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Abstract The Cyprinus carpio fish belongs to the family Cyprinidae and nutritionally consists of beneficial amino 

acids and omega-3 polyunsaturated fatty acids. However, consuming fish contaminated with pathogenic bacteria 

causes serious human health issues. The study aimed to identify pathogenic bacteria, antibiogram profile and 

extended-spectrum-beta-lactamase (ESBL) producing bacteria, and nutritional composition of C. carpio fish in 

Peshawar, Pakistan. Fish samples (30 uncooked and 30 cooked) were collected from Peshawar and analyzed in the 

laboratory to detect pathogenic bacteria. The bacteria were isolated, and different sorts of staining and biochemical 

tests including Catalase, Oxidase, Triple sugar iron, Urease, Citrate utilization, Indole etc,. were performed for 

identification. Antibiotic susceptibility pattern was tested on Muller Hinton agar medium (MHA) against nine 

antibiotics. Nutritional analysis of raw and cooked meat was performed using the Association of Official Analytical 

Chemists procedure. The results showed that E. coli has the highest resistance (100%) towards Tetracycline and 

Penicillin, while K. pneumonia showed the highest antibiotic resistance (100%) against Tetracycline, Oxacillin, 

Ampicillin, and Penicillin. Sheigilla was observed to the highest resistance against Penicillin and Oxacillin, which 

was 100%, and Salmonella showed the highest resistivity (100%) towards Tetracycline, Oxacillin, and Penicillin. 

Similarly, Tetracycline, Oxacillin, and Ampicillin showed the highest antibiotic resistance (100%) toward S. aureus. 

In 60 samples, 105 bacterial species (E. coli, Salmonella, Sheigella, Klebsiella, and S. aureus) were isolated. All 

isolated bacteria were ESBL producing except S. aureus. The results showed that crude fat (3.5-10.4%), crude fiber 

(0.23-0.38%), crude ash (5.6-5.7%), crude protein (69.03-89%), and moisture (4.6-5.8%) were greater in uncooked 

fish meat as compared to cooked fish meat. The study concludes that the high prevalence of pathogenic bacteria in 

uncooked meat is observed compared to cooked meat of C. carpio. Uncooked fish meat is more nutritious than cooked 

fish meat as the amount of protein, fats, fiber, ash, and moisture decreases during cooking. 
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Introduction 

In the kingdom, Animalia fish is the largest group, 

having a population of approximately 30,000 well-

known species and used mainly for oil and food 

production (Seel et al., 2016; Suseno et al., 2014). 

Fish consumption as food is recommended because of 

its good digestibility and highly rich polyunsaturated 

fatty acids (PUFA). Freshwater fish is considered a 

nutritious food because it contains a high proportion 

of protein with a balanced amino acid profile, modest 

levels of healthy lipids, and a lower concentration of 

n-3 PUFA than marine fish. It also contains many 

vitamins and minerals like phosphorus, calcium, 

magnesium, sodium, and potassium (Raufu et al., 

2014; Obianime and Obire, 2017). Fish meat has a 

lower cholesterol content and is generally advised for 

consumption by the adult population (Ayeloja et al., 

2018). According to regulatory bodies, eating fish is 

recommended 1–2 days per week, with one part of 

oily fish containing 200–500mg of eicosapentaenoic 

acid (EPA) and docosahexaenoic acid (DHA) 

(Sobczak et al., 2020). In the fish culture, health 

problems generally occur due to the interaction of 

host, pathogen, and environment (Salem et al., 2020). 

A commodity can be divided into three categories: 

indigenous bacteria, nonindigenous bacteria (enteric 

bacteria), and contamination of fish by bacteria during 

storage, manufacturing or food preparation (Lerma-

Fierro et al., 2020). The fishery products are a major 

source and reservoir of pathogens that cause food 
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poisoning (Morshdy, 2014). Fish is considered a 

vector of pathogenic bacteria in humans, including a 

wide range of bacteria such as Pseudomonas sp., 

Escherichia coli, Staphylococcus aureus, Vibrio sp., 

Mycobacterium sp., Salmonella sp., Shigella sp., 

Enterococcus sp., and Proteus species etc. (Suseno et 

al., 2014). Salmonella and Shigella species are found 

commonly in fish and other aquatic organisms 

(Alkhunni et al., 2017) and cause major public health 

problems (Lamboro et al., 2016). 

