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Abstract. Farhani I, Dewanti-Hariyadi R, Lioe HN. 2024. Phenotypic and genotypic screening of Bacillus cereus local isolates for their
antimicrobial resistance. Biodiversitas 25: 4507-4514. Bacillus cereus is a sporeformer bacterium that ranks second as Indonesia’s most
common cause of foodborne illnesses from 2000 to 2015. The bacterium produces cereulides and enterotoxins, which trigger emetic and
diarrheal syndromes. The rise of antibiotic resistance in pathogens such as B. cereus could complicate treatment and allow the bacterium
to act as the reservoir of antibiotic-resistant genes. Currently, antibiotic resistance in B. cereus has not been reported in Indonesia. This
study aims to evaluate the antibiotic resistance of 21 B. cereus local isolates obtained from foods against eight different antibiotics. The
phenotypic resistance was evaluated using the Kirby-Bauer disc diffusion method, while resistance genes were detected using a polymerase
chain reaction targeting the blal, tetL, and tetB genes. None of the isolates (0%; 0/21) showed resistance to chloramphenicol,
ciprofloxacin, or erythromycin. However, all (100%; 21/21) were resistant to ampicillin, cefoxitin, cephalothin, and penicillin G.
Additionally, 4.8% (1/21) were susceptible to erythromycin, while 33.3% (7/21) were resistant to tetracycline. The detection of
resistance-encoding genes revealed that 100% (21/21) of the isolates possessed the blal gene, but tetL and tetB genes were absent in any

of the isolates (0%; 0/21).
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Abbreviations: MHA: Mueller Hinton Agar; NFW: Nuclease Free Water; PCR: Polymerase Chain Reaction; TSA: Tryptic Soy Agar;

TSB: Tryptic Soy Broth

INTRODUCTION

Foodborne outbreaks are becoming more severe due to
globalization and active food trade among countries (Lynn
et al. 2014). Globally, there are 600 million cases of
foodborne diseases, with 420,000 deaths yearly due to
unsafe food consumed. The World Health Organization
(WHO) studied 31 foodborne hazards and bacteria
(226,526,634 cases), which are the most common causative
agents as compared to viruses (138,513,782 cases) and
parasites (10,284,561 cases) (Havelaar et al. 2015; Lee and
Yoon 2021). One of the major foodborne pathogen is
Bacillus cereus. The European Food Safety Authority
(EFSA) and the Center for Disease Control (CDC) stated
that the demands of consumers for complex and mildly
processed foods with minimal refrigerated shelf life are
driving the increase of B. cereus outbreaks worldwide
(Rodrigo et al. 2021).

Bacillus cereus is a rod-shaped, Gram-positive bacteria
that can grow both aerobically and anaerobically. Commonly
found in soil, they could contaminate food and crops easily.
Due to their high adaptability, they survive in environments
with pH levels from 4.5 to 9.5, water activity levels as low
as 0.93, and temperatures ranging from 4°C (for psychotropic
strains) to 48°C. They can also withstand salt concentrations
up to 70% (Duport et al. 2016). Consumption of food
containing >10° B. cereus cells/y can lead to food

poisoning (Hwang and Park 2015). The vegetative cells
produce heat-labile enterotoxins in the small intestine,
causing diarrheal illness, while germinated spores may
produce cereulide toxin in food, leading to emetic illness
(Ellouze et al. 2021). Its endospores are highly resilient,
surviving various stresses and extreme conditions, allowing
widespread distribution in nature. Their hydrophobic spores
adhere, allowing them to stick to surfaces, germinate, and
increase in processing equipment. Diarrheal and emetic
syndromes typically appear 8-16 hours and 1-5 hours after
ingesting contaminated food, respectively (Merzougui et al.
2014; Messelhdusser et al. 2014). In 2019, the European
Union stated that B. cereus was the most frequently reported
cause of foodborne illness, with 155 episodes, 1.636 cases,
44 hospitalizations, and seven deaths (Kavanaugh et al.
2022). However, in Indonesia, B. cereus ranked second as
the most common cause of outbreaks between 2000 and
2015, accounting for 34 episodes (19.4% of cases) out of a
total of 175 (Arisanti et al. 2018). The latest case was
linked with contaminated chicken satay (A southeast Asian
dish consisting of pieces of chicken meat on a stick, served
with peanut sauce) in Yogyakarta, causing 188 villagers to
have several predominate symptoms, such as diarrhea,
nausea and abdominal cramps (Son et al. 2020).

