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Abstract: Food preservation processes are usually applied with the aim of slowing down or
preventing spoilage and pathogenic bacteria in food materials. This involves the application of one or
more environmental stresses (or hurdles) in the form of extremes of temperature, pH, and the
manipulation of other optimal growth conditions.Environmental stress that may result from the use of
hurdles, has however been shown to play a role in the emergence of antimicrobial resistance. This
study was conducted with the aim of studying the combined effects of pH, low storage temperature
and storage period on the antibacterial susceptibility of enterotoxigenic Bacillus cereus isolates from
pasteurized cow-milk to selected antibacterial agents. Mcfarland standard 1 (about 8.5 log units) of a
confirmed B. cereus isolate from raw milk was inoculated into sterile pasteurized cow-milk samples at
varying pH levels (6.3.6.4,6.7,6.8), and stored at refrigeration temperature (4-10°C) for a period of 72
h. Isolates were assayed for the B. cereus diarrhoel enterotoxin haemolysin BL (HBL) production
using B. cereus enterotoxin reversed passive agglutination (BCET-RPLA) toxin detection Kkits
(OXOID) and then subjected to antibacterial susceptibility tests using the Kirby-Bauer method against
10 antimicrobial agents (OXOID). Antibacterial agents included Ampicillin (10pg), Cephalothin
(30pg), Amoxicillin-clavulanic  acid(20/10pg), Cefpodoxime (10ug) Ceftriaxone (30ug),
Erythromycin (30pg), Amikacin (30g), Tetracycline (30ug)Ciprofloxacin (Spg) and Trimetoprim
Sulfamethoxazole (1.25/23.75pg). Results revealed resistance of all isolates to Ampicillin,
Amoxicillin-clavulanic acid, Cefpodoxime, Ceftiaxone and Trimetoprim Sulfamethoxazole. All
isolates were sensitive to Erythromycin, and Ciprofloxacin.Varying patterns were observed for
Cephalothin, where only isolates from milk at pH 6.8 stored for 72 h and which exhibited suppressed
toxigenic ability, were sensitive. Similarly, all isolates showed susceptibility to Tetracycline except
for isolates at pH 6.3 which showed less sensitivity (intermediate response) to the antibacterial agent
over a 48 h period. Findings suggest pH and storage conditions of foods could induce varying degrees
of susceptibility to antibacterial agents in some enterotoxigenic B. cereus isolates.
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INTRODUCTION
r I Yhe world today is faced with a major
challenge of an increasing number of
pathogens  being  resistant  to
antimicrobial — agents. With  antibiotic
resistance, bacteria change in the way they
would ordinarily respond to medicines used
to prevent or treat infections. Global health
agencies are funding researches to tackle this
challenge (Ebinesh and Kailash, 2016). This
challenge has also elicited a large number of
researches by individuals, aimed at
understanding the mechanisms fueling the
changes in microbial susceptibility to
conventional antimicrobial agents (Russell,
2004; Lister et al., 2009; Stickland et al.,
2010; Hosseini et al., 2014; Shafaati et al.,
2016).

Bacillus cereus, the type species of the
Bacillus cereus group, (Senesi and Ghelardi,
2010), is a Gram positive, rod shaped
bacterium capable of facultative aerobic
metabolism. The organism is widely
distributed in the environment, mainly in the
soil. B. cereus causes two types of
foodborne illness-emetic (vomiting) and
diarrheal syndromes. The emetic syndrome
is an intoxication caused by ingestion of a
pre-formed toxin called cereulide in food
during growth of the organism. This
syndrome has a short incubation period and
recovery time. The symptoms of nausea,
vomiting and abdominal cramping occur
within 1-5 hours of ingestion, with recovery
usually within 6-24 hours (Schoeni and
Wong 2005; Senesi and Ghelardi 2010).
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The diarrheal syndrome is caused by
enterotoxins produced by B. cereus inside
the host following ingestion of food
contaminated with vegetative cells and also
spores (Wilcks et al., 2006).The diarrheal
syndrome is mainly caused by three pore-
forming enterotoxins; cytolysin K (CytK),
non-hemolytic enterotoxin (NHE), and
hemolysin BL. (HBL) (Stenfors-Arnesen et
al., 2008). Haemolysin BL (HBL) is
believed to be the major diarrhoeal toxin of
B. cereus (Burgess and Horwood, 20006).
Within an incubation period of 8-16 hours,
the diarrheal illness usually lasts for 12-14
hours, although it can continue for several
days. Symptoms are usually mild with
abdominal cramps, watery diarrthea and
nausea (Granum, 2007). The mild nature and
short duration of symptoms associated with
B. cereus infections are thought to be
reasons why the illness is underreported,
consequently, the prevalence of B. cereus
infections is underestimated in many
countries (Mols, 2009). To buttress this fact,
it was observed that the organism was the
cause of most incidents with an identified
agent in the Netherlands in 2007 (Doorduyn
et al., 2008); It was the causative agent of
foodborne illnesses in that country at levels
of up to 41%between 2004 and 2007. Food
products that are of potential risks for B.
cereus infections include pasta, milk and
milk products (Wijnands et al., 2006). The
organism has a remarkable ability to survive
adverse conditions due to its ability to form
endospores and also display adaptive stress
responses (Mols and Abee, 2011). Spores
are able to survive many food processing
operations and have been isolated from
pasteurized milk and milk products like ice
cream and infant formula milk (Mohammed,
2016). A number of preservative factors are
applied in food preservation that act as
hurdles against microorganisms. These
preservative factors act by inhibiting their
growth, as such serve as essential control
measures for particular foodborne pathogens
(Pujol et al., 2012).

