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[bookmark: _Toc414378924][bookmark: _Toc414379371]Summary

Food safety with regard to human health is a great concern all over the world. The existence of antimicrobial residues at variable concentrations in edible tissues of poultry and fish has been reported to be due to indiscriminate and overuses, not maintaining withdrawal periods etc and consequences of antimicrobial residues on human body are enormous as reported such as multi-drug resistant, hypersensitivity reactions, suppression of immunity or even cancer. However, a systematic study of antimicrobial residues in broiler chickens and fishes has not been attempted earlier in Bangladesh. Therefore, the present repeated cross-sectional study in 2014 was carried out to assess the status of antimicrobial residues in broiler chickens and fishes in Chittagong and evaluate the potential public health risk. 82 broiler chickens and 232 fish flesh (September 41 and 116; November 41 and 116) were purchased and sampled. Outlets (poultry and fish) belonging to five different markets were randomly selected before purchasing and sampling broiler chickens and fishes.    
A total of 478 samples (246 poultry organs and 232 fleshes of fishes) were evaluated by the Thin Layer Chromatography (TLC) and 18 TLC positive samples were further evaluated by Ultra High Performance Liquid Chromatography (UHPLC) methods for quantifying concentration of selective antimicrobial residues. Descriptive, summary statistics and Fisher’s exact test was performed on the data generated from the study.
The overall prevalence regardless of antimicrobial types was 84% in broiler chickens (43.9% in September and 37% in November). The prevalence of antimicrobial residues in poultry organs was 39.4% and liver had significantly higher prevalence of  residues (54.5%) than that of thigh (24.2%) or breast muscle (21.2%). The prevalence of antimicrobial residues in broiler chicken in September and in November was 26.8% and 22.0% respectively, for ciprofloxacin (p>0.05).
 (
xiii
)The overall prevalence of antimicrobial residues in fishes was 13.8% (8.6% in September and 5.2% in November). Residues of oxytetracycline and amoxicillin were detected (10.3% and 6.9% respectively). Irrespective of months Rui had the highest prevalence of residues (10.3-13.8% oxytetracycline; 3.4-10.3% amoxicillin). Regardless of antimicrobial types poultry vendor categories (wholesaler: 50%, retailer: 83.3%, and both: 92.9%) varied significantly (p=0.002).  
Average concentration of amoxicillin residues ranged from 75.8-111.8 µg/kg in poultry organs and 95.4-95.9 µg/kg in fish (Rui and Koi), whereas average concentration of ciprofloxacin residues ranged from 133-269.2 µg/kg in poultry organs in this study. These values crossed the maximum reference values (amoxicillin 50 µg/kg and ciprofloxacin 100 µg/kg), indicating potential public health risk, however, washing and cooking treatment may reduce the public health risk. Indiscriminate use of antimicrobials with their withdrawal period in poultry and fish should strictly be maintained before human consumption.
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Antimicrobial residues in animal-derived foodstuffs with regard to human health are great concern across the world (Chowdhury   et al., 2009). Antimicrobial residue is the small amount of an antimicrobial drug or its breakdown product(s) that remains in or on an agricultural product following treatment with that antimicrobial (Botsoglou and Fletouris, 2001). After administration some drugs are quickly excreted from the animal or fish body, whereas others are not readily metabolized or excreted, for example streptomycin and therefore these drugs or their metabolites remain in different organs of animal body or fish as residues for a long time are termed as residues (Booth, 1973; Dipeolu and Alonge, 2002; Olatoye and Basiru, 2013). Several classes of antimicrobials are commonly used in large quantity in fish industry especially in developing countries; some of them like oxytetracycline, sulfonamide etc are often non-biodegradable (Rasul, 2012) and persist in the aquatic environment as residues. When they are mixed with fish feeds, residues may be deposited in meat (Cabello, 2006; Shamsuzzaman and Biswas, 2012).

Poultry farmers in Bangladesh are very much inclined in using antimicrobials to their flocks to prevent infectious diseases and mortality, and other purposes with or without consultation of registered veterinarians as drugs are easily accessible to them without vet prescription from different drug stores. Fish farmers, in particular, are very much reluctant to have professional advice on use of antimicrobials for fish farming, rather they rely on feed sellers, and veterinary representatives etc. and sometimes choose by their own (Anka et al., 2013). Neither trained professionals (Veterinarians and Fishery Officers) nor poultry and fish farmers are well-aware about the knowledge of drug withdrawal period and the importance of maintaining drug withdrawal period in this country. Furthermore, only limited pharmaceutical companies (national and international) mention the withdrawal period of antimicrobials or other drugs in the drug handout and packet (Personal observation). Therefore, those indiscriminate and overuses of antimicrobials, violations of withdrawal periods, improper maintenance of treatment records, and failure to identify treated animals and fishes prior to human consumption could leave high concentration of residues in edible tissues of poultry and fishes (Mumtaz et al., 2000; Dipeolu and Alonge, 2002; Faruk et al., 2008; Nisha, 2008; Chowdhury et al., 2009).
 
Fishes in open water bodies are continuously exposed to antimicrobials or its active metabolites through medical and veterinary effluents, as well as livestock farm effluents in this country, supported by  number of earlier studies (Milstein, 1996; Schulman et al., 2002; Sanderson et al., 2003; Hossain et al., 2013), which can develop multi-drug resistant organisms and also leave antimicrobial residues in tissues of fishes, which in turn are transmitted to humans through fish consumption and thereby posing public health threat (Shamsuzzaman and Biswas, 2012). Human beings that consume animal products or fishes with high concentration or continuous exposure of low dose of antimicrobial residue make common organisms to be multi-drug resistant, hypersensitivity reactions, allergic reactions, suppression of immunity and cancer in human beings (Sutiak  et al., 2000; Tendencia and De La Pena, 2001;  Holmstrom et al., 2003; Nonga et al., 2009; Olatoye and Basiru, 2013). Hence, a thorough investigation of antimicrobial residues in commercial poultry and fishes was needed to explore the true estimate of antimicrobial residues for an effective intervention to save the poultry and fish, and public health.

Estimation of the prevalence of antimicrobial residues in livestock and poultry products, as well as fish has been documented across the world and overall prevalence estimates in poultry include 14% for penicillin, 8-52% for tetracycline, 28% for oxytetracycline, 4% for streptomycin, 12.5-50% for sulfonamide, 28% for sulphadiazine in poultry products (Diez et al., 2002; Salem, 2004; Reyes-Herrera et al., 2005; Sareef et al., 2009; Salama et al., 2011). The overall prevalence estimates of antimicrobial residues  include  34.4% for oxytetracycline in African catfish in Nigeria (Olatoye and Basiru, 2013), 30% for tetracycline in rainbow trout, 19% for sulfonamide and 7% for chloramphenicol in rainbow trout in Iran (Mahmoudi et al., 2014) and 5.8% for antibiotics as qualitative analysis using rapid microbial test kit (Euroclone, Italy) in farm fish  (red tilapia Oreachromis sp. red hybrids, keli Clarias spp. and patin Pangasius sutchii) (Bakar et al., 2010).

Some non-systematic studies in Bangladesh estimated prevalence of antimicrobial residues as follows 37.5% for tetracycline in liver samples of poultry followed by 7.5% for ciprofloxacin and 5% for sulfonamide (in poultry, Mahmud, 2012; Karim, 2013). Literature on prevalence estimates of antimicrobial residues in fish is not readily available in this country. However, a sporadic study conducted in Dhaka fish market revealed 87% positive samples to oxytetracycline residues in  different fish samples (pangas,  rui and tilapia fish) (Rasul, 2012). It is therefore, a repeated cross-sectional and systematic study was required to estimate true prevalence of antimicrobial residues in commercial broiler chickens and fishes. Considering the above background the present study was performed to meet the following specific objectives:

· To measure the selective antimicrobial residues in broiler chickens and fishes of retail and wholesale poultry meat and fish markets belonging to Chittagong Metropolitan City (CMC) 
· To determine the concentration of antimicrobial residues in broiler chickens and fishes of retail and wholesale poultry meat and fish markets of CMC

Anticipated outcomes

1. Determination of commonly used antimicrobial residues in broiler poultry and fish by TLC
2. Estimation of the concentration of antimicrobial residues in broiler chicken and fish by UHPLC
3. Identifying the seasonal pattern of antimicrobial residues in broiler chicken and fish
4. Awareness about the potential impact of antimicrobial residues in broiler chicken and fish on public health

1. 
55

[bookmark: _Toc386235029][bookmark: _Toc386302444][bookmark: _Toc414378926][bookmark: _Toc414379373][bookmark: LITERATURE]Chapter-2: Review of Literature

Pertinent literatures on reasons of antimicrobial residues in animal products and associated factors, importance of drug withdrawal period, qualitative and quantitative status of antimicrobial residues in animal products and possible public health risks have been reviewed. The main purpose of this chapter is to provide up-to-date information concerning the research work which is addressed here. Important information related to the present study is presented below under the following headings and sub-headings.

[bookmark: _Toc414378927][bookmark: _Toc414379374]2.1. Antimicrobial residues

The term “Antimicrobial residue” is the small amount of an antimicrobial drug or its breakdown product(s) that remains in or on an agricultural product following treatment with that antimicrobial (Botsoglou and Fletouris, 2001).
[bookmark: _Toc414378928][bookmark: _Toc414379375]2.2. Reasons for existence of antimicrobial residues in edible organs of poultry and fish

Commercial poultry industry and fish farming are the growing industry in Bangladesh and the use of antimicrobials for different purposes is a common practice in this industry (Hasan et al., 2011; Hossain et al., 2013; Parvej, 2013). Globally antimicrobials are commonly used for the treatment, prevention of infectious diseases and for promotion of growth in food-producing livestock, poultry and fish since their discovery (Donoghue, 2003; Olatoye and Basiru, 2013). However, many industrial based livestock producing countries for example, India, China and South Africa have been using antimicrobials in a limited scale (Darwish et al., 2013, Nonga et al., 2009; Nisha, 2008; Sarmah et al., 2006). Antimicrobials are also used to improve performance in growth and feed efficiency, to synchronize or control reproductive cycle and breeding performance in poultry (Gaudin et al., 2004; Nisha, 2008). In particular, broiler chickens are often grown actively with antimicrobials in feed to attain maximum weight within a short period of time (Nonga et al., 2009). 

