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Abstract:  

In September 2022, a total of 50 samples of ready-to-eat mutton meat were purchased from 10 different 

restaurants in Tripoli, Libya. Twelve isolates were identified as B. cereus through biochemical analysis. These 

isolates exhibited positive results for lecithinase production, starch hydrolysis, nitrate reduction, catalase 

production, Gram stain, and glucose fermentation, Nacl. No positive results were obtained for indole, sucrose, 

gas production , and lactose fermentation in any of the samples,  blood hydrolysis To determine the relatedness 

and diversity of the B. cereus strains from RTE mutton meat, polymerase chain reaction was performed using 

primer S16. The antimicrobial pattern Erythromycin 88 %, Chloramphenicol 81.4 %, Trimothprim 93 % 

Clindamycin 90.7 %, Pencillin 100 % , Amikacin 76.4 %  By combining the phenotype and genotype 

methods, a total of nine different types of B. cereus were identified. These findings provide evidence for the 

existence of both relatedness and diversity among the B. cereus strains isolated from mutton meat. 
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من اللحوم الجاهزة للأكل باستخدام نمط مقاومة    Bacillus cereusعزل بكتيريا 

حمض الديوكسي ريبونوكلييك   -مضادات الميكروبات وتفاعل البوليميراز المتسلسل 

(DNA-PCR ) 
 

 *  أحلام عبد السلام محمد علي

 ليبيا ، جامعة الزنتان، كلية العلوم، حياء الدقيقةقسم ال  

 الملخص 

مطاعم مختلفة في طرابلس، ليبيا. تم التعرف   10عينة من لحوم الضأن الجاهزة للأكل من    50، تم شراء ما مجموعه  2022في سبتمبر  

من خلال التحليل الكيميائي الحيوي. أظهرت هذه العزلات نتائج إيجابية لإنتاج الليسيثيناز،    B. cereusعلى اثني عشر عزلة على أنها  

حصول على نتائج إيجابية للإندول  . لم يتم الNacl، ووإنتاج الكاتالاز، وصبغة جرام ، وتخمير الجلوكوزوتحلل النشا ، واختزال النترات  

من لحوم    B. cereus. لتحديد مدى ارتباط وتنوع سلالات  ، والسكروز، وإنتاج الغاز، وتخمير اللاكتوزفي أي من العينات، وتحلل الدم  

٪، 88. النمط المضاد للميكروبات إريثروميسين  S16راء تفاعل البوليميراز المتسلسل باستخدام البادئ  الضأن الجاهزة للأكل، تم إج

٪ من خلال الجمع بين أساليب النمط 76.4٪، أميكاسين  100٪، بنسيلين  90.7٪ كليندامايسين  93٪، تريموثبريم  81.4كلورامفينيكول  
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. توفر هذه النتائج دليلاً على وجود كل من القرابة  B. cereusالظاهري والنمط الجيني، تم تحديد ما مجموعه تسعة أنواع مختلفة من  

 المعزولة من اللحوم.  B. cereusوالتنوع بين سلالات 

 

 . عزل البكتريا، PCR،  وية الشمعية، مضادات الميكروباتالعصبكتيريا ال الكلمات المفتاحية:

Introduction 

Bacillus cereus strains secrete extracellular toxins and enzymes that are important factors in diseases such as 

diarrheal toxins and hemolytic toxins. The toxicity of the disease begins after eating food contaminated with the 

bacteria and is sometimes fatal. There are also other diseases associated with the toxicity of these bacteria, such 

as conjunctivitis, dermatitis, endocarditis, and urinary tract infections [47],[22]. Histopathological changes occur 

with bleeding in the intestinal lining, which means the onset of food poisoning, as food poisoning causes skin 

necrosis and oozing of white blood cells due to internal bleeding in the intestine. Bacillus cereus is frequently 

found in a range of foods as well as the environment, such as dirt. Even at typical cooking temperatures, the spores 

can survive hostile conditions [10], [23] [12], [48], [37]. Unless preservation techniques are used, meat is a highly 

perishable food with a short shelf life because it relies on the presence of protein that is rapidly degraded at high 

temperatures to degrade [5]. Many people have become aware of foodborne diseases. The majority of hospital 

admissions and deaths from foodborne infections are caused by bacterial agents including Bacillus cereus [12]. 

Endospore-forming bacteria, such as B. cereus, due to the thermotolerance of endospores and the wide temperature 

range at which certain strains can develop, represent one of the greatest risks and the ability to produce botulism 

toxins in low-acid foods[46], [36]. Therefore, food safety in Libya still needs to be assessed on the prevalence of 

B. cereus poisoning. In an attempt to shed more light on the potential risks associated with such foods, the present 

study was conducted to assess the microbiological quality of ready-to-eat meat foods supplied in Tripoli, Libya. 
 

