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Abstract 

Background: Pre and post-harvest spoilage is becoming a severe concern not only in Pakistan but also 

worldwide. Foodborne illness remains prevalent throughout Pakistan because of the lack of informed risks 

and safe handling practices of the food preparers and handlers at each food chain point. It causes food 

spoilage that results in substantial economic losses to both producers (farmers) and consumers. Therefore, 

this article aimed to review the microbial load of meat, dairy, and seafood products and how the microbial 

load/population's shelf life and food quality can be affected. 
Methodology: During this experimental study, a total 127 samples were collected directly from different 

industries and included. Total bacterial count (TBC), total coliform count (TCC), fecal coliform count (FCC) and 

detection of Salmonella were done to check the quality of foods of animal origin collected from the different 

food industries from 2019 to 2020 and Pakistan standard (P.S.) of food quality was used to compare the 

results.  

Results: Among 127 analyzed samples, 27 (34.29%) samples were found contaminated with four bacterial 

parameters, TBC (6.35%), TCC (19%), and FCC (8.89%). At the same time, Salmonella spp were found absent 

in all of the samples analyzed. Among seven perishable food commodities, the higher percentage of 

unsatisfactory samples were observed in the chicken meat (1.62%) and beef meat samples (1.5%), while fresh 

milk was highly contaminated (0.9%) as compared to the powder milk (0.42%), followed by yogurt (0.26%). 

Shrimp (0.26%) and fish items (0.2%) showed the least percentage of unsatisfactory samples.  

Conclusion: The results suggest that a significant quality difference is observed in the food items sold in the 

central region of Karachi, further representing a vulnerability to human health in terms of bacteriological 

hazards. Our findings suggest that safety measures should be taken seriously to stay away from possible 

uncertainties. 
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Introduction 

Food insecurity is one of the major threatens to 

humanity due to the large-scale development of 

the human population. A large proportion of the 

food gets spoiled, mainly during the food supply 

chain, especially before receiving by the end-user. 

The study on the food and Agriculture 

Organization of the United Nations has suggested 

that one-third of the food generated for human 

consumption is wasted or ruined1. Thus, food 

spoilage constitutes a global issue that needs the 

attention of various researchers in the future to 

reduce spoilage. 

 

Spoilage can be defined as any objectionable 

change that turns food unhealthy or unsafe for 

human utilization. Spoilage of food is the visible 

growth of microorganisms and the production of 

acids and other harmful metabolites, resulting in 

slime, unpleasant taste, odours, and gas 

formation2,3. Even though technological 

breakthroughs in food science and technology 

have been amplified, food spoilage remains a 

worldwide problem4. Spoilage of food causes 

enormous economic losses to manufacturers, 

retailers, and customers5. The spoilage rate can be 

influenced by factors like indigenous microflora, 

temperature, pH, water availability or moisture, 

inappropriate storage, processing procedures, 

food handlers, and transportation6,7. Apart from 

food insecurity and cost-effective thrashing, 

spoiled foods are also a key contributor to food 

waste. Illness through food remains prevalent all 

over Pakistan, partly since the food handlers and 

preparers are not fully aware of hazards and safe 

handling practices. The most frequent root of food 

spoilage is microbes because they are ubiquitous. 

Microbes grow in food in various ways, depending 

on the nature of food. High moisture content food 

such as meat, milk, and seafood easily get spoiled 

by bacteria, unlike low moisture content food8. 

 

Nevertheless, the intricacy of food spoilage and the 

interconnectivity of factors contributing to it make 

it more intricate to resolve the problem. Therefore, 

it is suggested that perceptive to different foods' 

spoilage mechanisms will help develop experiential 

and evidence-based alleviation strategies. This 

research paper, therefore, evaluates the bacterial 

quality of meat, seafood, and milk. 

 

Meat and Poultry 

With time, demand for poultry and meat products 

has exceeded markedly because of a protein-rich 

diet. It is one of the most perishable foods, which 

provides a favourable environment for imitating 

bacteria since it has high concentrations of 

nutrients and high water contents8. Usually, the 

shelf-life of meat and meat products depends on 

the type of microflora and their counts. The species 

of Salmonella and Clostridium, Staphylococcus 

aureus, Campylobacter fetus, and Yersinia 

enterocolitica are the common contaminants of 

raw meat9. Contamination of raw meat is suspected 

to occur during slicing, wrapping, and handling by 

workers. Moreover, in smoked, cured, and dried 

meat, heat-processing is not sufficient, due to 

which some spore formers and non-spore formers 

can survive10.  

