


[bookmark: _GoBack]Review Article

PREVALENCE OF MICROBIAL CONTAMINANTS IN POULTRY, FISH, AND MEAT PRODUCTS SOLD IN SRI LANKA

ABSTRACT

	Microbial contamination of food poses significant public health risks globally, which can lead to foodborne illnesses. In Sri Lanka, poultry, fish, and other types of meat are consumed by the majority in the country. Hence, proper food safety is crucial to minimize microbial contamination and thereby reduce the occurrence of foodborne illnesses. This review aims to discuss and summarize existing literature on the common types of microbial contaminants found in poultry, fish, and meat products sold in Sri Lanka. Thereby, this will contribute to identifying the gaps in research for further investigation to significantly enhance our understanding of possible microbial contaminants in these products and take necessary precautions to ensure food safety. The review focuses on the common types of microbial contaminants found in chicken meat, eggs, fish, and other meat and meat-based products. Additionally, the review considers the prevalence of microbial contaminants in these foods. All existing studies freely available in online databases and journals are included in this review.  The review reveals that among the microbial contaminants; Salmonella spp. and Escherichia coli tend to contaminate chicken more compared to other microorganisms. In Fish, E. coli is the most prevalent microbial contaminant, while in shrimps it's Vibrio spp. Eggs were the least found to be contaminated, but when contaminated, Salmonella spp. is the common microbial contaminant. Therefore, it is needed to strengthen public awareness of having proper storage and proper food safety measures to minimize microbial contaminants and prevent foodborne illnesses.
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Introduction
The assurance of food safety is a paramount concern for public health. In recent years, the emphasis on food safety has heightened, acknowledging it as a fundamental human right that directly impacts individual and population health. Food possesses the potential to harbour microorganisms that can lead to foodborne illnesses (Bukar et al., 2010). 
[bookmark: _heading=h.gjdgxs]Lack of proper food safety leads to foodborne illnesses, and many cases have been reported globally in recent years. According to the World Health Organization (WHO) Estimates of the Global Burden of Foodborne diseases by the WHO and the Foodborne Disease Burden Epidemiology Reference Group (FERG), in 2010, there were 31 foodborne hazards, which include viruses, bacteria, protozoa, helminths, and chemicals. They have caused 600 million foodborne illnesses and 420,000 deaths worldwide. Notably, the predominant causes of foodborne illness were Norovirus and Campylobacter spp. while non-typhoidal Salmonella enterica is the major cause of foodborne death (WHO and FERG, 2015).
Microbial contamination in food products poses a significant public health risk, leading to foodborne illnesses and economic losses worldwide. Poultry and meat products are particularly susceptible to microbial contamination due to improper maintenance of hygienic conditions and slaughterhouse handling during slaughter processes (Bakhtiary et al., 2016). Furthermore, there is also a risk of contamination in retail shops that sell meat due to poor hygiene (Ali et al., 2010).
[bookmark: _heading=h.30j0zll]While viruses are more frequently implicated in most foodborne diseases, bacterial agents often bear responsibility for hospitalizations and fatalities associated with these infections. Notably, foodborne bacterial agents are the primary agents behind severe and fatal cases. About 90% of foodborne illnesses are caused by microorganisms like Bacillus, Vibrio, Listeria, Salmonella, Clostridium, Campylobacter, and Escherichia coli (Fung et al., 2018). Therefore, having good microbial quality in food is vital to ensure food safety, safeguard community health and maintain consumer confidence.