Material and methods 

Ten different restaurants in Tripoli provided Table 1 with a total of fifty lamb samples. After eight hours of 

cooking, all samples were collected and delivered to the laboratory at subzero temperatures to stop any 

decomposition that might occur after the specified eight hours[21]. In addition, the lamb sample was cut into small 

pieces. A homogenizer was used to homogenize ten grams of food samples in 100 ml of peptone water for one 

minute and then 1 ml of the solution was transferred to 5 ml of sterile peptone water[8],[1], [45], 24]. 
 

Table 1 Samples collection of meat. 

Region Restaurant 

Tripoli Multiple restaurants 

Total 50 

 
Confirmation and identification of Bacillus cereus 

Using a glass diffusion rod, spread 0.1 ml evenly over the surface of each plate on selective medium and incubate 

for 24 h at 37°C. The B. cereus count is given as cfu/g, or component units, divided by the relative proportion of 

the tested colonies that tested positive for B. cereus. The final units are then measured in grams (cfu/g) and 

milliliters (cfu/ml) [20]. A ready-to-use unit for the counts is a microbe grown in a petri dish; if there is only one 

bacterium, all of the necessary units will be colonies.) Therefore, the cfu/g for the sample is as follows. N = C/V(n) 

× D, where V is the volume applied to each layer, n is an infinite number, D is the incomplete number acquired, 

and C is the total colony data on all reliable information [8], [25],[19]. Starch hydrolysis production, nitrate 

reduction, catalase production, Gram stain, glucose fermentation, NaCl, indole, sucrose, gas production, and 

lactose fermentation were recorded in any of the samples, blood hydrolysis was determined by identification and 

followed by the real physical identification methods [4] and [13]. 
 

Antibiotic susceptibility testing 

Antibiotic susceptibility was used. Single colonies of diluted solutions were placed on sterile antimicrobial test 

discs containing erythromycin 30 μg, chloramphenicol 25 μg, trimethoprim 20 μg, clindamycin 30 μg, penicillin 

20 μg, and amikacin 15 μg and incubated at 37°C for 24 h[3],[2], [41],[18]. the zones were measured as follows: 

≥15 susceptible and ≤14 resistant. 

 

DNA isolation Boiling technique 

Genomic DNA purification kit [7], [44],[17] and boiling technique [9] were used to extract DNA. Cells for gene 

identification were extracted during 24 h of growth at 37 °C, and centrifuged for 15 min at 10,000 rpm. 1 ml of 

sterile distilled water was used to wash and mix the cells. After that, they were boiled for ten min at 98 °C, and 

then frozen for ten min at -15 °C. After that, the tube was centrifuged for five min at 10,000 rpm. The gene 

template was generated [9] , [43] ,[40],[16]. 
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DNA purification before extraction 

1 ml of the solution was centrifuged at 13,000-16,000 rpm for 5 min. After adding 600 μl of nuclei lysis solution 

to the tube, it was incubated at 90 °C for 5 min before cooling to room temperature 37 °C. After adding 200 μl of 

protein precipitation solution, vortexing, and leaving on ice for 5 min, the mixture was centrifuged for 3 min at 

13,000-16,000 rpm. The mixture was mixed with 600 μl of isopropanol at room temperature in a clean tube, and 

the upper liquid was centrifuged for 2 min at 13,000-16,000 rpm. After discarding the upper liquid, 600 μl of 70% 

ethanol at room temperature was added, mixed, and centrifuged for 2 min at 13,000-16,000 rpm. The pellets were 

then left to air dry for 15 minutes, according to the instructions in the technical manual [7], [42], [38],[28]. 
 

For quantitative and qualitative aspects of primer quality and DNA 
extraction, DNA quantification required a total of two microliter volumes. A MaestroNano spectrometer was used 

to assess concentration by dividing the absorbance at 280 nm by the absorbance at 300 nm. The quantity is 

represented in ng/ml by the DNA concentration. S16, a random primer containing 60% of the gene sequence, was 

chosen for investigation because it provides a repetitive pattern [6], [27], [14], [34], [29]. 
 

