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SUMMARY 

This study was intended to evaluate the quality and food safety of the locally produced 

farmed fish at different marketing channels with the objectives of heavy metals 

determination, time series chemical change and increase in microbial loads, in 

comparison to the international standards. Microbial quality and shelf life of Labeo 

rohita, fish was also examined during the freezing storage, under varied delayed freezing 

regimes. Two sets of experiments were involved. Under 1
st
 set, four farmed carp fish 

species were sampled from fish farming cluster around Qadirabad Barrage area (district 

Gujranwala) and the metropolitan city of Lahore, form four fish distribution channels. 

These samples were analyzed for three heavy metals (Cd, Pb and Cr), microbial loads, 

viz, APC, TCC, FCC, E. coli, V. cholera and S. aerous and the histamine production, to 

check the farmed fish quality in totality. In the 2
nd

 set of experiment, the microbial quality 

and production of histamine, in the most popular farmed fish, Labeo rohita, stored at -12 

± 0.2
○
C, under various delayed freezing regimes was analyzed with 10 days’ intervals, 

during total 30 days’ frozen storage. 

All of the three tested heavy metals were detected in fish samples collected from all four 

sampling sites. Individually, among species, the metals accumulations though non-

significant, were slightly higher in L. rohita and H. molitrix, as compared with other two 

species. Overall in fish, the concentrations of lead were highest, followed by chromium 

and the cadmium. Mean concentrations of Cd, Pb and Cr were found highest in fish 

samples collected from the retailers’ shops, when compared with other three fish 

sampling points. Values of Cd and Cr, in all fish samples, were found within the 

permissible limits of FAO, while of Pb were beyond the acceptable limits, suitable for 

human consumption. 

Among microbial loads, APC, TCC and FCC were positive in all fish species collected 

from four experimental sites and these parameters showed a consistent increase from fish 

farms to wholesale and the retailers markets under varied patterns. E. coli were absent in 

samples collected from fish farms and the localized fish markets but found in samples 

collected from the other sampling sites i.e. main fish market and the retailers’ shops, with 

an increasing trend from wholesale to the retailers. Mean APC in fish samples of all four 

species collected from fish farms were below the acceptable limits, while at other three 

sites, of all species were beyond acceptable limits except samples of L. rohita and C. 



 
 

idella, collected from the localized fish markets. APC in fish sampled from retailers’ 

shops were found significantly higher than the fish sampled from other three points. 

Levels of TCC, in fish collected from fish farms, the localized fish markets, and main fish 

market were below the accepted limits of ICMSF (1986), while in fish of retailers’ shops, 

these were higher than the permissible limits, except in C. mrigala. FCC in fish collected 

from fish farms were within the suitabl limits while most of the samples at other sampling 

points were beyond the acceptable limits. E. coli showed a significant increase from main 

fish market to the retailers’ shops in all fish species except L. rohita. E. coli were found 

beyond acceptable limits of FAO, in all samples collected from both sites, except C. 

mrigala and the C. idella, sampled from the main fish market. V. cholera, S. aureus and 

histamine was not detected in any fish species, from any of the sampling sites.  

In delayed freezing, the initial APC, TCC, FCC and E. coli, augmented with the increase 

in delay, with different patterns. APC and TCC crossed the acceptable limit before 24 hrs, 

while FCC and the E. coli crossed respective acceptable limit, even before 16 hrs. During 

30 days freezing storage, the mean APC in 0, 8, 16 and 24 hrs delay crossed the safe 

limits of fish consumption on the day 30, 20, 10 and the 0, respectively. TCC in 8 hrs 

delay crossed acceptable limits on the day 30, while in 16 and 24 hrs delay these crossed 

these limits on the day 10. TCC in 0 hrs delay group remained under permissible limits 

through storage period. FCC in 0 and 8 hrs delay crossed acceptable limits on day 10, 

while in 16 and 24 hrs delay groups these crossed the suitable limits on the day 0. E. coli, 

in 0 and 8 hours’ delay, crossed the acceptable limits, on the day 20 while in 16 and 24 

hours’ delay, on the day 0. The S. aureus, V. cholerae and histamine were however, found 

altogether absent, throughout freezing storage experiment.  

Overall, quality of the fish, marketed at various marketing channels was not upto the 

mark, to fulfill the international standards of quality and the food safety.  Labeo rohita 

also steadily deteriorated its quality after catch and during the 30 days freezing storage, 

shortening its shelflife. The delayed storage and microbial development caused consistent 

increase in microbial loads. Therefore, the consumption of fresh fish should a preferred 

option. If however required, quick and immediate freezing, after catch may be opted to 

increase the shelflife of fish. This was perhaps the first study, ever conducted in Pakistan, 

on quality freshwater farmed fish species in totality and the effect of delayed freezing 

during storage.   
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CHAPTER I 

INTRODUCTION 
 

 Quality nevertheless, has long been a significant factor in food trade; however, the 

recent food safety concerns have impelled quality control to the forefront whereas food 

quality and safety have presently become a widely talked word and a key issue of the 

modern age (Yeasmin et al., 2013). During last few decades the foodborne diseases, 

causing significant public health problems worldwide (CDC, 2009), have not only revised 

the views and prospects of food scientists and health officials but have also altered the 

perceptions of food growers and shippers as well (Giovannucci and Satin, 2000). Several 

national and international organizations and agencies worldwide are working in 

collaboration to indemnify safe and quality food for the consumers; and in many 

advanced countries, food quality and safety are considered more imperious than product 

cost (FAO, 2009). European Union (EU) and United States (USA) have successfully 

ensured food safety of their domestic and imported food products by setting food safety 

standards and imposition of strict regulations (Khan et al., 2009; Yeasmin et al., 2010a).  

1.1 Fish; a Quality Food: 

 Fish undoubtedly, a superb source of quality protein with balanced amino acids 

and high contents of vitamins, minerals and Omega-3 polyunsaturated fatty acids 

(Ogundiran et al., 2014); has a great food potential and in coming years is expected 

providing relief from famine and malnutrition to the poor (Roopma et al., 2013). Due to 

recent health food awareness fish is getting more standing and acceptability in the globe 

(Gupta et al., 2013). Its palatability (Foran et al., 2005), ease digestion (Astawan and 

Ikan, 2004) and high protein retention in consumer’s body, offers improved nutrition in 
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comparison to other animal protein sources (Anthony and Akinwumi, 1991). Fish because 

of Omega-3 polyunsaturated fatty acids, is believed to lower triglycerides, reducing blood 

pressure and heart problems and to improve blood clotting parameters (Nettleton, 1995).  

 This importance of fish as food, inexpensive source of animal protein, livelihood 

of the deprived rural folk and therapeutic value, conjointly, has defined its ever increasing 

role in global economy and the food security and it has now become amongst the most 

traded food commodities of the world (FAO, 2014). The demand for fish is expected to 

outstrip all the available supplies in near future owing to the revolutionary changes taking 

place in the dietary habit of people all over the world and to the consumers’ look at the 

fishery products as health food (Khan and Chatta, 2015). Aquaculture is progressively 

emerging as one of the fastest growing food producing sector and the important 

economical agribusiness worldwide, which now accounts for almost 50 percent of the 

world’s food fish (FAO, 2014).  

1.2 Role of Aquaculture in World Food Supply and Livelihood:  

 The prominence of aquaculture in protein food supply, economic growth, 

providing livelihood and food security is well documented across the globe. According to 

FAO (2012) the average growth rate of aquaculture remained on average 3.2 percent per 

year during the years, 1961-2009, while world population is increasing with the growth 

rate: 1.7 percent per year; so aquaculture, undeniably is the only sector having growth rate 

even more than the human population. Fisheries and aquaculture, over the globe, provide 

livelihood to around 55 million people including 7 million sporadic fishers and the fish 

farmers. Besides production, this sector provides ample jobs to the people involved in 

ancillary activities like harvesting, processing, packing and marketing, boat construction 

and manufacturing of fish feed, fishing implements and the processing equipment etc. 
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1.3 Changes in Fish Quality: 

 Word “quality” brings an aesthetic perception of “totality of characteristics” of a 

commodity or product, which means the ability to meet implied or standard requirements 

(Bremner, 2002). The quality and safety of food fish is very important for the consumers 

as fish consumption, sometimes may cause diseases to human (Sayed et al., 2013). The 

physico-chemical chemistry of natural as well as manmade aquatic systems plays a 

striking role in fish quality (Asaolu et al., 1997; Adefemi et al., 2007). Various 

contaminants and toxic heavy metals are released into water systems through frequent 

anthropogenic sources like domestic wastes, industrial effluents and agro-chemicals 

(Kennicutt et al., 1992; Karadede et al., 2004), which adulterate the ecosystems 

(Turkmen et al., 2009). Moreover, food safety and quality of fish and fish products is 

based on degree of freshness or spoilage, which is determined through study the process 

of autolysis, oxidation of lipids and microbiological growth in fresh and frozen fish (Huss 

et al., 1992) 

1.3.1 Heavy Metals Contamination 

 Aquatic ecosystems contamination with wide-ranging pollutants, alarmingly has 

become a matter of disquiet for last some decades (Dirilgen, 2001; Amaraneni, 2006; 

Vinodhini and Narayanan, 2008; Rao and Rao, 2007; Gupta et al., 2009; Mastan, 2014). 

Natural and manmade water bodies are going to be extensively contaminated with 

essential and non-essential heavy metals, entering through not only industrial effluents 

and mining but also from agro-chemicals, domestic and city sewage, hospital wastes and 

other anthropogenic activities (Conacher et al., 1993; Chandra Sekhar et al., 2004; Malik 

et al., 2010; Abdel-Baki et al., 2011; Laxmi Priya et al., 2011). This heavy metals 

contamination of aquatic ecosystems is considered to be harmful, not only for aquatic 
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populations but for terrestrial organisms including the human beings as well (Perera et al., 

2015).  These heavy metals, being stable and tenacious cannot be degraded biologically 

and are accumulated in the aquatic environment (Farombi et al., 2007). Fish, being at the 

top of food chain, may take and accumulate excessive amount of heavy metals and other 

contaminants from water (Canli and Atli, 2003; Ansari et al., 2005; Mansour and Sidky, 

2002); which through food chain are transferred into humanoids (Velez and Montora, 

1998; Uysal et al., 2008). Thus bioaccumulation of heavy metals and other environmental 

pollutants in freshwater fish has become a well-recognized food safety problem (Ashraf, 

2005; Staniskiene et al., 2006; Lavilla et al., 2008). 

 Though these potential toxicants and heavy metals however may not ominously 

damage the fish and other aquatic organisms, but their bioaccumulation through food 

chain is a severe threat to the health of human beings (Kalay et al., 1999; Lee et al., 2007; 

Gueu et al., 2007; Adams et al., 2008; Zodape et al., 2011). Some metals like Fe, Cu, Ni, 

Zn and Mn are essential in trace amounts as micronutrients for normal life process of 

human and animals (Suthar and Singh, 2008), while some others like Pb, Cd, Co and Cr 

have no recognized constructive physiological role in the health of organisms (Kar et al., 

2008; Aktar et al., 2010). This accumulation of non-biodegradable heavy metals in 

human body can damage nervous system and the other vital internal organs (Reza and 

Singh, 2010).  

 Among heavy metals, consistent Cadmium (Cd) inhalation has severe pulmonary 

effects (Seidal et al., 1993; Barbee Jr and Prince, 1999) and can cause kidney dysfunction 

with increased excretion of proteins (Jarup et al., 1998;) and decreased glomerular 

filtration rate (Friberg, 1950). Lead (Pb) poisoning may cause prickliness, headache and 

abdominal pain. Children can be affected by behaviour disturbances, loss of 

concentration, reduced learning ability and if prolonged weakened intellectual capacity 
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(Jarup, 2003). Long-term exposures may also cause renal damage (WHO, 1995). The 

chromium (Cr) ingestion is very toxic and carcinogenic for lungs (Baetjer et al, 1959) and 

may cause headache, dizziness, systemic effects, reduced immunity and neurological 

responses (Liberman, 1941; Cohen et al., 1998).   