According to the World Health Organization (WHO),
one of the significant health issues of the 21% century is the
emergence and spread of antibiotic resistance, which has
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been the topic of several surveys. B. cereus, also known as
B. cereus sensu stricto, is frequently resistant to penicillin
and other B-lactam antibiotics, and it has the potential to
develop resistance to widely used antibiotics, including
ciprofloxacin, cloxacillin, erythromycin, tetracycline, and
streptomycin (Fiedler et al. 2019; FAO 2021). Although
most foodborne illnesses caused by the B. cereus group do
not typically require antibiotic treatment, these bacteria are
becoming increasingly concerning due to their expanding
role in gastrointestinal disorders and other serious infections,
particularly among immunocompromised patients. These
infections are predominantly seen in newborns, the elderly,
and individuals with weakened immune systems, but they
can also occur in healthy individuals. The spectrum of
infections includes localized skin and wound infections,
especially post-operative ones, as well as more severe
conditions such as septicemia (blood poisoning), meningitis
(inflammation of the membranes around the brain and
spinal cord), pneumonia (lung infection), and endocarditis
(infection of the heart valves). The increasing incidence
and severity of these infections highlight the importance of
monitoring and addressing B. cereus as a significant
pathogen (Dietrich et al. 2021).

The extent to which B. cereus group strains serve as a
source of transferable antibiotic resistance genes in the
food chain remains poorly understood. This study aims to
evaluate the antimicrobial resistance characteristics of local
B. cereus isolates by screening for resistance to various
antibiotic classes and identifying the presence of genes
associated with antibiotic resistance.

MATERIALS AND METHODS

Culture preparation
Inoculum preparation

Twenty-one local isolates of B. cereus were previously
isolated from white pepper (Nanteza et al. 2022a), chilli
(Nanteza et al. 2022b), cooked white rice (Rizki et al.
2022), fresh vegetables (green bean, shallot, potato, and
water spinach), and pasteurized and raw milk was grown in
sterile TSB (Oxo0id™, UK) for 24 h at 36+1°C to achieve
its exponential phase. The stock culture was prepared by
looping in the B. cereus culture and streaking it into TSA
(Oxo0id™, UK). Then, it was incubated for 24 h at 36+1°C.
After being incubated, the culture was stored at 4°C until
further use. The working cultures (or inoculum) were
prepared by transferring 1 mL of overnight culture into 9
mL of sterile TSB, and then incubated for 24 h at 36+1°C.
Another way to prepare is by taking a loopful of B. cereus
culture into 9 mL of sterile TSB, vortexed, and incubated
for 24 h at 36+1°C (Albaridi and Yehia 2022).

Biochemical confirmation of B. cereus isolates

All B. cereus local isolates underwent a biochemical
confirmation test before further use to ensure no
contaminant was present. The test was done using Gram
staining, spore staining, and catalase test following the
procedure described in the FDA’s Bacteriological Analytical
Manual (BAM). For Gram and spore staining, both

BIODIVERSITAS 25 (11): 4507-4514, November 2024

vegetative cells and spores' physical characteristics were
observed under a microscope (Olympus CX21, Japan)
(Nanteza et al. 2022b).