U.S Food and Drug Administration [FDA] (2022) states that foodborne illness symptoms could range from moderate to severe, and it depends on the type of foodborne pathogen. Most foodborne illnesses show signs and symptoms such as nausea, diarrhoea, and vomiting. Foodborne illnesses, however, may cause major issues for some individuals. Gastrointestinal complications, sepsis, haemolytic uremic syndrome, Reiter's syndrome (reactive arthritis), Neurological complications like Guillan-Barré syndrome (nerve paralysis), stillbirths, and even death are possible outcomes of these severe consequences (Linscott, 2011).
In Sri Lanka, the consumption of poultry, fish, and meat products is one of the major components of the diet, making it essential to ensure their safety. Sri Lanka, being an island in the Indian Ocean, has a large variety of fishing resources and is capable of making a greater contribution towards the gross domestic production (GDP) at around 1.4% in fulfilling the requirements of the country population (MOF, 2024). According to the Ministry of Fisheries, the total fisheries production in 2021 is 435,910 MT (MOF fisheries statistics, 2022). 
Fish that inhabit water contaminated by human and animal waste may be carrying significant amounts of bacteria, including Salmonella spp., Vibrio cholerae, Clostridium botulinum, Escherichia coli, and other coliforms (Jayasinghe & Rajakaruna, 2005). According to Jianadasa et al. (2014a), maintaining the code of practice concerning the handling of the catch, icing, post-harvesting procedures, and storage is crucial to maintaining good microbial quality of fish. Moreover, Fish contaminated with harmful microbes are often the result of improper handling techniques, unclean utensils, contaminated water and ice, and insufficient ice (Ariyawansa et al., 2016).
Poultry and other types of meat, such as beef, mutton, and pork, are also consumed in Sri Lanka. However, according to the Department of Animal Production and Health (DAPH) in Sri Lanka, the economic contribution given by livestock has only been 1% of GDP in recent years, which is less than that of the fishing industry. The country had 34.86 million chickens and 1.6 million cattle, followed by goats (0.77 million) and swine (0.17 million) in 2022 as the main livestock species. Moreover, from those industries, nearly two hundred thirty-six thousand seven hundred ninety metric tons; 236. 79 (‘000 MT) of chicken was produced, followed by beef twenty-seven thousand eight hundred sixty metric tons; 27.86 (‘000 MT), pork nine thousand eight hundred twenty metric tons; 9.82 (‘000 MT), mutton two thousand five hundred metric tons; 2.5 (‘000 MT), and nearly 2935 million eggs have been produced (DAPH Statistical Bulletin, 2022). 
Chicken meat is the most popular meat consumed globally as well as in Sri Lanka (Prabakaran, 2003). This may be due to fewer religious and cultural barriers between multi-ethnic and cultural groups of Sri Lanka. Potentially harmful pathogens like Salmonella spp., Campylobacter spp., Staphylococcus aureus, Escherichia coli, and Listeria spp. are frequently detected in poultry meat. However, the most common foodborne pathogens in the poultry industry are thought to be Salmonella, Campylobacter, and, to a lesser extent, Listeria (Bhaisare et al., 2014). 
Eggs, which are popularly consumed by Sri Lankans and used as an ingredient to prepare a variety of food, especially short-eat food, can also be contaminated with microbes. According to (Mayes & Takeballi, 1983), there are many methods by which eggs can be contaminated by microbial contaminants. Eggs can be contaminated after laying as well as before laying. The contamination of eggs after laying depends on where the eggs are laid. The presence of microbial contaminants in dirt can enter the egg through pores found in eggshells. Microbes such as Salmonella spp. can contaminate eggs by invading the yolk in a hen's ovaries before laying. Therefore, as mentioned in (Awny et al., 2018), both egg contents as well as eggshells can be contaminated with many microbial contaminants, and the most common bacterial contaminants contaminating eggshells are Escherichia coli, Salmonella spp., and Staphylococci.
This review aims to discuss and summarize existing literature on the common types of microbial contaminants found in poultry, fish, and meat products sold in Sri Lanka. This will contribute to identifying the gaps in research for further investigation and enhance our understanding of these products significantly.