1.3.2 Microbiological Contamination     

 Micro flora present in pond water also has a significant influence on nutritional 

value and the quality of farmed fish (Boon and Huisman, 1996; Black, 2009; Ikpi and 

Offem, 2011) and may cause even infectious diseases (Noga, 2000; Torimiro et al., 

2014). Moreover, as fish is a highly perishable meat commodity (Huss et al., 1995); it 

consistently deteriorates its quality after harvesting and degutting (Adam and Tobaias, 

1999; Daramola et al., 2014). The deterioration or fish spoilage is attributed to inherent 

enzymatic autolysis (Alberto et al., 1988), oxidation of lipids and microbial growth 

(AMEC, 2003; Aubourg et al., 2004; Ozogul et al., 2006) which solemnly affects 

acceptability of the consumer (Moini et al., 2009; Rostamzad et al., 2010). This chemical, 

enzymatic and microbial fish spoilage is responsible for about 30 percent loss of landed 

fish worldwide every year (Baird-Parker, 2000; Amos, 2007). Bacteria from different 

genera such as Achromobacter spp., Falvobacterinm spp., Psedudomonas spp., and 

Shewanella spp. commonly effect fish quality (Estella et al., 2012).  

 Similarly Vibrio spp., Micrococcus spp., Clostridium spp., Moraxella spp., 

Basillus spp., Listeria spp., enterobacteriaceae including Salmonella, molds, yeasts and 

lactic acid bacteria can intervene in process of decomposition even at counts below 7.0 

log cfu g-
1 

(Mossel et al., 2003; ICMSF, 2005; Vermeiren et al., 2005). The freshwater 

fish are more likely contaminated by coliform, fecal coliform micro-organisms, E. coli, 

Enterobacter, Citrobacter, Aeromonas and Pseudomonas (Arefin et al., 2014).  
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Streptococcus iniae in tilapia causing sore throat in North America in recent past has 

upraised the distress of fish-borne infections (FDA, 2006). Sewage contamination may 

contain coliform and E. coli in fish which are pathogenic causing foodborne diseases like 

cholera etc. (Mossel, 1982; John et al., 2003; Butt et al., 2004; Kumar et al., 2005; 

Onyuka et al., 2014).  

1.3.3 Quality Changes due to Delayed Freezing  

 Fish quality is also largely influenced by temperature (Whittle, 1997; Berkel et al., 

2004; Jeyasekaran et al., 2004), post-harvest handling (Balachandran, 2001) and 

icing/storage (Gandotra et al., 2012
a
). High temperatures speed up the microbial growth 

therefore, fish is normally stored at low temperatures for preservation to impede its 

microbial spoilage and extend to its shelf life (FAO, 1993). Though freezing storage of 

fish is very effective for long term preservation with negligible distinction from fresh fish 

regarding colour and taste (Cappeln et al., 1999), however it may cause deterioration of 

proteins leading altered functional properties, changed chemical composition and reduced 

eating quality (Nielsen and Jessen, 2007). During freezing storage, oxidation of lipids is 

also a major contributor in deterioration of fish quality (Verma et al., 1995), nutritive 

value and food safety (Wang, 2009). The freezing of fish if delayed not only declines the 

nutritional value but also accelerates deterioration of quality and shortens the shelf life of 

fish (Hosseini et al., 2013).  

1.3.4 Histamine Contamination 

 Modern food safety science is also contemplating to probe the compounds having 

harmful effects on human health (Pawul-Gruba et al., 2014). Biogenic amines (BA) are 

compounds belonging to a group such harmful substances (Karovicova and Kohajdova, 

2005; Cieslik and Migdal, 2011). Histamine is a biogenic heterocyclic amine occurring 
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naturally in several fish species having dark portion of meat (EC, 2005); formed from 

decarboxylation of free histidine contents available in fish muscles in the presence of 

bacterial histidine decorboxilses under a set of environmental conditions (Punakivi et al., 

2006).  Histamine production in fish is basically tempted by growth of histamine 

producing bacteria, if kept under high temperature after harvesting (Economu et al., 2007; 

Kim et al., 2009). Though histamine is hardly found in fresh fish, however its level 

intensifies as the fish decomposes (Shakila et al., 2003). 

 High concentrations of histamine in fish can cause headache, vomiting, oral 

burning, food poisoning, diarrhoea, urticaria, (Shalaby, 1996; McLauchin et al., 2005) 

cramping, skin rashes, oedema, nausea, hypotension, hypertension and palpitation 

(Attaran and Probst, 2002; FAO/WHO, 2012). Again temperature of storage is very 

crucial in triggering histamine production (Chong et al., 2011). Once the histamine 

producing enzyme is formed, it continuous to yield histamine even at freezing 

temperatures. The autolytic enzymes and the microbes are inactivated by cooking, but 

histamine if formed, being heat stable, cannot be eliminated (FDA, 2011). In Taiwan, in 

2007, high histamine levels in fried fish triggered food poisoning in more than 345 

victims with allergic signs (Chen et al., 2010).   

1.4 Fish Spoilage Indicators:   

 According to Huss (1995) fish spoilage, however is actually not a state clearly 

defined, rather it is just referred to as “product quality loss” postulating deterioration of 

fish physiognomies which occur in phases. During storage eating quality deteriorates first 

by autolysis, followed by bacterial and the chemical changes. The post-harvest changes in 

fish quality and fish spoilage during storage can be summarized in tabulated in form 

Table-1.1, as under: 
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Table-1.1: Fish spoilage process and spoilage indicators during storage: 

Spoilage 

process 

Indicators/Signs of Fish Spoilage  

Slime 

Formation 

Change in 

Texture 
Discoloration 

Gas 

Formation 

Off-orders/ 

Off-flavours 
References 

Physical 

changes 
- + + - - 

Haard 

(2002) 

Autolytic 

changes 
- + + - + 

Huss 

(1994) 

Chemical 

(lipid 

Oxidation) 

- + + - + 
Huss 

(1995) 

Microbial 

growth 
+ + + + + 

Huss 

(1988) 

 

1.5 International Fish Trade and Product Quality:  

 Asian countries are the major fish and seafood producers. According to World 

Fish Center (2008), almost half of the fish production of developing countries is exported 

to developed nations. European Union (EU), United States (US) and Japan collectively 

take about 77 percent of the global fish imports. WTO agreements have liberalized the 

international trade and the importers have significantly reduced the tariffs and duties on 

fish import. The major fish and seafood importing countries have even granted some 

WTO complying developing countries with preferential trade agreements at very low 

tariff rates to facilitate their seafood exports, and now more than 80 percent of the global 

fish trade is being done under preferential agreements. A number of south Asian 

developing countries enjoy the liberalized trade benefits. Net fish and seafood exports of 

developing countries, during last two decades, have increased by more than 350 percent 

(World Fish Center, 2008).   
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 FAO and WHO have jointly created the Codex Alimentarius Commission for 

consumer’s health safety and to ensure the just practices in the food trade. This system, 

over the years, has developed the commodity-specific guidelines, standards and codes of 

practice for all the food products to improve the food safety and quality. These food 

safety standards are progressively proliferating and becoming stricter. Codex in 1996 has 

also introduced the hazard analysis and critical control point (HACCP) as a measure of 

food safety. The future success of the fish exporting countries only depends on sustained 

access to international markets of the major seafood importers for which the maintenance 

of product safety and quality standards as per buyers’ requirement is amongst the major 

challenges faced to the fish growers.      

1.6 Status of Fisheries in Pakistan: 

 Pakistan has immense marine and inland fisheries resources having coastline 

expanded over 1046 kilometers. This region falls in the area working as drainage basin 

for Himalayas (33 
o
N and 20 

o
N) and has expanded inland water resources, consisting of 

a network of rivers, canals, reservoirs, lakes, waterlogged areas and village ponds, etc. 

with a total area of about 8.60 million hectares. In Pakistan, annually 0.95 million tones 

fish is produced both from marine and inland resources, wherein aquaculture contributes 

15 percent of the total fish production. 50 percent of the total produce is consumed 

domestically and only 20 percent is exported, while the remaining 30 percent is used as 

fish meal. Per capita fish consumption in Pakistan is about 2 kg, which perhaps is among 

the lowest fish eating nations in the world. Fisheries sector contributes 1 percent to the 

country’s GDP (FAO, 2014) and 3 percent to the agriculture GDP, providing direct 

livelihoods for 400,000 fishermen while other 600,000 people are engaged in ancillary 

activities. 
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1.6.1 Aquaculture Practices 

 Freshwater aquaculture in Pakistan was introduced in late 1960s. From 1980 

onwards the conventional extensive and semi-intensive pond polyculture of native major 

carps and Chinese carps is extensively in practice especially in Punjab and Sindh 

provinces. About 13,000 fish farms have until now been established across Pakistan 

covering a total area of about 60,470 ha. Though fish culture activities, particularly in 

Punjab province have increased substantially in recent years, the existing aquaculture 

practices yet, are just conventional, disorganized and haphazard, resulting unpredictable 

produce of unknown quality. International marketing of the aquaculture products 

demands quality assurance and certification of the produce. Similarly, the domestic 

consumer is also increasingly becoming health food conscious. On the otherhand fish 

growers are consistently getting lesser prices of their farmed fish, making the aquaculture 

business least cost effective. Resultantly the farmer is steadily losing its interest in fish 

farming and aquaculture, making the sector almost stagnant.  

1.6.2 Local Marketing System and Quality Issues  

 All aquacultured fish is almost consumed domestically. Marketing  system is very 

poor and highly inefficient, and is mainly handled by private sector involving a number of 

mediators in fish distribution channels viz, fishers, venders, wholesalers, and retailers 

etc., which does not guarantee the quality and food safety (Kumar et al., 2010). There are 

a large number of fish distribution points for farmed fish. Fish is sold on farm, in local 

fish markets, in main markets of big cities, multinational food supply chains and eateries. 

Carps are also imported by unregulated manner from neighboring countries without any 

quality check. Fish takes longer times to reach from farm to market and then to end 

consumer for cooking or freezing. Hence, it is imperative to know the quality and food 
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safety of locally sold fish at different marketing channels also to examine its microbial 

growth in preservation during freezing storage for better understanding of shelf life of 

fish. 

1.7 Hypothesis:  

1. Aquaculture farmed fish produced in Punjab has high fish quality and food safety 

standards comparable and compatible to export criteria of International Fish 

Quality and Food Safety Standards. 

2. Post-harvest quality degradation and decay in fish through marketing system, can 

be improved through proper cold storage and refrigerated transport.  

1.8 Need for the Study and Likely Benefits: 

 Quality control in fisheries products is a global concern of utmost importance. 

International organizations like Food and Agriculture Organization of United Nations 

(FAO), World Health Organization (WHO) and World Trade Organization (WTO) have 

devised extensive guidelines protocols and quality control instruments including Sanitary 

and Phytosanitary (SPS) measures, Codex alimentarius and Hazards Analysis Critical 

Control Point (HACCP).  

 Aquaculture in Pakistan, particularly in Punjab is progressing and has increased 

considerably in recent years. The international marketing of the aquaculture products 

demands quality & food safety assurance and certification of the local produce. Similarly 

the domestic consumer is also increasingly becoming health food conscious. Local fish 

marketing system is very poor and is without any apt cold chain system. The present 

study, which is purely of applied nature, was intended to evaluate fish and fisheries 

products from inland aquaculture farm, at different marketing channels for their 

compliance to international fish quality control instruments with respect to heavy metals, 
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microbial and other toxic load. The quality and shelf life deterioration of fish with 

reference to microbial increase and histamine production during preservation under 

different delayed freezing regimes was examined. Thus this study was planned to 

investigate the fish quality and food safety in totality.  