Studies have however shown environmental
stress that may result from the use of
hurdles, plays a role in the emergence of

antimicrobial resistance (Ebinesh, 2017).
Environmental stresses are external factors
that have adverse effects on the
physiological welfare of bacterial -cells,
leading to reduction in growth rate,
inhibition and/or death, at individual cell or
population levels (McMahon et al., 2007).
Exposure of bacterial cells to environmental
stress results in changes to their genomic,
phenotypic and physiological nature to
enable them survive (Boor, 2006). In order
to cope with these environmental dynamics,
microorganisms have developed stress
adaptation strategies that lead to the
possibility that bacteria overcome harsher
conditions for a variety of stresses (Desriac
et al.,2013).

Case reports of B. cereus infections depict a
broad picture of sensitivity to antibiotics like
Ciprofloxacin, Tetracycline, Vancomycin,
Chloramphenicol, Amoxicillin-clavulanic
acid (Turnballet al. 2004; Luna et al., 2007)
and resistance to Penicillin, Ampicillin,
Cephalosporins and trimethoprim (Turnball
et al., 2004). Varied responses also exist
where resistance of B cereus
toErythromycin and Clindamycin has been
documented, whereas many preceding case
reports of B. cereus show the organism as
susceptible to these antibiotics (Luna et al.,
2007).

While it is essential to employ hurdles in
food preservation to meet rising consumer
demands for safe and nutritious foods, it is
also necessary to ensure these hurdles do not
increase resistance in microorganisms or
spores that become exposed to these
preservative measures following post-
processing contamination or inadequate heat
processing. There is therefore an urgent need
to carry out studies to better understand the
relationship between specific hurdles in food
matrices and antimicrobial susceptibility.
This study is thus an attempt at studying the
combined effects of pH, low storage
temperature and storage period on the
antibacterial susceptibility of
enterotoxigenic Bacillus cereus isolates from
pasteurized cow-milk to selected
antibacterial agents.
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MATERIALS AND METHODS

Growth of B. cereus Isolates at Varying
pH Levels at Low Storage Temperature
Retail raw milk samples purchased at
milking points from Fulani herdsmen in
some parts of Kaduna town, Nigeria, were
subjected to 10-fold serial dilutions in sterile
0.1% peptone water by aseptically diluting
Iml of the homogenate through a series of
five 9ml sterile dilution blanks in test tubes.
One millilitre of dilutions 10, 10”, and 107
of serially diluted raw milk samples were
pour plated on sterile plates of Mannitol
Egg-yolk Polymyxin Agar (MYP) (OXOID,
UK), a highly selective Bacillus cereus
medium developed by Holbrook and
Anderson, (1980). MYP plates of the food
samples were incubated at 37°C for 24-48 h
(until the appearance of distinct colonies).
Flat, white granular colonies that appeared
surrounded by zones of clearance on pink or
red backgrounds on the MYP plates were
counted and recorded as presumptive
Bacillus cereus(MFLP-42, Http:// www.hc-
sc.gc.ca. retrieved 27/7/2007). Colonies
were streaked on nutrient agar slants,
incubated at 37°C for 24 to 48 h, and stored
at 4°C until required for characterization.

