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INTRODUCTION 
 

Actinomycetes are a large and varied group of aerobic, gram-positive, mycelial bacteria that play a significant environmental 

role in soil cycles, break down chitin, lignocelluloses, and inhibit both Gram-negative and Gram-positive pathogens, etc. [1-4]. 

Antibiotics, enzymes, immunomodulators, and other essential health compounds are produced by Actinomycetes[5, 6]. Most 

antibiotics are produced by the secondary metabolism of three types of microorganisms: eubacteria, actinobacteria and filamentous 

fungi. Actinomycetes play an important source of secondary metabolites, especially antibiotics [7]. The main producers of 

commercially significant biomolecules are Streptomyces, Micromonospora, Saccharopolyspora, Actinoplanes, and 

Amycolatopsis. Streptomycetes's genus is particularly effective since it produces 80% of all antibacterial drugs [2]. In recent 

decades, actinomycetes have become the most productive source of antibiotics [5, 6]. Antibiotics are secondary antibacterial 

metabolites produced by microorganisms [8]. Antibiotics have proven useful in our search for a drug to treat microbial infections, 

and many of them have proven valuable in drugs used for purposes other than antibiotics. It's been utilized as an 

immunosuppressant,  anti-tumor, enzyme suppressor, hypercholesterolemia,  anti-migraine, and anti-parasite medication. The 

attempts to develop them as innate toxins failed. Antifungal antibiotics are small but crucial in controlling mycotic illnesses among 
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Poultry meat and meat products are the major sources of animal protein in the human diet throughout the world; however, they can 

be contaminated by various microorganisms. In this study, we isolated bacterial strains from chicken nuggets, chicken burgers, 

chicken franks, chicken balls, chicken kebab, chicken mince (frozen), and chicken mortadella purchased from two different retail 

stores located in Makkah. Bacterial strains were then characterized based on their biochemical features and 16S rRNA gene 

phylogeny. The isolates were also examined for their susceptibility to antibiotics. In this study, a total of fifty-one strains were 

isolated. Among them, forty-two strains were gram-positive and only nine strains were gram-negative bacteria. Thirty-two strains 

were oxidase-positive, and forty-two isolates were catalase-positive. 16S rRNA gene phylogeny showed that the bacteria belonged to 

sixteen genera, including Neisseria, Brevibacillus, Bacillus, Exiguobacterium, Rothia, Staphylococcus, Lysinibacillus, Kocuria, 

Sphingomonas, Novosphingobium, Enterococcus, Pelomonas, Paenibacillus, Klebsiella, Morganella, and Lactococcus. Bacterial strains 

responded differently against different antibiotics. The isolates A12 and A34 showed resistance to the highest number of antibiotics 

tested. Overall, the present study revealed that various poultry meat products in the studied area were contaminated by bacterial 

populations, and therefore, it is essential to investigate stores regularly to reduce microbial contamination in order to ensure public 

health. 
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the many types of medications available on the market [9]. Antibiotic-resistant bacteria are on the rise, finding novel medicines 

that are irresistible to these has become a pressing necessity for treating infectious sicknesses [10]. Actinomycetes, which produce 

antifungal agents, are a natural source of these compounds. There are now fewer studies in actinobacteria study in the desert 

habitats accounting for about 95% of the land [11]. Therefore, we were interested in looking into Saudi Arabian desert 

actinobacteria as a potential alternative source of active compounds. 

 

MATERIALS AND METHODS 
Sample collection and bacterial isolation 

In October 2017, samples were collected in sterile plastic bags and distributed on paper from the Makkah area of Saudi Arabia. 

The soil was sieved with a 0.2 mm sieve. 1 gram of soil was added into 9 ml of SDW, and 0.1 ml of this suspension was spread 

on plates that contain Starch Nitrate Agar, which was all incubated at 28°C for seven days. 

    

Bacterial isolates: purification and preservation 

Actinomycete Isolation Agar (AIA) is a medium for the isolation and long-term preservation of actinomastate, which is then 

incubated at 35-37 ° C for 40-72 hours with rifampicin (25 g/mL) and cycloheximide (50 g/mL) as supplements to prevent 

contamination in the surrounding media. Add 1 mL of each of these antimicrobial agents to 50 mL of the aforementioned media 

and incubate the plates at 30 ° C for 7 days. 

 

Selection of isolates that can produce antimicrobial agents Antagonism Test 

100 mL of nutrient broth was sterilized before being injected with 1µ E. coli MACH1 and incubated for 24 hours. Following 

that, 100 mL of Nutrient Agar was prepared, and 1 mL of bacteria was injected before being poured into Petri plates. After pouring, 

the plate was divided into squares, with the sample growing in the center of each. It was then incubated for 5 days at 37°C. 