In the last few decades, aquaculture production has 

shown a rapid growth for the world's growing 

population. However, aquatic organisms are the main 

reservoir of pathogens and harm human health and 

aquatic organisms. For this reason, careful monitoring 

and evaluation of foodstuffs in terms of human health 

is necessary. The microbes of fresh and processed 

aquatic organisms should be examined carefully in the 

evaluation stage. The recent study aims to screen the 

microbial pathogens in raw and cooked meat of 

Cyprinus carpio and compare the nutritional 

composition (crude fat, protein, carbohydrate, ash, 

and fibers) of raw and cooked fish meat. 

Materials and methods 

Sample Collection 

The study was conducted at the Microbiology 

Laboratory, Department of Health and Biological 

Sciences, Abasyn University Peshawar, from October 

2021 to February 2022. From different local markets 

in Peshawar, 60 samples of C. carpio (30 cooked and 

30 uncooked fish) were collected,  mixed with soft 

ice, put in an icebox, and transported to the 

Department of Health and Biological Sciences, 

Abasyn University Peshawar. The C. carpio was 

identified by observing special characteristics. After 

collection, the samples were kept at room temperature 

and used within 24hrs for experimental purpose.                                                                                                                                                          

Fish Sampling 

 Peptone water was prepared to make serial dilutions. 

Peptone water was sterilized by autoclaving at 15 lbs. 

pressure (121°C) for 15 minutes and then cooled. 

Peptone water (9ml) was added to test tubes. Then 1 

gram of fish flesh and 10 ml peptone water were taken 

in another tube and carefully shaken.  1 ml of 

processed fish flesh was added to the first test tube 

containing 9 ml of peptone water. This first tube was 

labeled as 10-1. Similarly, 1 ml of the first test tube 

was mixed with 9 ml of peptone water in another test 

tube labeled 10-2. In this way, dilutions up to 10-9 

were prepared. 

Isolation of Bacteria 

 To isolate pathogenic bacteria, dilution numbers 10-

3, 10-4, 10-5, 10-6, and 10-7 were used. From each 

dilution, 100 µl sample was taken and spread plated 

onto different selective media i.e. MacConkey agar 

plates, Salmonella Shigella (SS) agar plates, and 

Mannitol salt agar (MSA) plates. The plates were 

dried and then placed in an incubator in an inverted 

position overnight at 37 °C. For E. coli and Klebsiella 

pneumonia confirmation, dark pink colonies were 

chosen and streaked on new McConkey agar plates. 

Transparent black dot colonies were chosen and 

streaked on fresh S-S agar plates for confirmation of 

Shigella and Salmonella. Yellow colonies were 

chosen and streaked on fresh MSA plates for the 

confirmation of S. aureus. 

 Identification of Isolates 

Colonies of bacterial pathogens were identified by 

examining size, shape, pigmentation, morphology, 

and biochemical characterization (Alameer et al., 

2020). Different sorts of staining and biochemical 

tests, including Catalase, Oxidase, Triple sugar iron, 

Urease, Citrate utilization, Indole, Coagulase, and 

Hydrogen sulfide production tests, were performed 

for the identification of gram-negative bacteria using 

standard methods (Tsfaye et al., 2018).  Extended- 

spectrum beta lactamase-producing bacterial isolates 

were identified by standard techniques using Muller 

Hinton agar media (MHA). 

Antibiotic sensitivity testing 

For antibiotic susceptibility discs, the diffusion 

method was performed using MHA media. The 

antibiotics Tetracycline (10µg, Oxoid), Cefotaxime 

(30µg Oxoid), Penicillin (10µg, Oxoid), Oxacillin 

(1µg, Oxoid), Amikacin (30µg, Oxoid,), 

Streptomycin (10µg, Oxoid), Ampicillin (10µg, 

Oxoid), Chloramphenicol (30µg, Oxoid) (10µg, 

Oxoid), and Erythromycin (15µg, Oxoid) were used. 