 

Milk and Dairy Products 

Dairy products are bulky and an extremely 

nutritious medium for microbes11. They can be 

broadly categorized as a perishable commodity, 

including fresh, skim, fermented and flavoured 

milk, cream, and cheese, which are relatively stable 

products such as evaporated and dried milk, butter, 

and ice creams. Since freshly drawn milk is 

considered free of microorganisms but can be 

contaminated through the air, water, soil, straw, 

feed, and milking utensils12. Frequent bacterial 

contaminants of milk belong to Pseudomonas, 

Arthrobacter, Alcaligenes, Achromobacter, 

Aeromonas, Brucella, Enterobacter, Serratia, 

Campylobacter, Chromobacterium, 

Flavobacterium, Bacillus, Clostridium, 

Corynebacterium, Streptococcus, Lactobacillus, 

Lactococcus, Leuconostoc, and Microbacterium13. 

It has been reported that Staphylococcus aureus 

and Salmonella species are mostly associated with 

dried milk, and their presence, even in low 

numbers, is a serious hazard14. Lactic acid bacteria 

usually proliferate in raw milk and produce off-

flavours at room temperature, mainly by producing 

lactic acid15. In pasteurized milk, heat-tolerant 
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species of Alcaligenes, Microbacterium, Bacillus, 

and Clostridium survive and cause spoilage16. 

 

Fish, Prawn, Shrimps and Other Seafood 

Fish and other seafood consist of high protein, low-

fat nutrients, and omega 3-fatty acids. Studies 

suggest that Aquaculture products are highly 

perishable, and therefore, spoilage transpires 

quickly and limits their shelf lives17. Another study 

stated that cleaning and disinfection are not 

enough to detach pathogenic bacteria from the 

surfaces of perishable food18. Moreover, it is 

suggested that the isolated bacteria, including 

(Aeromonas, Alcaligenes, Bacillus, Enterobacter, 

Enterococcus, Escherichia coli, Listeria, 

Pseudomonas, Shewanella) are from fresh and 

spoiled fish and other kinds of seafood19. Members 

of Vibrionaceae are the common spoilage causing 

bacteria in unpreserved fish. Whereas species of 

Pseudomonas and Shewanella deteriorate frozen 

fish20. In particular, most Vibrio species have been 

linked with foodborne infection resulting from 

consuming uncooked and partially cooked fishery 

products21. 

 

Methodology  

This experimental study was carried out in Karachi, 

Pakistan, from February 2018 to January 2019. A 

total of 127 samples were collected directly from 

different industries and divided into categories 

including, 27 chicken meat samples, 25 beef meat 

samples, 20 fish samples, 13 shrimp samples, 15 

fresh milk samples, 14 powder milk samples, and 13 

yogurt samples. Samples were taken aseptically in 

polyethylene bags with labels and immediately 

brought to the laboratory for quantitative and 

qualitative microbiological analysis. 

 

Frozen samples were stored at -20 ºC for less than 

24 hours, and perishable food samples were stored 

at 0-4 ºC, while none perishable were stored at 

room temperature for less than 24 hours. 

Microbiological parameters included total bacterial 

count (TBC), total coliform count (TCC), fecal 

coliform count (FCC), and Salmonella spp. These 

parameters were followed as mentioned in the 

Bacteriological Analytical Manual (BAM). 

 

50 grams of each sample was placed in the blender 

jar along with 450 ml of sterile Butterfield's 

phosphate buffer and was mixed well for at least 2 

minutes (with specifically 1:10 dilution). Then serial 

dilutions were made by transferring 10 mL of 

successive dilution to a universal bottle containing 

90 ml of sterile Butterfield's phosphate buffer. 

These suspensions were seeded in different culture 

media with specific standard methods described by 

BAM. 