Separation of DNA fragments by agar gel electrophoresis and amplification using polymerase chain 

reaction 

PCR was performed in a volume of 30 μl per tube containing a mixture of potassium chloride and magnesium to 

accelerate the separation and replication process and a set of nitrogen solution and two primers to initiate the 

separation of DNA fragments and the solution was aided by the addition of buffer which acted as a catalyst in the 

replication process and millimolar enzyme [9],[25], [35], [26]. The amplification process was performed using a 

temperature program that included an initial denaturation for 5 min at 94 °C, 30 cycles of denaturation at 94 °C 

for 5 min, 30 s of annealing at 62 °C, and 30 s of polymerization at 72 °C [6], [15], [7],[30]. 
 

Results and discussion 

The colonies of the presumptive Bacillus cereus appeared as rough purple surfaces surrounded by irregular white 

margins. Table 2 shows the standard deviation and the overall mean (cfu/g) of the presumptive Bacillus cereus 

for all samples taken from ten different restaurants in Tripoli. To interpret the result with a 90% confidence level, 

the comparison statistic was used.  The samples that recorded the highest mean of the presumptive B. cereus were 

1.55×108±26.20 cfu/g, 1.44×108±73.61 cfu/g, 1.33×108±61.37 cfu/g, and 1.22×108±26.33 cfu/g, respectively. 

This was followed by samples with scores of 6.11×107±27.73 cfu/g, 5.22×107±41.88 cfu/g, 4.22×107±33.8 cfu/g, 

and 3.1×107±11.44 cfu/g, respectively. The samples with the lowest means were 2.77×107±3.88 cfu/g, 

2.66×107±6.21 cfu/g, 2.33×107±3.22 cfu/g, and 2.63×107±4.88 cfu/g, respectively. 

 

Table 2: Bacillus cereus total mean cfu/g and standard deviation. 

Region 

 

B. cereus 

 

Different restaurants at Tripoli 

1.55×108±26.20 cfu/g 

1.44×108±73.61 cfu/g 

1.33×108 ± 61.37 cfu/g 

1.22×108±26.33 cfu/g 

6.11×107±27.73 cfu/g 

5.22×107±41.88 cfu/g 

4.22×107 ±33.8 cfu/g 

3.1×107±11.44 cfu/g 

2.77×107±3.88 cfu/g 

2.66×107±6.21 cfu/g 

2.33×107±3.22 cfu/g 

2.63×107±4.88 cfu/g 

Sample No: (cfu/g) (±), standard deviation and mean 
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Figure 1: At 37 °C, this bacterium displayed a noticeably high amount of contamination, confirming its elevated 

risk to humans. There could be a bad processing method or inadequate cleanliness practices to blame for this 

unexpected increase in the number of germs in Tripoli. 

 

 
Figure 1 Total mean cfu/g and standard deviation of presumptive Bacillus cereus. 

 

 

Authenticity of Bacillus cereus Presumptive B. cereus colonies' biochemical traits were identified and contrasted 

with those reported in [9],[33]. Twelve isolates were identified as B. cereus after displaying consistent phenotypic 

characteristics (Table 3). 

 

Table 3: Bacillus cereus isolation and biochemical characterisation 

Samp

le 
SH NR CP GS GF NCAL IN SU GP IF BH 

S1 + + + + + + ─ ─ ─ ─ ─ 

S2 + + + + + + ─ ─ ─ ─ ─ 

S3 + + + + + + ─ ─ ─ ─ ─ 

S4 + + + + + + ─ ─ ─ ─ ─ 

S5 + + + + + + ─ ─ ─ ─ ─ 

S6 + + + + + + ─ ─ ─ ─ ─ 

S7 + + + + + + ─ ─ ─ ─ ─ 

S8 + + + + + + ─ ─ ─ ─ ─ 

S9 + + + + + + ─ ─ ─ ─ ─ 

S10 + + + + + + ─ ─ ─ ─ ─ 

S11 + + + + + + ─ ─ ─ ─ ─ 

S12 + + + + + + ─ ─ ─ ─ ─ 

starch hydrolysis (sh), nitrate reduction (nr), catalase production (cp), Gram stain (gs), and glucose fermentation 

(gf), Nacl, indole (in), sucrose (su), gas production (gp) , and lactose fermentation(lf) ,  blood hydrolysis (bh) 

1.55

6.11

2.77

1.44

5.22

2.66

1.33

4.22

2.33

1.22

3.1

2.63

samples
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Antimicrobial resistance pattern Antimicrobial drugs have been widely used. Six distinct antibiotics were 

evaluated on B. cereus isolates using the disk diffusion agar method [6], [32]. The inhibition zone for each of the 

different antibiotics used, as well as the antimicrobial resistance pattern of the B. cereus isolates, are shown in 

Tables 4 and 5. 

