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Abstract

Several members of Bacillus cereus (B. cereus) have been recognized as significant agents of
food and health problems. Thermotolerance of B. cereus after pre-exposure to temperature shifts
or other stress may influence its ability to grow in minimally processed foods. This study was
proposed to determine the recovery rate of B. cereus group from dairy products and fast foods.
Moreover, the responses of a recovered isolate to different stresses were evaluated to stand upon
its thermotolerance against lethal temperature. In total, 200 different samples from milk and milk
products (164) and fast food (36) were examined for the presence of B. cereus group. The effects
of heat, cold, acid and salt stresses on B. cereus heat resistance were physiologically and
molecularly assessed through examining its viability and measuring the gene expression of its
heat induced proteins (GroEL and DnaJ) by reverse transcription quantitative polymerase chain
reaction (RT-gPCR), respectively. Overall, 35 (17.5%) samples were positive for B. cereus
group isolates. The higher B. cereus count (> 10* CFU/mL or g) was found in 7% of milk and
fast food samples. Three B. cereus group species (B. cereus, B. thuringiensis, and B.
pseudomycoides or B. mycoides) were identified. After time intervals of mild heat pre-exposure
at 42°C or exposure to other stresses, B. cereus developed an increased thermotolerance at
50°C/20 min. This thermotolerance was pronounced after exposure of B. cereus cells to 42°C /1
h and 2.5 % salt/30°C/ 40 min with a 3.9 CFU log increase compared to those exposed to lethal
treatment only. RT-gPCR results revealed up-regulation of dnaJ gene expression in pretreated
cells compared to the lethal only treated cells. Overall, these results confirmed the heat resistance
occurs in B.cereus during food processing, which results in its survival in the food products.
Keywords: B. cereus, Viability, Thermotolerance, dnaJ gene, RT-gPCR

Introduction

A well effective and an efficiently
administered national food control system is
necessary to provide the assurances to
consumers for preventing or minimizing the
health and safety risks from food [1]. Bacillus .
cereus (B. cereus) has been reported as a in food decay and a danger for their consumers
significant agent of foodborne outbreaks and it [5.6]. . . .
was identified as the causative agent of 19% of The B. cereus group includes eight bacterial
foodborne outbreaks between 1998 and 2008 SPecies;  B. ~ cereus  sensustricto,  B.
in the United States [2]. These outbreaks were  thuringensis, B. anthracis, B. mycoides, B.
not only confined to rice and meat, but B, Pseudomycoides, ~ B. cytotoxicus,  B.

cereus group isolates have also been detected Weihenstephanensis, and B. toyanensis [7]. B.
in milk [3, 4]. cereus group was referred to as B. cereus

sensulato and this group includes closed
related species those cannot be phenotypically

Inadequate cooling or storage of food at
temperatures below 60°C can support B.
cereus spores survival in different products
after the thermal treatment due to their
survival at high temperature exposure resulting
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or biochemically differentiated. In the
Bergey’s manual of determinative
bacteriology, some phenotypic characteristics
were used to differentiate the species within
the B. cereus group; a combination of capsule
formation, inability to cause hemolysis and
non-motility is specific for B. anthracis, the
production of crystal protein is specific for B.
thuringienesis,rhizoid colony shape is specific
for B. mycoides and B. pseudomycoides and
finally the ability to grow at 7°C, but not at
43°C is specific for B. weihenstephansis [8].

The heat shock response in a large group of
bacteria is a protective mechanism occurs after
a prior exposure to the non-lethal heat shock or
other stresses by the production of a wide
range of proteins known as heat shock proteins
(HSPs). The mechanisms of production of
HSPs and heat adaptation have been
previously discussed for B. cereus [9-11]. The
heat adaptation of B. cereus involved proteins
(chaperones and proteases) those play a

significant role in a variety of cellular
processes including protein folding as a
protective processes, assembly and

aggregation prevention and repair under stress
and non-stress conditions. Bacillus cereus was
adapted to heat exposure at the lethal
temperature of 50°C after 42°C pre-exposure
(maximum protection occurs after 15 min to 1
h of pre-exposure to 42°C) as a result of de
novo protein synthesis [10].Thirty-one heat-
induced proteins were observed using gel
electrophoresis, grouped into 3 groups
depending upon the time points of highest
production, and the N-terminal sequences of a
subset of these proteins were then detected.