 

Antibiotic susceptibility test  

This test on Mueller-Hinton agar was carried out using the disk diffusion technique described by Kirby-Bauer [12]. 14 antibiotic 

discs were put on each Petri plate in this investigation. The isolates were disseminated out and cultured at 37 ºC. The clearing 

zones (zones of inhibition) were measured using a meter ruler after 48 hours of incubation, and the isolates were classified as 

resistant, intermediate, and sensitive. 

        

Morphological characterization of bacterial isolates 

Bacterial isolates were grown on separate SNA plates for 72 hours at 35 ° C., and morphological characteristics such as colony 

form and color were recorded. 

 

Biochemical characterization of bacterial isolates 

Gram staining, Catalase test, and Oxidase test were used to determine biochemical characterization [13, 14]. 

 

Molecular identification and phylogenetic analysis 

Based on the analysis of 16S rRNA sequences, potential isolates were identified. The following procedures were used for DNA 

extraction, polymerase chain reaction amplification, and DNA sequencing: 

 

Extraction of genomic DNA 

The QIAGEN Kit was used to extract actinomycetes DNA according to the manufacturer's instructions. Briefly, Actinomycetes 

were cultivated on an ISP-2 dish for 3 to 4 weeks at room temperature. 180 μl of enzymatic lysis buffer was added to the sediment 

after decanting the supernatant, and the tube was vortexed for 10-20 seconds. After a 30-minute incubation at 37°C, 25 μl of 

proteinase K and 200 μlof alkaline lysis (AL) buffer were added and briefly vortexed. After that, the mixture was incubated for 30 

minutes at 56 ° C. The solution was transferred to a small spin column supplied by the company and centrifuged at 13000 rpm for 

1 minute after being added 200 μl of 100 % ethanol. The filtrate was then thrown away. 500 μl of AW1 wash buffer was added to  

the column and centrifuged for 1 minute at 13000 rpm. The column was then filled with 500μl of AW2 wash buffer and centrifuged 

for 3 minutes at 13000 rpm. The filtrate was then thrown away. Finally, 100 μl of nuclease-free water was poured into the column 

and centrifuged for 1 minute at 13000 rpm. After that, the DNA sample is kept at -20°C. 

 

Gel electrophoresis 

The product of PCR was analyzed on 1.5% (w/v) agarose gel. An agarose gel was prepared by dissolving 1.5 g of high melting 

point agarose powder (Agarose low EEO, CSL-AG500, Cleaver Scientific Ltd) in 100 ml 1X Tris / Acetate Acid / EDT (TAE) 

buffer. 

 

16s rRNA gene amplification, sequencing, and phylogenetic analysis: Primers 

Universal primers, 27F (5-AGAGTTTGATCCTGGCTCAG-3), and 1492R (5-AAGGAGGTGATCCAGCCGCA-3), were 

used to amplify the 16S rRNA gene. 

 

PCR protocols 

Thermo Scientific PCR master mix was used to amplify the DNA according to the manufacturer's instructions. 
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Analysis of amplified PCR product 

Each PCR amplicon was electrophoresed at 120 V for 40 minutes on a 1 percent agarose gel containing ethidium bromide in 

1X Tris-Acetate-EDTA (TAE) buffer and visualized using a UV transilluminator (BioDoc-IT system, Japan). 

 

Amplified PCR amplicons’ sequencing 

The QIAquick PCR purification kit (Promega, Madison, WI, USA) was used to purify amplified products, and the Macronen 

Company in Korea sequenced them. 

 

Phylogenetic analysis 

SnapGene Viewer software version 3.3.3 was used to manually modify the sequences, which were then compared to the NCBI's 

GenBank database (http://www.ncbi.nlm.nih.gov) using the BLASTN search, and reference sequences were retrieved to perform 

phylogenetic analysis. 

 

RESULTS 

 
Isolation and purification of the Actinomycetes Isolates 

The goal of this study is to find and identify desert soil Actinomycetes that are found around certain plants at three (3) separate 

locations. Seven isolates (TMR1-7) with various morphotypes were isolated from soils at twenty-five Saudi Arabian locales along 

the As Sayl Road between Taif and Makkah. Site 2 consisted of one isolate (MJP1) collected from four places between Makkah 

and Jeddah, while site 3 consisted of four (4) isolates (THJP1-TJP4) collected from 16 locations between Jeddah and Thuwal. In 

this research, a total of eight Actinomycetes strains were isolated and purified using Starch Casein Agar (Tables 3.1 and 3.2). 