Indiscriminate and overuses of antimicrobials, violations of withdrawal periods, improper maintenance of treatment records, and failure to identify treated animals before slaughtered could leave high concentrations of residues in edible tissues and tissue by-products both in poultry and fish (Mumtaz et al., 2000; Dipeolu and Alonge, 2002; Pena et al., 2007; Nisha, 2008; Chowdhury et al, 2009; Olatoye and Basiru, 2013).

Drug residues can also occur as a result of improper use of a licensed product or through the illegal use of unlicensed substances. Extra label dosages and use of drugs which have not been approved for the species in question may lead to violative residues (Papich et al., 1993; Kaneene and Miller, 1997; Higgins et al., 1999). Locally produced drugs with easy availability and the affordable price rate such as ampicillin, amoxicillin, erythromycin, quinolone, neomycin, kanamycin, pefloxacin and sulfamethoxazole could encourage using them more commonly than older drugs (Parvej, 2013). Even retailers use additional antimicrobials with feed in the vendor of poultry market.
 
[bookmark: _Toc414378929][bookmark: _Toc414379376]2.2.1. Description and importance of drug withdrawal period

The term “Drug withdrawal period” is often used more broadly to describe the time needed after drug administration to any food producing animal where drug residue may be found in marketed meats, eggs, organs, or other edible products (Eiichi et al., 2006).

[bookmark: Table22]To ensure that drug residues have declined to a safe concentration following the use of drugs in animals, a specified period of drug withdrawal must be observed prior to providing any products for human consumption. It is the time which passes between the last dose given to the animal and the time when the concentration of residues in the tissues: muscle, liver, kidney, skin/fat or products milk, eggs, honey was lower than or equal to the MRL (Cholas, 1976; Nouws and Ziv, 1978; Jackson, 1980).

[bookmark: _Toc414383018]Table 1. Withdrawal periods of different antimicrobials in poultry (Rana, 1988; Maqbool, 1988; Calnek et al., 1991; Nawaz et al, 1996; Mumtaz et   al., 2000; Bell and Weaver, 2002)
	Antimicrobial types
	Withdrawal period (Days)

	Amoxicillin
	5

	Oxytetracycline
	7

	Ciprofloxacin
	6

	Trimethoprim
	10

	Sulphaquinoxaline
	10

	Sulphachloropyrazine
	5

	Sulphadimethoxine
	5

	Erythromycin
	2

	Enrofloxacin
	2



[bookmark: _Toc414378930][bookmark: _Toc414379377]2.3. Prevalence of antimicrobial residues (in poultry and fish)

The overall prevalence estimates in poultry all over the world include 14% for penicillin, 8-52% for tetracycline, 28% for oxytetracycline, 4% for streptomycin, 12.5-50% for sulfonamide, 28% for sulphadiazine in poultry products (Diez et al., 2002; Salem, 2004; Reyes-Herrera et al., 2005; Sareef et al., 2009; Salama et al., 2011). The overall prevalence estimates of antimicrobial residues include 34.4% for oxytetracycline in  African catfish in Nigeria (Olatoye and Basiru, 2013), 30% for tetracycline in rainbow trout, 19% for sulfonamide and 7% for chloramphenicol in rainbow trout in Iran (Mahmoudi et al., 2014) and 5.8% for antibiotics as qualitative analysis using rapid microbial test kit (Euroclone, Italy) in farm fish (red tilapia Oreachromis sp. red hybrids, keli Clarias spp. and patin Pangasius sutchii) (Bakar et al., 2010).

In Bangladesh some non-systematic and cross-sectional studies estimated prevalence of antimicrobial residues as follows 37.5% for tetracycline in liver samples of poultry followed by 7.5% for ciprofloxacin and 5% for sulfonamide (in poultry) (Mahmud, 2012; Karim, 2013). Literature on prevalence estimates of antimicrobial residues in fish is not readily available in Bangladesh. However, a sporadic study conducted in Dhaka fish market revealed 87% positive samples to oxytetracycline residues in  different fish samples (pangus Pangasius hyphthalamus,  ruhit Labeo rohita and tilapia Orechromis nilotica) (Rasul, 2012).
[bookmark: _Toc414383019]Table 2. Prevalence of antimicrobial residue in according to previous studies in broiler chickens in Chittagong, Bangladesh 
	Authors
	Antimicrobials
	Raw tissue sample

	
	
	Liver 
N (%)
	Thigh muscle 
N (%)
	Breast muscle 
N (%)

	
Islam (2009)
	Tetracycline
	24 (48)
	10 (20)
	13 (26)

	
	Ciprofloxacin
	23 (46)
	17 (34)
	15 (30)

	
	Enrofloxacin
	20 (40)
	12 (24)
	10 (20)

	
	Amoxicillin
	21 (42)
	13 (26)
	11 (22)

	
Sattar et al. (2014)
	Tetracycline
	24 (48)
	10 (20)
	12 (24)

	
	Ciprofloxacin
	22 (44)
	17 (34)
	15 (30)

	
	Enrofloxacin
	20 (40)
	11 (22)
	9 (18)

	
	Amoxicillin
	21 (42)
	13 (26)
	11 (22)

	
Mahmud (2013)
	Tetracycline
	15 (38)
	15 (38)
	15 (38)

	
	Ciprofloxacin
	3 (8)
	3 (8)
	3 (8)

	
	Sulfonamide
	2 (5)
	2 (5)
	2 (5)

	
	Amoxicillin
	4 (10)
	4 (10)
	4 (8)

	
Karim (2013)

	Ciprofloxacin
	4 (3.3)
	2 (1.6)
	2 (1.6)

	
	Amoxicillin
	1 (0.8)
	1 (0.8)
	1 (0.8)

	
	Sulfonamide
	1 (0.8)
	1 (0.8)
	1 (0.8)

	
	Oxytetracycline
	1 (0.8)
	2 (1.6)
	2 (1.6)

	Parvej (2013)
	Ciprofloxacin
	7 (18)
	3 (8)
	5 (13)

	
	Amoxicillin
	3 (8)
	3 (8)
	2 (5)

	
	Sulfonamide
	3 (8)
	1 (3)
	2 (5)

	
	Tetracycline
	4 (10)
	2 (5)
	1 (3)

	
	Doxycycline
	1 (3)
	0
	1 (3)



[bookmark: _Toc414378931][bookmark: _Toc414379378]2.4. Concentration of antimicrobial residues (including residue limits and acceptable dietary intake of residues) (Poultry and fish)

Concentration levels of antimicrobial residues in livestock and poultry products, as well as in fish has also been studied worldwide including Bangladesh, and generally there is evidence that concentrations of amoxicillin (50 µg/kg), ampicillin (50 µg/kg), tetracycline (100-148 µg/kg), sulfonamides (100 µg/kg) and gentamycin (750 µg/kg) routinely exceed upper threshold levels in muscle tissues of poultry (EC, 1998; Diez et al., 2002; Salem, 2004; Parvej, 2013). A study in Pakistan found the seasonal variation of concentration of quinolone in poultry products (89 µg/kg in liver, 95 µg/kg in kidney and 54 µg/kg in muscle during summer versus 70µg/kg in liver, 57 µg/kg in kidney and 50 µg/kg in muscle during winter) (Naeem et al., 2006). This seasonal variation is supported by another study of qualitative assessment of antimicrobial residues in poultry product in Bulgaria (33% in kidney and 6% in liver during summer versus 11% in kidney and 3% in liver during winter) (Pavlov et al., 2008). 
Similar to poultry, oxytetracycline at concentration range between 234.3-987.5 μg/kg in the liver and 22.5-553.2 μg/kg in fillet of African catfish respectively, have been reported in Nigeria (Olatoye and Basiru, 2013). The estimated concentration of  oxytetracycline, chloramphenicol and sulfonamide residues in muscle samples of rainbow trough fish  have been reported to be average 8.4 ng/g, average 0.2 ng/g, average 3.9 ng/g, respectively in Iran (Mahmoudi et al., 2014).
In pangas (Pangasius hyphthalamus), chloramphenicol found in lowest concentration (0.1 μg/kg) than other fish and highest concentration (0.5 μg/kg) was recorded in Rui (Labeo rohita) fish in Bangladesh (Bakar et al., 2013).
Some non systemic cross-sectional studies in Chittagong (Bangladesh) conducted for the estimation of concentration level of antimicrobial residues in poultry and evident that ciprofloxacin regardless of organ type ranges from 193-681 μg/kg (Khan, 2014) and 140-520 μg/kg (Parvej, 2013). Similar to ciprofloxacin, concentration of amoxicillin found 170-670 μg/kg (Mahmud, 2012; Karim, 2013; Khan, 2014), 16.9-820 μg/kg (Parvej, 2013; Sattar et al., 2014). Cross-sectional investigations of antimicrobial residues in poultry and livestock have been performed in Bangladesh, but no systematic investigations have been conducted yet. No study with proper sampling calculation has previously been performed. 
[bookmark: _Toc414378932][bookmark: _Toc414379379]2.5. Determinants that considered as safety margin of antimicrobial residues

No observed (adverse) effect level [NO(A)EL] is the marker of safety evaluation of veterinary drugs. This level is the basis for calculating an acceptable daily intake (ADI). After an ADI has been determined, MRLs are determined for various drugs in food products.
 