Microbial contaminants of poultry, fish and meat products
Poultry
Chicken and other chicken products
Few studies were done in Sri Lanka to investigate microbial contaminants in poultry meat. One study, dated back to 1995, investigated the occurrence of Listeria monocytogenes in various food items, including chicken. In this study, 38 samples of raw chicken were collected, and it was found that 13 (34%) of the samples were contaminated with L. monocytogenes. Interestingly, chicken is ranked as the second most contaminated food item, with vegetables exhibiting the highest contamination rate at 49%. Dairy products showed the lowest contamination rate at 26% in this study (Gunasena et al., 1995).
Another study by Jayaweera et al. (2020) from 2012 to August 2013 investigated Salmonella spp. in broiler chicken sold in Sri Lanka. 260 broiler chickens were collected randomly from different parts of the country. In this research, isolation and identification of Salmonella spp. were done using the culture-based method and were further confirmed using the polymerase chain reaction (PCR) method. After that, serotyping was done on those isolates. The results showed that among the 260 broiler chicken meat samples tested, 30 isolates (11.6%) were identified as Salmonella spp. using culture-based techniques. Of these 30 isolates, 23 (89%) were subsequently confirmed as Salmonella spp. through PCR analysis. Serotyping was performed on some confirmed isolates via PCR, revealing that 11 out of 23 (47.8%) were classified as Salmonella Typhimurium, while 6 isolates (26.1%) were attributed to Salmonella Enteritidis. The remaining six isolates (26.1%) that tested positive through PCR were not subjected to serotyping.
In 2014, a study conducted in the Badulla district aimed to assess the prevalence of Escherichia coli and Salmonella spp. in various cuts of chicken meat sourced from retail markets. The study randomly selected 20 retail shops across 7 secretarial divisions within the district. From each selected shop, two whole chicken samples were collected, yielding 200 chicken parts for analysis, including breast, back, thigh, wings, and whole chicken. The findings revealed that 41.5% of the samples tested positive for Salmonella spp., while 40.5% tested positive for E. coli. Table 1 compares the number of positive samples across different cuts. 
Table 1 Contamination rate on different cuts
	Chicken part
	Escherichia coli
	Salmonella spp.