 

The total bacterial count was determined using the 

pour plate method. 1 mL of the sample from the 

three dilutions (1:10, 1:100, and 1:1000) was 

transferred to each duplicate Petri dish. Then Plate 

count agar (PCA) (Oxoid) was poured into each 

Petri dish and incubated at 35°C for 48 hours ± 2 

hours. Colonies were counted by colony counter 

from duplicate plates containing 25-250 colonies, 

and the result was expressed as cfu/mL. The blank 

plate of PCA was used as a control. 

 

TCC and FCC were determined by the Most 

Probable Number (MPN) method. We Inoculate 1 

mL of each dilution (1:10, 1:100, and 1:1000) into 

three sets of 10 mL Lauryl tryptone broth (LTB) 

(Oxoid). These LTB tubes and inverted Durham 

tubes were incubated at 35 ± 0.5°C for 24 and 48 

± 2 hours after inoculation. Tubes were examined 

for gas production at the end of 24/48 hours 

incubation. Gas production was measured by gas 

displacement in the inverted vial and effervescence 

production when the tube was gently shaken.  

 

For the confirmation of coliform, positive tubes 

with gas and turbidity were subcultured into 

Brilliant Green Lactose bile broth (BGB) and 

incubated at 35 ± 0.5°C for gas production 48 ±2 

hrs. MPN was calculated on the confirmation of 

gassing LST tubes for 3 consecutive dilutions. For 

the confirmation of fecal coliform, 10 mLof E.C. 

broth with inverted Durham tubes was inoculated 

by a loopful of each suspension incubated at 44.5 

± 0.2 °C for 24 ± 2 hours and was examined for gas 

production. Total coliform and fecal coliform were 

calculated from the MPN index. Lauryl Tryptone 

broth (LTB) (Oxoid) acts as a blank control. The test 
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tubes with E.coli were used as positive control while 

S. aureus was considered negative. 

 

Pre-enrichment was transferred 25 g/mL of 

homogenized samples aseptically in 225 mL of 

sterile universal pre-enrichment broth containing 

Lactose broth (Oxoid) and was then incubated for 

24 ± 2 hours at 35°C. Afterward, pre-enriched 

culture was then typically subcultured into two 

different selective enrichment media, such as 

Rappaport-Vassiliadis medium (RVS)(Oxoid) and 

Tetrathionate Broth (TTB) (Oxoid). It then was 

incubated for 24 ± 2 hours at 43 ± 0.2°C. Further 

isolation was done by transferring positive RVS and 

TTB on Bismuth Sulfite (B.S.) Agar, Xylose Lysine 

Desoxycholate (XLD) Agar, and Hektoen Enteric 

(HE) Agar. Plates were incubated for 24 ± 2 hours 

at 35°C then examined for typical colonies of 

Salmonella spp. S. Typhi was used as a positive 

control, while E.coli was used as a negative control. 

Identification was further made by performing the 

urease test, oxidase test and Triple sugar iron (TSI). 

 

All experimental data analyses were done in 

triplicates, and interpretations were presented as 

Mean ± SD. Observed data were subjected to 

analysis of variance and t-test using SPSS version 

20.0.  

 

Results  

Total 127 samples were collected from the local 

market that comprised of chicken meat, beef meat, 

fish, shrimp, fresh milk, powder milk, and yogurt 

(Table 1). Bacterial profiles were estimated by using 

4 microbiological parameters that include the TBC, 

TCC, FCC and detection of Salmonella spp. Results 

revealed that out of 127 samples analyzed, overall, 

27 (34.29%) samples were found contaminated 

with the parameters mentioned above, TBC 

(6.35%), TCC (19%), and FCC (8.89%). Whereas 

Salmonella spp were found absent in all of the 

samples analyzed (Table 1). 

 

Obtained values were compared with Pakistan 

standards (P.S.) (Table 2) to measure food quality 

and shown in table 1.  

 

As the table 1 described, out of 127 samples 69 

were estimated on satisfactory limits in terms of 

total bacterial count (TBC). In which beef meat 

(raw) showed high number of satisfactory samples 

with a mean of 4.19 ± 4.51 log10 cfu/g or mL. While 

53 samples were found on the borderline limits in 

which highest number of samples were observed 

in chicken meat (raw) (Mean 4.19 ± 4.51 cfu/g or 

mL). Whereas 5 samples have been fallen into the 

unsatisfactory category, in which the prominent 

commodity was milk (fresh) with a mean of 4.88 ± 

3.53 cfu/g or mL. Similarly in TCC and FCC 

parameters, 69 and 78 samples out of 127 were in 

the satisfactory category where highest number 

has been observed in chicken meat for TCC with a 

mean value of 3.19 ± 4.52 log10 cfu/g or mL and 

Beef meat (2.47 ± 2.08 log10 cfu/g or mL) for FCC. 