B. cereus isolates from raw cow milk were
characterized using a Microgen® Bacillus
ID identification kit (Microgen Bioproducts,
U.K.). A confirmed isolate was then
inoculated into pasteurized fresh cow milk
obtained from the dairy processing unit of
National Animal production and Research
Institute (NAPRI) in Shika, Kaduna State.
This was then tyndallized at 72°C for 15 min
(HTST) in a Grant JB series (Grant
Instruments, U.K.) water bath for three days.
Following tyndallisation, 0.1 ml of the
sample was then spread on sterile nutrient
agar plate after the three-day heat treatment,
and incubated for 24 h at 37°C to test for
sterility. One hundred and fifty millitres
(150ml) (enough quantity that allowed for
retrieval of samples for subsequent analysis)
of pasteurized milk was then dispensed into
four sterile 250m1 conical flasks. The milk
in each of these conical flasks had its pH
adjusted to 6.3, 6.4, 6.7 and 6.8 respectively,
using 0.1Meach of lactic acid and sodium

hydroxide.Lactic acid was used to lower and
sodium hydroxide to increase pH levels as
required.The pH in each case was monitored
with a JENWAY 3150 series (JENWAY,
UXK.) pH meter. These pH levels were
selected to include the minimum and
maximum levels recorded for retail samples
analyzed for presence of B. cereus, as well
as one point below, and above, these levels.
Twenty milliliter (20ml) aliquots of milk
sample from each conical flask were then
dispensed into each of 3 sterile glass bottles.
These bottles were each inoculated with 1
ml suspension of an approximate cell count
of 3 x 10® cfu/m1 (McFarland standard 1) B.
cereus isolate and refrigerated (4—100C) for
72 h.

Determination  of  Production  of
Haemolysin BL. (HBL) Enterotoxin by B.
cereus From Pasteurized Cow Milk at
varying pH Levels During Low
Temperature Storage.

B. cereus isolates from milk samples were
subjected to assay for production of
haemolysin BL (HBL) diarrhoeal
enterotoxin (Rowan et al., 2001) at 24 h
intervals over the 72h storage period using
B.cereus  enterotoxin reversed passive
agglutination(BCET-RPLA) toxin detection
kits (OXOID, U.K.) according to
manufacturer’s instructions. One loopful of
B. cereus isolates was inoculated into Brain
heart infusion (BHI) broth (OXOID, U.K.),
and incubated at 37°C for 18 h. One
milliliter (Im1) of each culture fluid was
then dispensed into a sterile Eppendorf
centrifuge tube, and centrifuged at 300rpm
for 20 min at 40°C using a TGL-16G series
refrigerated centrifuge (Ningbo biocotek,
China). Culture filtrates were retained and
assayed for enterotoxin content in V-well
microtitre plates (TITERTEK, U.S.A).
Antibacterial Susceptibility of HBL
Enterotoxin Producing B. cereus Isolates
HBL enterotoxin producing B. cereus
isolates were subjected to antimicrobial
susceptibility tests by the Kirby-Bauer disc
diffusion method (Agwa et al., 2012).
Isolates were tested for their sensitivity to
ten antimicrobial agents using filter paper
discs impregnated with specified
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concentrations of the antimicrobial agents
(OXOID, U.K.). Antibacterial agents
included Ampicillin (10ug), Cephalothin
(30ug), Amoxicillin-clavulanic acid
(20/10ug), Cefpodoxime (10ug) Ceftriaxone
(30ug), Erythromycin (30ug), Amikacin
(30g), Tetracycline (30ug)Ciprofloxacin
(5pug) and Trimetoprim Sulfamethoxazole
(1.25/23.75pug). These were selected to
include some commonly used antibacterial
agents from different target groups.

Plates were observed for zones of growth
inhibition following the incubation period
and the diameters of the zones were
measured to the nearest millimeter for each
of 11 HBL enterotoxin producing isolates.
The responses of test isolates to the
antimicrobial agents were then interpreted
according to the clinical and Laboratory
Standards Institute methodology (CLSI

M100-S17, 2011) as
intermediate or sensitive.

either resistant,

RESULTS

Determination of Production of HBL
Enterotoxin by B. cereus From
Pasteurized Cow Milk at Varying pH
Levels During Low Temperature Storage

Toxin titer values of=>64 ng/ml were
recorded only for samples at pH 6.3 at 24 h
of storage and at pH 6.7 at 48 h of storage
(Table 1). Values ranged from =2 to 32
ng/ml for samples at pH 6.4 ,6.7 and 6.8 at
24h; samples at pH 6.3, 6.4, and 6.8 at 48h
and at samples at pH 6.3, 6.4,6.7 ,6.8 at 72 h
of low  temperature  storage  (4-
10°C).Samples at pH 6.8 at 48 h of storage
had the lowest toxin titre value of =2 ng/ml.
There appeared to be a positive correlation
between toxin titre and counts for isolates
over the 72 h storage period with values
ranging from 0.40 at 24 h to 0.7 at 72 h.