Zones of inhibition were measured after incubation. 

The resistance levels were explained as described by 

the Clinical and Laboratory Standards Institute (CLSI, 

2010) (Pamuk et al., 2019). 

Nutritional analysis 

Nutritional analysis of raw and cooked meat was 

performed using the Association of Official 

Analytical Chemists procedure (Tobaruela et al., 

2018). The study was conducted at the livestock 

Research and Development department, Veterinary 

Research Institute (VRI) Peshawar, Pakistan. Samples 

were dried in an oven at 105°C for 24h. The ash 

content was determined after incineration at 550°C for 

6 hours. This method measured the composition of 

other components, such as crude fat, dry matter, crude 

protein, and fibers (Sobczak et al., 2020). 

Statistical Analysis 

The statistical analysis was performed using MS 

Excel and GraphPad Prism software. All the data and 

graphs, including the tables, were statistically 

analyzed, and their values were calculated accurately. 

Results 

60 common carp (C. carpio) samples were taken, i.e., 

30 cooked and 30 uncooked fish samples. Different 

bacteria were isolated and identified based on colony 

morphology, gram staining, and biochemical test. 

Bacterial pathogens were isolated from different 

samples of C. carpio. The bacterial isolates were S. 

aureus, Salmonella, Shigella, E. coli, and Klebsiella 

in cooked and uncooked fish. The results indicate that 

uncooked fish were more contaminated with bacterial 

pathogens than cooked fish (Figure. 1). 
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Figure 1: Frequency distribution of bacteria in 

cooked and uncooked fish 

Colony Morphology 

The bacterial isolates were identified based on colony 

Morphology using MacConkey, Salmonella-Shigella 

(S-S), and Mannitol Salt Agar (MSA) Media. All E. 

coli and Klebsiella colonies were dark pink with a 

halo of bile precipitate surrounding them, suggesting 

vigorous lactose fermentation. All the colonies of 

Shigella were clear, colorless, and transparent, while 

colonies of Salmonella were colorless, clear, and 

transparent with black holes by producing H2S gas 

observed on S-S agar media. All the colonies 

observed on MSA media were yellow, as shown in 

figure 2. 

 
Figure 2: Growth of E. coli and Klebsiella, Shigella, 

and Salmonella and S. aureus (MSA media) 

Gram Staining 

All isolates (Salmonella, Shigella, E. coli, and 

Klebsiella) appeared rod-shaped and pink-colored 

under the microscope, while S. aureus appeared 

cocci-shaped and purple-colored under the 

microscope (Figure 3). 

 
Figure. 3: Gram staining of isolated colonies under microscope (a) and (b) 

 Biochemical Tests Results for Bacterial isolates 

Biochemical tests were performed for bacterial 

isolates (E. coli, Salmonella, Shigella, Klebsiella, S. 

aureus) in both cooked and uncooked fish meat, as 

shown in table 1. The complete biochemical test 

results of microbes were shown in the supplementary 

data (Table 1a) 

Table. 1 Frequency of bacterial isolates identified in cooked and uncooked fish meat

Bacterial 

isolates 

No of 

isolate 

Urease 

test 

Citrate 

test 

Indole 

production 

test 

Oxidase 

test 

Triple Sugar Iron test Catalase 

test 

Coagulase 

test 

 Butt/ Slope Gas H2S  

E. coli 14 - - + - Acidic/ acidic + - + - 

Klebsiella 9 + + - - Acidic/ acidic + - + - 

Shigella 26 - - - - butt / acidic - - - - 

Salmonella 34 - + - - butt/acidic + + - - 

S. aureus 22 + - + - Acidic /acidic - - + + 

Symbol: (–) negative and (+) positive 
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Detection of Extended Spectrum Beta-Lactamase 

(ESBL) producing bacteria 

he bacterial isolates in cooked and uncooked fish meat 

were detected for ESBL. Salmonella, Shigella, E. coli, 

and Klebsiella were out of these bacterial isolates and 

revealed positive results, determining that these 

bacterial strains contain beta-lactamase enzymes. These 

bacterial strains were resistant to some antibiotics i.e. 