It was found that Salmonella was absent in all of 

the samples analyzed. 

 

Table 1: Bacterial profile of perishable food items reported after comparing with  

Pakistan standard. 

 

Food samples n TBC TCC FCC Salmonella 

s b u s b u s b u s b u 

Chicken meat ( Raw) 27 11 15 1 14 10 3 12 13 2 0 0 0 

Beef meat ( Raw) 25 15 9 1 11 10 4 18 6 1 0 0 0 

Fish (raw and frozen) 20 11 9 0 11 8 1 10 9 1 0 0 0 

Shrimp (raw and frozen)  13 8 5 0 7 4 2 7 6 0 0 0 0 

Milk (Fresh)  15 5 8 2 7 6 2 9 4 2 0 0 0 

Milk (Powder) 14 9 4 1 11 2 1 11 2 1 0 0 0 

Yogurt 13 10 3 0 8 3 2 11 2 0 0 0 0 

Total 127 69 53 5 69 43 15 78 42 7 0 0 0 
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TBC-Total bacterial count, TCC-Total coliform count, FCC-Fecal coliform count. S-satisfactory limits, b-borderline 

limits, u-unsatisfactory limits. 

 

Table 2: Standard limits for perishable food commodities as per Pakistan standards (P.S.) 

 

Food items 

description 

Pakistan Standard  limits (cfu/g or mL) 
Pakistan Standard 

Ref #a  
TBC TCC 

S b u s b u 

Milk & dairy 

products 
103 

>103  - 

<104 
>104 102 

>102- 

<103 
103 

2835-1990,  363-1991, 2832-1-

1990,  2027-1988 

Chicken meat 5x103 
>103- 

<107 
107 10 

>10 - 

<102 
102 4726-2001 

Meat 104 
>10 4- 

<105 
105 10 

>10-

<102 
102 

2861-1990, 2826- 1990, 2827-

1990, 2988 -1991, 

Fish and other 

Seafood 
5x105 

<105-

<107 
107 102 

>102-

<103 
>103 2834 

TBC-Total bacterial count, TCC-Total coliform count, cfu/g or mL-colony forming unit in 1 gram or milliliter, s-satisfactory 

limits, b-borderline limits, u-unsatisfactory limits, FCC-must be zero 
aReferences issued by PSQCA given in Pakistan standards guide22 

 

Table 3: Estimation of Mean log10cfu/g or mL tested food commodities.  

 

Food samples 
log10 cfu/g (mL) (Mean±SD) 

TBC TCC FCC Salmonella  

Chicken meat ( Raw) 4.19±4.51 3.19±4.52 1.57±2.22 N.D. 

Beef meat ( Raw) 4.19±4.51 3.07±4.34 2.47±2.081 N.D. 

Fish (raw and frozen) 4.49±4.94 1.66±2.34 2.27±1.48 N.D. 

Shrimp (raw and frozen)  2.02±1.44 2.94±4.16 2.45±3.47 N.D. 

Milk (Fresh)  4.88±3.53 2.45±3.47 3.18±4.49 N.D. 

Milk (Powder) 1.92±1.30 1.60±2.26 3.07±4.34 N.D. 

Yogurt 4.02±2.85 2.30±3.25 3.16±4.47 N.D. 

TBC-Total bacterial count, TCC-Total coliform count, FCC-Fecal coliform count, cfu/g (mL)-colony forming unit in 1 gram 

or milliliter, SD-standard deviation; N.D.-Not detected 

  

 

Discussion 

Food spoilage is not the only cause of food loss, 

but it is also considered a major source of 

foodborne illness. Food quality and safety are great 

apprehensions to humanity. Moreover, it can be 

well thought-out as a multifaceted feature that 

concludes food's value or satisfactoriness to a 

user/consumer. Our results suggest that out of 127 

samples, overall, 27 (34.29%) samples were found 

contaminated. These results indicate alarming and 

poor food hygienic conditions prevalent in the 

local market. Comi in 2017, carried out similar work 

and reported higher contamination levels in food 

samples21.  