Table 1: Combined Effects of pH and Storage Time on HBL. Enterotoxin Production by
B. cereus Isolates(Logl10cfu/ml)from pasteurized cow milk during refrigeration

Temperature(’C)  pH Storage  Counts +SE Toxin Correlation p**
Time (h) Titre coefficient
(ng/mh* (1)
4-10 6.3 24 8.5+0.3 > 64 0.40 0.11
6.4 8.21+0.5 4
6.7 8.0+0.5 32
6.8 7.7+0.2 32
6.3 48 6.610.3 4 0.70
6.4 8.41+0.5 8
6.7 8.710.1 = 64
6.8 7.240.2 <2
6.3 72 7.7+£0.4 16
6.4 7.940.4 2 0.71
6.7 8.41+0.5 2
6.8 8.0+0.3 8

Key: cfu/m1: colony forming units per milliliter of triplicate samples (initial inoculum levels

of 8.5log10cfu/m1)

*Sensitivity at 2ng/ml, **Level of significance at p<0.05 for toxin titres at all storage periods.

Antibacterial Susceptibility of HBL
enterotoxin Producing B. cereus Isolates

Results revealed resistance of all isolates to
Ampicillin, Amoxicillin-clavulanic acid,
Cefpodoxime, Ceftriaxone and
Trimethoprim-sulfamethoxazole (Table 2).

All isolates were also resistant to
Cephalothin, except for the isolate from milk
at pH 6.8 following storage for 72 h which
was sensitive. All isolates were sensitive to
Erythromycin, and Ciprofloxacin.
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Similarly, all isolates showed susceptibility
to Tetracycline except for isolates at pH 6.3
which showed less sensitivity (intermediate

response) to the antibacterial agent over a 48
h period.

Table 2: Antimicrobial Susceptibility of HBL Enterotoxin Producing B. cereus Isolates
From Pasteurized Milk during Refrigeration Storage at Varying pH Levels

Food Sample Diameter of zone of inhibition (mm) to antibiotic (potency in pg)
AMC AK SXT E CPD KF TE CIP CRO AMP
30 @€ 25 @O 19 GO GO S G 39
pH6.7at24h 11(R) 27(S) OR) 34(S) OR) 8R) 24(S) 29(S) 8R) O(R)
pH6.7at48h 8(R) 28(S) OR) 29(S) OR) I11(R) 21(S) 32(S) 7(R) OR)
pH6.7at72h 15(R) 27(S) OR) 29(S) OR) 9R) 26(S) 29(S) 8R) O(R)
pH6.8at24h OR) 27(S) OR) 34(S) OR) OR) 27(S) 31(S) 7(R) OR)
pH6.8at72h 18(R) 28(S) OR) 25(S) OR) 22(S) 24(S) 29(S) 7(R) O(R)
pH6.3at24h 14(R) 30(S) OR) 34(S) OR) 14R) 14 38(S) OR) OR)
pH6.3at48h 13(R) 24(S) OR) 32(S) OR) 11(R) 13 31(S) 7(R) OR)
pH6.3at72h 11(R) 25(S) OR) 29(S) OR) 10(R) 16(S) 28(S) 7(R) O(R)
pH6.4at24h 12(R) 28(S) OR) 34(S) OR) 9R) 24(S) 28(S) 14(R) O(R)
pH6.4at48h 8(MR) 28S) OR) 31(S) OR) OR) 16(S) 31(S) 7(R) OR)
pH6.4at72h 11(R) 25(S) OR) 32(S) OR*) 8R) 23(S) 29(S) 10(R) O(R)

Key: R: resistant, I: intermediate, S:

susceptible, AMC: amoxicillin-clavulanic acid, AK:

amikacin, SXT: trimethoprim-sulfamethoxazole, E: erythromycin, CPD: cefpodoxime, KF:
cephalothin, TE: tetracycline, CIP: ciprofloxacin, CRO: ceftriaxone, AMP: ampicillin,
refrigeration temperature 4-10°C, *: non-enterotoxin producing isolate.

DISCUSSION

B. cereus isolates grown in refrigerated
pasteurized milk, showed HBL toxin titres
that correlated positively with counts. There
was a general pattern of toxin production
gradually increasing for isolates, under
conditions of slow increases in cell density.
These observations infer a positive impact of
cell count on HBL production by B. cereus
from milk during storage at refrigeration
temperatures (4-10°C). A transcriptional
regulator, the phospholipase C regulator
(PIcR), controls most known virulence
factors in B. cereus (Gohar et al., 2002). Its
transcription is auto induced by a PIcR
associated protein (PapR), an auto inducer
peptide that accumulates inside the bacteria
when high density cells are reached (Slamti
et al., 2002). This could also explain the
interesting observation made of toxin titre
levels of <2ng/ml for isolates from milk at
pH 6.8 after 48 h refrigeration, being

associated with a sustained decreased in cell
density during the storage period.