Antibiotic resistance screening

The test was done using the Kirby-Bauer disc diffusion
method following the M100 Clinical and Laboratory
Standards Institute (CLSI) guidelines for Staphylococcus
aureus (CLSI 2020; Fraccalvieri et al. 2022) A total of
eight antibiotics (Oxoid™, UK) were tested, including
ampicillin (AMP, 10ug), penicillin G (P, 10 U), Cephalothin
(KF, 30 pg), cefoxitin (FOX, 30 pg), erythromycin (E, 15
Hg), chloramphenicol (C, 30 pg), tetracycline (TE, 30 ug),
ciprofloxacin (CIP, 5 pg). The isolates were prepared to a
concentration of 108 CFU/mL (equivalent to an optical
density of 0.5 McFarland standards measured at 620 nm)
and swabbed onto MHA (Oxo0id™, UK) using a sterile
cotton swab. The antimicrobial discs were placed onto the
inoculated agar within 15 min of inoculation using sterile
forceps. A maximum of 4 discs were applied on each agar
plate to avoid overlaps in zones of inhibition that could
implicate the accuracy of zone measurement. After
incubation of 18 h at 36x+1°C, the inhibition zones were
measured and interpreted by referring to CLSI guidelines
for S. aureus. S. aureus strain ATCC 25923 was used as a
quality control strain.

Detection of antibiotic resistance genes using PCR
DNA extraction

Isolates with high inhibition test results counted as
resistance were subcultured on TSB and incubated for 24 h
at 36+1°C. Extraction and purification of the genomic
DNA of B. cereus isolates were done using the Presto™
Mini gDNA Bacteria Kit (Geneaid) following the
manufacturer’s instructions (Geneaid 2017). Briefly, 1.5
mL of the incubated culture was transferred into sterile 2
mL microcentrifuge tubes and centrifuged at 14000x g for
60 s. A mixture containing lysozyme and Gram+ buffer
was added to each sample, vortexed, and incubated at 37°C
for 30 min. Proteinase K was added and incubated at 60°C
for at least 10 min. Cell lysis was done by adding GB
buffer followed by incubation at 70°C for at least 10
minutes. It was followed by the addition of 5 uL RNAse A
10 mg/mL (ThermoFisher Scientific) with vigorous shaking
and incubation at 25°C for 5 min, as well as the addition of
absolute ethanol. The mixture was transferred to a GD
Column and centrifuged at 14000 xg for 2 mins. The DNA
was washed with W1 buffer and wash buffers and eluted
with the addition of a pre-heated elution buffer. The DNA
purity and concentration were measured using
NanoPhotometer® NP80 (Implen, Germany) at 260 and 280
nm. The purified DNA was stored at -20°C prior to PCR
amplification.

DNA amplification

The antibiotic-resistant encoding genes were detected
through DNA amplification using the PCR thermal cycler
2720 (Applied Biosystems, USA). PCR product of a 680
(bp) sequence in the blal gene was detected using the
following primers: (5’-CATTGCAAGTTGAAGCGAAA-3’) as
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forward primer and (5’-TGTCCCGTAACTTCCAGCTC-3’)
as reverse primer. The running conditions are as follows:
started with an initial denaturation at 94°C for 5 mins,
followed by 35 cycles of denaturation at 94°C for 30 s,
annealing at 50°C for 40 s, extension at 72°C for 45 sec,
and final extension at 72°C for 10 min (El-Tawab et al.
2020; Algammal et al. 2024). For PCR product of a 267
(bp) sequence in the tetL gene detected using the forward
primer sequence of (5’-TCGTTAGCGTGCTGTCATTC-3’)
and reverse primer of (5’-GTATCCCACCAATGTAGCCG-3’).
Running condition was started with an initial denaturation
at 94°C for 5 mins, followed by 35 cycles of denaturation
at 94°C for 1 min, annealing at 56°C for 1 min, extension at
72°C for 1 min, and final extension at 72°C for 10 min
(Saeed et al. 2018). Lastly, the tetB (723 bp) gene was
detected using the forward primer of (5’-CCCAGTGCT
GTTGTTGTCAT-3’) and reverse primer of (5°-
CCACCACCAGCCAATAAAAT-3’). Running condition was
started with an initial denaturation at 95°C for 10 mins,
followed by 30 cycles of denaturation at 95°C for 30 s,
annealing at 55°C for 1 min, extension at 72°C for 1 min
and final extension at 72°C for 7 min (Sik and Akan 2024).