[bookmark: _Toc414383020]Table 3. Acceptable dietary limits of antimicrobial residues in livestock and poultry products (Fitzpatrick et al., 1995; EC, 2001; EMEA, 2004)

	Antimicrobial types
	Minimum (µg/kg)
	Maximum (µg/kg)

	Amoxicillin
	4
	40

	Tetracycline
	15
	100

	Oxytetracycline
	15
	100

	Chlortetracycline
	15
	100

	Sulfonamides
	25
	100

	Trimethoprim
	8
	50

	Erythromycin
	12
	40

	Quinolones
	47
	147




[bookmark: _Toc414383021]Table 4. Maximum Residue Limit for different antimicrobials in food producing animals (including fish) (Commission Regulation (EU) No 37/2010)
	Pharmacologically active substances
	Animal species
	MRL
(µg/kg)
	Target tissue
	Pharmacologically active substances
	Animal species
	MRL
(µg/kg)
	Target tissue

	Amoxicillin and Ampicillin
	All food producing species
	50
	Muscle

	Enrofloxacin
	All food producing species
	100
	Muscle


	
	
	50
	Fat
	
	
	100
	Fat 

	
	
	50
	Liver
	
	
	200
	Liver

	
	
	50
	Kidney
	
	
	200
	Kidney

	
	
	4
	Milk
	
	
	100
	Milk

	Chlortetracycline,
Oxytetracycline and Tetracycline
	Do
	100
	Muscle

	Erythromycin
	Do
	200
	Muscle


	
	
	300
	Liver
	
	
	200
	Fat 

	
	
	600
	Kidney
	
	
	200
	Liver

	
	
	100
	Milk
	
	
	200
	Kidney

	
	
	200
	Eggs
	
	
	40
	Milk

	Trimethoprim
	Do
	50
	Muscle

	
	
	150
	Eggs 


	
	
	50
	Fat
	Streptomycin
	All ruminants, porcine, rabbit etc
	500
	Muscle

	
	
	50
	Liver
	
	
	500
	Fat 

	
	
	50
	Kidney
	
	
	500
	Liver

	
	
	50
	Milk
	
	
	1000
	Kidney


MRL: Maximum Residue Limit

[bookmark: _Toc414378933][bookmark: _Toc414379380]2.6. Public health consequences of antimicrobial residues

There are two major areas of concern over the presence of residues of antimicrobials in animal-derived foodstuffs with regard to human health. The first is allergic reaction that has been evidenced by the residues of β-lactams, aminoglycosides, sulfonamides and tetracycline (Darwish et al., 2013) and the second is development of antibiotic resistance in the gut bacteria of human (Chowdhury   et al., 2009). There is evidence that resistance in some human enteric pathogens has arisen because of transfer of resistant bacteria or resistance genes from animals and fish to people via the food chain (Barton, 2000; Olatoye and Basiru, 2013). Antimicrobial resistance has been recognized as a global health problem. It has now been escalated by major world health organizations to one of the top health challenges facing the twenty-first century (FDA, 2000; CDC, 2010). 

Indiscriminate use of aqua drugs and chemicals causes problems like drug resistance, tissue residues, adverse effect on species biodiversity etc ultimately affect the cultured species, wild local species, human and environment (Tendencia and De La Pena, 2001; Hossain et al., 2013).

Some antibiotics are directly toxic, e.g. chloramphenicol which cause fatal aplastic anemia, while allergic reactions and toxic side effects may have fatal consequences in human (Popelka et al., 2005). Consumer of animal products and fish with high concentration or continuous exposures of low dose of antimicrobial residues are subjected to multi-drug resistance, hypersensitivity reactions, immune suppression, toxic effects or even cancer (Woodward, 1991; Donoghue, 2003; WHO, 2006; Nonga et al., 2009, Olatoye and Basiru, 2013).
[bookmark: _Toc414378934][bookmark: _Toc414379381]2.7. Types of studies of antimicrobial residues conducted in poultry and fish so far
The studies so far conducted in different parts of the world and Bangladesh to assess the status of antimicrobial residues in poultry have predominantly been cross-sectional and sporadic in nature (Diez et al., 2002; Salem, 2004; Reyes-Herrera et al., 2005; Sareef et al., 2009; Salama et al., 2011; Bakar et al., 2010; Olatoye and Basiru, 2013; Mahmoudi et al., 2014) and in Bangladesh (Rasul, 2012; Bakar et al., 2013; Karim, 2013; Mahmud, 2013; Parvej, 2013; Sattar et al., 2014). It is therefore necessary to conduct a systematic repeated cross-sectional study to estimate status of antimicrobial residues in broiler chicken and fish. 
[bookmark: _Toc414378935][bookmark: _Toc414379382]2.8. Diagnostic techniques to detect antimicrobial residues 

Microbiological, immuno-enzymatic and analytic organo-chemical methods, including TLC and HPLC are commonly used techniques to detect antimicrobial residues in tissues of food producing animals (Shareef et al., 2009). However, performance in terms of specificity and sensitivity of different diagnostic techniques in detecting residues is somewhat variable (Diez et al., 2002; Pena et al., 2007). Therefore, this study has been used both TLC and UHPLC for the estimation of antimicrobial residues in poultry and fish.
[bookmark: _Toc414378936][bookmark: _Toc414379383]2.9. Conclusion 

[bookmark: _Toc386235042][bookmark: _Toc386302458][bookmark: _Toc414378937][bookmark: _Toc414379384]According to literature cited in this chapter it is clearly apparent that the high concentration of antimicrobial residues in edible tissues and tissue by-products both in poultry and fish exists due to indiscriminate and overuses of antimicrobials, and not maintaining withdrawal periods before consumption. Prevalence of antimicrobial residues such as penicillin (14%), oxytetracycline (28%), streptomycin (4%) and sulfonamide (12.5-50%) in poultry all over the world whereas in Bangladesh tetracycline (37.5%), ciprofloxacin (7.5%), sulfonamide (5%) were estimated. The overall prevalence regardless of type of fish were detected in different antibiotics such as oxytetracycline (34.4%), tetracycline (30%), sulfonamide (19%) and chloramphenicol (7%) in different countries whereas only oxytetracycline (87%) in Bangladesh. In poultry concentration of different antibiotics such as amoxicillin (50 µg/kg), ampicillin (50 µg/kg), tetracycline (100-148 µg/kg), sulfonamides (100 µg/kg) and gentamycin (750 µg/kg) were found all over the world including Bangladesh. Similar to poultry, in fish has also estimated oxytetracycline (234.3-987.5 µg/kg), sulfonamide (3.9 ng/g) and chloramphenicol (0.5 µg/kg). Allergic reaction, multi-drug resistance, immune suppression, fatal aplastic anemia, or even cancer is the public health concern of antimicrobial residues. Studies so far conducted all over the world including Bangladesh are cross-sectional and non systemic in nature. 
[bookmark: MATERIALS]Chapter-3: Materials and Methods

[bookmark: _Toc414378938][bookmark: _Toc414379385]3. Materials and Methods 
[bookmark: _Toc414378939][bookmark: _Toc414379386]3.1. Description of study area and markets
Chittagong district is located in the south-eastern region of Bangladesh. Chittagong is the second most populous city and main seaport of Bangladesh. Chittagong Metropolitan city (CMC) has a total area of 168.07 square kilometers. The city is located at 22°22′0″N and 91°48′0″E on the banks of the Karnaphuli River. The CMC has a population of four million peoples. It has a tropical monsoon climate (http://en.wikipedia.org/wiki/Chittagong).
The city wet markets are the gateway of poultry and fish from different parts of the country. There are 42 wet bird markets in Chittagong metro that also provide raw fish supply to the consumer (Personal Communication).The wholesale, retail and both types of vendors do business in those markets. Among those markets five (Pahartali, Jhautala, Kazir Dewri, Karnafulli and Riazuddin bazar) were randomly selected for the investigation of antimicrobial residues in commercial broiler chickens and fishes.

[bookmark: _Toc414378940][bookmark: _Toc414379387]3.2. Study design and period
 
A repeated cross-sectional study was conducted on commercial broiler and fish retailer outlets belonging to five different live bird markets of CMC during August to November, 2014.

[bookmark: _Toc414378941][bookmark: _Toc414379388]3.3. Reference population

Broiler chickens and fishes under retailer outlets belonging to live bird markets of CMC were treated as reference population for the present study. 




[bookmark: _Toc414378942][bookmark: _Toc414379389]3.4. Source population
 
Broiler chickens and fishes of the outlets of five selected live bird markets and fish markets of CMC were considered as source population for the study.




[image: E:\Pictures 1\Picture24r.png]


[bookmark: _Toc414384070][bookmark: _Toc414383022]Figure 1. The map indicating the selected wet markets at Chittagong Metro



Table 5. Distribution of outlets of selected live bird markets of CMC and population range according to outlet owner
	Name of Live Bird Markets
	No of outlets
	Population range /outlet/day
	No of outlets (according to ≥ 100 birds/outlet/day)

	Pahartali
	15
	40-1000
	11

	Jhautala
	12
	40-250
	7

	Riazuddin bazar
	15
	50-4000
	12

	Karnafulli
	12
	20-700
	7

	Kazir Dewri 
	7
	30-250
	4




[bookmark: _Toc414383023]Table 6. Distribution of outlets of selected fish markets and amount of fish per day sold according to outlet owner
	
Name of wet fish markets
	No of outlet
	kg/outlet/day
	No of outlets (according to 50 kg fish sold out/outlet/day)

	Pahartali
	13
	30-200
	7

	Jhautala
	11
	20-100
	6

	Riazuddin bazar
	16
	20-250
	7

	Karnafulli
	10
	30-100
	5

	Kazir Dewri 
	8
	10-75
	4


      
[bookmark: _Toc414378943][bookmark: _Toc414379390]3.5. Sampling frame

A complete list of broiler chicken and fish retailer outlets (≥100 birds/outlet; 50 kg fish/outlet) of the selected markets were developed separately and used them as sampling frame.  

[bookmark: _Toc414378944][bookmark: _Toc414379391]


3.6. Sample size calculation
 
Fifty percent outlets (bird and fish) per market were randomly selected. Accordingly, a total of 41 poultry and 29 fish outlets were sampled twice: one was done in September (summer) and other was done in November (winter).  
[bookmark: _Toc414378945][bookmark: _Toc414379392]3.7. Sampling strategy and sample collection and transportation

One bird per outlet and one fish of each type (Rui, Tilapia, Koi and Pangas) per outlet were purchased and sampled. Liver, breast muscle and thigh muscle of individual bird (N=82 birds, 41 each month; n=246 organs) were collected. Flesh sample of individual fish was also collected (N=232, 116 each month). Samples were taken in sterile zip bags and given unique identity numbers and sample names. Samples obtained were promptly transferred to laboratory at the Department of Physiology, Biochemistry and Pharmacology of Chittagong Veterinary and Animal Sciences University and stored in -20°C for further analysis.