	
	No. of positive samples
	%
	No. of positive samples
	%

	Breast
	21
	25.93
	17
	20.48

	Back
	20
	24.69
	16
	19.28

	Thigh 
	17
	20.99
	24
	28.92

	Wing 
	9
	11.11
	11
	13.25

	Whole
	14
	17.28
	15
	18.07



Notably, the research indicated that no significant association was observed in Salmonella contamination across different cuts. However, a significant association was observed in E. coli contamination among different chicken parts (Madhurangi et al., 2014).
In 2019, another study in Kandy in retail shops showed that foodborne pathogens like Salmonella spp., Escherichia coli, and Campylobacter spp. were contaminated in raw chicken. In addition to raw chicken, chicken products such as sausages and meatballs were contaminated. In this study, 25 out of 51 raw meat samples tested were contaminated at least with Campylobacter, Salmonella or E. coli. Of them, 7 samples (13.7%) were contaminated with Salmonella, 8 samples (15.7%) were contaminated with Campylobacter, and 5 samples (9.8%) were contaminated with E. coli. When considering meat products, 48 were tested, of which 26 were sausages and 22 were meatballs. Meat products were less frequently contaminated with Salmonella and Campylobacter at 4% (2/48) compared to unprocessed raw meat. However, higher amounts of E. coli contamination were discovered, with sausages showing 42% (11/26) and meatballs showing 31% (7/22) (Kulasooriya et al., 2019).
In 2021, another study was done in Kandy, but on small-scale farms, which is higher than the retail market in the meat supply chain. According to this study, most chicken samples were found to be contaminated with Salmonella spp. and E. coli. This study detected Salmonella contamination in 22 / 37 (59.5%) meat samples, whereas 26 / 37 (70.3%) were contaminated with E. coli. (Gamage et al., 2021).
Another study in the same year, 2021, was done in small-scale retail shops within the limits of Kandy city. In this study, 32 chicken samples were randomly selected and investigated for Campylobacter, Escherichia coli, Salmonella, and Staphylococcus aureus. According to the results, Escherichia coli was found in all the samples, and Staphylococcus aureus was detected in as many as 90.6% (29 out of 32). Additionally, the investigation showed that Campylobacter was present in chicken samples at a rate of 65.6% (21 out of 32), whereas Salmonella was found in 40.6% (13 out of 32). Furthermore, 84.4% (27 out of 32) of the samples contained more than three of the aforementioned types of bacteria (Thilakarathne et al., 2012).
A recent study in 2022 was done to find the prevalence of Escherichia coli in chicken meat and edible poultry organs collected from retail shops and supermarkets in the North-Western province of Sri Lanka. In this study, 250 chicken samples were collected, comprising 144 samples of chicken meat and 106 samples of edible chicken organs. These samples were gathered from 181 retail shops and 69 supermarkets across 25 divisional secretariat divisions within the North-Western province of Sri Lanka for the year 2018. Out of the 250 samples, 167 (66.80%) of chicken meat and edible organs had E. coli contamination. The isolated E. coli was further confirmed using PCR identification. Furthermore, this study also investigated the level of contamination by finding the MPN (Most Probable Number) value of the samples collected. It was determined that the prevalence of E. coli in supermarkets and retail stores was 66.67% and 66.85%, respectively. Interestingly, the MPN value for E. coli contamination between supermarkets and retail stores is not significant, according to statistical analysis at a 95% confidence level (Ranasinghe et al., 2022).
In the same year, 2022, a large-scale study conducted by (Ubeyratne et al., 2022) investigated the prevalence of Salmonella spp. within wet markets across Sri Lanka. This investigation involved the study of the collection of meat samples from each vendor operating within these markets. A total of 123 wet market vendors were randomly selected from cities spanning seven out of nine provinces in Sri Lanka, encompassing both high and low-poultry-producing regions. Moreover, swabs were taken from meat contact surfaces comprising 123 knives and 123 cutting boards from all selling locations. Out of 123 wet market vendors sampled, 59 were contaminated with Salmonella spp., with an overall prevalence of 47.97%. Among the 59 wet market operations that tested positive for Salmonella, boutiques comprised the highest proportion at 89.83% (53 out of 59), followed by community markets and households, each accounting for 5.08% (3 out of 59), respectively. It is worth highlighting that wet market vendors in community markets are often examined by public health inspectors, which may account for the lower prevalence of Salmonella in these settings. Therefore, the high incidence of Salmonella in boutiques can be due to a lack of observation by public health inspectors. Regarding the poultry meat sold, the prevalence of Salmonella was 30.89% (38/123), while meat cutting boards and knives were 24.39% (30/123) and 23.58% (29/123), respectively. This indicates improper and ineffective cleaning and disinfection practices in these stalls, possibly leading to Salmonella cross-contamination.
Back in 2014, a study was done to understand Salmonella cross-contamination in retail markets of the Kandy district. In this study, 15 random chicken outlets were selected in Kandy; 57 swab samples were collected from various utensils, including knives, cutting boards, weighing scales, and meat-containing trays/buckets. The findings of this study showed that there is Salmonella cross-contamination in all types of these utensils, and 12 swabs tested positive, with an overall prevalence of 21%. Table 2 shows the prevalence of Salmonella in different meat contact utensils (Alwis et al., 2014).
Table 2. Prevalence of Salmonella in different meat contact utensils
	Meat contact utensil
	Sample No. 
	No. of Positive samples
	%