 This is perhaps the first ever study regarding fish quality and food safety of 

freshwater farmed carps in Pakistan. Quality of local produce has been examined in 

comparison to international fish quality and food safety standards in order to know if it is 

safe what we eat. Freezing storage/ preservation studies have been conducted on Rohu 

(Labeo rohita), the native major carp which is the most popular fish amongst cultured 

carps in Pakistan. The outcome of this research work has given us an understandable 

apprehension of the quality and food safety of aquacultured fish being sold in different 

fish marketing channels in the province and deterioration of shelf life during freezing 

storage which has helped formulate recommendations for guidance of the: 

a- Fish farmers for adoption of better harvesting and post-harvest management 

techniques.   

b- End fish consumers on freezing storage to improve quality, food safety and shelf 

life of fish 

 Therefore, this study is equally advantageous and valuable for all stakeholders, 

including fish growers, mediators, retailers, fish buyers and the end consumers. Findings 

of this study, ensuing better knowhow of the prevailing local fish production and 

marketing conditions, will help improve domestic marketing system of fish and explore 

the opportunities of export marketing of carp fish species as well. Hence, the study will 

eventually be helpful in promoting sustainable aquaculture development in the province 

and the country. 
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1.9 Objectives of the Study: 

 The major objectives of the study were as under: 

1. To determine time series chemical changes in fish flesh quality. 

2. To determine time series microbial changes in fish flush quality. 

3. To determine heavy metal toxicity affecting fish quality control. 

4. Changes in fish quality through different marketing channels i.e. producer, 

wholesaler and retailer/end consumers. 

5. To compare these fish quality and food safety parameters of marketed farmed fish 

with EU import standards for import marketing. 

6. To determine deterioration in fish flesh quality during storage/preservation 

7. To formulate recommendations for better post-harvest management and freezing 

storage of fish to improve quality, food safety and shelflife of fish. 
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CHAPTER II 

REVIEW OF LITERATURE 
 

 In USA only in 2006, total 1,270 cases of foodborne disease outbreaks were 

reported, resulting 27,634 illnesses and 11 casualties (MMWR, 2009). Food safety, 

basically, is a scientific way of narrating food preparation, handling and storage to 

prevent foodborne diseases; as food not only has the potential to transmit diseases in 

human but may also serve as medium growing pathogenic bacteria which cause food 

poisoning. These diseases, being a liability on public health, chomp a significant cost of 

healthcare worldwide every year. Barendsz, (1998) reviewed developments in food 

safety, HACCP certification and risk assessment standardization in food sector. He 

narrated that food safety is not only important for public health but international trade 

also and total quality management (TQM) application with integrated approach, may be 

the best option  for improving products to meet consumer expectations.  

 Smith and Riethmuller, (1999) did a survey to compare confidence levels of 

consumers from Australia and Japan on food safety and found that Japanese were less 

confidant than the Australians, whether the food they eat was safe? Unnevehr, (2000) 

explored the issues and challenges faced by exporters of the less developed countries 

(LDCs) in meeting food quality and safety standards and observed trade of fresh food 

products, farm to table approaches ensuring food safety and HACCP, role of LDCs 

governments in trade facilitation and potential role of SPS Agreement to resolve disputes 

among high and low income countries were the main issues.  Hobbs et al., (2002) 

compared the incentives for changes in legislation on food safety and private sector food 

business in United Kingdom (UK), Canada and Australia and found significant 
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differences in incentives given by three countries. UK was offering incentives relating 

crisis management and refurbishment of consumer’s confidence in food safety while 

Canada and Australia have focused on risk management and are dealing with trade 

hampering issues of food safety. They highlighted the role of incentives, public policy 

and response of private sector in attaining food safety and quality.  

 Henson et al., (2005) studied food quality and safety standards and noted that 

strictness of these standards was eliminating small-scale food producers from export of 

high value agro-products. They emphasized to adopt measures and dynamic control 

systems for facilitation in compliance, rewards on good performance and some penalties 

on non-compliance for sustained food safety and quality.    

2.1 Fish Quality:  

 Fish, being extremely perishable commodity has high risks of spoilage and due to 

globalization in food trade, fish and fish products are more likely to be rejected due to 

meager quality, particularly when quality of initial raw material is deteriorated, despite 

produced using modern technologies (FAO, 2009; Huss et al., 2004). Fish quality and 

food safety is assessed by determination of pollutant contamination like heavy metals; by 

counting of different fish spoiling microbial pathogens and levels of histamine, which 

when caught is affected by kind of fish, temperature, pre-degutting handling, slaughtering 

process, transportation, icing, freezing rate and freezing storage (Sigholt et al., 1997; 

Kristoffersen et al., 2006; Erikson et al., 1997; Nielesen and Jessen, 2007).  Cappeln et 

al., (1999) observed quality of quickly frozen fiah stored at non-fluctuating low 

temperatures and defrosted properly remains as good as of fresh fish.  

 Hassan and Javed (2000) conducted experiment on effect of poultry droppings on 

sensory of carps and found no negative effect on meat quality of five different 
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fertilization treatments. Freshness of fish is an important characteristic of fish quality. 

Harvesting, slaughtering, processing and storage determine quality and freshness of fish. 

Changes in appearance, colour, ordor, taste, texture, nutritional value and hygiene of fresh 

fish express the grade of quality and freshness during storage (Botta, 1995; Olafsdottir et 

al., 1997; Cyprian et al., 2008; Fernandez et al., 2009). Espe et al., (2004) suggested that 

quality of fish also varies greatly between seasons and the storage time. 

2.2 Heavy Metals Contamination in Fish:  

 In recent decades, most of the developing and under-developed countries are 

undergoing rapid industrialization, construction, urbanization, deforestation and mining 

activities causing speedy climate change and serious environmental  problems of air, land 

and water pollution (Sabullah et al,. 2015). Rivers have been polluted by increased agro-

industrial activities like mines run-off, fertilizer residues, pesticides and domestic/factory 

wastes (Abbas Alkarkhi et al., 2008; Leong et al., 2007; Yap and Pang, 2011).  

 Metals having densities 5.00 g/cm
3
 or above are termed as heavy metals (Olaifa et 

al., 2004). Due to this industrialization (Wepener et al., 2001) and other anthropogenic 

activities, the concentrations of these heavy metals in natural waters are increasing day by 

day, unbalancing the equilibrium of natural aquatic ecosystems (Bennet-Chambers et al., 

1999). Other hazardous materials contaminating the aquatic ecosystem are azodyes (Hong 

et al., 2007), phenols (Busca et al., 2008), acrylamide (Sathesh Prabu and Thatheyus, 

2007) and automobile lubricants (Lopes and Bidoia, 2009). Few among these metals, 

being necessary in small amounts for life processes like growth and reproduction are 

essential, while others having no biological role are called non-essential heavy metals 

(Pelgrom et al., 1994). Their concentrations above certain limits become toxic causing 
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anxiousness and ailments to aquatic life (Zou, 1997), while their persistence and bio-

magnification in food chain creates severe threats even for humans (Rishi and Jain, 1998).  

 Fish, being positioned at the end of aquatic food chain and having bio-

accumulation ability, can conveniently hold these heavy metal toxicants and conveniently 

pass them to human beings (Bauvais et al., 2015) causing several acute and chronic 

diseases (Al-Yousaf et al., 2000; Authman et al., 2015). The extent of metal accumulation 

and toxicity in fish tissues, however, depends upon water concentrations, duration of 

metal exposure and many other environmental factors like water temperature, dissolved 

oxygen level, pH, salinity, alkalinity, hardness and organic carbon in water (Benaduce et 

al., 2008; Has-Schon et al., 2008; Linbo et al., 2009; Sassi et al., 2010; Ebrahimi and 

Taherianfard, 2011; Jitar et al., 2014). Fish species, age and size of fish, life cycle, 

harvesting season and feeding habits also have been reported to be influencing this tissue 

accumulation of heavy metals significantly (Kime et al., 1996; Rurangwa et al., 1998; 

Onen et al., 2015). Fish are capable to uptake metals directly from surrounding waters or 

indirectly by eating other organisms like invertebrates, small fish/amphibians and aquatic 

vegetation (Polat et al., 2015). The overall heavy metals bioaccumulation in fish however, 

is interaction of intake ability, storage capacity and elimination patterns from body of the 

fish (Omar et al., 2014).  

A lot of work has been done on heavy metals contamination in fish, worldwide 

(Adefemi et al., 2007; Ubalua, et al., 2007; Vijayakumar et al., 2011; Obasohan et al., 

2008; Khillare et al., 2015;). According to Ayeloja et al., (2014) heavy metals, being 

potential contaminants, are amongst the major concerns of food industry worldwide and 

when these exceed certain levels become toxic. Jarup, (2003) advocated that main heavy 

metals associated threats to health of humans are from exposure to cadmium, lead, arsenic 

and mercury. Staniskiene et al., (2006) determined Pb, Cu, Cd, Cr, and other heavy 
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metals eight freshwater fish species. They found 90% samples were contaminated with 

Lead though less than the permissible limits; 40% with Cd, mostly exceeding the 

prescribed acceptable limits of EU and concentrations of all the heavy metals except Cr, 

were higher in bones than the flesh. According to Asaolu et al., (1997) monitoring of 

heavy metals in sediments was very useful to check the degree level of pollution in any 

aquatic source. 

 Ubalua et al., (2007) made assessment of heavy metals in fin and shellfish from 

Aba River, Nigeria and found that zinc copper, arsenic, manganese and chromium were 

under limits set by USEPA while lead, mercury and iron were exceeding the permissible 

limits. The levels of heavy metals were significantly higher in river crossing urban areas 

when compared with rural river which indicates that urban discharge has a substantial 

influence on river ecology. Farombi et al., (2007) worked on catfish as indicator of heavy 

metals. Levels of different heavy metals were determined in various organs of African 

catfish (Clarias gariepnus) like liver, kidney, gills and heart, caught from Ogun River 

passing from industrial area and from government fish farm and found the concentrations 

of Cd in order; liver > gills > Kidney > heart.  

 Adefemi et al., (2007) studied seasonal differences in metal concentrations in 

dams of Ekiti State and found iron as most copious metal in both dry and wet seasons and 

metal concentrations yearly showed increasing trend with higher concentrations in dry 

seasons in comparison to wet seasons. Al-Weher (2008) made heavy metals assessment in 

Cyprinus carpio, Oreochromis aureus and Clarias lazera from Northern Jordan Valley 

and reported that metals accumulation in fish was tissue and species dependent. In their 

findings Cd and Cu showed lowest levels in all tissues of Oreochromis aureus except 

gills when compared with other two species. Among tissues significantly lowest levels of 
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Cd and Cu were seen in muscles and the highest in gills; however all the metals were 

under acceptable limits as per standards given by FAO.  

 Vinodhini and Narayanan (2008) exposed Cyprinus carpio to sub-lethal 

concentrations of metals i.e. Cr, Cd, Pb and Ni for 32 days detected heavy metals 

bioaccumulation in various fish organs. They observed metal accumulation increased 

gradually in fish organs during exposure period. The metals accumulation order, seen in 

muscles was; Pb, followed by Cr, Cd, and Ni; in kidney, Pb, followed by Cd, Cr, and Ni; 

in gills, Cd, followed Pb, Ni and Cr while in liver, it was found as Pb > Cd> Cr > Ni. Pb 

and Cd concentrations were significantly higher than Cr and Ni, in all tissues of Cyprinus 

carpio. Obasohan et al., (2008) conducted a comparison of heavy metals load in various 

tissues of Clarias gariepinus (Catfish) from two rivers of Nigeria i.e. Ogba and Ikpoba. 

Metal levels in tissues showed no particular trend, but were little higher in gills and offal. 

However, the levels of all the detected seven metals viz. Cd, Pb, Cr, Ni, Cu, Mn and Zn, 

in all fish tissues including muscles were higher than the permissible limits in fish. As 

observed by them, this contamination level could pose potential health hazards for the 

consumers, so they declared food fish of both the rivers not fit for human consumption 

and recommended the risk assessment of these rivers.  

 Raja et al., (2009) worked on bioaccumulation of Cr, Cd, Cu, Fe, Mg, and Ni 

concentrations in four fish species form south India using ICP-OES and found metal 

concentrations under permissible limits. It was further noted that Cd increased gradually 

with the increase in length and weight of fish. Akbulut and Akbulut (2010) determined 

Pb, Cr, Hg, Co, Br, Cu, and Zn in fish tissues like gills and muscles of three analysed fish 

species i.e. Capoeta capoeta, Leuciscus cephalus and  Capoeta tinea from Kizihrmak 

River Basin, Turkey. Various metals did not show any specifies trend and correlation in 

both the fish tissues. Khalifa et al., (2010) assessed contamination levels of Pb, Cd, Fe, 
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Cu and Co in different fish tissues from Mediterranean Sea at Libyan coastline and found 

Pb, Cd and Co in all tissues, higher than the WHO permissible limits while Fe and Cu, 

less than the WHO reported limits.  