This showed the induction of proteins
responsible  for sporulation (AldA and
SpoVG), stress proteins (SodA, CspB

andCspE), metabolic enzymes (Dra and FolD),
identified heat-induced proteins in related
organisms (DnaK, HSP16.4, GroEL, RsbV,
ClpP, ClpP, YfIT, PpiB, and TrxA) and other
proteins (MreB, YloH, and YbbT) [10].
Moreover, the up-regulation of several stress
proteins was confirmed by using antibodies
specific for the HSPs of B. subtilis except
GroES. A Pre-exposure to 4% ethanol, pH 5,
or 2.5% NaCl for 30 min also resulted in
improved thermotolerance with the induction
of some HSPs [10], suggesting that during the
mild processing, a cross-protection from

heating occurred in pathogenic B. cereus,
which may result in increased its survival in
foods. In Egypt, no studies have been
conducted to investigate the physiological and
molecular responses of B. cereus in terms of
heat tolerance. To the best of our knowledge,
there was no worldwide trial for measuring the
B. cereus heat induced protein genes
expression by reverse  transcription
quantitative polymerase chain reaction (RT-
gPCR) assay. So, the main aim of this work
was to investigate the occurrence of B. cereus
group strains in different types of foodstuffs
collected at Sharkia Governorate, Egypt and to
verify whether the pretreatment with heat,
cold, acid, and salt could influence the B.
cereus heat tolerance physiologically as well
as molecularly.

Materials and methods
Samples collection

A number of 200 food samples were
randomly collected from different restaurants,
supermarkets and private companies in
Sharkia Governorate, Egypt. These samples
represented 164 milk and milk products
including marketed milk (51), cheese (38),
yoghurt (54) and ice cream (21), and 36 fast
food samples. The collected samples were
transported in a cool transport container to the
laboratory of Microbiology, Faculty of
Veterinary Medicine, Zagazig University on
the same day of collection for bacteriological
analysis under complete aseptic conditions.

Isolation and enumeration of B. cereus group
bacteria

Ten grams of each food sample were
homogenized for a minute with 90 mL of
buffered peptone water (Oxoid, UK) [12] in a
stomacher (Stomacher lab-Blender 400; AEs
Laboratory, Combourg, France).  After
preparation of tenfold serial dilution, 0.1 mLof
each diluted sample was streaked onto
polymyxin egg yolk mannitol bromothymol
blue agar (PEMBA, Oxoid, UK) medium. This
medium was prepared by mixing sterile B.
cereus selective agar base (CMO0617, Oxoid,
UK) with Polymyxin B Supplement (SR0099,
Oxoid, UK) and sterile Egg Yolk Emulsion
(SR0047, Oxoid, UK) at 50°C. The agar plates
were incubated for 24-48 h at 30°C. The
typical colonial appearance of B. cereus group
isolates is crenated with a distinctive turquoise
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to peacock blue color and they are surrounded
by a good egg yolk precipitate of the same
colour with a failure to utilize mannitol
(Nagler’s reaction) [3]. The total viable counts
of presumptive colonies were obtained and
calculated as logio colony forming unit
(CFU)/g or mL of the sample [8]. Three
independent experiments for each sample were
performed. Furthermore, an ideal colony of the
supposed B. cereus group was subcultured
onto brain heart infusion (BHI) agar (Sigma-
Aldrich, USA) and incubated at 30°C for 24 h.
Each colony was then cultured into Eppendorf
tubes filled with trypticsoy broth (TSB, Oxoid,
UK) and the tubes were further incubated at
30°C for 24 h. The cultures were preserved at
—20°C after addition of 30% glycerol (Sigma-
Aldrich, USA).