The PCR mixture was: GoTag® Green Master Mix
(Promega, USA) (12.5 pL for blal and tetL and 10 pL for
tetB), primer set of each gene (Thermo Scientific, USA) (1
pL of reverse and 1 L of forward primer), template DNA
(6 uL for blal; 5 uL for tetL; 1 pL for tetB), and Nuclease
Free Water (NFW) (Thermo Scientific, USA) until total
volume was 25 pL (Saeed et al. 2018; El-Tawab et al.
2020; Algammal et al. 2024).

Visualization with agarose gel electrophoresis

PCR products were separated on 2% agarose gel through
electrophoresis (Bio-Rad Laboratories-Segrete, Italy) for
45 min at 90 V. A 100 (bp) DNA ladder (Thermo Fisher
Scientific, USA) was used as a marker, and the negative
control was NFW. The gels were visualized by gel
documentation (Bio-Rad Laboratories-Segrete, Italy) with
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GelRed® (Biotium, USA) as a gel staining agent (Saeed et
al. 2018; Nanteza et al. 2022a).

RESULTS AND DISCUSSION

Biochemical confirmation of B. cereus local isolates

Biochemical confirmation of all isolates was done to
ensure no contaminant was present. Gram staining was
performed to differentiate between Gram-positive and Gram-
negative bacteria, coloring their vegetative cells either red
(Gram-negative) or violet (Gram-positive). This technique
also identifies bacteria's morphological structures. All 21
isolates tested showed rod-shaped, purple cells under the
microscope, indicating they are Gram-positive like B.
cereus (Figure 1.A). Spore staining was done to distinguish
the spores from vegetative cells. The positive result of all
isolates from spore staining reveals green spores and red
vegetative cells, confirming the bacteria's spore-forming
nature (Figure 1.B). The catalase test aimed to distinguish
catalase-producing bacteria from non-producers. In this
study, the test confirmed that the isolates are catalase-
positive. All isolates exhibited bubble formation, indicating
catalase presence (Figure 1.C).

Antibiotic susceptibility testing

All isolates (100%; 21 out of 21) exhibited resistance to
B-lactam class antibiotics, consisting of ampicillin, cefoxitin,
cephalothin, penicillin G, and erythromycin, yet none of
them showed resistance to chloramphenicol, ciprofloxacin,
and erythromycin. Interestingly, various results were
obtained from the tetracycline results. It was found that 8
out of 21 isolates (38.1%) were susceptible, 6 out of 21
isolates (28.6%) were intermediate, and 7 out of 21 isolates
(33.3%) were resistant to tetracycline (Table 1).

To further understand the resistance mechanisms, isolates
with the highest levels of resistance (B-lactams) and variable
resistance data (tetracycline) were subjected to genetic
screening to detect antibiotic resistance genes.

Figure 1. Example of A. Gram staining; B. Spore staining; C. Catalase test positive results of the isolates indicated by violet-colored
vegetative cells, green-colored spores, and bubble formation, respectively. For Gram and spore staining, results were subjected to

microscopic observation under 1000x magnification



4510

Detection of antibiotic resistance genes using PCR method

The resistance properties identified in the earlier
phenotypic screening were subsequently confirmed by
detecting encoding genes using PCR techniques. DNA
extraction is the initial step of gene detection using the
PCR method. Following the manufacturer’s instructions,
this study used the Presto™ Mini gDNA Bacteria Kit
(Geneaid). The purity and concentration of extracted DNA
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were assessed using a Nanodrop 2000 spectrophotometer at
260 and 280 nm. The ratio in the range of 1.8-2.0 was used
as it counted as a pure extract.

This study selected three target genes: blal, tetL, and
tetB, corresponding to resistance observed in B-lactam and
tetracycline antibiotic classes. The results of detecting the
antibiotic-resistant genes, i.e., blal, tetL, and tetB, are
presented in Figures 2, 3, and 4 respectively.