 Maiti and Banjerjee (2011) studied accumulation of Pb, Cd, Cu, and Zn benthic in 

fish from Kolkata wetlands. Three fish species viz, Cirrhinus mrigala, Oreochromis 

nilotica and Channa punctatus were analyzed in the study. All of these species showed 

high rates of metals accumulation in their tissues when compared with other pond 

ecosystem. Channa punctatus however, accumulated remarkably high levels of metals in 

its kidney, liver and muscles, probably due to its predacious nature. They presumed that 

Channa punctatus can magnify metals biologically in the aquatic ecosystem and were 

unfit for human consumption. Ajiboye et al., (2011) reviewed the contribution of heavy 

metals and polycyclic aromatic hydrocarbons as pollutants in fish farming and 

aquaculture and emphasized the need to study PAHs and heavy metals contamination 

especially in farmed fish which has yet been given little attention.  

 Vijayakumar et al., (2011) analyzed heavy metals concentrations (Cd, Cu, Ni, Cr, 

Co and Zn) in three food fishes from Cuddalore Coast of Tamil Nadu to find metals 

contamination status in meat of these commercially important fish species using ICP-

OES. They observed that the heavy metal concentrations were quite below the prescribed 

residual limits and hence they declared the fish of Tamil Nadu coast suitable for human 

consumption. Heavy metal concentrations (Pb, Cd, Ni, Cu, Mg, and Cr) were assessed in 

muscle of four fish species Cyprinus carpio, Carassius carassius, Tinca tinca and 

Scardinius erythrophthalmus and from Isikh Dam, Turkey by Kalyoncu et al. (2012). 

They observed the mean concentrations of these metals (µg/g dry.wt.) in these fishes as 

follows: Cd 2.00-2.10-2.06-2.27, Pb 1.65-1.24-2.37-2.41 and Mg 138.51-154.35-204.58-

202.16 respectively.  
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 The concentration of Pb, Cu, Zn, Hg, and Cd were determined in muscles and 

liver Rutilus frisii kutum in southern part of Caspian Sea, Iran and were correlated with 

fish growth parameters like, length and condition factor and ager. Pb, Cu and Zn were 

found higher in muscles while Hg and Cd in samples of liver. Fish growth showed 

significantly positive correlation with Cd and Zn concentrations in liver and with Zn in 

muscle samples. The fish however was safe for human consumption (Monsferad et al., 

2012).  

 Akpanyung et al. (2014) investigated heavy metal (Cu, Zn, Cd, Cr, Pb, and 

As.) levels in tissues i.e. sills, heart, liver and kidney of Silver Catfish (Chrysichthys 

nigrodigitatus) from two fish angling sites of Akwa Ibom, in Nigeria by Atomic 

Absorption Spectrophotometry. They found significantly higher levels of all 

essential and nonessential heavy metals in all these fish organs than the maximal 

recommended levels of WHO/FAO and suggested regular monitoring of these 

sites to save health of the consumer. Cadmium, chromium, zinc, lead, copper and 

mercury were analyzed in some tissues of Channa striatus and Labeo rohita from Kolleru 

Lake, Andhrapardesh by Mastan (2014). He noted highes metal concentrations in liver, 

followed by kidney, gills and muscle. However, the values were below the maximum 

permissible limits for fish.  

 Ogundiran et al. (2014) studied proximate composition, microbial load and 

heavy metal contamination of four commercially important marine fishes from 

Nigeria and found that fish were of good quality as for as chemical composition 

(protein, lipids, ash, minerals percentages), freshness and taste was concerned, but 

all the analyzed heavy metals concentrations were quite higher than the tolerable 

limits. They were of the view that just fish size, appearance, freshness and taste was 

not only the factors deciding fish quality. The major toxic heavy metals in organs of 
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three food fishes i.e. Cirrhinus reba, Etroplus maculates and Ompok bimaculatus of 

Bhadra River, Karnataka, India, from the points, before and after entering of municipal 

and industrial effluents were studied by Shivakumar et al. (2014). They observed inverse 

relationship between metal accumulation in fish and the physic-chemical properties of 

water. Heavy metals accumulation varied significantly organ to organ depending upon 

sampling site and fish species. Overall metal accumulation noted in fish was highest in 

Etroplus maculates, followed by Cirrhinus reba and Ompok bimaculatus. Muscle, gills 

and intestine showed more metal accumulation among organs. Pb and Cd concentrations 

were found near to the permissible limit of WHO standards.  

 Jafari and Sobhanardakani (2014) determined concentrations of metals like Pb, Cu 

and Zn in fish muscles of three carp fish species harvested from Zarivar Wetlands, Iran. 

The observed concentrations for Pb, Cu and Zn in Hypophthalmichthys molitrix, 

Ctenopharyngodon idella and Cyprinus carpio were 0.008±0.006, 0.011±0.007 and 

0.006±0.003, 0.006 ±0.005, 0.013.91±0.011 and, 0.01±0.008 and 0.013±0.009, 

0.009±0.008 and 0.017±0.014, respectively which were well below adverse levels set by 

FAO and WHO and hence were safe for human consumption. Bio-accumulation of heavy 

metals in freshwater fish, Tilapia in Aurangabad District, Maharashtra was perhaps due to 

increased agricultural influx and other human activities (Khillare et al., 2015). Heavy 

metal levels of Pb, Cd, Zn, Cu, Fe, and Ni were probated in liver muscle and gills of six 

important marine and freshwater fish species i.e. Nibea soldado, Nemipterus japonicus, 

Rastrelliger kanagurta, Mugil cephalus, PlicojJilis dussumieri and Oreochromis 

mossambicus directly collected from fish landing centers at Kasaragod District, Kerala, 

India. Results revealed muscles had lowest levels of metal concentrations when compared 

with liver and gills and in muscles none of the heavy metals was exceeding the 
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permissible international standards, hence it poses no health hazards to the consumers 

(Jeyaraj et al., 2015).  

 Thakur and Mhatre (2015) investigated heavy metals accumulation in various 

tissues of Mozambique Tilapia from an industrially polluted river Patalganga, India. In 

tissues metals were found in order: gill > skin > muscle. The concentration of Pb, Fe, Cr, 

As and Zn was found significantly higher and above the permissible limits of 

WHO/FAO. Hence they apprehended that investigated fish, being a rich source of 

noxious heavy metals could pose serious threats to human health. Perera et al. (2015) 

studied detailed implications of cadmium, one of the most toxic heavy metals, on 

freshwater fish species. They observed that primarily accumulation of this heavy metal is 

governed by waterborne and food pathways and its concentrations in tissues have direct 

relationship size and age of fish. Highest accumulation was observed in kidneys or liver 

and the lowest in muscles. Cd implications in freshwater ecosystems include altering of 

physiological and reproductive fish behaviors and if prolonged, eventually adversely 

affect environmental durability and biodiversity of the aquatic ecosystem.  

 Studies on heavy metals pollution of natural riverine aquatic ecosystems in 

Pakistan have also been given due attention by a several researchers (Ashraf et al., 1991; 

Khan et al., 2005; Javed, 2005; Hayat et al., 2007; Javed et al., 2007; Rauf et al., 2009; 

Tabinda et al., 2010; Naeem et al., 2011; Qadir and Malik, 2011; Jabeen et al., 2012; 

Tabinda et al., 2013
a
; Ahmad et al., 2015).  

 Concentrations of some heavy metals like As, Cu, Cd, Cr, Fe, Ni, Pb, Zn, Mn and 

Hg were reported by Ashraf et al. (1991) in water, sediments and eleven fish species, 

from two reservoirs and out fail area of River Indus, Pakistan. They observed no 

correlation among metals in water, sediment and fish. Metal concentrations in Tarbela 

Reservoir ranged from 0.082-6.715 µg/ g, wet weight; from Lloyd reservoir, 0.120-2.850 
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µg/g, respectively. Khan et al. (2005) tried to find out the trends of heavy metal 

concentrations in fish from Shah Alam River, KPK Province. They detected Cr, Cu, Cd, 

Pb, Ni, Hg, Zn and As in gills, liver and muscles of three fish species. The concentration 

order observed was; liver ≥ gills > muscles and the Pb concentration was found above the 

permissible limits set by FAO. They interestingly observed a negative correlation 

between heavy metals accumulation and fish size i.e. metals burden decreased with 

increase in fish weight.  

 Rauf et al. (2009) determined heavy metals concentrations in different tissues of 

Indian major carps and found high levels of cadmium and chromium in Catla catla than 

Labeo rohita and Cirrhinus mrigala. Among five tissues, fish liver had the highest 

tendency of metals accumulation while the gills showed minimum concentrations. 

Tabinda et al. (2010) assessed trace metals in six fish species from Keti Bunder District 

Thatta, Sindh by Atomic Absorption Spectrometry (AAS). The recorded mean 

concentrations (ug 
-1

 wet wt.) in fish muscle for Cd, Fe and Cr were 0.024-0.035, 0.081 -

7.350 and 0.209-2.309 respectively. Naeem et al. (2011) observed metals have good 

ability of bio-accumulation and bio-magnification and can persist in aquatic ecosystems 

for long times.  

 Qadir and Malik (2011) determined heavy metals i.e Cd, Pb, Cu and Cr in liver, 

gills, kidney and muscles of eight food fishes(Labeo Rohita, Cirrhinus reba, Channa 

punctata, Heteropeneustes fossilis, Puntius sophore, Oreochromis niloticus, Mystus 

cavasius,  and Wallago attu) from Nalah Palkhuand Aik , the two very polluted tributaries 

of the river Chenab, District Sialkot. The heavy metals accumulation pattern was found in 

order: Cd > Cu > Pb > Cr; while among organs the accumulation order was observed: 

liver > gills > kidney > muscles. They noted significant variations between downstream 
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and upstream metals concentrations. The mean concentrations of Cr, Cd, and Pb were 

beyond international acceptable limits, indicating a potential health risk for humans.  

 Jabeen et al. (2012) made assessment of some heavy metals viz. Cr, Ba, As, Ni 

and Zn in several organs of three indigenous major carps i.e. Labeo rohita, Cirrhinus 

mrigala and Catla catla collected from three fishing sites of the river Ravi. Significant 

fluctuation in metals concentrations in fish organs was observed at all three sites and 

interestingly heavy metals contaminations in fish increased towards upstream. Among 

organs, the metals levels were observed in order of liver, followed by kidney, gills, 

intestine,  skin,  scales, bones, muscles and the fats.   

 Tabinda et al. (2013
b
) studied five heavy metals in water, sediments and three 

indigenous major carp species, i.e. Catla catla, Labeo rohita and Cirrhinus mrigala, from 

Head Balloki, River Ravi. They observed Fe among metals had maximal accumulation 

while Ni was the lowest. Heavy metals had similar accumulation patterns in sediments 

and fish with the order: Fe > Zn > Cr > Cu > Ni. In fish, Zn, Cr, Cu and Ni were found 

significantly higher than the international permissible limits. The highest accumulation 

levels were observed in Cirrhinus mrigala while Catla catla showed the lowest 

accumulation of these heavy metals.  

 Levels of Cd, Pb, Cr and Cu in tissues of Mozambique Tilapia, Oreochromis 

mossambicus from different locations of Malir River, Karachi, were assessed by 

Sharmeen et al. (2014), using AAS. In fish, metal concentrations were in order: Pb > Cr > 

Cu > Cd. Higher concentrations of Cu and Pb were found in gills and of Cd and Cu in 

liver; while gonads appeared the least preferred site for accumulation of metals. 

Concentrations of Pb, Cu and Cr were found beyond and than the recommended ones, by 

FAO (1983) and FEPA (2003). Bio-accumulation of heavy metals in various organs of 

freshwater fish was reviewed by Afshan et al. (2014), through exposure of fish to Pb, Cr, 
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Cd and Zn at sub-lethal levels. They reported three possible ways of heavy metals 

entering into fish body i.e. by gill, body surface or through digestive track. The observed 

heavy metal levels in gills were in order of Pb > Cd > Cr> Ni; in liver, Cd > Pb > Ni > 

Cr; in muscles, Pb > Cd > Cr > Ni; and in kidney, Pb > Cd > Cr > Ni.  