Species confirmation

The isolates were subjected for the
conventional identification procedures of the
B. cereus group including Gram staining,
testing haemolysis, motility, rhizoid growth
and psychrotolerance, and some biochemical
tests including catalase, gelatin liquefaction,
starch  hydrolysis,VVoges-Proskauer,  sugar
fermentation, and citrate utilization as stated
previously [3,12- 14].

The physiological and molecular effects of
heat, cold, acid, and salt stress factors on the
heat tolerance of B. cereus

One B. cereus isolate of fast food origin
was selected as a base strain for physiological
and molecular evaluation of B. cereus
adaptation against different stress conditions
depending on its typical identification criteria
as B. cereus in addition to its high count (10°
CFU/q) in the fast food sample.
I-Physiological effects of a pretreatment with

low levels of different stresses on

stimulation of B. cereus survival at 50°C

For monitoring the capability of B. cereus
of food origin to survive during the food
products minimal processing, the
thermotolerance of cells pre-exposed to the
following stresses: an adaptive non-lethal heat
treatment at 42°C for different time points, low
temperature for 2 h at 7 °C, salt shock using
2.5% NaCl for 40 min at 30 °C and pH 5 at
30°C for 30 min was analyzed as described
previously [10, 15]. Briefly, B. cereus cells
were grown in sterile BHI broth and the broth

was incubated at 30 °C with aeration for 4 h
(at mid-exponential phase). After that, the
culture was diluted 1/100 into fresh BHI broth
till the optical density reach 0.15 at 550 nm.
Centrifugation to harvest cells was made at
3000 rpm/10 min and the sediments were then
diluted 1/10 in preheated BHI at 42°C as a
mild adaptive heat treatment for 30, 60, 120,
and 240 min. The cells at different time points
were then exposed consecutively to the lethal
heat treatment at 50°C / 20 min and then 0.1
mL aliquot for each time point was plated onto
TSA culture medium and the plates were
incubated at 30°C/24 h, where viable cell
counts were measured. Three separate
experiments were done during heat exposure
treatments and all prepared cultures were
plated, twice, for each time point. The viability
percentage was detected relative to the
untreated control  culture, which was
considered to have 100% survival. The degree
of protection afforded by a pretreatment is the
percentage of viability after lethal treatment
following adaptation divided by the percentage
of viability after lethal treatment only. During
adaptation, the protection range of 10-10000
folds is better than in absence of pretreatment.
Protection values are expressed as a range of
protection in log values e.g. 100-1000 fold
protection is expressed as 2-3 logs of
protection.The heat tolerance of cells adapted
to the other different stresses of cold
temperature, salt shock and acidic pH was
analyzed as mentioned above. The pre-
exposure to all different stresses and heat was
performed in the occurrence of
Chloramphenicol (100mg/mL) that stops
synthesizing of new proteins.

I1- RT-gPCR assay for studying effects of low
levels of stresses on enhancing B. cereus
survival at 50°C

The RT-gPCR assay was used for studying
the relative expression of B. cereus heat shock
chaperones genes, groEl and dnaJ upon
exposure to different stress conditions
mentioned in the physiological tests as a first
trial. The choice of groEl gene was as a
housekeeping gene for the purpose of
calibrating the expression of the other gene in
B. cereus [16]. Moreover, GroEl is considered
one of the B. cereus heat induced proteins.
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RNA extraction

Total RNA from bulk bacterial cells was
extracted and purified using RNeasy Mini Kit
(Qiagen-GmbH, Germany) according to the
manufacturer’s instructions.