Table 1. Antibiotic susceptibility of Bacillus cereus local isolates (n = 21) towards eight kinds of antibiotics

Number of isolates (%)

Antibiotic classes Antibiotics Susceptible Intermediate Resistant
B-lactam Ampicillin (AMP) 0 (0) 0 (0) 21 (100)
Penicillin G (P) 0 (0) 0 (0) 21 (100)
Cephalothin (KF) 0 (0) 0 (0) 21 (100)
Cefoxitin (FOX) 0 (0) 0 (0) 21 (100)
Macrolides Erythromycin (E) 1(4.8) 20 (95.2) 0 (0)
Phenicols Chloramphenicol (C) 21 (100) 0(0) 0(0)
Tetracyclines Tetracycline (TE) 8(38.1) 6 (28.6) 7 (33.3)
Fluoroquinolones Ciprofloxacin (CIP) 21 (100) 0(0) 0(0)

586 R /ARS8 RO 1081112" 13 14 15

1 167179188198 20821822 23874

Figure 2. Visualization of blal gene bands of Bacillus cereus on agarose gel. Lane 1: 100 (bp) ladder; Lane 2-4: White Pepper isolates;
Lane 5-7: Chilli isolates; Lane 8-11: Pasteurized milk isolates; Lane 12-13: Raw milk isolates; Lane 14: Cooked white rice isolates;
Lane 16-19: Cooked white rice isolates; Lane 20: Green bean isolate; Lane 21: Onion isolate; Lane 22: Potato isolate; Lane 23: Water
spinach isolate; Lane 15 and 24: NFW (negative control)
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Figure 3. Visualization of tetL gene bands on an agarose gel. Lane 1: 100 (bp) ladder; Lane 2-4: White Pepper isolates; Lane 5-7: Chilli
isolates; Lane 8-11: Pasteurized milk isolates; Lane 12-13: Raw milk isolates; Lane 14: Cooked white rice isolates; Lane 16-19: Cooked
white rice isolates; Lane 20: Green bean isolate; Lane 21: Onion isolate; Lane 22: Potato isolate; Lane 23: Water spinach isolate; Lane
15 and 24: NFW (negative control)
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Figure 4. Visualization of tetB gene bands of Bacillus cereus
isolates exhibiting tetracycline resistance was done by using the
Kirby-Bauer test on an agarose gel. Lane 1: 100 (bp) ladder; Lane
2-3: Chilli isolates; Lane 4: Pasteurized milk isolate; Lane 5-6:
Cooked white rice isolates; Lane 7: Potato isolate; Lane 8: Water
spinach isolate; Lane 9: NFW (negative control)

All of the (100%; 21 out of 21) isolates examined
exhibited distinct and strong bands corresponding to the
target size of 680 (bp) for the blal amplicon (Figure 2).
The findings of this result align with those reported in
previous studies found in meat products (EI-Tawab et al.
2020), ice cream (Fraccalvieri et al. 2022), fish (Algammal
et al. 2022), plant foods and edible wild mushrooms (Cha
et al. 2023)

The detection of tetracycline-resistant genes (tetL and
tetB) in the local B. cereus exhibiting resistance to the
antibiotic using the Kirby-Bauer test showed different results.
Although some isolates exhibit tetracycline resistance by
phenotypic assay, none of the 21 isolates show any bands
at the target length of 267 (bp) for tetL, suggesting that no
isolate possessed the tetL gene (Figure 3). Due to the
absence of the tetL gene in all isolates, the tetB gene was
detected only for the resistant isolates. Similar to the results
with tetL, none of the isolates possessed the tetB gene
(Figure 4), strongly suggesting that other genes encode the
resistance.

Discussion

Bacillus cereus has a thick cell wall due to its
peptidoglycan layers, which retain the violet stain. The
staining process involved four steps: crystal violet dye,
iodine mordant, alcohol decolorizer, and safranin
counterstain. The crystal violet dye binds within the cell,
forming a complex with iodine, which is retained despite
the decolorization step (Paray et al. 2023).