[bookmark: _Toc414378946][bookmark: _Toc414379393]3.8. Data collection

[bookmark: _Toc414378947][bookmark: _Toc414379394]Name of the markets, number  of retailer outlets, population size, sold per day, surplus, drug used at shop (for poultry only)  and surplus birds and fish and contact details of owner were collected through administration of face-to-face questionnaire interview.

3.9. Laboratory evaluation
[bookmark: _Toc414378948][bookmark: _Toc414379395]3.9.1. Extraction of antimicrobials residues 

Propelka et al. (2005) described the protocol of extraction procedure of antimicrobial residues was used for the present study. Briefly, 10 gm of each organ sample were blended and meshed using a food processor (Model No. KFP1333). Four gm of meshed sample then was added to 10 ml of phosphate buffer (pH 6.5) within a 50 ml beaker for homogenization. After homogenization 2 ml of 30% trichloroacetic acid was added to the mixture to precipitate proteins and then transferred to a 15 ml falcon tube for centrifugation at 7000 rpm for 15 minutes. The supernatant was collected and filtered through Whatman filter paper by using sterile funnel. To remove lipids, an equal volume of diethyl ether was added to the solution and mixed, and incubated on the bench at room temperature for 10 minutes to separate an upper oily layer and the extraction layer. The oily layer was discarded and the extracted layer was collected using a sterile funnel. The extraction process was repeated twice with diethyl ether and then placed in a sterile vial at 4°C until analysis being performed. .

[bookmark: _Toc414378949][bookmark: _Toc414379396]3.9.2. Thin Layer Chromatography

A total of 478 extracted samples (246 poultry organs and 232 fleshes of fishes) were evaluated by the TLC (Sareef et al., 2009 and Popelka et al., 2005). Ciprofloxacin, Oxytetracycline, Amoxicillin, Enrofloxacin, Doxycycline, Erythromycin and Sulfachlorpyradazine were evaluated for antimicrobial residues. Antimicrobials were selected for TLC evaluation was based on previous literature and with consultation of professionals in the respective fields of poultry and fish. Representative TLC positive samples was subjected to UHPLC for quantification of ciprofloxacin (N=6; liver 3, thigh muscle 1 and breast muscle 2),  amoxicillin (N=6; liver 2, thigh muscle 2 and breast muscle 2) and oxytetracycline (N=2; liver 1 and breast muscle 1)  for poultry organs  and for quantification of  amoxocilin (N=3; rui 1, tilapia 1 and koi 1) and oxytetracycline (N=1; koi 1) for fish flesh (Parvej, 2013; Sattar et al., 2014). The detail procedures of TLC is given in annex-I.          
[bookmark: _Toc386235055][bookmark: _Toc386302471][bookmark: Three82]
[bookmark: _Toc414378950][bookmark: _Toc414379397]3.9.3. Ultra high performance liquid chromatography

A previously described (Wang et al., 2009) the UHPLC procedure was applied in this study. Briefly, a stainless steel column C18 (2μm) P/N 891-5002, 2mm ID×100ml No. 22G2C-001 was used for chromatography with a wavelength of the spectrophotometric detector set at 254 nm. Mobile phase (A and B) was run at a specific flow rate for different antimicrobials. Mobile phase A consisted of 1 part of acetonitrile R (Phillipsburg, NJ, USA) and 99 parts of buffer solution (pH 5.0) and mobile phase B consisted of 20 parts of acetonitrile and 80 parts of buffer solution (2M sodium hydroxide added to 0.2M potassium dihydrogen phosphate (Sigma Corp., St. Louis, MO, USA pH 5.0).  Twenty μl sample extracts was injected through an auto sampler and the amoxicillin standard was diluted in mobile phase A (after being filtered through a 0.2 micron filter) at the rate of 0.2 ml/min. The column was equilibrated with a mobile phase A to B at a ratio of 98: 8. Twenty μl sample extracts was injected through an auto sampler and the Ciprofloxacin standard was diluted in mobile phase A (after being filtered through a 0.2 micron filter) at the rate of 1ml/min. The column was equilibrated with a mobile phase A to B at a ratio of 90: 10. Twenty μl sample extracts were injected through an auto sampler and the oxytetracycline standard was diluted in mobile phase A (after being filtered through a 0.2 micron filter) at the rate of 1.5ml/min. The column was equilibrated with a mobile phase A to B at a ratio of 85: 15. The calibration curves prepared with sample standards was used to calculate the amoxicillin/ciprofloxacin/oxytetracycline concentrations in unknown samples. The spiked sample was processed and analyzed using this procedure.


[bookmark: _Toc414378951][bookmark: _Toc414379398]3.10. Data entry and statistical evaluation

Field and laboratory data obtained were entered into spread sheets of the Microsoft (MS) Excel-2007 programme. Data were sorted and cleaned in the MS Excel programme before exporting to STATA-13 (STATA Corp, USA). Descriptive and summary statistics was used on the results of antimicrobial residues according to time, markets, broiler chicken, fish, and organs and types of antimicrobial. A Fisher’s exact test was used to detect the difference between the proportion of positive and negative antimicrobial residues according to time, organ, types of fishes and types of antimicrobials. The p value of  0.05 was considered as significant. The results were presented in frequency number, percentage, mean, standard deviation, 95% confidence interval and p value.








[bookmark: _Toc386235058][bookmark: _Toc386302474][bookmark: _Toc414378952][bookmark: _Toc414379399]Chapter-4: Results
[bookmark: _Toc386235059][bookmark: Four1]
[bookmark: _Toc414378953][bookmark: _Toc414379400][bookmark: _Toc386235069][bookmark: _Toc386302485]                                   4. Results
[bookmark: _Toc414378954][bookmark: _Toc414379401]                                  4.1. Prevalence of antimicrobial residues in broiler chickens in Chittagong

On TLC evaluation the overall prevalence of antimicrobial residues in broiler chicken was 84.1% (95% CI 74.4-91.3%; N=82) of which September contributed 43.9% and November contributed 37%. No significant difference was observed for the prevalence of antimicrobial residues in broiler chickens between months (87.8%; N=41 versus 73.2%; N=41; p=0.162).
 
The prevalence of antimicrobial residues in broiler chicken in September and November was 26.8% and 22.0%, respectively for ciprofloxacin (p=0.796); 12.2% and 7.3%, respectively for oxytetracycline (p=0.712); 19.5% and 7.3%, respectively for amoxicillin (p=0.194); 12.2% and 9.8%, respectively for enrofloxacin (p=1.00); 9.8% and 7.3%, respectively for doxycycline (p=1.00); 4.9% and 4.9%, respectively for erythromycin (p=1.00); 2.4% and 14.6%, respectively for sulfachlorpyradazine (p=0.109).

The prevalence of antimicrobial residues in broiler chicken varied significantly among different types in September (p=0.016) where ciprofloxacin had the highest prevalence (26.8%) followed by amoxicillin (19.5%), oxytetracycline (12.2%), enrofloxacin (12.2%), doxycycline (9.8%), erythromycin (4.9%) and sulfachlorpyradazine (2.4%). Although the prevalence of antimicrobial residues was statistically equal among different types in November (p=0.240), the highest prevalence encountered for ciprofloxacin (22.0%) followed by sulfachlorpyradazine (14.6%), enrofloxacin (9.3%), amoxicillin (7.3%), oxytetracycline (7.3%), doxycycline (7.3%) and erythromycin (4.9%). 

No significant difference of antimicrobial residues was observed for any of the antimicrobial types among markets by months (p≥0.1235) (Table 7).

The prevalence of antimicrobial residues of any type in broiler chickens varied significantly among types of poultry vendor categories (p=0.002) where wholesaler had 50% (N=32); retailer had 83.3% (N=36); both had 92.9% (N=14).  
[bookmark: _Toc414378955][bookmark: _Toc414379402]                               4.2. Prevalence of antimicrobial residues in organs of broiler chickens in Chittagong

The overall prevalence estimate of antimicrobial residues in broiler chicken organs was 39.4% (95CI 33.3-45.8%; N=246) of which 23.2% was for September and 16.3% for November. The prevalence was significantly higher (46.3%; N=123) in broiler chicken organs in September than in November (32.5%; N=123) (p=0.036).

No statistical difference was evidenced for the prevalence of antimicrobial residues in any of the organ samples evaluated between months (Liver 73.2% versus 56.1%; p=0.165; Thigh 34.1% versus 24.4%; p=0.467; Breast 31.7% versus 17.1; p=0.198).

The prevalence of antimicrobial residues among broiler chicken organs within a month varied significantly (September: Liver-thigh-breast 73-34.1-31.7%; p<0.001 and November: Liver-thigh-breast 56.1-24.4-17.1%; p<0.001).

No significant difference of antimicrobial residues was evidenced for any of the antimicrobial types among organs by months except ciprofloxacin in September (p=0.015) (Table 8).

In most of the cases ciprofloxacin residues had the highest prevalence among different antimicrobials and however, no statistical difference was observed between months for each type of antimicrobials (Table 9).
 