RT-qPCR amplification

The RT-gPCR amplification reaction was
carried out, in triplicates, using QuantiTect
SYBR green RT-PCR kit (Qiagen-GmbH,
Germany) in a total reaction volume of 25 uL.
containing12.5 pL of 2x Quantitect SYBR
Green PCR Master Mix (Qiagen, Germany),
0.25 pL of reverse transcriptase, 0.5 puL of
each primer (20 pmoL) (Metabion, Germany),
3 uL of template RNA and 8.25uL of RNase
free water. Gene specific primer sequences
were selected according to the previously
published papers; BCF:
GCGTATCGTCGTTTGGCT and BCR:
CTATCATCCTGCTCTTCTTG for dnaJ gene
[17] and balF: TGCAACTG TATTAG CACA
AGCT and balR: TACCAC GAAGT TTGTT
C ACTACT for groEL gene [16]. In the
Stratagene  Mx3005P RT-PCR machine
(Thermo  Fisher, CA, USA), reverse
transcription was performed at 50°C for 30
min. After a preliminary denaturation step at
94°C for 15 min, the reaction mixture was
subjected to 40 cycles of 94°C for 15 sec,
55°C for 30 sec (dnaJ gene) or 40 sec (groEL
gene) and 72°C for 40 sec and finally one
cycle at 72°C for 5 min. Dissociation curves
were generated by a cycle of 94°C for 1 min,
55°C for 1 min and 94°C for 1 min.
Amplification curve and cycle threshold (Cy)
values were determined by Stratagene
MX3005P software. The relative gene
expression in B. cereus cells exposed to
different stress conditions compared to the

non-treated (control) cells were obtained using
the delta-delta Ct (2724<") method [18].

Results

Isolation, enumeration and identification of
the recovered B. cereus group isolates

The bacteriological analysis of the collected
samples revealed that B. cereus group species
were detected in 17.5% (35/200) of different
food and milk samples. Only 23 (65.7%) of 35
positive isolates showed CFU values > 103
with the highest counts (1.58 X 10° CFU/qg) in
the fast food samples (Table 1). Fourteen out
of 35 isolates which were depicted mainly in 8
milk product and 6 fast food samples had CFU
values more than 10* with a total ratio of 7%
(14/200). Meanwhile, 9 (4.5%; 9/200) isolates
showed low count ratios of 103-10* CFU/g or
mL (data not shown). The concentrations of B.
cereus-group isolates were below103CFU/g or
mL in the rest of the examined samples.Of
note, all milk and milk byproducts
contaminated with B. cereus-like bacteria (5.6
%, 8/143) were not considered acceptable
(counts >10* CFU/mL or g). The distribution
of 35 (17.5%) recovered B. cereus group
isolates was from 25% of diverse fast foods
types, 24.1 % of yoghurt, 13.2% of cheese,
11.8% of milk and 9.5% of ice cream samples.
Only 3 species of B. cereus group were
currently identified including B. cereus, B.
thuringiensis, and B. pseudomycoides or B.
mycoides (Table 2). The highest percentage of
the isolates (71.4%, 25/35) was related to B.
cereus with a total recovery rate of 12.5%
(25/200), followed by B. mycoides (3%) and B.
thuringiensis (2%). Bacillus cereus isolates
were distributed as 19.4% (7/36) in fast foods
and11% (18/164) in dairy products; mainly
yoghurt (20.4%).

Table (1): Mean and Logso of Bacillus cereus group CFU/g or mL of various milk products and

food samples

No. of positive CFUlg
Sample : * Range
isolates Min - Max Mean Logio
Milk 5 3x10° - 1x10° 5.01 x 10° 5.7
Cheese 3 1x10° - 3.4x10° 1.7 x 10° 5.2
Yoghurt 6 6.1x10%*- 4.5x10° 2.5X10° 5.4
Fast food 9 6.5x10* — 3.1x10° 1.58 X 10° 6.2