Spores serve as a defense mechanism, shielding bacteria
from harsh environments. The staining process requires
agents capable of penetrating thick spore walls, such as the
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Schaeffer-Fulton method, utilizing Malachite Green and
Saffranin dyes. Malachite Green, with a pH of 11.2, is
soluble in water and alcohol, effectively staining bacteria
due to its alkaline properties (Oktari et al. 2017). Catalase
catalyzes the breakdown of hydrogen peroxide into water
and oxygen, resulting in gas bubble formation. Typically, a
3% H,0, solution is employed under aerobic conditions.
Pathogens often produce catalase to counteract the host's
immune response, utilizing hydrogen peroxide as a defensive
agent, and to mitigate oxidative stress (Dong et al. 2022).

Antibiotics vary in their mechanisms of action and
resistance. B-lactams disrupt bacterial cell wall synthesis by
binding to penicillin-binding proteins (PBPs), activating
autolytic enzymes, and causing cell lysis. Resistance occurs
through reduced drug affinity to PBPs, enzymatic inactivation,
or poor drug penetration. Erythromycin, chloramphenicol,
and tetracycline inhibit protein synthesis by interfering
with the translocation and peptide chain growth of the
bacteria. Erythromycin resistance can arise from reduced
cell membrane penetration or methylation of ribosomal
RNA, decreasing drug affinity. Chloramphenicol resistance
often involves a plasmid-encoded acetyltransferase that
inactivates the drug. Tetracycline resistance typically
involves plasmid-mediated reduction in drug accumulation.
Ciprofloxacin inhibits DNA gyrase, affecting DNA
replication, recombination, and repair, with resistance
developing through efflux pumps or gyrase gene mutations
(Vardanyan and Hruby 2006; Shariati et al. 2022).

Our findings align with previous studies on antibiotic
resistance in B. cereus isolates, highlighting the bacteria's
notable resistance to B-lactam antibiotics. These findings
are consistent with previous studies examining antibiotic
resistance in B. cereus isolates. B. cereus has been reported
to exhibit considerable resistance to p-lactam antibiotics, a
trend seen in various research efforts. For instance, a study
by Fraccalvieri et al. (2022) on antimicrobial resistance in
B. cereus group bacteria isolated from Italian-produced ice
cream found that all tested B. cereus isolates exhibited
complete resistance to ampicillin (100%), penicillin (97%),
and cephalothin (94%). All B. cereus sensu lato strains
were also sensitive to chloramphenicol (100%). Similarly,
Jung et al. (2022) reported on the antibiotic susceptibility
of B. cereus isolated from garlic chives in Korea, showing
resistance to penicillin (100%) and cefoxitin (92.3%). Only
one out of thirteen isolates (7.7%) showed intermediate
resistance to cefoxitin, with intermediate resistance also
detected for erythromycin (7.7%) and tetracycline (7.7%).
In 2019, Fiedler et al. (2019) found that B. cereus showed
widespread resistance to p-lactam antibiotics penicillin G
(100%) and ampicillin (99.3%). Conversely, these strains
were generally susceptible to ciprofloxacin (99.3%),
chloramphenicol (98.6%), erythromycin (91.8%), and
tetracycline (76.2%). These high susceptibility results towards
chloramphenicol and ciprofloxacin align with the study by
Kim et al. (2015) on strains of B. cereus isolated from
Korean fermented soybean products, which were found
fully susceptible to ciprofloxacin (100%) and chloramphenicol
(100%). They also reported that the B. cereus isolates were
susceptible to tetracycline (100%) but exhibited resistance
to B-lactam antibiotics including ampicillin and penicillin
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(100%). Overall, these studies consistently show that while
B. cereus exhibits high resistance to -lactam antibiotics; it
remains generally susceptible to several other antibiotics,
such as chloramphenicol and ciprofloxacin. Variations in
percentage susceptibilities may result from multiple
factors, including human behaviors such as the overuse and
misuse of antibiotics, poor infection prevention measures,
and a general lack of awareness. In the animal sector, the
extensive use of antibiotics in livestock and aquaculture, as
well as the transmission of resistant bacteria through food
chains and direct contact with animals, plays a significant
role. Environmental factors also contribute, with antibiotics
and resistant bacteria being released into water bodies, soil,
and waste systems. Additionally, wildlife interactions and
habitat encroachment further facilitate the spread of
resistant organisms (Endale et al. 2023).