The results of sensitivity tests on HBL
enterotoxin producing B. cereus isolates
revealed resistance of all isolates to
Ampicillin, an extended spectrum penicillin,
as well as to Amoxicillin-clavulanic acid, a
penicillin  plus  fB-lactamase inhibitor
combination. This agrees with the findings
of Dikbas (2010), who also documented
100% resistance of B. cereus isolates from
different food sources to penicillins. Similar
findings have also been reported by Whong
and Kwaga, (2006); Merens et al. (2008);
Banerjee et al. (2011) and Owusu-kwarteng
et al., (2017). Bacillus cereus has been
documented as a producer of a potent broad
spectrum f-lactamase, which negatively
affects the activity of penicillins and
cephalosporins (Andrews and Wise, 2002).
Results of this study showed all isolates
being resistant to Cefpodoxime a broad
spectrum (third generation) cephalosporin.
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Whong et al. (2006) also documented
resistance of 56.7% of food isolates to
Cefotaxime, another broad-spectrum
cephalosporin. Isolates in this study were
also resistant (96%) to ceftriaxone, another
broad-spectrum cephalosporin.

Findings of this study also revealed all
isolates being resistant to Cephalothin, a
narrow  spectrum  (first  generation)
cephalosporin, except for the isolate from
pasteurized milk at pH 6.8 stored at
refrigeration temperature for 72 h, which
appeared sensitive. Interestingly, isolates
from this particular milk sample tested
negative for the presence of the diarrhoeal
enterotoxin HBL following 48 h of
refrigerated storage. This may infer that the
combined effects of pH and temperature not
only suppressed the ability of the isolates to
express the HBL diarrhoeal enterotoxin at 48
h, but may also have suppressed the ability
of surviving isolates to resist the effects of
this particular antibacterial agent at 72 h. It
has been reported that virulence and
resistance are closely related such that
genetic elements may carry genes associated
with both virulence and resistance (Soto,
2009).

Broad spectrum cephalosporins have been
shown to be less active than the narrow
spectrum agents against Gram positive cocci
(Yao and Moellering, 2007). This may
explain the sensitivity of these B. cereus
milk isolates to Cephalothin (a narrow
spectrum agent), and their resistance to
Ceftriaxone and Cefpodoxime (broad
spectrum agents). Sensitivity of all isolates
in this study to  Amikacin, an
aminoglycoside, as well as to Ciprofloxacin
a fluoroquinolone agrees with the findings of
Whong et al. (2006); Dikbas (2010);
Banerjee et al. (2011) and Hafiz et al.
(2012).

A pattern of sustained intermediate response
to Tetracycline over a 48h storage period
was exhibited by B. cereus isolates from

pasteurized milk at pH 6.3. Counts in this
sample appeared to decrease during the
initial 48 h of storage, which was then
followed by an increase in cell count at 72h.
It is noteworthy that in contrast to other test
isolates from milk samples at higher pH
levels, only isolates from this particular milk
sample (pasteurized milk at pH 6.3)
exhibited a sustained intermediate response
to tetracycline during storage for 48h. In a
related study, McMahon et al. (2007) also
documented increased antibiotic resistance
in food pathogens when incubated under
sublethal stress conditions. Resistance to
Trimethoprim-sulfamethoxazole (agent
which target folate biosynthesis in bacteria)
observed for all isolates in this study is
consistent with findings from other
researches (Turnball et al., 2004; Luna et al.,
2007).

CONCLUSION

Antibacterial sensitivity tests in this study
suggest that decreased resistance to
Cephalothin, a first generation
cephalosporin, could be induced in B. cereus
isolates following periods of suppressed
HBL production in milk isolates. Findings
also suggest that suppressed B. cereus
growth in refrigerated milk at pH levels as
low as 6.3 could be associated with
increased resistance to Tetracycline. In
addition, results also reaffirm the findings of
previous researchers who documented
sustained responses to antibacterial agents
by bacteria even after removal of stress
factors.

RECOMMENDATIONS

More research needs be carried out to
understand the wunderlying mechanisms
regulating virulence and antimicrobial
susceptibility of food borne pathogens. This
could reveal simple effective measures that
would aid in the control of foodborne
illnesses.
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