* The isolates that had CFU >10° were selected. Min: Minimum count and Max: Maximum count.
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Table (2): Occurrence of Bacillus cereus group species in different dairy products and fast food samples

| No. of No. (%) of No.(%) of identified Bacillus cereus group isolates
Sample type ' positive B. mycoides or S
samples isolates B. cereus B. pseudomycoides B. thuringiensis
Milk
Raw milk 6 2 (33.3) 1(16.7) 0.00 1(16.7)
Fat milk 29 4 (13.8) 3(10.3) 0.00 1(3.4)
Mixed milk 10 0.00 0.00 0.00 0.00
Powdered milk 6 0.00 0.00 0.00 0.00
Sum 51 6 (11.8) 4 (7.8) 0.00 2 (3.9
Cheese
Kareesh cheese 12 3 (25) 0.00 2 (16.7) 1(8.3)
Feta creamy cheese 11 2 (18.2) 1(9.1) 1(9.1) 0.00
Edam flamink cheese 3 0.00 0.00 0.00 0.00
Blue cheese 3 0.00 0.00 0.00 0.00
Mozzarella cheese 3 0.00 0.00 0.00 0.00
Cooked cheese 3 0.00 0.00 0.00 0.00
Chedder cheese 3 0.00 0.00 0.00 0.00
Sum 38 5(13.2) 1(2.6) 3(7.9) 1(2.6)
Yoghurt
Baladi yoghurt 22 4 (18.2) 3(13.6) 1(4.5) 0.00
Processed yoghurt 24 9 (37.5) 8(33.3) 0.00 1(4.2)
5332”” mixed with 8 0.00 0.00 0.00 0.00
Sum 54 13 (24.1) 11 (20.4) 1(1.9) 1(1.8)
Ice-cream
Processed ice cream 11 2(18.2) 2(18.2) 0.00 0.00
Baladi ice cream 10 0.00 0.00 0.00 0.00
Sum 21 2(9.5) 2 (9.5) 0.00 0.00
Fast foods
Koshary 6 5 (83.3) 5 (83.3) 0.00 0.00
Katchub 5 1(20) 0.00 1(20) 0.00
Hot katchub 5 1(20) 1(20) 0.00 0.00
Pasta 5 0.00 0.00 0.00 0.00
Potato 5 2 (40) 1(20) 1(20) 0.00
Cooked rice 5 0.00 0.00 0.00 0.00
Coleslaw 5 0.00 0.00 0.00 0.00
Sum 36 9 (25) 7 (19.4) 2 (5.6) 0.00
Total 200 35(17.5) 25 (12.5) 6 (3) 4(2)

The physiological and molecular effects of
stress factors on the heat responses of B.
cereus
I- Physiological effects of a pretreatment with
low levels of stresses on stimulation of B. cereus
survival at 50°C (a high level of stress)
A- B.cereus thermotolerance that
exposed to heat stress at 42°C
During exposure of mid logarithmic stage
growth of control B. cereus cells at 30°C to
50°C directly without a pre-treatment, a four -
log decreasing in viable cells count was
observed after 20 min, where the count of the
control mid- exponential phase cells at 30°C
was 3.5 x 108 CFU/mL (log 8.5) and became
1.5x10* /mL (log 4.2) after exposure to 50°C
(lethal only treated cells without a pre-treatment
at 42°C) (Table 3).

pre-

Viable cell counts were detected for pre-
exposed B. cereus at 42°C for various time
intervals (30, 60, 120, and 240 min) and
subsequently exposed to the lethal temperature
of 50°C for 20 min. The results revealed
increased thermotolerance of pre-treated cells at
50°C compared to that in the lethal only treated
cells as illustrated in Table 3. The highest
increase in the heat survival was detected after
pre-exposure at 42°C for 30 and 60 min (3.4 and
3.9 CFU log increase, respectively) compared to
that in the lethal only treated cells. Remarkably,
in the occurrence of chloramphenicol (that stop
the new protein induction) during B. cereus cells
pre-exposure at 42°C for 30, 60, 120, and 240
min, no enhancement in their thermotolerances
was detected compared to that of the pre-treated
cells without chloramphenicol (Table 3).