 Accumulation of metals in sediments, water and catfish (Clarias garepinus) from 

two fishing sites of Kaduna River, Nigeria was studied by Omozokpia et al. (2015). The 

Fe among metals in fish was highest, being followed by Zn, Mn, Cr, Cu, Cd, Pb and Ni. 

The metal concentrations were within permissible limits recommended by WHO. Ahmad 

et al. (2015) investigated the contamination of different heavy metals including Cd, Pb 

and Cr in various tissues of popular food fish, Thunnus tonggol to assess seafood related 

risks for human health. They found that the accumulation of all the heavy metals, except 

Cr, was higher in the liver than muscles, gonads and the gills, while Cr was higher in 

kidney. Highest mean concentrations (μg/g) recorded by them in fish muscles were of Pb 

0.27±0.12, Cu 23.35±11.47, Cd 0.71±0.13, Fe 36.43±11.41, Cr 0.35±0.20, Zn 3.89±2.23, 

Mn1.29±1.08 and Ni 0.35±0.12. They observed that the concentrations of Cd and Cu 

were above the international permissible limits.  

2.3 Assessment of Microbial Load:  

Fish is amongst the foods, having shortest shelf life (Stratev et al., 2015). Bacteria 

present on fish skin, gills and in the intestine, which are normally harmless in live fish, 

begin to replicate and colonize rapidly after its death (Pamuk et al., 2011; Shamsuzzaman 

et al., 2011). Further the fish gets contaminated at harvesting and during transportation 

towards markets (Alparslan et al., 2014). This contamination and replication of microbes 

result in decay and decrease in shelf life of fish (Mol and Tosun, 2011). Metabolism and 

microbial growth are major causes of fish spoilage (Al-Jasser and Al-Jassass, 2014) by 
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producing amines, biogenic amines like histamine, organic acids, alcohol, sulphides, 

aldehydes and ketones which give unpleasant and unacceptable off-flavors (Emborg et 

al., 2005; Dalgaard et al., 2006; Velu et al., 2013). A lot of work has been done 

worldwide on microbial assessment (Huss, 1995; Achinewhu and Oboh, 2002), shelf life 

(Pedrosa-Menabrito and Regenstein, 1988; Sallam, 2007), fish quality and food safety of 

marine (Aoki and Ueno, 1998; Emborg et al., 2005) and freshwater fish species (Ansari et 

al., 2004; Islam et al., 2013; Stratev et al., 2015).   

“The International Commission on Microbiological Specifications for Foods” has 

posed a limit for Total Plate Count (TPC) for fish (fresh and frozen) as 10
7
 cfu g 

-1
 (7 Log 

cfu g 
-1

) (ICMSF, 1986) and Broekaert et al. (2011) has reported that microbial loads of 

10
7
-10

8
 cfu g 

-1
 can cause fish spoilage which is even detectable organoleptically.  The 

microbial quality of fish is normally assessed by Total Plate Counts (TPC) 

(Shamsuzzaman et al., 2011; Stratev et al., 2015) and count of bacteria of public health 

importance (Pamuk et al., 2011). Microbial growth attributed to microfrora composition 

which depends upon microbes present in water where fish lives (Ghaly et al., 2010). 

These microfrora include bacteria like Aeromonas spp. (Farag and EL-S, 2006) 

Pseudomonas spp., Vibrio spp., and Mcrococcus spp. etc. (Gram and Huss, 2000).  

 Mandal et al. (2009) investigated microbial loads in Oreochromis niloticus from 

ponds and market. TPC, TCC, FCC and E. coli were assessed from different fish organs 

and observed significant variations of counts among various organs. The highest TPC, 

TCC and E. coli were found in intestine and gills of fish collected from market. They 

suggested that faecal contaminations can occur at different steps like during fish culture, 

handling, transportation, storage and unhygienic marketing. Begum et al. (2010) did 

microbiological assessment of five fish species collected from two varied market 

conditions. They assessed Total Bacterial Counts (TBC), TCC, TFC, and presence of 
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Salmonella spp. and Vibrio spp. in Barbodes sarana, Labeo rohita, Oreocromis niloticus, 

Sperata seenghala and Corica soborna. The highest TBC (1.9×10
8
 cfu/g) was noted in 

Barbodes sarana of local market and the lowest (2.0×l0
4
 cfu/g) in Sperata seenghala of 

super shop. Highest TCC and FCC were found in samples of local markets and lowest in 

Labeo rohita of supershops. The pathogenic bacteria i.e. Salmonella and Vibrio spp. were 

noted in maximum samples collected from the local market but were found absent in 

samples collected from super shop. They concluded that all the studied five fish species 

were having contaminations; more of local markets and lower of supershops.  

 Hossain et al. (2012) worked on quality deterioration of wet freshwater carps at 

five different distribution channels from farm to retail markets. Different species 

indicated a varied level of quality deterioration at different distribution channels. Poor 

knowledge of post-harvest handling and usage of containers and icing were major factors 

of quality rust as per their results. Ajayi (2012) checked the microbial quality of pond 

grown freshwater catfish (Claria gariepinus) from Akungba-Akoko and calculated TPC 

and TCC at fish skin and gills 65×10
2
 7.0×10

1
 cfu/ml and 2.25×10

7
 cfu/ml and 1.35×10

4
 

cfu/ml. So they noted significantly higher microbial counts on the gills than the skin 

suggested enough monitoring of fish ponds and avoiding use of antibiotics in fish feeds to 

diminish infectious disease agents from the source.  

 Quaiyum et al. (2012) determined and quantified occurrence of different micro-

organisms in two raw and processed freshwater fishes i.e. Mystus vittatus and Gudusia 

chapra, to improve food safety for promoting fish export. The aerobic plate counts (APC) 

in raw and frozen Mystus vittatus and Gudusia chapra were 2.6x10
5
 and 4.0x10

5
 cfu/g 

and 2x10
5
 and 3.3x10

6
 cfu/g, respectively. The TCC in raw and frozen Mystus vittatus 

and Gudusia chapra were calculated 7.20 and 36.00 MPN g
-1

 and 9.40 and 27.00 MPN g
-

1
, respectively, while FCC in freezed fish samples of both species were found within 
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permissible limits i.e. <3 MPN g
-1

. The Vibrio spp. and Salmonella spp. were not found in 

any sample of the raw as well as the frozen products of experimental fish species. They 

reported that the samples of frozen fish, collected from the processing unit were of good 

quality as per export standards and microbiologically were better when compared with the 

raw samples of fish. Adebayo-Tayo et al. (2012) checked microbial levels in catfish, 

Arius hendelotic, from various fish markets of Akwa Ibom State, Nigeria and found 

significant variations between markets; however, the E. coli was most dominant, followed 

by Bacillus spp., Staphyloccus spp. and Salmonella spp. 

 Hassan et al. (2013) collected frozen fish samples of four freshwater species from 

different markets to estimate total microbial count, total coliform count and detection of 

Staphylococcus spp. Highest microbial count was observed in silver carp and lowest in 

Labeo rohita while highest total coliform in Hilsha and lowest in Stromateus niger. They 

observed that frozen fish were not safe to consume. Ice stored Labeo rohita was 

investigated in Andhra Pradesh, India, to analyze sensory, chemical and microbial fish 

quality. Total Plate Counts and Staphylococcus aureus continuously showed decrease 

while Pseudomonas spp. and Aeromonas spp. showed an increasing trend during ice 

storage. However, E. coli, Faecal Coliform, Salmonella spp. and Vibrio spp. were not 

found. The organoleptic tests revealed that ice stored Labeo rohita has shelf life 

maximum up to 17 days Dhanapal et al. (2013).  

 Khidhir et al. (2014) made microbial quality assessment of five fish species, 

including Ctenopharyngodon idella, Hypophthalmichthys molitrix, Cyprinus carpio, 

Barbus esocinus and Barbas grypus, in Sulaimania fish market, Iraq and found varied 

TPC in all species but all were under international acceptable limits. Various microbial 

quality parameters like TBC (total bacterial counts), TCC, FCC and the presence of 

Vibrio spp. and Salmonella spp. was found in six fish species i.e. Labeo rohita, Pangasius 
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pangasius, Wallago attu, Mystus vittatus, Anabas testudineus and Channa punctatus; 

collected from four fish markets of Dhaka, Bangladesh, by Arefin et al. (2014). Highest 

microbial load was seen in Labeo rohita and the lowest in Mystus vittatus. TCC were 

highest in Wallago attu and lowest in Anabas testudineus. FCC was also highest and also 

the lowest in Channa punctatus collected from different markets. Salmonella spp. was 

very rare while Vibrio spp. was also isolated in some fish samples. Most of the values 

were exceeding the prescribed ICMF limits (10
2 

cfu g
-1

 for TCC and nil for FCC). 

Washing of samples reduced the counting significantly. These results advocated that 

proper cleaning, washing, hygiene maintenance and sanitation make fish and fish 

products safe and of quality.  

 Jan et al. (2014) isolated pathogenic bacteria causing fish spoilage from skin of 

various carps and other fish species collected from fish market, Peshawar, Pakistan. They 

found Staphylococcus spp., Pseudomonas spp. and Escherichia coli residing on epidermis 

of Labeo rohita, Tor putitora, Hypohthalmichthys molitrix, Ctenopharyngodon idella, 

Cyprinus carpio and Wallago attu and suggested that fish harvesting, post-harvest 

handling, transport and storage in local fish markets should be done hygienically to lessen 

the risk of fish spoilage. Bacterial load on Mozambique tilapia (Oreochromis 

mossambica) from main markets of Bhopal was assessed by Hassan et al. (2014); 

who recorded significant variations in bacterial counts within markets. TPC from 

different markets were ranged between 2.45-10.80 cfu/g while Pseudomonas spp. 

remained dominant amongst the isolated micro-organisms. They were of the view that the 

environment of fish markets was more decisive than processing technology to determine 

fish quality.  

 Bordoloi et al. (2014) examined microbiological, sensory and biochemical quality 

of Labeo rohita of different states sold at Battala market, Agartala and observed higher 
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TPC counts and pathogenic bacteria than the international permissible values in all the 

fish samples. Stratev et al. (2015) checked microbial loads in fish products of retail 

markets of Bulgaria. Total 161 samples were analyzed and the highest TPCs were found 

in silver carp, trout and Black sea roach, followed by common carp and horse mackerel. 

While the highest Aeromonas spp. load was observed in Black sea roach and trout which 

was followed by silver carp, horse mackerel and the common carp. Most of the samples 

were having microbial load beyond the permissible limits which were a potential health 

risk for the consumers.  

2.4  Freezing Storage and Microbial Quality: 

 Jeyasekaran and Ayyappan (2003) studied the microbiological quality of farmed 

Labeo rohita stored at different temperatures with initial bacterial load 101/g except 

Vibrios and E. coli which were initial absent. They observed that fish fillet were 

acceptable even up to 30 days when stored at freezing temperature of -10 to -15oC and 

bacterial load fluctuated between permissible limits of 103-104/g. Abbas et al. (2006) 

investigated shelf life of Malaysian freshwater Pangasius sutchi in stored conditions at 

different temperature ranging 0 to 10
o
C for 28 days. The samples were subjected to pH 

and sensory tests by expert panelists and different correlations were developed. The pH 

showed increase with increasing storage time and spoilage increased with the increase in 

temperature.  

Motalebi et al. (2010) checked the effect of whey protein edible coating on 

shelflife of Kilka fish through chemical and microbial quality in freezing storage. They 

examined microbial count, volatile nitrogen and moisture up to four months with one 

month interval and concluded that coating of 13% whey protein can significantly enhance 

Kalka fish quality and increase shelflife up to 4 months. Mohammed and Hamid (2011) 
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did a comparison of bacterial load on fresh and 4-7 days chilled and refrigerated samples 

of Nile Tilapia (Oreochromis niloticus) and catfish (Clarias lazera) from fish market of 

Al-morada, Sudan. Microbial load varied significantly among all three groups. Fresh 

tilapia and catfish had 8.4x10
5
 and 1.7x10

5
 cfu/g; chilled tilapia and catfish for 4 days had 

3.2x10
5
 and 9.3x10

5
 cfu/g and 7 days had, 1.7x10

6
 and 1.3x10

6
 cfu/g; while refrigerated 

tilapia and catfish for 4 days had, 2.1x10
6
 and 8.8x10

6
 cfu/g and 7 days had, 1.1x10

7
 and 

1.6 x10
7
cfu/g bacterial counts. These counts were higher than the given standard values 

of “Thai Agricultural Commodity of Food Standard” TACF 7001-2004.  

