleri M, Coenen S,
Cohen J, Findlay D, Gyssens |, Heuer OE, Kahlmeter G, Kruse H,
Laxminarayan R, Liébana E, Lépez-Cerero L, MacGowan A, Martins
M, Rodriguez-Bafo J, Rolain JM, Segovia C, Sigauque B, Tacconelli
E, Wellington E, Vila J: The global threat of antimicrobial resistance:
Science for intervention. New Microbe New Infect, 6, 22-29, 2015. DOI:
10.1016/j.nmni.2015.02.007

22, Schlegelova J, Brychta J, Klimova E, Napravnikova E, Babk V: The
prevalence of and resistance to antimicrobial agents of Bacillus cereus
isolates from foodstuffs. Vet Med-Czech, 48, 331-238, 2003.

23. Gundogan N, Avci E: Occurence and antibiotic resistance of Escherichia
coli, Staphylococcus aureus and Bacillus cereus in raw milk and dairy
products in Turkey. Int J Dairy Technol, 67, 1-8, 2014. DOI: 10.1111/1471-
0307.12149

24. Merzougui S, Lkhider M, Grosset N, Gautier M, Cohen N: Prevalence,
PFGE typing, and antibiotic resistance of Bacillus cereus group isolated
from food in Morocco. Foodborne Pathog Dis, 11, 145-149, 2014. DOI:
10.1089/fpd.2013.1615

25. Fossi BT, Akoachere JFTK, Nchanji GT, Wanji S: Occurence, heat
and antibiotic resistance profile of Bacillus cereus isolated from raw cow
and processed milk in Mezam Division, Cameroon. Int J Dairy Technol, 70,
43-51,2016.DO0I: 10.1111/1471-0307.12315

26. Tallent SM, Kotewicz KM, Strain EA, Bennett RW: Efficient isolation
and identification of Bacillus cereus group. J AOAC Int, 95, 446-451, 2012.
DOI: 10.5740/jaoacint.11-251

27. 1SO: Microbiology of food and animal feeding stuffs - Preparation of
test samples, initial suspension and decimal dilutions for microbiological
examination -- Part 1: General rules for the preparation of the initial
suspension and decimal dilutions (ISO 6887-1:1999). International
Organization for Standardization (1999). Geneva, Switerland, 1999.

28. Harrigan WF, McCance ME: Laboratory methods in food and dairy
microbiology. 1 edn., 25-29, Academic Press, London, 1976.

29. Krause N, Moravek M, Dietrich R, Wehrle E, Slaghuis J, Mértlbauer
E: Performance characteristics of the Duopath® cereus enterotoxins assay
for rapid detection of enterotoxinogenic Bacillus cereus strains. Int J Food
Microbiol, 144, 322-326,2010. DOI: 10.1016/j.ijffoodmicro.2010.10.008

30. Bauer AW, Kirby WM, Sherris JC, Turck M: Antibiotic susceptibility
testing by a standardized single disk method. Am J Clin Pathol 45, 493-
496, 1966.

31. Larsen HD, Jorgensen K: The occurrence of Bacillus cereus in Danish
pasteurized milk. Int J Food Microbiol, 34, 179-186, 1997. DOI: 10.1016/
S0168-1605(96)01182-8

32. Némeckova |, Solichova K, Roubal P, Uhrova B, Svirakova E:
Methods for detection of Bacillus sp., B. cereus, and B. licheniformis in raw
milk. Czech J Food Sci, 29, 55-60, 2011.

33. Lin S, Schraft H, Odumeru JA, Griffiths MW: Identification of
contamination sources of Bacillus cereus in pasteurized milk. Int J Food
Microbiol, 43, 159-171, 1998. DOI: 10.1016/50168-1605(98)00105-6

34. Te Giffel MC, Beumer RR, Granum PE, Rombouts FM: Isolation and
characterisation of Bacillus cereus from pasteurised milk in household
refrigerators in the Netherlands. Int J Food Microbiol, 34, 307-318, 1997.
DOI: 10.1016/50168-1605(96)01204-4

35. Bedi SK, Sharma CS, Gill JPS, Aulakh RS, Sharma JK: Incidence of
enterotoxigenic B. cereus in milk and milk products. J Food Sci Tech, 42,
272-275, 2005.

36. Zhou G, Liu H, He J, Yuan Y, Yuan Z: The occurrence of Bacillus cereus,
B. thuringiensis and B. mycoides in Chinese pasteurized full fat milk. Int J
Food Microbiol, 121, 195-200, 2008. DOI: 10.1016/j.ijffoodmicro.2007.11.028

37. Bartoszewicz M, Hansen BM, Swiecicka I: The members of the
Bacillus cereus group are commonly present contaminants of fresh and
heat-treated milk. Food Microbiol, 25, 588-596, 2008. DOI: 10.1016/j.
fm.2008.02.001