	Knives
	14
	2
	14.3

	Cutting boards
	12
	3
	25.0

	Weighing scales
	9
	3
	33.3

	Trays/ Buckets
	11
	3
	27.3

	Showcases
	11
	1
	9.1

	Total
	57
	12
	33.3


Therefore, this study shows that even if chicken meat is free from Salmonella there is a possibility of healthy chicken meat being contaminated from chicken meat contaminated with Salmonella through cross-contamination.


Eggs
As mentioned in (Awny et al., 2018), both egg contents and eggshells can be contaminated. Few studies have been found in Sri Lanka investigating microbial contaminants of eggshells and egg contents sold in local markets.
In 2017, a study was conducted by (Kalupahana et al., 2017) to investigate the occurrence of non-typhoidal Salmonella in retail table eggs sold in the Kandy district. Both eggshell washings and egg contents were studied. A total of 100 retail outlets were selected from densely populated areas in the Kandy district. 10 eggs from each retail outlet were collected for the study. Out of all the eggs studied, 15 samples were found to be positive with Salmonella spp. From the 15 egg samples, 12 samples were contaminated with Salmonella spp. on eggshells, while the remaining 3 eggs had contaminated egg contents with Salmonella spp. Interestingly, none of the eggs were contaminated by eggshell washings or egg contents.
Another study published in 2021 was done in selected backyard and commercial poultry farms in Kosgama. According to this study done by Sharuni et al., 2021), a total of 60 eggs were studied; out of them, 35 were collected from backyard farms, and the remaining 25 were collected from commercial farms. The study was carried out on both eggshells and egg content separately. From their study, 4 eggs were positive for Salmonella spp., 3 were contaminated eggshells, and the remaining had contaminated egg content. Interestingly, none of those eggs were contaminated in the eggshell or egg contents. Moreover, out of those 4 eggs, 3 were from the backyard farm, and the remaining were from a commercial farm. However, statistical analysis showed no significant difference in contaminated Salmonella spp. on eggs between backyard and commercial farms. The prevalence of Salmonella spp. in the study sample was 6.7%.
Therefore, from the few studies done in Sri Lanka, eggshells are found to be more prone to be contaminated by microorganisms than egg content. 
Fish
Few studies have investigated the microbial quality of fish sold in Sri Lanka. One study in 2014 by Jianadasa et al. (2014b) did a comparative study on microbial quality of five types of fish, namely Yellowfin tuna (Thunnus albacares), sailfish (Istiophorus platypterus), salaya/ sardine (Sardinella gibbose), shrimp (Fenneropenaeus indicus), and squids (Loligo duvaucelii). Samples were analyzed for the presence of Escherichia coli and Salmonella spp. Furthermore, total plate count/APC (aerobic plate count) was examined to better understand microbial quality. Between February 2012 and November 2012, 155 fresh fish samples—37 yellowfin tuna, 36 sailfish, 26 sardines, 36 shrimp, and 20 squid—were taken from 19 randomly chosen locations. Salmonella spp. was detected in 12% of samples. Salmonella testing yielded positive results in 16% of yellowfin tuna, 19% of sailfish, 8% of sardine, and 8% of shrimp; however, no squid samples tested positive. 
For every fish under study, E. coli levels ranged from undetected to >1100 (MPN/g). Of the samples, 8% had more than 1000 MPN/g of E. coli, 1 sample had 500 MPN/g, and the remaining samples had < 200 MPN/g, with 33% being E. coli-free.
The total plate counts obtained from the microbiological analysis of the samples ranged from 7 x 103 to 1.2 x 108 CFU/g. Of the samples, 28% had < 5 x 105 CFU/g while the remaining 72% had > 5 x 105 CFU/g. Table 3 displays the average APC for each type of fish.