Gandotra et al. (2012
a
) analyzed chemical and microbial profile of Labeo rohita 

muscle during freezing preservation for 21 days at 7 days intervals. They found a 

significant decrease in moisture, protein, lipid and ash contents and a gradual increase in 

microbial count during storage period. Thus fish suffered a significant loss in quality and 

became unfit for human consumption after 14th day of freezing storage. Gandotra et al. 

(2012
b
) worked on the chilling and freezing effect on fish muscles of Mystus seenghala 

stores at two different temperatures i.e. chilled (4±1°C) and freezing ( -12±2°C) for 21 

days and observed an increasing trend in TPCs in both the treatments. In chilled treatment 

fish microbial load remained under acceptable limits upto 10 days while in frozen 

condition it was extended upto 14 days.  

Dhanapal et al. (2013) did quality assessment of ice stored Labeo rohita through 

sensory, chemical and microbial analysis and observed significant changes in 

organoleptic quality, proximate composition and microbial counts in different days. Total 

plate count (TPC) of mesophilic bacteria, Staphylococcus aureus decreased while 

Aeromonas spp. increased with the increase in number of days. E. coli, Vibrio spp. and 

Salmonella spp. were totally absent. Organoleptic quality tests revealed that maximum 

shelflife of Labeo rohita was 17 days. Hosseini et al. (2013) examined the effect of 
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delayed icing and formation if biogenic amines and bacterial growth in ice stored 

Cyprinus carpio (Common carp). The delayed icing significantly increased Total Plate 

Counts throughout storage period and icing storage also showed positive correlation with 

production of biogenic amines. 

 Similarly, Gandotra et al. (2013
a
) worked on improving shelflife of Silver carp. 

They analyzed the effect ascorbic acid and citric acid treatments on nutritional value, 

rancidity development and microbial growth under freezing storage for 30 days. A 

significant decrease in protein, lipid, moisture and ash contents and increase in total plate 

count and coliform count was observed in 30 days storage. In treated fish all these values 

were however in permissible limits up to 30th day of storage while in control only up to 

20th day. Daramola et al. (2014) assessed sensory and microbial quality of smoked 

African catfish, Clarias gariepinus during 6 weeks room temperature storage. They found 

that microbial loads were reduced on smoked fish and fish remained safe and acceptable 

for even 6 six weeks. They concluded that smoked fish become shelf stable for 3-5 

weeks. 

 Roopma et al. (2014) investigated frozen storage effect on proximate, microbial 

and biochemical profile of muscles of a catfish (Wallago attu). The fish was subjected to 

one month frozen storage and analyzed at 10 days intervals. The microbial counts like 

TPC, TCC and Psychrotrophic Counts (PC) showed a gradual from 2.18±0.02 log cfu g
-1

, 

2.02±0.04 log cfu g
-1

 and 2.43±0.03 log cfu g
-1

 on 0 day to 6.87±0.1 log cfu g
-1

, 5.25±0.2 

log cfu g
-1

 and 5.99±0.02 log cfu g
-1

 on 30
th

 day respectively. Thus, a significant loss of 

quality was documented in fish during 30 days frozen storage.  

 Gandotra et al. (2015) investigated freezing effect on the proximate and microbial 

quality of raw and steamed fish muscles of Cyprinus carpio stored for 21days. Microbial 

analysis was conducted at on interval of 7 days. The microbiological load was found to be 
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increased significantly during 21 days storage period. The microbial count of steamed 

fish samples was however, significantly lower than the raw samples (p<O.05).  

2.5 Histamine Contamination: 

 Fish after death, due to production of biogenic amines (BAs) starts spoiling 

promptly, if not handled and preserved properly (Motalebi et al., 2010). Amines produced 

through activities of living organisms are meant as biogenic amines (Rawles et al., 1996; 

Shalaby, 1996). These BAs like histamine, tryptamine, tyramine, cadaverine and 

putrescine are produced from free respective amino acids (Halasz et al., 1994). In fish and 

seafood industry, BAs level plays a crucial role in food safety and quality of the product 

(Berjia and Brimer, 2013). Histamine, the most frequently found biogenic amine is 

developed in high protein food by histidine decomposition activated by bacterial growth 

and enzymatic histidine decarboxylation (Mackie and Fernandez, 1977) which can cause 

food poisoning outbreaks in human (Choudhury et al., 2008; Jeyasanta et al., 2015).  

 Histamine can be produced in scombroid fish as well as in the non-scombroid fish. 

The scombroid fishes have free histidine amino acid and include mackerels, tuna, bonito 

and skipjack while non-scombroid fishes are sardines, herrings, anchovies, amberjack, 

blue fish and mahi-mahi (Choudhury et al., 2008). This histamine fish poisoning (HFP) 

may result into mild illness including itching of skin, rashes, urticeria, vomiting and 

diarrhea, nausea, tingling and flushing (Eitenmiller et al., 1982; Taylor et al., 1989; Ten 

Brink et al., 1990); its high intake however, may lead to life threatening intoxication and 

food intolerance making the histamine amongst the major food safety concerns 

(Ababouch et al., 1990; Ben-Gigirey et al., 1998; Ben-Gigirey et al., 1999; Emborg and 

Dalgaard, 2006).         
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 Histamine normally has rarely been detected in fresh fish samples; however the 

post-harvest temperature abuse accelerates fish decomposition and the production of 

histamine (Shakila et al. 2003). The occurrence of other BAs like cadaverine and 

putrescine may further enhance the toxicity of histamine (Huang et al., 2010). European 

Union has set a criterion of microbiological loads for foodstuffs through establishment of 

“Commission Regulation No. 2073/2005”; according to which if among tested nine fish 

samples the observed concentration of histamine remains ≤ 100 mg/kg, and maximum up 

to two samples have concentration ranging from 100-200 mg/kg and none of the samples 

contains histamine above 200 mg/kg then the fish consignment is considered safe for 

human consumption (Pawul-Gruba et al., 2014).  

 Joshi and Bhoir (2011) analyzed HFP in fresh samples of commercial fish species 

i.e. mackerel from local fish market of Kalyan city, Maharashtra, India using different 

methods and found histamine concentrations 20 mg/100 g of fish which were above the 

defect action levels set by FDA (5 mg/100 g). They reported that the sampled fish may be 

a potential health risk for human and suggested improvements in the prevailing sanitary 

conditions of the markets. Hosseini et al. (2013) explored the effect of delayed icing on 

formation of biogenic amines (BAs) and bacterial contribution in common carp.   

 Berjia and Brimer (2013) determined histamine of freshwater fish species like 

tilapia, catfish and barbus; collected from main fish market and retailers in Bahir Dar, 

Ethopia using ELISA technique. Histamine was found in all the collected fish samples 

ranging between 1.3-290 mg/100g and 21% of the samples were exceeding the 

permissible limits set by EU. The mean concentrations were highest in tilapia followed by 

catfish and the barbus.Visciano et al. (2014) worked on HFP and they declared it amongst 

the most frequent form of food intoxication caused by fish and seafood products and 
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reported that even freezing, canning and cooking cannot decrease histamine levels 

because of heat stable nature of the compound.  

 Histamine levels in fresh and smoked fish samples were detected 14.6% and 

17.8% respectively by Pawul-Gruba et al. (2014) in Poland. They observed highest levels 

of the compound in smoked herring and sprat; however all the tested samples were having 

histamine below the acceptable limits. Karmi (2014) analyzed histamine and Tyramine 

concentrations in salted samples of three commercial fish species i.e. tuna, sardine and 

mackerel in Egypt and found 73%, 80% and 46% of the samples of all above three 

species positive for histamine respectively and all the samples were exceeded the 

maximum acceptable limits of FDA. 

 Jeyasanta, et al. (2015) investigated histamine contents of seafood collected from 

fish landing centers, local fish market and street venders in Tuticorin, India and observed 

high contents of histamine in fish collected from venders; less in local market and the 

least in fish at the landing centers. They were of the view that histamine production in 

seafood depends on fish species, temperature and the time fish is exposed to environment.   

   In Pakistan applied research on fish quality and food safety has almost been 

neglected so far and research publications available are mostly on individual disciplines 

like heavy metals bioaccumulation (Khan et al., 2005; Rauf et al., 2009; Tabinda et al., 

2010; Naeem et al., 2011; Qadir and Malik, 2011; Jabeen et al., 2012; Tabinda et al., 

2013
a
) and some on organoleptic quality of fish (Hassan and Javed, 2000; Khan et al., 

2011). Work on microbial fish quality is rather a very recent phenomenon in Pakistan.  

 The Department of Fisheries, Government of the Punjab has recently established a 

well-equipped and State of the Art, Fish Quality Control Laboratory at Fisheries Research 

Institute Manawan, Lahore. The Fish Inspection Act. 2009, has been passed by the 
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provincial assembly and Fish Quality Control Rules are being framed to institutionalize 

and promote global quality control and inspection protocol. Quality control regime will 

enable the inland fish produce to be sold in international markets. So there is a dire need 

to explore the quality and food safety of our inland fish produce in totality, particularly 

from aquaculture, to improve its quality as per international standards for domestic 

consumption and also to explore the export marketing as well.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 
 

CHAPTER III 

MATERIALS AND METHODS 
 

3.1 Experimental Fish: 

 In the Punjab Province for commercial fish farming and aquaculture, the semi-

intensive pond polyculture system of carps is very popular and largely in practice in all 

provinces of the country. Under this system, six to seven carp fish species, including three 

indigenous major carps viz, Labeo rohita (Rohu), Cirrhinus mrigala (Mori) and Catla 

catla (Thaila) and four exotic, i.e. Chinese carps like Hypophthalmichthys molitrix (Silver 

carp), Ctenopharyngodon idella (Grass carp), Aristichthys nobilis (Bighead carp) and the 

Cyprinus carpio (Common carp/Gulfam) are extensively cultured with different stocking 

ratios and combinations. To get better knowledge of quality of farmed fish, out of these 

seven species, following four carp fish species were selected for this study: 

1- Labeo rohita (Rohu)  

2- Cirrhinus mrigala (Mori)  

3- Hypophthalmichthys molitrix (Silver carp) and  

4- Ctenopharyngodon idella (Grass carp) 

 While, to examine the effects of delayed frozen storage and preservation on 

microbial loads, Labeo rohita (Rohu), the most popular fish amongst the farmed carps in 

Pakistan, was selected for this investigation.       

3.2 Experimental Design: 

 The present study was designed to explore the quality and food safety of farm 

produced fish, available here to the domestic consumers at various fish distribution points 
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under the existing traditional marketing system in totality and to examine the effect of 

delayed freezing storage and preservation on microbial quality of fish, frozen in 

commercially available deep freezers and refrigerators.  Under this study, hence, two sets 

of experiments were planned be conducted.  

 In the 1
st
 step, four extensively cultured, indigenous major and Chinese carp fish 

species in the Punjab province were selected for sampling from four different fish 

distribution channels i.e. fish farms, localized fish markets in the farming area, main fish 

market Lahore and the retailers’ shops at Lahore city. Mainly used parameters to assess 

fish quality and food safety, viz, heavy metals contamination levels, various microbial 

counts and histamine presence, were analyzed in comparison to the International Fish 

Quality & Food Safety Standards required for export fish marketing.  

 In 2
nd

 step of this study, to investigate the effects of delayed storage and 

preservation on microbiological fish quality and histamine production in frozen fish; 

Labeo rohita, was selected for experimental. The microbial loads and histamine presence 

was examined for 0, 8, 16 and the 24-hours delayed freezing; with 10 days intervals i.e. 

on 0, 10, 20 and 30
th

 day; during a period of total 30 days freezing storage.   

3.3 Survey and selection of sampling sites: 

 For 1
st
 set of experiments of determining fish quality and food safety through 

detection of some heavy metals, time series changes in microbial loads and histamine 

existence in fish; a giant fish farming cluster around Qadirabad Barrage of the river 

Chenab in civil division Gujranwala, at the junction three districts i.e. Mandi Baha-ud-

Din, Hafizabad and Gujranwala, having hundreds of fish farms and some localized fish 

markets was selected for sampling from first two fish distribution points (fish farms and   
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Figure-3.1:  Site map of all four sampled fish distribution points: 
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Figure-3.1:  Site map of all four sampled fish distribution points (Contd….): 
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localized fish markets). Fish farms and localized fish markets were extensively surveyed 

for identification of sampling sites for randomized fish sampling.  