Clavulanic acid and Ceftazidime. The results of ESBL-

positive bacteria are shown in figure 4. 

Figure 4: Frequency of ESBL-producing bacteria 

in cooked and uncooked fish 

Susceptibility pattern of isolated E. coli 

The resistivity and sensitivity to nine commercially 

available antibiotic or antibacterial agents were 

performed by disc diffusion method (Figure. 5). The 

study observed that E. coli showed the highest 

resistance (100%) and 0% sensitivity towards 

Tetracycline and Penicillin, while the least resistance 

was observed towards Streptomycin (7.1%) with 

71.4% sensitivity. The results disclosed resistance 

towards other antibiotics such as Cefotaxime (21.4%), 

Oxacillin (85.7%), Ampicillin (85.7%), 

Chloramphenicol (92.8%), Penicillin (100%), 

Erythromycin (14.8%) and Amikacin (78.5%). The 

sensitivity of E. coli towards these antibiotics 

Cefotaxime, Oxacillin, Ampicillin, Chloramphenicol, 

Erythromycin, and Amikacin, were 78.5, 14.2, 0, 7.1, 

85.7, and 21.4, respectively.  Results are summarized 

in the figure 6. 

 
Figure 5: Antibiotics Subsceptibility Test 

 
Figure 6: Susceptibility Pattern of E. coli towards 

Antibiotics 

Susceptibility pattern of isolated bacteria K. 

pneumoniae  

The susceptibility test for K. pneumoniae towards 

different antibiotics was reported. Tetracycline, 

Oxacillin, Ampicillin, and Penicillin showed the 

highest antibiotic resistance (100%) against K. 

pneumoniae with the least sensitivity 0%. The 

resistance. The resistance of K. pneumoniae towards 

these antibiotics Cefotaxime, Chloramphenicol, 

Streptomycin, Erythromycin, and Amikacin were 0, 

33.3, 22.2, 66.6, and 33.3%, respectively. The highest 

sensitivity was observed towards Cefotaxime 

(88.8%), followed by Streptomycin (77.7%), 

Chloramphenicol (66.6%), Amikacin (66.6%) and 

Erythromycin (3.3%) as given in the Figure 7.  

 
Figure 7: Susceptibility Pattern of K. pneumoniae 

towards Antibiotics 

Susceptibility pattern of isolated Shigella 

 Shigella's sensitivity and resistance pattern were 

tested against selected antibiotics; the highest 

resistance was observed against Penicillin and 

Oxacillin, which is 100%, while 0% sensitivity was 

observed. The result showed the highest sensitivity of 

Shigella to Streptomycin (88.4%), followed by 

Amikacin (80.7%), Tetracycline (23.1%), Cefotaxime 
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(7.6%) and Erythromycin (7.6%). The resistance 

Cefotaxime, Tetracycline, Ampicillin, 

Chloramphenicol, Streptomycin, Erythromycin, and 

Amikacin noted was 92.3, 76.9, 9.3, 92.3, 11.5, 76.9 

and 7.6%, respectively as shown in the Figure 8. 

 
Figure 8: Susceptibility Pattern of Shigella 

towards Antibiotics 

Susceptibility pattern of isolated Salmonella 

In the study, antibiotics were tested for susceptibility 

of Salmonella for resistivity and sensitivity. 

Salmonella showed the highest resistivity (100%) and 

0% sensitivity towards Tetracycline, Oxacillin, and 

Penicillin, while the least resistance was observed 

towards Amikacin (5.8%). The results showed that 

Salmonella was resistant to other antibiotics such as 

Cefotaxime (11.7%), Ampicillin (82.3%), 

Chloramphenicol (67.6%), Streptomycin (88.2%), 

Erythromycin (91.1%) and Amikacin (5.8%). The 

sensitivity of Salmonella towards Cefotaxime, 

Ampicillin, Chloramphenicol, Streptomycin, 

Erythromycin, and Amikacin were 88.4, 5.8, 32.3, 

11.7, 8.8 and 88.2%, respectively (Figure 9). 