[bookmark: _Toc414383024]Table 7. Frequency distribution of antimicrobial residues in poultry sampled from different wet markets of Chittagong metro city by sub-sites, month and types of antimicrobials (Samples were evaluated by Thin Layer Chromatography)

	Markets (N)
	September
	November
	% Difference between months 
(p of Fisher’s exact test)

	
	Cip
n (%)
	OTC
n (%)
	Amx
n (%)
	Enr
n (%)
	Dox
n (%)
	Ery
n (%)
	Sul
n (%)
	Cip
n (%)
	OTC
n (%)
	Amx
n (%)
	Enr
n (%)
	Dox
n (%)
	Ery
n (%)
	Sul
n (%)
	Cip

	OTC

	Amx

	Enr

	Dox

	Ery

	Sul


	Jhautala 
(7*)
	2
(28.5)
	1
(14.3)
	3
(42.9)
	0
	0
	0
	0
	1
(14.3)
	1
(14.3)
	0
	0
	0
	0
	2
(28.5)
	(1.000)
	0
	(0.192)
	0
	0
	0
	(0.461)

	Pahartali
(11*)
	4
(36.4)
	1
(9.1)
	1
(9.1)
	2 
(18.2)
	1
(9.1)
	1
(9.1)
	0
	1
(9.1)
	1(9.1)
	1
(9.1)
	0
	2
(18.2)
	1
(9.1)
	2
(18.2)
	(0.311)
	0
	0
	(0.476)
	(1.000)
	0
	(0.461)

	Karnafulli
(7*)
	0
	1
(14.3)
	1
(14.3)
	1
(14.3)
	2 
(28.5)
	1
(14.3)
	1
(14.3)
	3
(42.9)
	0
	0
	2
(28.5)
	0
	0
	2
(28.5)
	(0.192)
	(1.000)
	(1.000)
	(1.000)
	(0.461)
	(1.000)
	(1.000)

	Riazuddin
(12*)
	4 
(33.3)
	2
(16.7)
	2
(16.7)
	1
(8.3)
	0
	0
	0
	2
(16.7)
	2(16.7)
	2
(16.7)
	1
(8.3)
	1
(8.3)
	0
	0
	(0.641)
	0
	0
	0
	(1.000)
	0
	0

	Kazir Dewri
(4*)
	1
(25.0)
	0
	1
(25.0)
	1
(25.0)
	1 
(25.0)
	0
	0
	2
(50.0)
	0
	0
	1
(25.0)
	0
	1
(25.0)
	0
	(1.000)
	0
	(1.000)
	0
	(1.000)
	(1.000)
	0

	p
(Fisher’s exact test)
	0.476
	1.000
	0.517
	  0.701
	0.123
	0.634
	0.439
	0.269
	0.936
	0.827
	0.143
	0.759
	0.180
	0.222
	
	
	
	
	
	
	


N=Total number of birds; n=Number of positive birds; p=probability value of significant test; Cip: Ciprofloxacin; OTC: Oxytetracycline; Amx: Amoxicillin; Enr: Enrofloxacin; Dox: Doxycycline; Ery: Erythromycin; Sul: Sulfachlorpyradazine; *Number for each month   

[bookmark: _Toc414383025]




Table 8. Frequency distribution of antimicrobial residues in poultry sampled from different wet markets of Chittagong metro city by organ types and month (Samples were evaluated by Thin Layer Chromatography)
	Organs
(N)
	September
	November
	% Difference between months 
(p of Fisher’s exact test)

	
	Cip
n (%)
	OTC
n (%)
	Amx 
n (%)
	Enr 
 n (%)
	Dox 
n (%)
	Ery 
n (%)
	Sul
 n (%)
	Cip
n (%)
	OTC
n (%)
	Amx 
n (%)
	Enr 
n (%)
	Doxy 
n (%)
	Ery 
n (%)
	Sul 
n (%)
	Cip

	OTC

	Amx

	Enr

	Dox

	Ery

	Sulfa


	Liver 
( 41*)
	11 (28.8)
	4
(9.8)
	7 
(17.1)
	2 
(4.8)
	3
(7.3)
	2 
(4.8)
	1
(2.4)
	7
(17.1)
	4
(9.8)
	3 
(7.3)
	2
(4.8)
	1
(2.4)
	1
(2.4)
	5 (12.2)
	(0.424)
	0
	(0.311)
	0
	(0.615)
	(1.000)
	(0.201)

	Thigh 
( 41*)
	2
(4.8)
	1
(2.4)
	5 
(12.2)
	3
(7.3)
	2
(4.8)
	1
(2.4)
	0
	2
(4.8)
	2
(4.8)
	2
(4.8)
	1
(2.4)
	0
	1
(2.4)
	2
(4.8)
	0
	(1.000)
	(0.432)
	(0.615)
	(0.493)
	0
	(0.493)

	Breast 
( 41*)
	4
(9.8)
	2
(4.8)
	2
(4.8)
	1
(2.4)
	3
(7.3)
	0
	1
(2.4)
	2
(4.8)
	1
(2.4)
	1
(2.4)
	0
	1
(2.4)
	0
	2
(4.8)
	(0.675)
	(1.000)
	(1.000)
	(1.000)
	(0.615)
	0
	(1.000)

	p
(Fisher’s Exact test)
	0.015
	0.500
	0.254
	0.870
	1.000
	0.772
	1.000
	0.109
	0.500
	0.870
	0.772
	1.000
	1.000
	0.504
	
	
	
	
	
	
	


N=Total number of birds; n=Number of positive birds; p=probability value of significant test; Cip: Ciprofloxacin; OTC: Oxytetracycline; Amx: Amoxicillin; Enr: Enrofloxacin; Dox: Doxycycline; Ery: Erythromycin; Sul: Sulfachlorpyradazine; *Number for each month        
[bookmark: _Toc414383026]Table 9. Frequency distribution of antimicrobial residues by site and antimicrobial types in organ samples of broiler chickens in different wet markets of Chittagong metropolitan areas
	Site
	
	
	September
	November
	

	
	Class of antimicrobials
	Type of antimicrobials
	No of positive (%) 
	No of organs tested
	No of positive (%)
	No of organs tested
	p (Fisher’s exact)

	Jhautala
	
	
	
	21
	
	21
	

	
	Fluroquinolone
	Ciprofloxacin
	2 (9.5)
	
	1 (4.8)
	
	1.000

	
	Tetracycline
	Oxytetracycline
	1 (4.8)
	
	1 (4.8)
	
	1.000

	
	-Lactam
	Amoxicillin
	3 (14.3)
	
	0
	
	0.231

	
	Sulfonamide
	Sulfachlorpyradazine
	0
	
	2 (9.5)
	
	0.487

	
	Total
	
	6 (28.6)
	
	            4 (19.0)
	
	0.718

	Pahartali
	
	
	
	33
	
	33
	

	
	Fluroquinolone
	Ciprofloxacin
	4 (12.1)
	
	1 (3.0)
	
	0.355

	
	
	Enrofloxacin
	2 (6.0)
	
	0
	
	0.492

	
	Tetracycline
	Oxytetracycline
	1 (3.0)
	
	1 (3.0)
	
	

	
	
	Doxycycline
	1(3.0)
	
	2 (6.0)
	
	1.000

	
	-Lactam
	Amoxicillin
	1 (3.0)
	
	1 (3.0)
	
	

	
	Macrolide
	Erythromycin
	1 (3.0)
	
	1 (3.0)
	
	

	
	Sulfonamide
	Sulfachlorpyradazine
	0
	
	2 (6.0)
	
	0.492

	
	Total
	
	10 (30.3)
	
	8 (24.2)
	
	0.782

	Karnafulli
	
	
	
	21
	
	21
	

	
	Fluroquinolone
	Ciprofloxacin
	0
	
	3 (14.2)
	
	0.231

	
	
	Enrofloxacin
	1 (4.8)
	
	2 (9.5)
	
	1.000

	
	Tetracycline
	Oxytetracycline
	1 (4.8)
	
	0
	
	

	
	
	Doxycycline
	2 (9.5)
	
	0
	
	

	
	-Lactam
	Amoxicillin
	1 (4.8)
	
	0
	
	

	
	Macrolide
	Erythromycin
	1 (4.8)
	
	0
	
	

	
	Sulfonamide
	Sulfachlorpyradazine
	1 (4.8)
	
	2 (9.5)
	
	1.000

	
	Total
	
	7 (33.3)
	
	7 (33.3)
	
	1.000

	Riazuddin
	
	
	
	36
	
	36
	

	
	Fluroquinolone
	Ciprofloxacin
	4 (11.1)
	
	2(5.5)
	
	0.673

	
	
	Enrofloxacin
	1 (2.8)
	
	1 (2.8)
	
	

	
	Tetracycline
	Oxytetracycline
	2 (5.5)
	
	2(5.5)
	
	

	
	
	Doxycycline
	0
	
	1 (2.8)
	
	

	
	-Lactam
	Amoxicillin
	2 (5.5)
	
	2 (5.5)
	
	

	
	Total
	
	9 (25.0)
	
	8 (22.2)
	
	

	Kazir Dewri
	
	
	
	12
	
	12
	

	
	Fluroquinolone
	Ciprofloxacin
	1 (8.3)
	
	2 (16.7)
	
	1.000

	
	
	Enrofloxacin
	1 (8.3)
	
	1 (8.3)
	
	

	
	Tetracycline
	Doxycycline
	1 (8.3)
	
	0
	
	

	
	-Lactam
	Amoxicillin
	1 (8.3)
	
	0
	
	

	
	Macrolide
	Erythromycin
	0
	
	1 (8.3)
	
	

	
	Total
	
	4 (33.3)
	
	4 (33.3)
	
	



[bookmark: _Toc414378956][bookmark: _Toc414379403]                              4.3. Prevalence of antimicrobial residues in fishes in Chittagong

The overall prevalence of antimicrobial residues in fishes was 13.8% (95% CI 9.6-18.9%; N=232) (September 8.6% and November 5.2%). Residues of oxytetracycline and amoxicillin were detected as 10.3% and 6.9%, respectively in September (p=0.482) and 7.8% and 3.4%, respectively in November (p=0.138). No statistical difference of prevalence of residue between months was observed either for oxytetracycline (p=0.647) or amoxicillin (p=0.216). The prevalence of oxytetracycline or amoxicillin residues was statistically equal among markets (p≥0.105) (Table 10).

The prevalence of oxytetracycline residues in September and November was 13.8% and 10.3%, respectively in Rui; 10.3% and 6.9%, respectively in Tilapia; 0% and 6.9%, respectively in Koi; 10.3% and 6.9%, respectively in Pangas. The prevalence of amoxicillin residues in September and November was 10.3% and 3.4%, respectively in Rui; 3.4% and 3.4%, respectively in Tilapia, 6.9% and 0%, respectively in Koi and 6.9% and 3.4%, respectively in Pangas. No differences were observed among types of fish within each month or between the months for the prevalence of oxytetracycline or amoxicillin (p≥0.218) (Table 11).