358



Zag Vet J, Volume 48, Number 4, p. 354-365, December 2020

Gharib et al., (2020)

Table (3): Bacillus cereus heat survival and protection afforded by pretreatment with low levels of stresses

CFU/mL at 50°C/20min after

Pretreatment pretreatment with stresses CFU Logu Viability I:arr?teection
stress/ time % 9
hout i (Log value)
without ch. with ch. withou wi

ch. ch.
Ic_eel'i?al only treated 1.5x10°% i 42 i
42°C/ 30 min 5x107 1.5x10* 7.6 4.2 0.14 x102 35
42°C/ 60 min 1.2x108 9x10* 8.1 4.9 0.34 x10? 3.9
42°C/ 120 min 3x10° 3x103 6.4 3.5 0.009 x10? 2.4
42°C/ 240 min 1.1x108 1x103 6 3.0 0.003 x10? 1.9

5 )

';'&%%5 /6/40 min 1.2 x108 1x10° 8.1 6  0.34x10? 3.9
gtHs g/:? min 3.1x10° 3.5x10° 6.5 55 0.9 24
Cold temperature 5 4
at 7°C/2h 3.4x10 1.5x10 5.4 4.2 0.09 1.4

ch.: chloramephenicol NB.

a) Control untreated cells at 30°C had a count of 3.5x108CFU/mL (log 8.5)
b) Lethal only treated cells (exposed to 50°C without pretreatments)
c) Adaptive non-lethal pretreatment at 42°C, followed by a lethal treatment
The colony counts from control cells (a) represent 100% survival and the survival percentages following
treatments (b) and (c) were estimated relative to the viable counts of the untreated cells.

A-Thermotolerance of B. cereus pre-exposed

to other stress factors

To confirm whether different stresses other
than heat could affect thermotolerance, B.
cereus cells were exposed to 7°C/2h, 2.5%
NaCl/40min at 30°C, or pH 5/30 min at 30°C
before exposure to 50°C of lethal heat
treatment. All of these pre-exposures caused
an increase in thermotolerance with some
variations compared to lethal only treated
cells. The salt stress showed the highest
protection with a slight cell number decrease
detected after 20 min of incubation at 50°C
than that of the control untreated cells, where
the count of the salt treated cells was 1.2x108
CFU/mL compared to 1.5x10* CFU/mL of the
lethal only treated cells (a 4-log decrease in
viable cell counts) and that count nearly
reached to the count of the control untreated
cells (3.5x108 CFU/mL). However after 20
min at 50°C, nearly 2- and 3-log decreases in
viable counts were observed after pre-
exposure of B. cereus cells to the low-pH and
the low temperature, respectively comparing
with the control untreated cells (log 8.5).
During the stress pretreatment and in the

occurrence  of  chloramphenicol,  some
thermotolerance of B. cereus cells was
developed compared to those exposed to the
lethal temperature only, but this tolerance was
not equal to that acquired without
chloramphenicol. About 1.8 and 1.3 log
increases in thermotolerance of salt and pH
stressed cells, respectively were observed
when compared to the cells exposed to the
lethal temperature only, while no enhancement
in thermotolerance was noticed in cold
temperature stressed cells in the occurrence of
chloramphenicol after 20 min at 50°C as
presented in Table 3. This shows that the
enhancement in thermotolerance attained upon
these treatments is not reliant mainly on new
protein induction, but may be other factors.
The results of physiological effects of pre-
exposure with low levels of stresses in
stimulating B. cereus survival at 50°C
indicated that the pre-exposure with low levels
of heat, salt and pH adapted the cells, so they
showed a heat survival in the presence of these
treatments better than in the absence of them.
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I1-Molecular effects of a pretreatment with low
levels of stresses on enhancing B. cereus
survival at 50 °C (a high level of stress)

The mRNA expression levels of groEL and
dnaJ genes of selected B. cereus isolate, which
was isolated from fast food origin and
displayed a high count (10°® CFU/g), was
determined after 20 min exposure to lethal

heat at 50°C upon pretreatments with mild
levels of different stresses. The results

revealed up-regulation of both heat induced
genes in the treated cells compared to the
lethal only treated cells with variable ranges
for different stress types confirming a strong
thermotolerance (Figure 1).