Table 3: Average APC of various fish types
	Fish type.

	Average APC (CFU/g)


	Yellowfin tuna

	1.02 x 107


	Sailfish

	1.57 x 107


	Sardine

	9.36 x 106


	Squids

	7.74 x 106


	Shrimp

	3.93 x 106




The International Commission on Microbiological Specifications for Food (ICMSF) established 1 x 107 and 5 x 105 CFU/g as the top (rejectable) and lower (marginal) levels of acceptability, respectively. 21% of yellowfin tuna, 28% of sailfish, 11% of sardine, 20% of squids, and 8% of shrimp at Sri Lankan retail markets were deemed unfit for human consumption when the APCs of the fish samples were compared to these requirements.
Another study in 2016, done by Ariyawansa et al. (2016), investigated the microbial quality of fish in a supply chain in Negombo. 60 samples of small fish (Amblygaster sirm, Pterocaesio chrysozona, Stolephorus commersoni, and Sardinella albella) and 100 samples of large fish (Katsuwonus pelamis and Euthynnus affinis) were taken at six and five sampling visits, respectively, at various stages of a supply chain. Aerobic plate counts (APC) at 37 °C, coliforms, faecal coliforms, Escherichia coli, Salmonella spp., and Listeria monocytogenes were examined in all 160 fish samples. 
APC levels in large and small fish ranged from 2.0 x 102 - 2.0 x 106 and 8.0×103 - 2.0×108 CFU/g, respectively. In large fish, the range of faecal coliform counts was between not detected (ND) and 90 MPN/g, while in small fish, the range was between ND and >1100 MPN/g. E. Coli contamination in large fish varied from ND to 15 MPN/g, accounting for 5% of cases. 70% of the small fish samples had E. Coli, with counts ranging from ND to >1100 MPN/g. Nine times out of 160 fish samples that were analysed, Salmonella spp. was found. Out of which, three huge fish (two Euthynnus affinis and one Katsuwonus pelamis) and the remaining 6 were small fish (four Amblygaster sirm, one Epinephelus malabaricus, and one Sardinella albella fish). L. monocytogenes was discovered in one Sardinella albella fish and eight Katsuwonus pelamis out of 160 fish samples.
In 2012, a study was conducted to investigate the prevalence of Vibrio spp. in farmed shrimps (Penaeus monodon) of the Northwestern province of Sri Lanka. One week before the harvest, 170 shrimp samples (100 g of whole shrimp each) from a total of 170 different ponds from 54 farms were collected. There were one to twenty ponds on each of these farms, spread across five areas in the Puttalam District of Northern Province. Vibrio spp. was detected in shrimps from 98.1% of the farms (53 of 54) and 95.1% of the ponds; the most prevalent species at the pond level was V. parahaemolyticus (91.2%), followed by V. alginolyticus (18.8%), V. cholerae non-O1/non-O139 (4.1%), and V. vulnificus (2.4%) while at farm level the highest prevalence was found for V. parahaemolyticus (98.1%), followed by V. alginolyticus (34.6%), V. cholerae non-O1/non-O139 (13.5%), and V. vulnificus (7.4%). 26% of the ponds had multiple Vibrio spp. identified in them (Koralage et al., 2012).
Another study was conducted in 2005 to investigate the bacterial contamination of fish sold in fish markets in the central province of Sri Lanka. A total of 60 samples of tuna, approximately 250g of each sample, were collected from eight selected towns in three different climatic zones based on the ambient temperature. The levels of Salmonella, V. cholera, total bacterial count (TBC), total coliform (TC), faecal coliform, and E. coli were determined.
The microbiological analysis showed that V. cholerae and Salmonella spp. were absent in any of the examined samples. TBC > 106/g was found in 56.6% of the tested fish samples, which is unsuitable for consumption. TC levels >103/g were present in about 73.4% of the fish samples, which may have harmed human health. Of the fish samples examined, faecal coliform levels were >102/g in 40% of the cases and <50/g in 35%. While 16.67% of the fish samples had E. coli counts >103/g, most had values >10/g. Consequently, the study's notably elevated coliform and E. coli levels suggest that faeces have heavily contaminated fish (Jayasinghe & Rajakaruna, 2005). 
In 2014, a study by Ginigaddarage et al. (2018) examined the microbiological quality of several varieties of dried fish available for purchase in Sri Lankan markets. Samples of nine different varieties of dried fish were gathered and categorized into three groups: locally made, imported dried fish before, and after distribution to the retail market. This review covered the dried fish samples sold only in the Sri Lankan market. From March to November 2014, 79 dried fish samples, each weighing approximately 500g of from various varieties were obtained, including tuna (Katsuwonus pelamis), sprats (Stolephorus spp.), catfish (Arius spp.), sailfish (Istiophorus spp.), katta (Scomberoides lysan), shark (Carcharhinus spp.), prawns (Penaeus spp.), herrings (Amblygaster spp.), and pannawa (Johnius spp.).
Analyses of the samples included Aerobic plate count (APC), halophilic count, total coliforms, E. coli, Staphylococcus aureus, yeast, and mould. The samples did not detect Staphylococcus aureus, Halophilic bacteria, and Escherichia coli. 
Coliform counts were not detected in all locally produced samples. However, 3 of the 46 imported samples that were analysed had coliform counts found in them. Two of the samples had <100 MPN/g and >1100 MPN/g was found in one sprat sample. 
Most samples had aerobic plate count, yeast and mould count all within the acceptable range. The APC values of locally manufactured samples ranged from 1.7 × 104 – 2.0 × 107 CFU/g, while imported samples sold in the local market exhibited values between 7.6 × 104 – 9.7 × 106 CFU/g. Of the samples that were produced locally, 58% had an acceptable APC of less than 1.0 × 105. It is unsatisfactory that 33% of the samples had an APC of more than 5.0× 105 CFU/g. About 60% of the imported samples that were taken from the retail shops were found to be acceptable in terms of APC, with counts less than 1.0 x 105 CFU/g. Reject level (>5.0×105 CFU/g) comprised 22% of the sample. 
Sri Lanka Standards Institution (SLSI) guidelines state that a dried fish's yeast mould count is acceptable if it is less than 1000 CFU/g and unsuitable if it is more than 10,000 CFU/g. Of the samples produced locally, 92% were of good quality, and 4% had poor quality. 82% of the imported samples that were taken from shops were of good quality, while 7% fell into the rejection range. The acceptance percentages of dried fish based on APC and the counts of yeast and mould are summarized in Table 4.

Table 4: Acceptability percentages of dried fish based on APC and yeast and mould counts.
	Sample type
	Acceptable %
	Unacceptable %