No difference of prevalence of residues between oxytetracycline and amoxicillin was evidenced within each market (Table 12).   
        
[bookmark: _Toc414383027]Table 10. Frequency distribution of antimicrobial residues in fishes sampled from different wet markets of Chittagong metro city by sub-sites, month and types of antimicrobials (Samples were evaluated by Thin Layer Chromatography)
	Markets
(N)
	September
	November
	% Difference between months
(p of Fisher’s exact test)

	
	Cip
n (%)
	OTC
n (%)
	Amx 
n (%)
	Enr 
n (%)
	Dox
n (%)
	Ery 
n (%)
	Sul
n (%)
	Cip
n (%)
	OTC
n (%)
	Amx 
n (%)
	Enr
 n (%)
	Dox 
n (%)
	Ery 
n (%)
	Sul
n (%)
	Cip

	OTC

	Amx

	Enr

	Dox

	Ery

	Sul


	Jhautala (24*)
	0
	0
	2
(8.3)
	0
	0
	0
	0
	0
	1
(4.2)
	0
	0
	0
	0
	0
	0
	(1.000)
	(0.489)
	0
	0
	0
	0

	Pahartali
(28*)
	0
	4
(14.3)
	1
(3.6)
	0
	0
	0
	0
	0
	3
(10.7)
	1
(3.6)
	0
	0
	0
	0
	0
	(1.000)
	0
	0
	0
	0
	0

	Karnafulli
(20*)
	0
	2
(10.0)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	(0.489)
	0
	0
	0
	0
	0

	Riazuddin
(28*)
	0
	5
(17.9)
	5
(17.9)
	0
	0
	0
	0
	0
	5
(17.9)
	2
(7.2)
	0
	0
	0
	0
	0
	0
	(0.415)
	0
	0
	0
	0

	Kazir Dewri
(16*)
	0
	1
(6.3)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	(1.000)
	0
	0
	0
	0
	0

	p
(Fisher’s exact test)
	
	0.224
	0.105
	
	
	
	
	
	0.363
	0.624
	
	
	
	
	
	
	
	
	
	
	


N=Total number of birds; n=Number of positive birds; p=probability value of significant test; Cip: Ciprofloxacin; OTC: Oxytetracycline; Amx: Amoxicillin; Enr: Enrofloxacin; Dox: Doxycycline; Ery: Erythromycin; Sul: Sulfachlorpyradazine; *Number for each month       


[bookmark: _Toc414383028]Table 11. Frequency distribution of antimicrobial residues in fishes sampled from different wet markets of Chittagong metro city by fish types and month (Samples were evaluated by Thin Layer Chromatography)
	Fish
(N)
	September
	November
	% Difference between months
(p of Fisher’s exact test)

	
	Cip
n (%)
	OTC
n (%)
	Amx 
n (%)
	Enr 
n (%)
	Dox 
n (%)
	Ery 
n (%)
	Sul
n (%)
	Cip
n (%)
	OTC
n (%)
	Amx 
n (%)
	Enr 
n (%)
	Dox 
n (%)
	Ery 
n (%)
	Sul
n (%)
	Cip

	OTC

	Amx

	Enr

	Dox
	Ery

	Sul


	Rui
(29*)
	0
	4
(13.8)
	3
(10.3)
	0
	0
	0
	0
	0
	3
(10.3)
	1
(3.4)
	0
	0
	0
	0
	0
	(1.000)
	(0.611)
	0
	0
	0
	0

	Tilapia
(29*)
	0
	3
(10.3)
	1
(3.4)
	0
	0
	0
	0
	0
	2
(6.9)
	1
(3.4)
	0
	0
	0
	0
	0
	(1.000)
	0
	0
	0
	0
	0

	Koi
(29*)
	0
	0
	2
(6.9)
	0
	0
	0
	0
	0
	2
(6.9)
	0
	0
	0
	0
	0
	0
	(0.491)
	(0.491)
	0
	0
	0
	0

	Pangas
(29*)
	0
	3
(10.3)
	2
(6.9)
	0
	0
	0
	0
	0
	2
(6.9)
	1
(3.4)
	0
	0
	0
	0
	0
	(1.000)
	(1.000)
	0
	0
	0
	0

	p
(Fisher’s Exact test)
	
	0.218
	0.957
	
	
	
	
	
	1.000
	1.000
	
	
	
	
	
	
	
	
	
	
	


N=Total number of birds; n=Number of positive birds; p=probability value of significant test; Cip: Ciprofloxacin; OTC: Oxytetracycline; Amx: Amoxycillin; Enr: Enrofloxacin; Dox: Doxycycline; Ery: Erythromycin; Sul: Sulfachlorpyradazine; Rui, Rohu (Labeo rohita); Tilapia, Nile Tilapia (Orechromis nilotica); Koi, Climbing perch (Anabas testudineus);Pangas, Yellowtail catfish (Pangasius hyphthalamus); *Number for each month             





[bookmark: _Toc414383029]Table 12. Frequency distribution of antimicrobial residues by site and antimicrobial types in fish samples obtained from different wet markets of Chittagong metropolitan areas
	Site
	Class of antimicrobials
	Type of antimicrobials
	September
	November

	
	
	
	No of positive (%) 
	No of fish samples tested
	No of positive (%) 
	No of fish samples tested

	Jhautala
	
	
	
	24
	
	24

	
	Tetracycline
	Oxytetracycline
	0
	
	1 (4.6)
	

	
	-Lactam
	Amoxicillin
	2 (8.3)
	
	0
	

	Pahartali
	
	
	
	28
	
	28

	
	Tetracycline
	Oxytetracycline
	4 (14.2)
	

	3 (10.1)
		


	
	-Lactam
	Amoxicillin
	1 (3.5)
	
	1 (3.7)
	

	Karnafulli
	
	
	
	20
	
	20

	
	Tetracycline
	Oxytetracycline
	2 (10.0)
	
	0
	

	
	-Lactam
	Amoxicillin
	0
	
	0
	

	Riazuddin
	
	
	
	28
	
	28

	
	Tetracycline
	Oxytetracycline
	5 (17.8)
	
	5 (17.5)
		


	
	-Lactam
	Amoxicillin
	5 (17.8)
	
	2 (7.4)
	

	Kazir Dewri
	
	
	
	16
	
	16

	
	Tetracycline
	Oxytetracycline
	1 (6.2)
	
	0
	

	
	-Lactam
	Amoxicillin
	0
	
	0
	




4.4. [bookmark: _Toc414378957][bookmark: _Toc414379404][bookmark: _Toc414378958][bookmark: _Toc414379405]Estimation of concentration of antimicrobial residues in broiler chickens and fishes in Chittagong

The concentration (µg/kg) of amoxicillin, ciprofloxacin and oxytetracycline was average 106.6, 269 and 35.56, respectively in liver; average 111.8, 133 and 0, respectively in thigh muscle and average 75.8, 396.9 and 57.2, respectively in breast muscle of broiler chickens (Table 13).
The concentration (µg/kg) of amoxicillin in Rui, Tilapia and Koi was 95.4, 36.5 and 95.9, respectively. The concentration (µg/kg) of oxytetracycline in Koi was 60.7 (Table 13).  
                    

[bookmark: _Toc414383030]Table 13. Estimation of concentration of antimicrobial residues in different organs of broiler chickens and fish by UHPLC
	Antimicrobials
	Organ 
(Broiler chicken)
	n
	Concentration
(µg/kg)
	Reference concentration MRL(µg/kg)*
	Fish

	Concentration
(µg/kg)
	Reference concentration MRL(µg/kg)*

	
	Liver (mean)
	2
	106.6
	50
	
	
	50

	Amoxicillin
	Liver 1
	
	106.3
	
	Rui
	95.4
	

	
	Liver 2
	
	111
	
	Tilapia
	36.5
	

	
	Thigh (mean)
	2
	111.8
	50
	
	
	

	
	Thigh 1
	
	81.4
	
	Koi
	95.9
	

	
	Thigh 2
	
	142.2
	
	
	
	

	
	Breast (mean)
	2
	75.8
	50
	
	
	

	
	Breast 1
	
	96.8
	
	
	
	

	
	Breast 2
	
	54.7
	
	
	
	

	Ciprofloxacin
	Liver (mean)
	3
	269.2
	200
	
	
	

	
	Liver 1
	
	18
	
	
	
	

	
	Liver 2
	
	724.2
	
	
	
	

	
	Liver 3
	
	65.3
	
	
	
	

	
	Breast (mean)
	2
	396.9
	100
	
	
	

	
	Breast 1
	
	762.5
	
	
	
	

	
	Breast 2
	
	31.3
	
	
	
	

	
	Thigh
	1
	133
	100
	
	
	

	Oxytetracycline
	Liver
	1
	35.56
	300
	Koi
	60.7
	100

	
	Breast
	1
	57.2
	100
	
	
	


* Commission Regulation (EU) No 37/2010




[bookmark: _Toc414378959][bookmark: _Toc414379406][bookmark: _Toc386235072][bookmark: _Toc386302488][bookmark: DISCUSSION]Chapter-5: Discussion

To best of my knowledge this is the first repeated cross-sectional study to assess the status of antimicrobial residues in commercial broiler poultry and fish at wet markets in Chittagong metropolitan city in Bangladesh.

The overall prevalence of antimicrobial residues, regardless of the types of antimicrobials was 84% in commercial poultry in the present study. In contrast lower prevalence of antimicrobial residues (52.5%) has been reported in commercial poultry by many earlier workers in Chittagong (Hossain et al., 2011; Mahmud, 2012; Karim, 2013; Parvej, 2013). 