 

The B. cereus isolates showed resistance to erythromycin in 88%, chloramphenicol in 81.4%, trimethoprim in 

93%, clindamycin in 90.7%, penicillin in 100%, and amikacin in 76.4%. The results of the investigation are 

consistent with those of previous research projects conducted by [6], [31], [39]. Foodborne pathogens resistant to 

antibiotics may pose challenges in the treatment of diseases or illnesses, while those susceptible to antibiotics 

recover from the disease caused by the organisms. 
 

Table 4: Inhibition zone of several administered antibiotics. 

Restaurant ER CH TR CL PE AM 

S1 R S S R R R 

S2 R S S S S R 

S3 R S S S S R 

S4 R S S R S R 

S5 R S S R S R 

S6 R S S R R R 

S7 R S S R S R 

S8 R S S R S R 

S9 R S S R S R 

S10 R S S R S R 

S11 R S S R S R 

S12 R S S R S R 

R: 14 mm of resistance 

S: susceptible to 15 mm 

Twelve strains from Tripoli were examined in all. 

 

Tested for the following: Erythromycin (ER), Chloramphenicol (CH), Trimothprim (TR), Clindamycin (CL), 

Pencillin (PE), and Amikacin (AM). 

 
 

Table 5: Bacillus cereus's pattern of antibiotic resistance 

Antimicrobial tested Total no. (%) of strains resistance 

Erythromycin 88 % (12) 

Chloramphenicol 81.4 % (12) 

Trimothprim 93 % (12) 

Clindamycin 90.7 % (12) 

Pencillin 100 % (12) 

Amikacin 76.4 % (12) 

Twelve strains from Tripoli were evaluated in all. 

 
 

Random PCR-based polymorphic DNA amplification 

The DNA concentrations of all isolates were ≥100 ng/μl, as measured by spectrophotometry. Twelve B. cereus 

isolates were subjected to random PCR using S16 primer. A large number of polymorphic bands were produced. 

However, genetic mutations in the primer sequences in these genes could explain these weak interactions. Random 

PCR with S16 primer pattern shows that B. cereus strains are related and diverse. S16 primer was used which 

produced nine distinct profiles (P1, P2, P3, P4 and P5) consisting of a number of bands with the same molecular 

weight. On the other hand, antibiotic resistance produced four patterns (R1, R2, R3 and R4), where R stands for 

a class of antibiotics to which the strains are resistant. The results show that the antibiotic resistance patterns were 

more diverse than the PCR patterns. Nine distinct species of B. cereus were identified in this investigation using 

a combination of two methods (Table 6). 
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Table 6: Using RAPD-PCR profiles and antibiotic resistance patterns, typing B. cereus isolates from RTE meat 

 

Strains 

no. 

Antibiotic resistance patterns and their 

groups 
RAPD-PCR profiles 

S1 CroCDaNaSVa R1 N 

S2 CroNaVa R2 N 

S3 CroDaNaVa R3 P1 

S4 CroDaNaSVa R4 P2 

S5 CroCNaVa R4 N 

S6 CroCDaNaSVa R1 P3 

S7 CroDaNaVa R3 P4 

S8 CroDaNaSVa R4 P5 

S9 CroDaNaVa R3 N 

S10 CroDaNaVa R3 N 

S11 CroDaNaVa R3 N 

S12 CroDaNaVa R3 N 

Total  4 5 

R: Antibiotic group to which strains have developed resistance. 

P: The quantity of molecular weight profiles; N: The absence of patterns 
 

 

Conclusion 

In this study, Bacillus cereus was successfully isolated and identified from lamb meat. It was found that Bacillus 

cereus was present in all restaurants to some extent. Since these meat isolates have the potential to produce toxins 

and other body-related diseases such as skin, eye, and small intestine lining inflammation, it is impossible to 

attribute the low incidence of food poisoning to the consumption of meat containing high concentrations of 

Bacillus cereus. Five distinct patterns were produced by PCR using primer S16, indicating the relatedness and 

diversity of Bacillus cereus strains present in lamb meat. It is also reported that the four patterns provided by the 

antibiotic resistance pattern were effective in helping to distinguish between distinct Bacillus cereus strains. The 

results of the present study revealed that among ready-to-eat lamb meat isolates, a combination of phenotypic and 

genetic methods revealed nine distinct Bacillus cereus forms. Food contamination can occur at any point in the 

cooking process, from the slaughterhouse to the end user. Since improper temperature management during storage 

of cooked foods is often associated with B. cereus food poisoning, appropriate measures should be implemented 

to control this pathogen. 
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