 

Moreover, the European Food Safety Authority also 

reported a higher contamination level in food 
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items compared to our results23. Among seven 

perishable food commodities in our study, a higher 

percentage of unsatisfactory samples was 

observed in the chicken meat (1.62%) and beef 

meat samples (1.5%) (Table 1). Our findings are 

similar to the results of Jan et al., who recorded 

heavily polluted samples of meat24,25.  

 

When talking about milk, it is nutritional and a 

portion of ideal food for all groups of individuals26.  

In our study, the results suggest that fresh milk was 

highly contaminated (0.9%) as compared to 

powder milk (0.42%), followed by yogurt (0.26%). 

Our findings are in line with the previous report, 

which estimated different contamination levels in 

milk samples27. A recent study also claimed high 

contamination of milk samples (60%) with Bacillus 

cereus, with a bacterial count above the specified 

limit (>105 CFU/ mL) for human use13. Seafood 

serves as a host to the abundant bacteria present 

in seawater. It is suggested that off-odour or off-

flavour of seafood occurs because of volatile 

organic compounds (VOCs). In the present study, 

Shrimp (0.26%) and fish items (0.2%) showed the 

least unsatisfactory samples suggesting the least 

food spoilage. Contrary to our results, studies show 

an elevated level of contamination in fishes23-28. In 

contrast, another study has also reported spoilage 

in freshwater fish29, suggesting that there is always 

a chance of higher bacterial counts in seafood due 

to deprived management at some point in the 

process of gutting and scaling30.   

 

Unfortunately, pathogenic bacteria present in food 

are not easily detected. It would be very hard, cost-

effective, and time-consuming to monitor them. 

So, it is required to choose an easy protocol 

"indicator organism," whose existence indicates 

pathogenic organisms may be present in that 

sample. Total coliform bacteria are common in the 

intestines of animals and the environment, and 

generally, they are not harmful. But the ratio of 

Fecal coliform and Escherichia coli are found in 

greater quantities than total coliform in animal 

fecal matter. If F.C. or E. coli is detected along with 

T.C. in foods, there is always strong evidence that 

samples are fecally contaminated; consequently, 

pathogens have greater potential. In the present 

study, the most frequent contamination was 

observed in TCC (19%) among the four investigated 

parameters, followed by FCC (8.89%) and TBC 

(6.35%). These levels indicate spoilage 

microorganisms reflect the poor microbiological 

quality and suggest poor adherence to good 

manufacturing process31. Certain causes may be 

involved in coliform contamination like transport, 

handling, and water used for cleaning or icing 

purpose32. Hertanto et al., 2018 reported a lesser 

fecal coliform count in tested food samples 

compared to our result33. Furthermore, coliform in 

food surfaces does not essentially mark fecal 

contaminations, but it can help detect poor 

hygiene during preparation and processing34.  

 

Globally, Salmonellosis is considered the main 

foodborne outbreak and a principal cause of death. 

In this study, the prevalence of Salmonella in food 

items was not found. These results align with the 

previous report; world health organization (WHO) 

reported a lower frequency of Salmonella in 

different food samples in developed countries like 

New Zealand35. To discontinue the ruining of 

foodstuffs, strict checks of quality at a marketplace 

should be in practice, and butchers, preparers and 

handlers must get awareness about hygiene, 

sanitation, sterilization methods, and modern 

techniques.   

 

Conclusion 

The current study suggests that foods sold in the 

central region of Karachi represent a vulnerability 

to human health in terms of bacteriological 

hazards. The presence of pathogenic strains in 

foods could serve as a decisive vehicle for 

transmitting resistant organisms to consumers. In 

addition, the lack of hygiene was confirmed by the 

existence of coliform and is a clear indication of 

post-handling defilement or poor cooking and 

unsanitary conditions. Overall possible sources of 

high microbial load observed in samples obtained 

might be a shortage of freezing facilities, 

inappropriate processing, predominantly in fresh 

or raw produces, applying of polluted water for 

cleaning or irrigation of the fruits or growing them 

in contaminated soil could be serious ground 
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reasons of potential pathogens which have been 

involved in causing foodborne sickness. 
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