The current study has not observed any statistical difference of prevalence of antimicrobial residues between summer (September) and winter (November) (43.9% versus 37%) and this finding is supported by a study conducted in Pakistan (summer 47% versus winter 36%) (Naeem et al., 2006). Higher prevalence has also been reported in winter (14%) than in summer (8.9%) (Pavlov et al., 2008). However, it is difficult to say the true season effect on antimicrobial status unless disease prevalence in broiler poultry was too high during summer; rather it could be due to how close antimicrobial use prior to selling out the broiler poultry or whether birds were provided antimicrobials on stall in the market.

The overall prevalence of antimicrobial residues in organs of broiler poultry was 39.4%, is supported by number of earlier studies in broiler poultry  such as 16-56% in Chittagong of Bangladesh (Mahmud, 2012; Karim, 2013; Parvej, 2013; Sattar et al., 2014), 43% in Pakistan (Mehtabuddin et al., 2012) and 50% in Iran (Tajick and Shohreh, 2006). On the other hand, lower prevalence of antimicrobial residues in broiler poultry has been documented by other studies such as 21% in Ghana (Donkor et al., 2011) and 26.8% in Nigeria (Ezenduka et al., 2014).
 
The prevalence of antimicrobial residues was significantly higher in liver (54.5%) than that of thigh (24.2%) or breast muscle (21.2%), and these findings are corroborated with previous published works (Muriuki et al., 2001; Dipeolu and Alonge, 2002; Karim, 2013; Parvej, 2013). Those studies reported a prevalence of antimicrobial residues of 30-45% in liver, 15-27% in breast muscle and 12-23% in thigh muscle. Higher prevalence in liver in the present study along with the cited  studies (Amjad et al., 2005; Naeem et al., 2006; Pavlov et al., 2008) is because liver is the principal drug metabolism site in the body (Amjad et al., 2005; Naeem et al., 2006; Pavlov et al., 2008).

All antimicrobials under residual investigation were detected in broiler poultry in the current study and the prevalence significantly varied among antimicrobial types of which ciprofloxacin and amoxicillin residues were more frequent detected (19.5-26.8%) than the others (2.4-12.2%) (Table 8). Similar type-specific prevalence of antimicrobial residues has been reported by many other cross-sectional works in Chittagong of Bangladesh (Mahmud, 2012; Karim, 2013; Parvej, 2013). They documented the prevalence of antimicrobial residues of 6.7-7.5% for ciprofloxacin, 4.2-7.3% for oxytetracycline, 2.5-8.5% for amoxicillin and 2.5-5% for sulfonamides.

Significant differences were observed among poultry vendor types (wholesaler: 50%, retailer: 83.3%, and both: 92.2%) among different markets in this study. Identical results have been published by (Karim, 2013; Sattar, 2012). Assessing the effect of vendor types for the occurrence of antimicrobial residues is probably the first kind investigation in Bangladesh.       
   
The overall prevalence of antimicrobial residues in fishes in the present study was 13.8% (regardless of types of fishes: Rui, Tilapia, Pangas and Koi). However, a variable prevalence of antimicrobial residues in fishes was reported previously in number of countries such as 5.8% (regardless of types of fishes: red tilapia Oreachromis spp. red hybrids, keli Clarias spp. and patin Pangasius sutchii) in Malaysia (Bakar et al., 2010), 8% (regardless of types of fishes: tiger shrimp Penaeus monodon) in Thailand  (Holmstrom et al., 2003), 30% (African catfish) in Nigeria (Olatoye and Basiru, 2013), 56% (Rainbow trout) in Iran  (Mahmoudi et al., 2014). Contrarily, a sporadic study conducted in Dhaka of Bangladesh has been reported 87% of antimicrobial residues in fishes (regardless of fish types: Rui, Pangas and Tilapia) (Rasul, 2012).

Oxytetracycline, Chlorotetracyclin, Amoxicillin, Co-trimoxazole, Sulphadiazine, Sulphamethoxazole are commonly used antimicrobials in aquaculture in Bangladesh (Hossain et al., 2013; Faruk et al., 2008; Rasul, 2012). 
Only the residues of oxytetracycline (10.3%) and amoxicillin (6.9%) were detected in this study and the results varied significantly between antimicrobial types. Moderate to very high prevalence of oxytetracycline residue has also been detected in fishes (african catfish, rainbow trough fish) across the world, for example 30% in Iran (Mahmoudi et al., 2014), 34.4% in Nigeria (Olatoye and Basiru, 2013) and 87% in Bangladesh (Rasul, 2012).
The prevalence of oxytetracycline and amoxicillin residues in September was significantly higher (13.8% versus 10.3%) than in November (10.3% versus 3.4%) but, no relevant literature have been available to discuss temporal variability of prevalence of antimicrobial residues in fishes in this study. However, a possible explanation is that the rain during September can move out the left-over antimicrobials from agriculture fields (if antimicrobials are used), effluents of medical and veterinary hospital etc (Martinez, 2009; Obasohan, 2009) to ponds and rivers.
  
Irrespective of month of sampling, Rui had the highest prevalence of antimicrobial residues (10.3-13.8% oxytetracycline and 3.4-10.3% amoxicillin) followed by Koi (0-6.9% oxytetracycline and 0-6.9% amoxicillin), Tilapia (6.9-10.3% oxytetracycline and 3.4% amoxicillin) and Pangas (6.9-10.3% oxytetracycline and 3.4-6.9% amoxicillin) in the present study. These findings are in-lined with the reports of others for instance, the prevalence of oxytetracycline residue of 38% detected in Pangas, 31% in Rui and 31% in tilapia in Bangladesh (Rasul, 2012). As a cross reference the residue has been detected 30% for tetracycline  in rainbow trout, 19% for sulfonamide and 7% for chloramphenicol in rainbow trout in Iran (Mahmoudi et al., 2014) and 34.4% for oxytetracycline in African catfish in Nigeria (Olatoye and Basiru, 2013).

An average concentration of amoxicillin, ciprofloxacin and oxytetracycline residues in organ of broiler poultry was detected as 106.6, 269 and 396.9 µg/kg, respectively in liver; 111.8, 133 and 0 µg/kg, respectively in thigh muscle; 75.8, 396.9 and 57.2 µg/kg, respectively in breast muscle. Similar kind of concentration has been quantified in organs of broiler poultry in many earlier studies in Bangladesh (270 µg/kg amoxicillin and 350 µg/kg ciprofloxacin residues in liver, 120 µg/kg amoxicillin and 400 µg/kg ciprofloxacin residues in thigh muscle and 100 µg/kg amoxicillin and 120 µg/kg ciprofloxacin residues in breast muscle) (Mahmud, 2012; Karim, 2013; Parvej, 2013, Sattar et al., 2014).
 
Similar to the aforementioned cited Bangladeshi studies along with the present investigation high average concentration of different antimicrobial residues in organs of broiler poultry has been estimated in Pakistan and other countries (Naeem et al., 2006; Yibar et al., 2011; Mehtabuddin et al., 2012) such as 180 µg/kg ciprofloxacin and 807 µg/kg enrofloxacin in liver, 150 µg/kg ciprofloxacin and 1157 µg/kg enrofloxacin in kidney and 89 µg/kg ciprofloxacin and 400 µg/kg enrofloxacin in muscle  (Amjad et al., 2005; Naeem et al., 2006), 0.02 to 0.8 µg/g sulphonamide in muscle  (Mehtabuddin et al., 2012).
 
An average concentration of amoxicillin residues in liver, thigh muscle in the present study (Table 13) crossed the maximum threshold values of 50 µg/kg (Commission Regulation (EU) No 37/2010). The average concentration of ciprofloxacin residues in liver, breast and thigh muscle also crossed the maximum threshold value (Table 13) 200 µg/kg, 100 µg/kg and 100 µg/kg, respectively (Commission Regulation (EU) No 37/2010). Crossing the maximum limits of concentration of antimicrobials generally  pose public health risk of multi-drug resistance, mutagenic effects, hallucination, twitching, headache, seizures, neurotoxicity, hypersensitivity reactions, immune suppression and toxic effects or even cancer (Woodward, 1991; Ferhan and Aydin, 2000; Donoghue, 2003; VRC, 2005; WHO, 2006; Nonga et al., 2009). However, heat, uses of sausages and other treatment can reduce the level of concentration of antimicrobial residues (ciprofloxacin, amoxicillin, oxytetracycline, sulfonamides) in poultry meat as observed in many earlier studies (Furusawa and Hanabusa, 2002; Javadi et al., 2009; Karim, 2013; Parvej, 2013) and thereby reduce public health risk a bit (Hossain et al., 2011; Mahmud, 2012; Parvej, 2013).
   
The concentration of amoxicillin residue in Rui and Koi exceeded the maximum threshold value (50µg/kg) in the current study (Table 13). Similar level of concentration that crossed the maximum limit have been reported in Rui (oxytetracycline: 100 µg/kg; chloramphenicol: 0 µg/kg) in Tilapia (oxytetracycline: 100 µg/kg; chloramphenicol: 0 µg/kg) and in Pangas oxytetracycline: 100 µg/kg; chloramphenicol: 0 µg/kg) (Rasul, 2012; Bakar et al., 2013). The concentration of antimicrobials above the maximum limits in the fishes in this study also certainly pose public health as discussed earlier. 



[bookmark: _Toc414378960][bookmark: _Toc414379407]Chapter-6: Conclusions, Limitations and Recommendations

[bookmark: _Toc414378961][bookmark: _Toc414379408]6.1. Conclusions

The overall prevalence of antimicrobial residues was 84% in birds, 13.8% in fishes and 39.4% in poultry organs. No significant seasonal, spatial (markets) variation was observed for the prevalence of antimicrobial residues either in broiler chicken or fishes except among poultry vendor types (wholesaler: 50%, retailer: 83.3% and both: 92.9%). Antimicrobial residues were more commonly detected in liver followed by breast and thigh muscle in birds. In case of fishes antimicrobial residues were more commonly detected in Rui followed by Pangas, Tilapia and Koi. Ciprofloxacin and amoxicillin residues were more prevalent than other antimicrobial residues in bird and organs. On the other hand, only oxytetracycline and amoxicillin residues were found in fishes among seven types of antimicrobials tested. Ciprofloxacin and amoxicillin crossed the average maximum threshold values in organs of poultry whereas amoxicillin crossed the average maximum threshold values in Rui and Koi. 