Bacterial resistance to antibiotics arises from acquiring
resistance genes found in both intracellular and extracellular
DNA. Extracellular DNA derives from intracellular DNA,
released through cell lysis of dead bacteria cells or active
secretion of living bacterial cells. Transfer of resistance
genes occurs through vertical and horizontal gene transfer
between bacterial species. The persistence and mobility of
these genes across environments play vital roles in the
spread of antibiotic resistance. Intracellular genes occur in
nutrient-rich conditions, while extracellular genes are
prominent in aquatic environments. Extracellular genes can
bind to soil and sediment, resist degradation, and endure
longer than intracellular ones (Zarei-Baygi and Smith
2021).

The bla gene, known for providing resistance against -
lactam antibiotics, represents the largest category of
antibiotic resistance genes, accounting for approximately
50-70% of reported antibiotic resistance, and is one of the
prevalent antibiotic resistance genes observed in hospitals.
Among the various types of habitats globally, including
farms, cities, wastewater treatment plants, water bodies,
soil, and air, bla genes rank second in prevalence as
antibiotic-resistant genes. This gene is among Asia’s top 10
antibiotic-resistance genes (Zhuang et al. 2021; Miao et al.
2022). This gene is plasmid-mediated, which means the
transfer of the genes carried on plasmids facilitates their
efficient spread within the microbiome. Nevertheless,
detection of the blal gene can indicate the presence of B-
lactamase genes, but it may not fully represent all bla
genes. The blal gene is one specific type of p-lactamase
gene, yet many different bla genes are present, each
conferring resistance to various B-lactam antibiotics. It is
essential to highlight that a thorough assessment of bla
genes requires testing for multiple specific bla genes.
Therefore, while identifying blal is helpful, it might not
encompass a sample’s entire range of B-lactamase genes.

There are some factors affecting the failure to detect a
gene during PCR reaction followed by electrophoresis,
such as depletion or thermal degradation of primers or
nucleotides, thermal denaturation of the DNA polymerase,
buildup of PCR product that interferes with DNA polymerase,
reagent depletion, poor quality and/or contamination of
template DNA, very high annealing temperature, extension
time, presence of PCR inhibitors, and insufficient of DNA
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polymerase enzyme (Jansson and Hedman 2019). In this
study, an optimization process was carried out to invalidate
possible issues related to annealing temperature. Several
running conditions have also been tried. In addition, the
same DNA extract was also used in blal detection, and the
result was positive.

The absence of the tetL gene from this study might be
due to the tetracycline-resistant traits in these B.cereus
isolates which were encoded by different tet genes since
there are other types of tet genes. Lopez et al. (2008) also
reported a similar case where 23% of tetracycline-resistant
isolates derived from honey did not carry any tet genes
studied. In 2002, Agerso et al. (2002) also reported that
95.04% or 81 out of 88 tetracycline-resistant isolates
showed no amplicons for any of the tet genes investigated.
It is known that not all Gram-positive bacteria with
phenotypic tetracycline-resistant traits possess any of the
known tet genes examined (Roberts 1996). Interestingly,
these findings are similar to Gram-negative bacteria in a
study by Skockova et al. (2012), where 2 out of 37
tetracycline-resistant Escherichia coli isolates derived from
raw cow’s milk tested negative for any tet genes.

In conclusion, the prevalence of B-lactam antibiotic
resistance among local B. cereus isolates is notably high, as
indicated by consistent resistance phenotypically across all
isolate sources. The presence of the blal gene further
confirms this resistance, which serves as a representative
marker. However, none of the B. cereus local isolates are
resistant to chloramphenicol, ciprofloxacin, and erythromycin.
Despite varied results for tetracycline resistance, it is still
not sufficient to conclusively demonstrate resistance
through tetL and tetB gene detection, as no isolates show
having the tested genes. Other tetracycline-resistant genes
(e.g., tetA, tetC, tetD, tetE, and tetK) should be investigated
further to understand the mechanisms. In addition, a
peptidomic analysis could offer valuable insights into
bacterial peptide profiles, aiding in identifying resistance
patterns to specific antibiotics.
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