38. Salustiano VC, Andrade NJ, Soares NFF, Lima JC, Bernardes
PC, Luiz LMP, Fernandes PE: Contamination of milk with Bacillus
cereus by post-pasteurization surface exposure as evaluated by
automated ribotyping. Food Control, 20, 439-442, 2009. DOI: 10.1016/j.
foodcont.2008.07.004


http://www.sciencedirect.com/science/article/pii/S0956713516301815
http://www.sciencedirect.com/science/article/pii/S1286457900002690
https://www.ncbi.nlm.nih.gov/pubmed/16821496
http://www.sciencedirect.com/science/article/pii/S1876034111000359
http://cat.inist.fr/?aModele=afficheN&cpsidt=3644763
http://www.sciencedirect.com/science/article/pii/S0022030299752379?via%3Dihub
http://www.nejm.org/doi/full/10.1056/NEJM199704173361604
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2958.2000.02147.x/abstract?systemMessage=Pay+Per+View+on+Wiley+Online+Library+will+be+unavailable+on+Saturday+15th+April+from+12%3A00-09%3A00+EDT+for+essential+maintenance.++Apologies+for+the+inconvenience.
http://jcm.asm.org/content/43/8/4277
http://vetdergi.kafkas.edu.tr/extdocs/2013_5/869-874.pdf
https://academic.oup.com/femsle/article-lookup/doi/10.1111/j.1574-6968.1994.tb07071.x
https://academic.oup.com/femsle/article-lookup/doi/10.1111/j.1574-6968.2006.00320.x
https://academic.oup.com/femsle/article-lookup/doi/10.1111/j.1574-6968.1999.tb13736.x
http://jfoodprotection.org/doi/abs/10.4315/0362-028X-69.11.2587?code=fopr-site
http://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.1506.06025
https://www.ajol.info/index.php/ajb/article/view/78351/68715
http://www.sciencedirect.com/science/article/pii/S2052297515000293
http://vri.cz/docs/vetmed/48-11-331.pdf
http://onlinelibrary.wiley.com/doi/10.1111/1471-0307.12149/abstract?systemMessage=Pay+Per+View+on+Wiley+Online+Library+will+be+unavailable+on+Saturday+15th+April+from+12%3A00-09%3A00+EDT+for+essential+maintenance.++Apologies+for+the+inconvenience.
http://online.liebertpub.com/doi/abs/10.1089/fpd.2013.1615
http://onlinelibrary.wiley.com/doi/10.1111/1471-0307.12315/abstract?systemMessage=Pay+Per+View+on+Wiley+Online+Library+will+be+unavailable+on+Saturday+15th+April+from+12%3A00-09%3A00+EDT+for+essential+maintenance.++Apologies+for+the+inconvenience.
http://www.ingentaconnect.com/content/aoac/jaoac
http://www.sciencedirect.com/science/article/pii/S016816051000560X
https://www.ncbi.nlm.nih.gov/pubmed/5325707
http://www.sciencedirect.com/science/article/pii/S0168160596011828?via%3Dihub
https://www.cabdirect.org/cabdirect/abstract/20123149884
http://www.sciencedirect.com/science/article/pii/S0168160598001056
http://www.sciencedirect.com/science/article/pii/S0168160596012044?via%3Dihub
https://www.researchgate.net/publication/289006149_Incidence_of_enterotoxigenic_Bacillus_cereus_in_milk_and_milk_products
http://www.sciencedirect.com/science/article/pii/S0168160507006010
http://www.sciencedirect.com/science/article/pii/S0740002008000282
http://www.sciencedirect.com/science/article/pii/S095671350800176X

642

Prevalence, Enterotoxin ...

39. Rather MA, Aulakh RS, Gill JPS, Verma R, Rao TS: Enterotoxigenic
profile of Bacillus cereus strains isolated from raw and pasteurized milk.
Indian J Anim Sci, 81 (5): 448-452, 2011.

40. Pacheco-Sanchez CP, Massaguer PR: Bacillus cereus in Brazilian
ultra high temperature milk. Sci Agr, 64, 152-161, 2007. DOI: 10.1590/
S0103-90162007000200008

41. lurlina MO, Saiz Al, Fuselli SR, Fritz R: Prevalence of Bacillus spp. in
different food products collected in Argentina. LWT-Food Sci Technol, 39,
105-110, 2006. DOI: 10.1016/j.lwt.2005.01.006

42, Cosentino S, Mulargia AF, Pisano B, Tuveri P, Palmas F: Incidence
and biochemical characteristics of Bacillus flora in Sardinian dairy
products. Int J Food Microbiol, 38, 235-238, 1997. DOI: 10.1016/50168-
1605(97)00107-4

43. Khudor MH, Abbas BA, Saeed BMS: Molecular detection of
enterotoxin (cyt K) gene and antimicrobial susceptibility of Bacillus cereus
isolates from milk and milk products. Bas J Vet Res, 11, 164-173, 2012.