 

Table 1. Biochemical features of the isolated bacteria. 

Isolates Gram reaction Oxidase Catalase 

A1 - + - 

A2 + + + 

A2_1 + + + 

A2_2 + + + 

A3 + - + 

A4 + - + 

A5 + - + 

A6 + - + 

A7 + + + 

A8 + - + 

A9 + + + 

A10 + + + 

A11 - + - 

A12 + + + 

A13 - + - 

A14 - - - 

A15 - + - 

A16 + + + 

A17 + - + 

A19 + - + 

A20 + + + 

A21 + - + 

A22 + + + 

A23 + + + 

A24 + - + 

A26 - + - 

A28 + + + 

A29 + + + 

A30 + - + 

A31 - - - 

A32 + - + 

A33 + + + 

A34 - - - 

A35 + - + 

A37 + + + 
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A38 + + + 

A40 + - + 

A41 + + + 

A42 + + + 

A43 + + + 

A44 + + + 

A45 + + + 

A46 + + + 

A48 + - + 

B3-4 + + + 

B3_7 + + + 

B3_8 + + + 

C2_4 + + + 

C2_5 - - - 

F1_3 + - + 

F3_1 + + + 

 

Molecular characteristics 

The BLAST search at the NCBI database showed varying degrees (96 – 99%) of 16S rRNA gene sequence similarity of the isolated 

bacteria to a wide array of species belonging to the genera Neisseria, Brevibacillus, Bacillus, Exiguobacterium, Rothia, 

Staphylococcus, Lysinibacillus, Kocuria, Sphingomonas, Novosphingobium, Enterococcus, Pelomonas, Paenibacillus, Klebsiella, 

Morganella, and Lactococcus (Table 2). The genus Bacillus, which includes eleven species, followed by the genus Staphylococcus, 

which includes three species, was the most prevalent genus (Table 2). Both Bacillus subtilis and Staphylococcus epidermis had six 

strains and were the most predominant species (Table 2). Figures 1 showed the phylogenetic position of the isolated bacteria and 

their closely related species based on their 16S rRNA gene sequence. 

 

 

Table 2. Molecular characteristics of the isolated bacteria. 

Isolates The nearest neighbour from NCBI Accession no. 16S rDNA similarity (%) 

A1 Neisseria perflava NR_117694 99.71 

A2 Brevibacillus halotolerans NR_156834 99.31 

A2_1 Bacillus glycinifermentans NR_137407 98.72 

A2_2 Exiguobacterium indicum NR_042347 98.12 

A3 Rothia mucilaginosa NR_044873 99.02 

A4 Staphylococcus epidermidis NR_113957 99.61 

A5 Lysinibacillus pakistanensis NR_113166 99.04 

A6 Staphylococcus epidermidis NR_036904 99.81 

A7 Kocuria arsenatis NR_148610 98.42 

A8 Staphylococcus epidermidis NR_113957 99.52 

A9 Bacillus subtilis NR_112116 99.60 

A10 Bacillus subtilis NR_112116 99.78 

A11 Neisseria perflava NR_117694 99.56 

A12 Bacillus aerius NR_118439 99.89 

A13 Neisseria perflava NR_117694 99.71 

A14 Sphingomonas aeria NR_148286 99.80 

A15 Novosphingobium meiothermophilum NR_171526 96.91 

A16 Bacillus subtilis NR_112116 99.61 

A17 Staphylococcus epidermidis NR_113957 99.01 

A19 Staphylococcus epidermidis NR_113957 99.52 

A20 Bacillus pumilus NR_115334 99.81 

A21 Staphylococcus hominis NR_041323 99.80 

A22 Bacillus stratosphericus NR_118441 99.90 

A23 Bacillus halotolerans NR_115931 99.67 

A24 Enterococcus faecalis NR_113902 99.89 

A26 Pelomonas saccharophila NR_114189 97.58 

A28 Bacillus amyloliquefaciens NR_117946 99.71 

A29 Paenibacillus aquistagni NR_152638 99.52 

A30 Staphylococcus epidermidis NR_113957 99.81 

A31 Klebsiella aerogenes NR_102493 96.85 

A32 Rothia nasimurium NR_025310 99.51 

A33 Bacillus spizizenii NR_112686 99.90 

A34 Morganella morganii NR_113580 99.69 
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A35 Lactococcus garvieae NR_113268 99.89 