.
[bookmark: _Toc414378964][bookmark: _Toc414379411]6.2. Limitations

Firstly, only limited number of TLC positive samples was evaluated for quantifying concentration of antimicrobial residues. Secondly, it has not been possible to conduct an intervention trial as originally planned to assess the effect of different treatments on reduction of antimicrobial concentration. Thirdly, a comprehensive temporal effect (year round) on the occurrence of antimicrobial residues in poultry and fish has not also been possible. These limitations have been evolved because of financial constraints and shortage of time.        

[bookmark: _Toc414378965][bookmark: _Toc414379412]

6.3. Recommendations

· Drug withdrawal periods should strictly be maintained before human consumption of broilers and fishes.  
· Veterinarians and Fishery Officers are advised to be more rigorous when prescribing veterinary medicinal products or antimicrobial in fishery and to become aware of the rules for the prudent use of antimicrobials. Owners should respect the prescribed withdrawal periods of drugs. It is also necessary to organize seminars on the risk of the excess use of antimicrobial substances in food animals for public health for relevant stakeholders.
· Indiscriminate or excessive use of drugs should be restricted through education and motivation of broiler farmers, fish farmers, vendor owners and practicing veterinarians.
· A year round study should be planned in future to evaluate temporal pattern of prevalence of antimicrobial residues and concentration in broiler poultry.
· A country wide study should be focused in future to estimate overall status of antimicrobial residues in broiler poultry and fishes in Bangladesh. 

[bookmark: _Toc414378966][bookmark: _Toc414379413]
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Annex-I: Procedure of Thin Layer Chromatography (TLC)

[bookmark: _Toc386121120][bookmark: _Toc386235079][bookmark: _Toc386299146][bookmark: _Toc386302495][bookmark: _Toc414378968][bookmark: _Toc414379415]Procedure of Thin Layer Chromatography:
[bookmark: _Toc386121121][bookmark: _Toc386235080][bookmark: _Toc386299147][bookmark: _Toc386302496][bookmark: _Toc414378969][bookmark: _Toc414379416]1. Preparation of Trichloroacetic acid (30%)

Thirty gm of solid crystal trichloroacetic acid was weighed and diluted with distilled water in 100 ml volumetric flask up to 100 ml mark level with proper care.
[bookmark: _Toc386121122][bookmark: _Toc386235081][bookmark: _Toc386299148][bookmark: _Toc386302497][bookmark: _Toc414378970][bookmark: _Toc414379417]2.  Preparation of TLC silica plates

Commercially available pre-coated TLC plates (Silica gel 60 F254) which are 20X20 cm in size (Merck, Germany) were used because these plates are ideal for research, easy to handle and free from hazards for preparation. The TLC plate cuts into 05X10 cm in size.
[bookmark: _Toc386121123][bookmark: _Toc386235082][bookmark: _Toc386299149][bookmark: _Toc386302498][bookmark: _Toc414378971][bookmark: _Toc414379418]3. Standard preparation

Antimicrobial extracted residues with routinely used seven antimicrobials such as Ciprofloxacin, Oxytetracycline, Amoxicillin, Enrofloxacin, Doxycycline, Erythromycin and Sulfachlorpyradazine were prepared by dissolving 0.1 g of powder in 4 ml methanol.
[bookmark: _Toc386121124][bookmark: _Toc386235083][bookmark: _Toc386299150][bookmark: _Toc386302499][bookmark: _Toc414378972][bookmark: _Toc414379419]4. Preparation of solvent

In order to perform TLC along with stationary phase or adsorbents, a mobile phase or solvent preparation was prepared as directed in the references (Thangadurai et al., 2002). For this, 50ml of methanol and 50 ml of acetone were mixed properly to form a mobile phase.
[bookmark: _Toc386121125][bookmark: _Toc386235084][bookmark: _Toc386299151][bookmark: _Toc386302500][bookmark: _Toc414378973][bookmark: _Toc414379420]5. Sample processing
[bookmark: _Toc414378974][bookmark: _Toc414379421][bookmark: _Toc386121126][bookmark: _Toc386235085][bookmark: _Toc386299152][bookmark: _Toc386302501][bookmark: _Toc414378975][bookmark: _Toc414379422]The sample processing procedure has been given in the section of Methods and Materials (3.9.1)



6. Pointing of sample or standard on TLC plate 

In order to point pre-coated TLC plates were cut according to the shape of TLC tank with scissors and pointing was done as follows:
· At first a line was drawn on TLC plate 1 inch above the edge of the plate and then 
· With capillary tube standard solution was pointed on this line about 2 cm distance from each other with proper care about 2-3 mm in diameter. Sample was spotted with capillary tube on the drawn line of TLC plate. After drying of spot sample, the plate was placed in TLC tank and allowed for running.
[bookmark: _Toc386121127][bookmark: _Toc386235086][bookmark: _Toc386299153][bookmark: _Toc386302502][bookmark: _Toc414378976][bookmark: _Toc414379423]7.   Running of TLC 

[bookmark: _Toc386121128][bookmark: _Toc386235087][bookmark: _Toc386299154][bookmark: _Toc386302503]The duration of mobile phase to run was 25 minutes for each plate placed in the TLC tank, thus, maintaining a continuous flow of the mobile phase along the stationary phase to separate antimicrobials (Thangadurai et al., 2002).
[bookmark: _Toc414378977][bookmark: _Toc414379424]8.  Examination of chromatogram under UV detector

In this TLC, the chromatogram was examined under the ultraviolet lamp at 256 nm for spots i.e., spot that fluorescence. The outline of the spot was marked with a series of dots using a sharp pencil. The colour of each fluorescent spot was recorded on a separate paper.
[bookmark: _Toc386121129][bookmark: _Toc386235088][bookmark: _Toc386299155][bookmark: _Toc386302504][bookmark: _Toc414378978][bookmark: _Toc414379425]9.  Determination of Retardation factor (RF) value

To define the relative migration rate of substances under various conditions retardation factor is determined. It is the ratio of distance moved by the substance and distance moved by solvent (Ghani, 2005). For this, the distance that each spot had travelled from the start line was measured in cm, taken from the center of the spot. Also the distance of the solvent was measured from the start line and calculation of Rf values was done using the following equation:
[bookmark: _Toc386121130][bookmark: _Toc386235089][bookmark: _Toc386299156][bookmark: _Toc386302505][bookmark: _Toc414378979][bookmark: _Toc414379426] (
R
f
 
=
)Distance moved by the substance
[bookmark: _Toc386121131][bookmark: _Toc386235090][bookmark: _Toc386299157][bookmark: _Toc386302506][bookmark: _Toc414378980][bookmark: _Toc414379427]                                                Distance moved by solvent
[bookmark: _Toc386121132][bookmark: _Toc386235091][bookmark: _Toc386299158][bookmark: _Toc386302507][bookmark: _Toc414378981][bookmark: _Toc414379428]Results of all Rf values were recorded on a paper in tabular form.
[bookmark: _Toc386121133][bookmark: _Toc386235092][bookmark: _Toc386299159][bookmark: _Toc386302508]
[bookmark: _Toc414378982][bookmark: _Toc414379429]10.  Interpretation of results 

First setting of standard with reference pure substances was determined with three repeated times of examination by standard solution. A substance was positively identified in the unknown solution when it behaved identically as the reference substance (Ghani, 2005). That is, after comparison of two substances (standard and unknown sample) based on following criteria, a sample was positively identified such as:
· Same colour under UV light
· Same colour with the spray reagent
· Same Rf value as those of the reference sample













[bookmark: _Toc414378983][bookmark: _Toc414379430]Annex-II: Questionnaire of baseline information on wet market commercial broiler poultry and drugs used at different markets of Chittagong metro city

1. Date of data collection :…………………..…………………………………..….
2. Name of the market:…………………………………; Longitude………..…….  Latitude………………………
3. Identity no of broiler outlet:………Name of  broiler outlets(If  given)…………
4. Owner’s name:………………………………Address:………………………….
      …………………………………………………. Cell no:……………………..
5. Total no of broiler:………………; Strain:-------------; Age of birds:--------------;
6.  No. of birds sold out per day:…………No of  surplus unsold birds:-------------; 
7. Name of the farm or area from where the birds are supplied from: Farm:…………………………; Area:---------------
8. Any drugs used during the stay (day and night) at outlet?    Yes  /  No
           If yes, what are those drugs?  Drug details:
	SI No
	Name of drug
	Company name
	Dose and route 
	Frequency 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



9. Additional information:………………………………………………………


                                                                        Name of interviewer:
                                                                        Signature:
[bookmark: _Toc414378984][bookmark: _Toc414379431]Annex-III: Questionnaire of baseline information on wet market fish at different markets of Chittagong metro city

1. Date of data collection:……………………………….…………………………
2. Name of the Market:…………………………………………..………………… Longitude……………………; Latitude……………………
3. Identity no. of fish outlet:………………Name of fish outlets(If)………………
4. Owner name:……………………………………. Address:……………………
      ……………………………………………….. Cell no:………………..………
5. Types of fishes at outlet:…………………………………………………………
     6. Total amount of fish (kg):………kg of fish sold out per day:…………Surplus:...
     7. Name of the farm or area from where the fishes one supplied from……………
8. Additional information:………………………………………………………….


                                                                        Name of interviewer:
                                                                        Signature:
                                                                    
                                                                   
[bookmark: _Toc386235093][bookmark: _Toc386302509]
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Annex-VI: Graphical presentation of concentration of antimicrobial residues by UHPLC
                       





                
[bookmark: _Toc414384071]Figure 2. Graphical presentation of concentration of oxytetracycline residue by UHPLC

                                                         
                     


                                                    
[bookmark: _Toc414384072]Figure 3. Graphical presentation of concentration of amoxicillin residue by UHPLC                                              



[bookmark: _Toc414384073]Figure 4. Graphical presentation of concentration of ciprofloxacin residue by UHPLC
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