	
	APC
	Yeast & mould
	APC
	Yeast & mould

	Locally produced dry fish samples sold in the retail market
	58
	92
	33
	4

	Imported dry fish samples sold in the retail market
	60
	82
	22
	7



Other meat and meat-based products
No reported research has been found on other meat sold in Sri Lanka, such as Beef, Mutton, and pork, which are also purchased among Sri Lankans. However, little research has been done on already processed meat that was ready to be consumed.  
In 2012, a research study was done on Chinese-style fried rice to determine the prevalence of Bacillus cereus in Colombo. A variety of fried rice of 200 samples were examined, including chicken (20.0%), vegetable (18.0%), seafood (10.0%), egg (5.0%), mixed (2.0%), and beef (1.0%). Out of the 200 fried rice samples that were examined, 112 (56.0%) had B. cereus found in them, while the remaining 88 (44%) did not. 28 (14%) of these positive samples had colony counts > 106, indicating the infectious dose. Concurrently, B. cereus colony counts of <106 were found in 84 (42%) samples. When considering counts over 106, the highest prevalence was found in Chicken fried rice (23.7%). B. cereus over 106 was not found in any beef-fried rice samples. When it came to counts under 106, beef fried rice had the lowest prevalence (20%), while both seafood and egg fried rice had the most significant prevalence (44.4%) (Perera & Ranasinghe, 2012).
In 2016, a microbiological study was done on chicken-based short-eat food collected from recognized restaurants in Kadawatha City (Wagawaththa & Wijayanayake, 2016). A total of six chicken-based short-eat food products were analysed, including burgers, club sandwiches, bread roll sandwiches, roti, and hot dogs with mustard cream. Analyses of the samples included Total viable count (TVC), Total coliform count (TCC), Escherichia coli count (ECC), Staphylococcus aureus count (SAC), and the presence of Salmonella. 
Various foods, including burgers, club sandwiches, bread roll sandwiches, and rotis, exceeded the suggested guideline (5 log CFU/g) for TVC. Club sandwiches had the greatest TVC of 7.51 log CFU/g, while hotdogs with mustard cream had the lowest TVC of 3.05 log CFU/g. Every food item, aside from the hotdog with mustard cream, had a TCC found to be higher than 10 MPN/g. Only the burger (4 MPN/g), bread roll sandwich (4 MPN/g), and club sandwich (9 MPN/g) had E. coli. Four food samples included S. aureus, with roti having the highest SAC of 4.48 log CFU/g. However, none of the examined foods had Salmonella in them.
A recent study in 2022 was done on cooked beef curries and chicken curries collected from households to detect Clostridium perfringens. A Total of 100 chicken curries and 100 beef curries were collected from 200 households registered under the Colombo Municipal Council. Clostridium perfringens was detected in 47 (47%) of the chicken curries, while in beef curries, 31 (31%) were found (Ranasinghe et al., 2022).
Another recent study in 2023 was done on commercially available ready-to-eat meat street food donor kebabs in the Colombo district. A total of 150 kebab samples were collected randomly from 3 regions of Colombo: Aluthkade, Kibulawala, and Kailasa. The study detected eight harmful bacterial species, including Vibrio spp. (07%), Protease spp. (07%), Salmonella spp. (20%), Escherichia coli (20%), Pseudomonas spp. (07%), Klebsiella spp. (13%). Enterobacter aerogenes (20%) and Shigella spp. (07%). At least three different kinds of bacteria were present in all three areas. The greatest significant contamination levels of Salmonella spp. (40%) and Enterobacter aerogenes (40%) were found in Kailasa, while Escherichia coli (40%) was found in Aluthkade (p < 0.05) (Mahawatte et al., 2023).


Conclusion
[bookmark: _Hlk181918370]Chicken, eggs, fish, and other meats such as beef, mutton, and pork are commonly purchased and consumed among Sri Lankans. Among the pathogenic microorganisms, Salmonella spp. and Escherichia coli tend to contaminate chicken more than other microorganisms. Cross-contamination can also contribute to the contamination of chicken meat. Therefore, proper food handling and storage can reduce cross-contamination. Eggs are mostly sterile due to their natural protection from microorganisms by eggshells. Hence, the condition of eggs is important. For example, cracks in eggshells can give less assurance of eggs being contaminated. Therefore, the probability of Eggshells being contaminated is higher than the inner egg content being contaminated. Salmonella spp. is the most probable microbial agent that causes contamination in eggs. In fish, E. coli tends to contaminate more compared to other microorganisms due to fish being more prone to faecal contamination in water bodies. Shrimp in shrimp farms are more likely to be contaminated with Vibrio spp. Cross-contamination will likely occur among shrimps harvested in ponds containing shrimps contaminated with Vibrio spp. Due to high salt content, dry fish is less likely to be contaminated with pathogenic microorganisms. No reported research has been found to understand the microbial quality of other meat sold in Sri Lanka. Therefore, more research should be encouraged to further our understanding of the prevalence of microbial contaminants in other meat samples. Despite contamination of raw meat sold in retail shops, proper storage, washing, and cooking with proper food safety measures can destroy most harmful microbial food pathogens and prevent foodborne illnesses. 
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