A37 Brevibacillus parabrevis NR_113589 99.89 

A38 Bacillus tropicus NR_157736 99.80 

A40 Staphylococcus hominis NR_041323 99.42 

A41 Bacillus pumilus NR_115334 99.62 

A42 Bacillus subtilis NR_112116 99.62 

A43 Bacillus subtilis NR_112116 99.81 

A44 Bacillus pumilus NR_115334 99.62 

A45 Bacillus halotolerans NR_115931 99.59 

A46 Bacillus velezensis NR_075005 99.90 

A48 Enterococcus faecalis NR_113902 99.79 

B3_4 Bacillus pumilus NR_115334 99.11 

B3_7 Bacillus flexus NR_113800 98.97 

B3_8 Bacillus pumilus NR_115334 96.28 

C2_4 Bacillus subtilis NR_112116 99.89 

C2_5 Sphingomonas aeria NR_148286 99.40 

F1_3 Enterococcus faecalis NR_113902 99.37 

F3_1 Staphylococcus aureus NR_113956 99.60 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Position of the isolate A1 based on their 16S rRNA gene phylogeny. 

 

Antibiotic susceptibility of bacteria 

In this study, all the forty-two gram-positive bacterial strains were examined against six different antibiotics, namely penicillin g 

(10 units), polymyxin b (300 units), gentamicin (10 μg), neomycin (30 µg), bacitracin (10 units), and chloramphenicol (30 μg) 

(Figure 55) (Table 3). All the forty-two strains showed resistance to at least one of the antibiotics tested (Table 3). Out of forty-

two gram-positive strains, isolate A12 showed resistance to a maximum number of antibiotics (five) (Table 3). Five isolates, 

namely A2, A2_2, A22, B3_7, and F3_1 showed resistance to the lowest number of antibiotics (only one) (Table 8). Among the 

tested antibiotics, penicillin G was the most effective antibiotic against the isolated gram-positive bacteria as all isolates were 

susceptible to penicillin G (Table 3). By contrast, chloramphenicol was the least effective antibiotic as all the isolated gram-

positive strains  

 

Table 3. Antibiotic susceptibility of the isolated gram-positive bacteria. 

Bacterial isolates 
Antibiotic susceptibility 

PG PB GM NE BA C 

A2 S S S S S R 

A2_1 S R S S R R 

A2_2 S S S S S R 

A3 S S S S R R 

A4 S R S S R R 

A5 S R S S S R 

A6 S R S S R R 

A7 S R S S S R 

A8 S R S S R R 

A9 S R S S S R 

A10 S R S S S R 

A12 S R R R R R 

A16 S R S S S R 
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A17 S R S S R R 

A19 S R S S R R 

A20 S R S S R R 

A21 S R S S S R 

A22 S S S S S R 

A23 S R S S R R 

A24 S R S S R R 

A26 S R S S R R 

A28 S R S S S R 

A29 S R S S R R 

A30 S R S S R R 

A32 S R S S S R 

A33 S R S S R R 

A35 S R S S R R 

A37 S R S S S R 

A38 S R S S S R 

A40 S R S S S R 

A42 S R S S S R 

A43 S R S S S R 

A44 S R S S R R 

A45 S R S S R R 

A46 S S S R R R 

A48 S R S S R R 

B3_4 S R S S R R 

B3_7 S S S S S R 

B3_8 S R S S R R 

C2_4 S R S S S R 

F1_3 S R S S R R 

F3_1 S S S S S R 

‘S’ indicates sensitivity and ‘R’ indicates resistance to the tested antibiotics. *PG (Penicillin G, 10 units), PB (Polymyxin B, 300 

units), GM (Gentamicin, 10 μg), NE (Neomycin, 30 µg), BA (Bacitracin, 10 units) and C (Chloramphenicol, 30 μg). 
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Figure 2. Response of isolated gram-positive bacteria to tested antibiotics. 

 

 

On the other hand, all the isolated gram-negative bacteria were tested against six antibiotics, namely gentamicin (10 μg), cefepime 

(30 μg), oxacillin (30 μg), chloramphenicol (30 μg), fucidic acid (10 μg), and vancomycin (30 μg) (Table 9). Out of nine strains, 

eight strains exhibited resistance to at least one antibiotic tested. The isolate A34 was resistant against a maximum number of 

antibiotics tested (five antibiotics), whereas the isolate A26 was found susceptible against all the six antibiotics tested (Figure 3) 

(Table 4). Chloramphenicol was the most effective antibiotic against the gram-negative isolates as it was effective in suppressing 

the growth of all the isolates (Table 4). 

 

 

 

 

 

 

Table 4. Antibiotic susceptibility of the isolated gram-negative bacteria. 