44, Reyes JE, Bastias JM, Gutiérrez MR, Rodriguez MO: Prevalence
of Bacillus cereus in dried milk products used by Chilean Scool Feeding
Program. Food Microbiol, 24, 1-6, 2007. DOI: 10.1016/j.fm.2006.04.004

45. Dieckmann R, Helmuth R, Erhard M, Malorny B: Rapid classification
and identification of salmonellae at the species and subspecies levels by
whole-cell matrix-assisted laser desorption ionization-time of flight mass
spectrometry. Appl Environ Microbiol, 74, 7767-7778, 2008. DOI: 10.1128/
AEM.01402-08

46. Furukawa Y, Katase M, Tsumura K: Evaluation of matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry for rapid
identification of bacteria in processed soybean products. J Food Res, 2,
104-109, 2013. DOI: 10.5539/jfr.v2n3p104

47. Ryzhov V, Hathout Y, Fenselau C: Rapid characterization of spores
of Bacillus cereus group bacteria by matrix-assisted laser desorption-
ionization time-of-flight mass spectrometry. Appl Environ Microbiol, 66,
3828-3834, 2000.

48. Hsieh SY, Tseng CL, Lee YS, Kuo AJ, Sun CF, Lin YH, Chen JK: Highly
efficient classification and identification of human pathogenic bacteria
by MALDI-TOF MS. Mol Cell Proteomics, 7, 448-456, 2008. DOI: 10.1074/mcp.
M700339-MCP200

49. Lasch P, Beyer W, Nattermann H, Staimmler M, Siegbrecht
E, Grunow R, Naumann D: |dentification of Bacillus anthracis by
using matrix-assisted laser desorption ionization-time of flight mass
spectrometry and artificial neural networks. Appl Environ Microbiol, 75,
7229-7242,2009. DOI: 10.1128/AEM.00857-09

50. Nagy E, Becker S, Kostrzewa M, Barta N, Urban E: The value of
MALDI-TOF MS for the identification of clinically relevant anaerobic
bacteria in routine laboratories. J Med Microbiol, 61, 1393-1400, 2012.
DOI: 10.1099/jmm.0.043927-0

51. Ngamau CN, Matiru VN, Tani A, Muthuri CW: Isolation and
identification of endophytic bacteria of bananas (Musa spp.) in Kenya
and their potential a biofertilizers for sustainable banana production.
Afr J Microbiol Res, 6, 6414-6422,2012.

52. Organji SR, Abulreesh HH, Elbanna K, Osman GEH, Khider M:
Occurence and characterization of toxigenic Bacillus cereus in food and
infant feces. Asian Pac J Trop Biomed, 5, 515-520, 2015. DOI: 10.1016/j.
apjtb.2015.04.004

53. Tewari A, Singh SP, Singh R: Incidence and enterotoxigenic profile
of Bacillus cereus in meat and meat products of Uttarakhand, India. J
Food Sci Technol, 52, 1796-1801, 2015. DOI: 10.1007/5s13197-013-1162-0

54. Svensson B, Monthan A, Guinebretiére MH, Nguyen-Thé C,
Christiansson A: Toxin production potential and the detection of toxin
genes among strains of the Bacillus cereus group isolated along the
dairy production chain. Int Dairy J, 17, 1201-1208, 2007. DOI: 10.1016/j.
idairyj.2007.03.004

55. Ozcelik B, Citak S: Evaluation of antibiotic resistance of Bacillus
cereus isolates in ice-cream samples sold in Ankara. Turk J Pharm Sci, 6,
231-238, 2009.


http://agris.fao.org/agris-search/search.do?recordID=IN2013000358
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-90162007000200008&lng=en&nrm=iso&tlng=en
http://www.sciencedirect.com/science/article/pii/S0023643805000125
http://www.sciencedirect.com/science/article/pii/S0168160597001074
http://s3.amazonaws.com/academia.edu.documents/41745544/Molecular_detection_of_enterotoxin_CYT_20160129-29021-1y3zuul.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1491892923&Signature=dKbSr8gcOWmXKDyS51GX5D9O%2BwI%3D&response-content-disposition=inline%3B%20filename%3DMolecular_detection_of_enterotoxin_CYT_K.pdf
http://www.sciencedirect.com/science/article/pii/S0740002006000992
http://aem.asm.org/content/74/24/7767
http://www.ccsenet.org/journal/index.php/jfr/article/view/27538
https://www.ncbi.nlm.nih.gov/pubmed/10966397
http://www.mcponline.org/content/7/2/448
http://aem.asm.org/content/75/22/7229
http://jmm.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.043927-0
http://www.academicjournals.org/journal/AJMR/article-abstract/47EDB2827589
http://www.sciencedirect.com/science/article/pii/S2221169115000817
https://link.springer.com/article/10.1007%2Fs13197-013-1162-0
http://www.sciencedirect.com/science/article/pii/S0958694607000465
http://eski.teb.org.tr/images/upld2/ecza_akademi/dergi/632009(3),%20231-238.pdf

	55. Özçelik B, Çıtak S: Evaluation of antibiotic resistance of Bacilluscereus isolates in ice-cream samples sold in Ankara. Turk J Pharm Sci, 6,231-238, 2009.