 

Figure. 9 Susceptibility Pattern of Salmonella 

towards Antibiotics 

Susceptibility pattern of isolated bacteria S. aureus  

The susceptibility test for S. aureus towards different 

antibiotics was reported. In the study, Tetracycline, 

Oxacillin, and Ampicillin showed the highest 

antibiotic resistance (100%) against S. aureus with the 

least sensitivity (0%). The resistance of S. aureus 

towards Cefotaxime, Chloramphenicol, 

Streptomycin, Erythromycin, and Amikacin were 4.5, 

86.3, 81.8, 90.9 and 86.3%, respectively. The highest 

sensitivity was observed towards Cefotaxime 

(95.5%), followed by Streptomycin (18.1%), 

Chloramphenicol (13.6%), Amikacin (13.6%), and 

Erythromycin (9.1%) as given in figure 10.  

 
Figure 10: Susceptibility Pattern of S. aureus 

towards Antibiotics 

Nutritional Analysis of Cooked and Raw Fish 

The parameters determined for uncooked (Table 2) 

and cooked fish (Table 3) showed that the amount of 

fat, fiber, ash, protein, and moisture was higher in 

uncooked fish. After cooking these fish, the amount 

of these parameters decreased. 

Table 2: Composition of uncooked fish 

Table 3: Composition of cooked fish 

Cooked fish 

Sample 

% Dry 

Matter 

(Fresh) 

% Dry 

Matter 

(Ground) 

On Dry Matter Basis 

% Crude 

Fat 

% Crude 

Fiber 

% Crude 

Ash 

% Crude 

Protein 

% Moisture 
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Uncooked fish 

Sample 

% Dry 

matter 

(Fresh) 

% Dry 

Matter 

(Ground) 

On Dry Matter Basis 

% Crude 

Fat 

% Crude 

Fiber 

% Crude 

Ash 

% Crude 

Protein 

% Moisture 

S 20.68 94.20 3.475 0.23 5.69 89.00 5.80 

Fish sample 2 20.25 95.26 8.27 0.355 5.745 85.78 4.74 

Fish sample 3  21.90 95.35 10.39 0.38 5.56 69.03 4.65 
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Fish sample1 17.85 90.50 2.47 0.17 3.24 83.14 4.14 

Fish sample 2 18.67 91.26 6.57 0.257 3.455 84.78 3.24 

Fish sample 3  19.36 92.25 9.89 0.27 4.76 63.03 3.66 

Discussion  

The C. carpio fish is also one of the most common 

edible fish, an important source of protein and omega 

3 fatty acids. However, C. carpio, especially in an 

uncooked form containing bacterial pathogens 

resistant to antibiotics, can be transmitted to 

consumers, causing various diseases. Similarly, 

cooked C. carpio contains fewer bacterial pathogens 

than uncooked fish meat. Antibiotic-resistant bacteria 

isolated from fish are quite common, and these 

antibiotic-resistant, beta-lactamase-producing food-

borne bacteria might be transferred to food handlers 

and consumers. Uncooked fish have high nutritional 

content but more contamination of bacterial 

pathogens, while cooked fish meat contains fewer 

bacterial pathogens and less nutritional value (Seel et 

al., 2016). In this study, bacterial pathogens such as 

E. coli, Klebsiella, Salmonella, Shigella, and 

Staphylococcus aureus were isolated and identified 

from uncooked C. carpio in Pakistan while in cooked 

fish the bacterial pathogens were Salmonella, 

Shigella, S. aureus and few Klebsiella and E. coli. The 

high prevalence of these bacterial pathogens in 

uncooked fish compared to cooked fish is consistent 

with the findings of Suseno et al. (2014). In another 

study, we observed different biochemical tests for 

bacterial confirmation. The Urease test showed that E. 

coli, Salmonella, and Shigella isolates were negative, 

while Klebsiella pneumonia and Staphylococcus 

aureus isolates were positive for the test. Citrate tests 

performed for these bacteria showed that E. coli, 

Staphylococcus aureus, and Shigella isolates were 

negative, while Klebsiella pneumonia and Salmonella 

isolates were positive for the test. Indole production 

test showed that Klebsiella pneumonia, Salmonella 

and Shigella isolates were negative while positive E. 