(B)

Figure (1): Amplification plots of Real Time ; RT-qPCR assay for detection of B. cereus groEL (A) and dnaJ
(B) genes™ expressions after lethal heat stress following mild treatment. The groEL was mainly used as a
housekeeping gene. Positive control: The curve appeared at Ct 20.53 and 22.86 for groEL and dnaJ genes,
respectively. Negative control: It appeared under the threshold line.

From Figure 1, increased expression
levels of dnaJ gene were observed after
pretreatment with NaCl 2.5% /40 min at 30°C
(9.2535 fold-change), followed by cold
temperature at 7°C / 2h (7.6211-fold change)
and then mild heat at 42°C/ 60 min (6.7740
fold-change).  Meanwhile, groEL  gene
expression was the highest in pretreatment
with mild heat at 42°C/ 60 min, followed by
NaCl 2.5% /40 min at 30°C. The presence of

chloramphenicol during exposure of the isolate
to 42°C for 60 min for example adversely
affected  the  development  of  the
thermotolerance with a down-regulation of
dnal gene expression to reach a 2.7702 -fold
change.

Discussion

Really, it is important to note that the
different food products could be simply
contaminated as a result of the storage
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conditions, handling or due to ineffective
sanitation and cleaning of the all used tools.
Hence, the concentration of bacteria may
rapidly increase and reach the hazardous scale
(till 10* CFU/mL or g). Based on the permitted
levels of B. cereus in food, the amounts of B.
cereus those were considered unsafe and risky
for consumption were >10° CFU/mL or g in
UK [19] and > 10* CFU/mL or g in Food
Standards Australia New Zealand [20]. Our
data showed that in only 7% of the examined
milk and fast foods samples, the B. cereus-like
isolates count was > 10* CFU/mL or g, which
was as the Australia New Zealand's hazardous
level [20]. Meanwhile, in only 4.5% of the
samples, the counts were 10% — 10* CFU/mL or
g and the rest of the samples showed counts
less than 10% CFU/mL or g, which were lower
than the UK's permissible level [19].The high
counts depicted in fast foods samples; mainly
koshary, ketchup as well as potato were
parallel to those reported previously in fast and
cooked food in Tunisia [21] and Denmark
[22]. The detected high counts in fast foods
samples may be resulted from using additives
of the contaminated spices in food that may
denote a danger in the case of insufficient heat
treatment. Higher counts have been reported
on spices in a Turkish study [23]. However, in
Vienna high B. cereus counts (10°CFU/qg)
were detected in some spices [24].

All milk and milk byproducts contaminated
with B. cereus-like bacteria (5.6 %, 8/143)
were not considered acceptable (counts >10%
CFU/mL or g). In the same way, a previous
study conducted in India stated much higher B.
cereus counts (> 10° CFU/g) in 10% of dairy
food samples [25]. The high bacterial pollution
level of processed foods may be due to
uncooked materials contamination and the
subsequent spore resistance to heat or other
industrial processes as well as unhurried
cooling and prolonged storage at the room
temperature permit the spores to germinate
[26,27]. Bacillus cereus bacterial group
biofilm existed on the surface of the tubes,
utensils and other processing tools as storage
containers can be a basis of the processed food
contamination [28].

The obtained results recorded that the
distribution of 35 (17.5%) recovered B. cereus
group isolates was from 25% of diverse fast

foods types, 24.1 % of yoghurt, 13.2% of
cheese, 11.8% of milk and 9.5% of ice cream
samples. The current high B. cereus group
occurrence (25%) in fast and cooked foods
samples mainly koshary, ketchup as well as
potato is concurring with previous findings,
where the B. cereus group was detected in
heat-treated food such as cooked products in
Denmark [22], pizza in Australia [29], pastry
products and desserts in Netherlands [30], and
canned products in Nigeria [31]. Moreover, a
higher occurrence of B. cereus was previously
found in 46.3% of the pastry products and
40.8% of the cooked food samples in Tunisia
[21].This variation may be due to the
differences in the hygienic practices followed
in the shops and restaurants in the recent
times.