 For sampling from remaining two fish distribution points (main fish market and 

retailers’ shops), the main fish market, Lahore and numerous retailers’ shops in different 

areas of Lahore city were surveyed for selection of sampling sites (Figure-3.1). Similarly, 

sites for sampling of farmed Labeo rohita (Rohu) fish, to examine the effects of delayed 

freezing storage and preservation on microbial quality and histamine production under 2
nd

 

set of experiments, were again randomly selected amongst the various fish farms around 

Qadirabad Barrage of the river Chenab.        

3.4 Collection, Transportation and freezing of Fish Samples:  

 For analysis of fish quality and food safety in totality, under 1
st
 set of experiments, 

fish samples of four different culturable indigenous major and Chinese carps including L. 

rohita, C. mrigala, H. molitrix and the C. idella were collected from four different kinds 

of traditional fish marketing/distribution channels, following the suitable sampling 

procedures (Steel et al., 1996) as under: 

1- Fish farms in around Qadirabad Barrage, Gujranwala. 

2- Localized fish markets in Alipur Chattha area near Qadirabad Barrage, district 

Gujranwala. 

3- Main fish market of Lahore. 

4- Different retailers’ shops in various area of Metropolitan of Lahore city.  

 Global Positioning System (GPS) coordinates of all four sampled fish distribution 

points are given in Table-3.1. 
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Table-3.1:  GPS Coordinates of four fish distribution points:  

 

Sr. No. 
Sampling Site 

GPS Location 

Longitude Latitude 

1. 
Fish Farms near Qadirabad 

Barrage 
32°18'30.46" N 73°41'36.13" E 

2. 
Localized Fish Markets near 

Qadirabad Barrage 
32°20'03.91" N 73°38'34.44" E 

3. Main Fish Market, Lahore 31°34'36.23" N 74°18'36.79" E 

4. 
Retailers’ Shops, Mughalpura, 

Lahore 
31°34'3.15" N 74°21'51.64" E 

 

 The samples were collected during winter months from October to February at a 

temperature ranging 6-27
○
C, during the years 2013 and 2014. Five fish of edible size of 

each of the four experimental fish species, from the above cited four fish marketing 

channels were sampled for the study. After collection from each sampling site, fishes 

were degutted, the important biological parameters like live body weight and the total 

length of each specimen were recorded individually at the spot, using Top-Loading 

weighing balance model PCB6000-1 (KERN) and fish measuring tray respectively. The 

samples were then washed, packed in sterile polythene bags separately, labeled, placed in 

iceboxes, transported on the same day to Fish Quality Control Laboratories, Manawan, 

Lahore, and kept in freezers for planned studies of heavy metals detection, examination of 

various microbial counts and to analyze the presence of histamine.       

 Similarly for 2
nd

 step of the experiments, to check the delayed freezing storage 

and preservation effects on microbial quality deterioration and presences of histamine; 

total 80 samples of Labeo rohita were collected from fish farms, washed and packed in 

sterile polythene bags after weighing and measuring the total length of each fish 

individually. The fish were iced, kept in an aseptic container and brought to Fish Quality 

Control Laboratories of Department of Fisheries Punjab at Fisheries Research & Training 

Institute Manawan, Lahore, following Obiajuru and Ogbulie, 2006. In the Labs these 80 
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samples of Labeo rohita were divided into equal 16 batches (5 fish in each as replicates), 

labeled and insets of 4 batches refrigerated with a delay of 0, 8, 16 and 24-hours, for 

analysis with 10 days intervals , on the day 0, 10, 20 and 30, as given in Table-3.2. 

Table-3.2: Analysis Plan of Microbial Loads and Histamine:  

S.No Delayed freezing Day of Analysis 

1. 0 Hours Day 0 Day 10 Day 20 Day 30 

2. 8 Hours Day 0 Day 10 Day 20 Day 30 

3. 16 Hours Day 0 Day 10 Day 20 Day 30 

4. 24 Hours Day 0 Day 10 Day 20 Day 30 

 

3.5 Analysis of Heavy Metals Contamination in Fish: 

 3.5.1  Reagents and Standards  

 For analysis of toxic heavy metals of stern health anxieties viz, Lead (Pb), 

Cadmium (Cd) and Chromium (Cr) in fish, high purity deionized water, purified by 

Millipore Elix-3 water purification system; nitric acid (HNO3): concentrated; nitric acid 

(50% v/v) diluted with water; hydrochloric acid (HCl): concentrated; hydrochloric acid 

(50% v/v) diluted with water and hydrogen peroxide: 30% were used as reagents. The 

stock standard solutions of Merck Specialist Chemical Limited 1000 mg/l, 50 mg/l and 20 

mg/l for Pb, Cd and Cr, respectively, were procured and their different concentrations 

were prepared in calibration ranges by proportionate dilutions of standards with 2 ml 50% 

HNO3, 10 ml 50% HCl and water. 
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 3.5.2  Apparatus  

 The apparatus includes “Inductively Coupled Plasma-Optical Emission 

Spectroscopy (Perkin Elmer, Model: Optima 7000 DV ICP-OES)” having computerized 

software for data entry and processing, high-purity argon gas supply and nitrogen gas 

supply, peristaltic pump of variable speed required for delivery of solution to nebulizer, 

water cooled spray chamber/chiller, hotplate (heavy duty) with variable temperature 

(Model-Rex C-10, PCSIR, Lahore), analytical balance (Model-ATY 224, Shamadzu) and 

Millipore membrane filter papers-Type HV (0.45 µm). The total glassware used was of 

analytical grade of Pyrex, Germany, including volumetric flask, funnels, graduated 

cylinders, calibrated pipettes, automatic pipette, beakers of various sizes and storage 

bottles measuring 125 and 250 ml. 

3.5.3 Sample Preparation / Wet Digestion and Analysis by ICP-OES 

 At the time of analysis of quality and food safety parameters, fishes were removed 

from freezer, defrosted, each fish sample was cut into two pieces; one half of the sample 

was used for detection of heavy metals and histamine while the remaining half of the 

sample was utilized for assessment of microbial loads in fish. 10 g boneless muscles 

portion (wet body weight) was taken accurately from each sample and kept in a beaker of 

100 ml capacity. 10 ml fresh prepared solution having 1:1 (v/v) ratio of Hydrogen 

peroxide/Nitric acid was poured in the beaker. This beaker was covered and left aside for 

one hour till the completion of initial reaction. After an hour, beaker containing the 

sample was kept on Hotplate, allowed the temperature riseing upto 160 
○
C and kept on 

boiling upto two hours or more till the complete digestion, making it transparent and 

decreasing its volume between 2 to 5 ml. This solution was allowed to cool, transferred in 

a 25 ml volumetric flask, diluted with de-ionized water upto the mark and filtered with 

membrane filter (0.45 µm).  
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 The filtrate, prepared form each of the fish samples was then processed for 

detection of heavy metals by “Inductively Coupled Plasma-Optical Emission 

Spectroscopy (ICP-OES)”. Before use, the instrument was calibrated for different 

parameters. Calibration curves were built using series of dilutions covering varied levels 

of heavy metals. The observations of emissions were recorded at specific wavelengths i.e. 

220.35 for Pb, 226.50 for Cd and 267.72 for Cr, respectively, following AOAC (2012). 

3.5.4 Statistical Analysis of Data 

 Data of heavy metals, obtained from ICP-OES was subjected to the statistical 

analysis using ANOVA (Analysis of Variance) and LSD test, following Steel et al., 1996, 

for determination of significance level among various experimental fish species and also 

among different fish marketing channels using the statistical package R. The regression 

and correlation was also examined between different variables. 

Flow Sheet Heavy Metals Analysis 

 Took 10 g fish muscles in 100 ml beaker.  

 

 Added 10 ml solution of Hydrogen peroxide/Nitric acid with (v/v) ratio 1:1. 

 

 Put watch glass on beaker and kept it aside, upto one hour, till the first 

reaction was completed. 

 

 Placed the beaker on Hotplate and allowed the temperature to rise up to 160
o
C. 

 

 Continued boiling for 2 hours or more and reduced volume to 2-5 ml. 

 

 Cooled, transferred to a 25 ml volumetric flask, diluted with de-ionized water 

up to the mark and filtered with membrane filter, 0.45 µm. 

 

 Analysis of heavy metals on ICP-OES. 

 



47 
 

3.6 Microbial Loads Analyses in Fish: 

 In this study, to assess microbial quality of fish, some important microbial 

parameters i.e. Aerobic Plate Counts, Total Coliform Counts, Faecal Coliform Counts, 

Escherichia coli, Staphylococcus aerous (S. aerous) and Vibrio cholera (V. cholera) were 

examined in experimental fish species used for both sets of experiments to check food 

safety and shelf life of the fish as under:  

3.6.1 Aerobic Plate Counts (APC) 

 APC were measured following the Official Methods of Analysis, AOAC (2012).   

 3.6.1.a Reagents and Media 

 Reagents and media used for detection of APC included sterile Butterfield’s 

phosphate buffer solution (450 ml per sample; 90 ml per dilution) and Plate Count Agar.   

 3.6.1.b Apparatus 

 The apparatus involved for detection of APC was petri plates (15×90 mm each); 

graduated pipettes of 1, 5 and 10 ml size; reagent bottles of 250 ml size having screw 

caps; thermostatically controlled water bath (45±1
○
C); the incubator (35±1

○
C) and the 

digital colony counter. 

 3.6.1.c Sample preparation & Serial Dilutions 

 Fifty (50) g flesh of each sampled fish was removed and placed in blender jar 

aseptically, added with 450 ml sterile Butterfield’s phosphate buffer solution and blended 

at 12,000 rpm for 2 min. to homogenize. Then successive decimal dilutions were prepared 

by shifting 10 ml of blend into 90 ml sterile Butterfield’s phosphate buffer solution in 
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reagent bottles, using separate sterile pipettes for each dilution following BAM (1998). 

Then shaking of all the dilutions was done vigorously.    

 3.6.1.d Test Procedure and Plate Counts  

 To evaluate APC, 1 ml of each dilution was poured in sterile, labeled petri dish in 

duplicate, added with 12-15 ml of hot (45±1
○
C) molten Plate Count Agar, mixed 

thoroughly , allowed to settle the medium and incubated it for 48 hours at 35
○
C to 

develop colonies. The number of developed colonies (cfu g
-1

) was then counted 

(duplicate) by an automatic digital colony counter.  

3.6.2 “Total Coliform Counts (TCC) Faecal Coliform Counts 

 (FCC) and Escherichia coli (E. coli)” 

 

 3.6.2.a Reagents and Media 

 The reagents and media used in TCC, FCC and E. coli estimations include sterile 

Butterfield’s phosphate buffer solution, plate count agar, levine’s eosin-methylene blue 

(L-EMB) agar, lauryl tryptose (LST) broth, EC broth, brilliant green lactose bile (BGLB) 

broth.  

 3.6.2.b Apparatus 

 The apparatus used for detection of TCC, FCC and E. coli were covered water 

bath with temperature, 45.5±0.02
○
C, calibrated thermometer, incubator (35.0±1.0

○
C), 

weighing balance having capacity of 2000 g with sensitivity level of 0.1 g, blender with 

jar and the graduated sterile pipettes of 1 ml and the 10 ml capacity. Reagent bottles, 

digital colony counter, pH meter and sterile utensils for handling the samples were also 

used.  
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 3.6.2.c Sample preparation & Serial Dilutions 

 Fifty (50) g fish flesh for each sample was taken in blender jar, added with 450 ml 

of sterile Butterfield’s phosphate buffer solution and blended at 10,000-12,000 rpm, for 2 

min. Then its serial decimal dilutions were prepared in reagent bottles and vigorous 

shaking by vertex mixer was also made.  