coli and Staphylococcus aureus isolates were 

reported. Oxidase test performed for all bacterial 

isolates (E. coli, Salmonella, Shigella, Klebsiella, and 

S. aureus) were negative. Similarly, on Triple sugar 

iron (TSI) test, bacterial isolates of E. coli and 

Klebsiella were positive, and Shigella were positive 

for this test but negative for gas and H2S production, 

Salmonella was positive for this test, producing gas 

and H2S, S. aureus was positive but did not produce 

gas and H2S. Catalase test performed for E. coli, 

Klebsiella, and S. aureus were positive and negative 

for Salmonella, Shigella. Coagulase test was 

performed for these bacteria, which showed that E. 

coli, Klebsiella pneumonia, Shigella, and Salmonella 

were negative Staphylococcus aureus isolates were 

positive for this test. Our results are similar to the 

previous research study of Kousar et al. (2019). 

Another finding of our study is the bacterial isolates 

in cooked and uncooked fish meat were detected for 

Extended Spectrum Beta- Lactamase (ESBL) 

production. The Enterobacteriaceae Salmonella, 

Shigella, E. coli, and Klebsiella showed positive 

results for extended-spectrum beta-lactamase (ESBL) 

enzymes. This report is similar to the findings of 

Alkhunni et al. (2017), who determined the presence 

of beta-lactamase enzymes that inactivate beta-lactam 

antibiotics. Here we observed that E. coli was highly 

resistant to Tetracycline and Penecillin and was 

highly sensitive to Ampicillin, Streptomycin, and 

Amikacin. Our results are similar to the findings of 

Shahriar et al. (2019), who found that E. coli is highly 

resistant to tetracycline and penicillin. In our study, 

the Klebsiella was resistant to Tetracycline, Oxacillin, 

Ampicillin, and Penicillin and were highly sensitive 

to Cefatoxime. The results of the present study are 

similar to the previous study reported by Das et al. 

(2018). Shigella's susceptibility patterns agreed with 

the research findings of Alkhunni et al. (2017). 

Salmonella isolates were also tested for susceptibility 

patterns, and the results are closed with the study of 

Lunested et al. (2015). In the study, nutritional 

analysis for uncooked and cooked fish revealed that 

the amount of fat, fiber, ash, protein, and moisture was 

higher in uncooked fish than in cooked fish. The 

percentages of crude fat in cooked fish were less than 

in uncooked fish. This report is similar to the findings 

of Sobczaka et al. (2020). The moisture percentage 

was also less in cooked fish than in uncooked fish. 

The results of the present study are consistent with 

those of Chakroborty et al. (2017). The percentage of 

crude protein in uncooked fish was less in cooked fish 

than in uncooked fish. The research study's findings 

are comparable with the results reported previously by 

Ivanova et al. (2018), in which the protein amount in 

cooked fish was more than in raw fish. 

Conclusion  

The prevalence of these bacterial pathogens and the 

nutritional study of C. carpio has been reported for the 

first time in Pakistan. The study concludes that 

uncooked fish meat is more nutritious than cooked 

fish meat as the amount of protein, fats, fiber, ash, and 

moisture decreases during cooking. A high frequency 

of pathogenic bacteria is observed in uncooked meat 

compared to cooked meat of C. carpio fish.  From the 

study, most pathogenic bacteria completely resist 

antibiotics, and this can lead to big issues for the 

population that is mostly fond of eating fish. The fish 

can be a transmission source for antibiotic-resistant 

S. aureus, Salmonella, Shigella, Klebsiella, and E. 

coli, which can directly or indirectly infect people by 

consuming fish flesh (greater in raw fish than cooked 

fish). The Prevalence of bacterial pathogens and 

Antibiotic susceptibility data in Pakistan is quite 

alarming. These bacteria may colonize the human 
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gastrointestinal system, producing severe illnesses 

including Salmonellosis, Shigellosis, and dysentery, 

among other things, posing a serious health risk.  
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