The overall rating of species recovery
among various samples was 12.5% (25/200)
for B. cereus. B. cereus isolates were
recovered from 19.4% of fast food samples
and 11% of dairy products; mainly yoghurt
(20.4%), followed by 3% for B. mycoides and
2% for B.thuringiensis.

Higher occurrence rates of B. cereus in
milk and dairy products were reported
previously in several studies in Brazil, 58.3%
[32] and 24.23 % [33] and in ltaly (18.6%)
[34].The variability of B. cereus prevalence in
dairy products may be attributed to the
practices of the manufacturers and also to the
storage conditions of these products [35].

Herein, physiologically, after different time
intervals of mild heat pre exposure at 42°C and
upon a shift to 50°C, B. cereus cells developed
an improved thermotolerance to the lethal heat
exposure and the major increase was produced
after 1 h at 42°C. The increase in B. cereus
thermotolerance was not observed at the
investigated time intervals in the presence of
chloramphenicol compared to that for cells
without chloramphenicol.

Similarly, several authors demonstrated
that the pervious exposure at 42°C adapted B.
cereus to lethal heat at 50°C and the protein
synthesis was required to obtain this increase
in thermotolerance with an extreme protection
occurred after 15 min to 1 h of pervious
exposure to 42 °C [10, 15]. It was proved that
the increased levels of HSP and
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thermotolerance were reliant on new protein
induction, where they were not increased in
the presence of chloramphenicol [10].The
present research examined the first responses
of B. cereus to other stresses prior to
exposure to 50°C/20 min. the results showed
an increase in thermotolerance with some
variations and the highest protection was
delivered by the salt stress, where salt stressed
B. cereus count was 1.2x108CFU/mL with a
3.9 CFU log increase in the viable cell counts
compared to the lethal only treated cells those
had a count of 1.5x10* CFU/mL. The increase
in thermotolerance was also obtained in the
presence of chloramphenicol. In line with the
obtained findings, Periago and his colleagues
[10] ascertained that the pretreatment with a
salt stress, followed by acidic pH then low
temperature stresses led to an increase in
thermotolerance of B. cereus upon exposure
to 50°C/25 min. The highest protection was
provided by the salt stress with no cell number
reduction compared to 4-log reduction in the
control cells. The increase in thermotolerance
obtained in the presence of chloramphenicol
upon these processes is not mainly depended
on new protein synthesis and may be related to
regulator factors.

The RT-gPCR analysis revealed that the
expression levels of dnaJ gene increased after
pretreatment with NaCl 2.5%/40 min at 30°C,
followed by cold temperature at 7°C/2h.
Meanwhile, groEL gene expression was the
highest in pretreatment with mild heat at
42°C/60 min, followed by NaCl 2.5%/40 min
at 30°C. Compared to our results, Periago et
al. [10] mentioned that after a pre-exposure at
42°C, B. cereus cells showed a strong heat
tolerance at 50°C compared to control cells.
This is depended on HSPs (GroES, GroEL,
Dna K, DnaJ, CLPC, CLPP and CLPX) and
the genes encoding these HSPs could be
recognized by western blotting in the B. cereus
genome sequence. Moreover, upon exposure
to NaCl, the induction of Dnal, DnaK, CIpC,
and ClpX was increased; while under low pH
and cold temperature, a slight production of
only DnaJ and DnaK was found and finally
using 2D-E gels, GroEL was increased only
after the heat and salts pretreatments.

Conclusion

From our results, it is essential to retain in
mind that B. cereus can be more tolerant to
aggressive conditions after a previous stress
exposure and therefore tolerate and live on
normally lethal conditions that present upon
food processing. Bacillus cereus spore can
tolerate high temperature exposure; thus
inadequate cooling or storage of food at
temperatures under 60°C can protect their
growth in food following thermal exposure.
Reliant on the strain type, growth to great
limits may cause food spoilage and constitute
a risk for foodborne illness after ingestion.
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