Bacterial isolates 
Antibiotic susceptibility 

GM CPM OX C FC VA 

A1 R R R S S S 

A11 R R R S S S 

A13 R R R S S S 

A14 S R R S R R 

A15 S S R S S S 

A26 S S S S S S 

A31 S S R S R R 

A34 R R R S R R 

C2_5 S R R S R R 

‘S’ indicates sensitivity and ‘R’ indicates resistance to the tested antibiotics. 

A33 A32 

A29 

A38 A37 

A44 B3_

7 

A28 
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*GM (Gentamicin, 10 μg), CPM (Cefepime, 30 μg), OX (Oxacillin, 30 μg), C (Chloramphenicol, 30 μg), FC (Fucidic acid, 10 μg) 

and VA (Vancomycin 30 μg). 

 

 

 
Figure 3. Response of isolated gram-negative bacteria to tested antibiotics 

 

DISCUSSION 

 
Poultry meat and meat products are the major sources of animal protein in the human diet across the globe. It can be contaminated 

by various microorganisms and thereby poses a risk to public health. In the present study, we isolated a total of fifty-one bacterial 

strains from chicken nuggets, chicken burgers, chicken franks, chicken balls, chicken kebab, chicken mince (frozen), and chicken 

mortadella purchased from two different retail stores located in the Makkah region. The highest number of bacterial strains was 

isolated from the chicken burger (thirteen strains), followed by chicken nuggets (ten strains) purchased from the store. The 

biochemical and 16S rRNA gene phylogenetic analysis revealed that isolated bacteria belonged to sixteen genera, namely 

Neisseria, Brevibacillus, Bacillus, Exiguobacterium, Rothia, Staphylococcus, Lysinibacillus, Kocuria, Sphingomonas, 

Novosphingobium, Enterococcus, Pelomonas, Paenibacillus, Klebsiella, Morganella, and Lactococcus. The genus Bacillus 

followed by the genus Staphylococcus was the most prevalent genus, and Bacillus subtilis and Staphylococcus epidermis were the 

most predominant species documented in this study. It has been suggested that microbial contamination of meat and meat products 

can occur at various phases of the supply chain such as production, packaging, transport, and storage [9]. Salmonella spp., 

Escherichia coli, and Campylobacter spp. are the two most commonly reported foodborne pathogens associated with poultry. 

However, apart from Salmonella spp., Escherichia coli, and Campylobacter spp., a wide range of bacterial species, including 

Clostridium perfringens, Listeria monocytogenes, Arcobacter spp., Helicobacter spp., Pseudomonas spp., Acinetobacter spp., 

Moraxella spp., Psychrobacter spp., Lactobacillus spp., Aeromonas sp., Bacillus spp., Staphylococcus spp., Hafnia spp., Serratia 

spp., Yersinia spp., Rahnella spp., Buttiauxella spp., Klebsiella sp., Enterococcus spp., Brochothrix thermosphacta, etc. have also 

been recorded in poultry meat and meat products [10,11]. Interestingly, several bacterial species belonging to the genera Neisseria, 

Brevibacillus, Exiguobacterium, Rothia, Lysinibacillus, Kocuria, Sphingomonas, Novosphingobium, Pelomonas, Paenibacillus, 
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and Morganella detected in this study were not mentioned to be associated with microbial contamination of poultry meat and meat 

products in previous studies. 

Antibiotic resistance in bacteria has been reported by many researchers since the inception of antibiotics. Many studies have 

documented resistance to single or multiple antibiotics in a wide array of bacterial species isolated from chicken meat and meat 

products [12]. In the present study, the different response of various bacterial strains to several antibiotics was also documented. 

Out of forty-two gram-positive bacteria isolated in this study, isolate A12 (Bacillus aerius) exhibited resistance to the highest 

number of antibiotics tested. In case of gram-negative bacteria, isolate A34 (Morganella morganii) showed resistance to maximum 

antibiotics tested. Resistance to multiple antibiotics in Bacillus spp. [13] and Morganella morganii [14] has been well-documented. 

 

CONCLUSION 

 
In conclusion, the present study isolated, characterized, and identified fifty-one bacterial isolates from seven different chicken 

meat products purchased from two retail stores located in the Makkah region. In addition, this study assessed the susceptibility of 

isolated gram-positive bacteria and gram-negative bacteria to different antibiotics. The isolates A12 and A34 were found resistant 

to a maximum number of antibiotics tested. Further studies are recommended to investigate the potential of the bacteria isolated 

in this study as opportunistic human pathogens. In addition, this study did not examine the molecular mechanism of bacterial 

resistance to antibiotics. Therefore, further investigation is recommended to elucidate underlying mechanisms to antibiotic 

resistance in isolated bacterial strains. 
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