 3.6.2.d Test Procedure and Plate Counts  

 1 ml of each of the dilutions i.e. 1:10 (blend), 1:100 and 1:1000 dilutions pipetted 

in to three sets of sterile Lauryl tryptose broth (LST) tubes containing durham (10 ml 

capacity) in triplicate. These LST tubes were then incubated for 48±2 hrs, at 35.0 
○
C. 

these tube were then examined for gas production which is a convincing identity of TCC 

presence. For conformation of TCC presence, from each of the gas positive LST tube, a 

loop full of suspension was poured in a tube of BGLB broth and was incubated for further 

48±2 h at 35.0 
○
C for gas production. The most probable number (MPN) of TCC was then 

calculated. 

 For FCC, from each LST gas positive tube, a loop full of suspension was then 

transferred in to a tube containing EC broth. These EC broth tubes were again incubated 

for 24 to 48 hrs at 45.5
○
C and then examined for gas production and the MPN of Faecal 

Coliform Counts (FCC) were calculated. For estimation of E. coli, these gassing EC broth 

tubes were genteelly agitated and a loop full of suspension was added to L-EMB agar and 

incubated the same for 24 hrs at 35
○
C. To examine suspicious E. coli colonies dark 

centered plates were noted. From each L-EMB plate, 5 suspicious colonies were shifted 

to PCA (plate count agar) slants and incubated about for another 24 hrs at 35
○
C. Then 

Gram strain test was performed and Gram-negative cultures were tested the IMViC 

biochemical reaction following AOAC (2012).      
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3.7 Analysis of Histamine: 

 Ten (10) g of fish flesh from each of the samples of experimental fish species of 

both sets of experiments was removed, kept in blender jar, added with fifty (50) ml of 

methanol, blended for 2 min. at 12,000 rpm to homogenize and poured in 100 ml 

volumetric flask. It was heated at 60
○
C in a water bath for 15 minutes, cooled, diluted 

with methanol and filtered. This filtrate was then subjected to Liquid Chromatography 

Mass Spectrometry (LCMS-LCQ Fleet Ion Trap) for detection of histamine production. 

3.8 Statistical Data Analysis: 

 The data of microbial counts, obtained from varied sets of experiments was then 

subjected to Two-Way ANOVA, following Steel et al., (1996) to see the significance 

level among various experimental fish species and also among different fish marketing 

channels for 1
st
 set of experiment and of Labeo rohita among various delayed freezings 

and the different intervals during freezing storage, using the statistical package SPSS. 

 

 

 

 

 

 

 

 

 



51 
 

CHAPTER IV 

RESULTS 
 

4.1 Heavy Metals Contamination in Fish: 

 

 Fish muscles of four formed carp species i.e. Labeo rohita (rohu), Cirrhina 

mrigala (mrigal), Ctenopharyngodon idella (grass carp) and Hypophthalmichthys molitrix 

(silver carp) were analyzed for three heavy metals, named cadmium (Cd), lead (Pb) and 

chromium (Cr) from four different fish distribution/marketing points viz, fish farms, 

localized fish market, main fish market Lahore and the retailors shops at Lahore city. The 

mean concentrations with standard deviations and ranges of selected heavy metals (µg g
-1 

± SD) are presented in Tables-4.1 to 4.4. These three metals were positive in all the 

samples of selected fish species collected from all four different fish distribution points. 

Among species, though there was no significant difference of individual metals 

accumulation in various fish species, however, L. rohita and H. molitrix had slightly 

higher metal concentrations when compared with C. mrigala and C. idella. The overall 

concentrations of these three heavy metals in fish were in order: lead > chromium > 

cadmium.  

 4.1.1 Cadmium (Cd)    

 Cadmium distribution in all the four fish distribution points has been displayed in 

Figures-4.1 to 4.5. Among fish distribution points, the Cd values ranged between 0.0070 

to 0.0.0100 µg g
-1

, 0.0700 to 0.0110 µg g
-1

, 0.0000 to 0.0100 µg g
-1 

and 0.0170 to 0.0300 

µg g
-1

, at fish farms, localized fish market, main fish market Lahore and the retailer’s 

shops, respectively (Table-4.1 to 4.4.). While among fish species, Cd concentrations 

ranged between 0.0000 to 0.0270 µg g
-1

, 0.0000 to 0.0250 µg g
-1

, 0.0000 to 0.0220 µg g
-1
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and 0.0070 to 0.0300 µg g
-1 

in Labeo rohita, Cirrhina mrigala, Ctenopharyngodon idella 

and Hypophthalmichthys molitrix, respectively (Table-4.5). Maximum number of fish 

samples, however, represented the level of Cd, 0.0100 µg g
-1

 (Figure-4.5). Overall, the 

lowest Cd values were observed in fish samples collected from the main fish market, 

while the highest one’s in the samples collected from the retailers shops. The highest 

mean value of Cd (0.0258±0.0029 µg g
-1

) was found in fish samples of 

Hypophthalmichthys molitrix collected from retailers’ shops Lahore, while the lowest 

(0.0074±0.0005 µg g
-1

) was noted in samples of Cirrhina mrigala collected from the fish 

farms (Table-4.5). The levels of Cd, at all four tested points were however, within the 

permissible limits set by Food and Agriculture Organization of United Nations (FAO) for 

human consumption (0.05 µg g
-1

). The data was then subjected to Two Way ANOVA, 

taking fish distribution points and the fish species as independent variables and Cd as the 

dependent variable. ANOVA results revealed that the difference (P=0.000) in Cd 

concentrations among different fish distribution points was significant (P= 0.055), while 

among various fish species was non-significant (Table-4.6). Then Post Hoc Test (LSD) 

was performed to check the significance level for various fish distribution points (Tables-

4.7 and 4.8); which illustrated that Cd was present in significantly higher concentrations 

in samples of all four experimental fish species collected from retailers’ shops when 

compared with samples collected from other three fish distribution points. No significant 

variations in Cd concentrations (P>0.05) were, however, observed in fish samples 

collected from fish farms, localized fish market and the main fish market Lahore (Tables-

4.7 and 4.8, Figure-4.6). 
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Table-4.1: Means and ranges of Heavy Metal Concentrations (µg g
-1 

± SD) Found 

  in Farmed Carps (Wet Body Weight) Collected from Fish Farm: 

 

Heavy 

Metal 
Fish Species 

Heavy Metal Concentrations 

Mean±SD Min. Max. 

Cd 

Labeo rohita 0.0090±0.0070 0.0080 0.0100 

Cirrhina mrigala 0.0074±0.0005 0.0070 0.0080 

Ctenopharyngodon idella 0.0080±0.0000 0.0080 0.0080 

Hypophthalmichthys molitrix 0.0078±0.0004 0.0070 0.0080 

Pb 

Labeo rohita 0.2178±0.0884 0.0760 0.3010 

Cirrhina mrigala 0.2386±0.0529 0.1630 0.2870 

Ctenopharyngodon idella 0.2368±0.0771 0.1050 0.2940 

Hypophthalmichthys molitrix 0.1842±0.0733 0.0870 0.2420 

Cr 

Labeo rohita 0.0294±0.0015 0.0280 0.0310 

Cirrhina mrigala 0.0262±0.0015 0.0240 0.0280 

Ctenopharyngodon idella 0.0284±0.0032 0.0250 0.0320 

Hypophthalmichthys molitrix 0.0314±0.1749 0.0080 0.0570 

 

 

 

Table-4.2: Means and ranges of Heavy Metal Concentrations (µg g
-1 

± SD) Found 

in Farmed Carps (Wet Body Weight) Collected from Local Fish 

Market: 

 

Heavy 

Metal 
Fish Species 

Heavy Metal Concentrations 

Mean±SD Min. Max. 

Cd 

Labeo rohita 0.0094±0.0011 0.0080 0.0110 

Cirrhina mrigala 0.0082±0.0011 0.0070 0.0090 

Ctenopharyngodon idella 0.0078±0.0008 0.0070 0.0090 

Hypophthalmichthys molitrix 0.0078±0.0008 0.0070 0.0090 

Pb 

Labeo rohita 0.3316±0.0143 0.3090 0.3470 

Cirrhina mrigala 0.2640±0.1000 0.1350 0.3990 

Ctenopharyngodon idella 0.2868±0.0161 0.2690 0.3100 

Hypophthalmichthys molitrix 0.3246±0.0496 0.2800 0.4050 

Cr 

Labeo rohita 0.0446±0.0072 0.0340 0.0530 

Cirrhina mrigala 0.0478±0.0110 0.0290 0.0590 

Ctenopharyngodon idella 0.0468±0.0103 0.0370 0.0580 

Hypophthalmichthys molitrix 0.0488±0.0063 0.0410 0.0570 
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Table-4.3: Means and ranges of Heavy Metal Concentrations (µg g
-1 

± SD) Found 

in Farmed Carps (Wet Body Weight) Collected from Main Fish 

Market Lahore: 

Heavy 

Metal 
Fish Species 

Heavy Metal Concentrations 

Mean±SD Min. Max. 

Cd 

Labeo rohita 0.0080±0.0045 0.0000 0.0100 

Cirrhina mrigala 0.0080±0.0045 0.0000 0.0100 

Ctenopharyngodon idella 0.0080±0.0045 0.0000 0.0100 

Hypophthalmichthys molitrix 0.0100±0.0000 0.0100 0.0100 

Pb 

Labeo rohita 0.2336±0.0351 0.1950 0.2680 

Cirrhina mrigala 0.1544±0.0892 0.0000 0.2170 

Ctenopharyngodon idella 0.2754±0.0412 0.2080 0.3180 

Hypophthalmichthys molitrix 0.2566±0.1204 0.0450 0.3470 

Cr 

Labeo rohita 0.0262±0.0057 0.0180 0.0340 

Cirrhina mrigala 0.0306±0.0105 0.0230 0.0490 

Ctenopharyngodon idella 0.0158±0.0032 0.0120 0.0210 

Hypophthalmichthys molitrix 0.0216±0.0053 0.0160 0.0270 

 

 

 

 

 

 

Table-4.4: Means and ranges of Heavy Metal Concentrations (µg g
-1 

± SD) Found 

in Farmed Carps (Wet Body Weight) Collected from Retailers Shops 

Lahore: 

Heavy 

Metal 
Fish Species 

Heavy Metal Concentrations 

Mean±SD Min. Max. 

Cd 

Labeo rohita 0.0228±0.0033 0.0180 0.0270 

Cirrhina mrigala 0.0226±0.0021 0.0200 0.0250 

Ctenopharyngodon idella 0.0192±0.0019 0.0170 0.0220 

Hypophthalmichthys molitrix 0.0258±0.0029 0.0220 0.0300 

Pb 

Labeo rohita 0.4618±0.0944 0.3350 0.5820 

Cirrhina mrigala 0.5888±0.1463 0.4300 0.7980 

Ctenopharyngodon idella 0.3716±0.0954 0.0290 0.5300 

Hypophthalmichthys molitrix 0.3516±0.0711 0.2900 0.4400 

Cr 

Labeo rohita 0.0502±0.0087 0.0370 0.0590 

Cirrhina mrigala 0.0556±0.0192 0.0320 0.0810 

Ctenopharyngodon idella 0.0514±0.0062 0.0470 0.0620 

Hypophthalmichthys molitrix 0.0568±0.0016 0.0550 0.0580 
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Figure-4.1: Cadmium (Cd) Distribution 

in Fish Samples at Fish Farms: 

Figure-4.2: Cadmium (Cd) Distribution 

in Fish Samples at Localized Fish 

Market: 

 

 

 

 

  
Figure-4.3: Cadmium (Cd) Distribution 

in Fish Samples at Main Fish Market: 

Figure-4.4: Cadmium (Cd) Distribution 

in Fish Samples at Remailers shops: 
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Table-4.5: Means and ranges of Cadmium Concentrations (µg g
-1 

± SD) Found   

  in Farmed Carps From all Four Fish Distribution Points: 

Site Fish Species 
Heavy Metal Concentrations 

Mean±SD Min. Max. 

Fish 

Farms 

Labeo rohita 0.0090±0.0070 0.0080 0.0100 

Cirrhina mrigala 0.0074±0.0005 0.0070 0.0080 

Ctenopharyngodon idella 0.0080±0.0000 0.0080 0.0080 

Hypophthalmichthys molitrix 0.0078±0.0004 0.0070 0.0080 

Local 

Fish 

Market 

Labeo rohita 0.0094±0.0011 0.0080 0.0110 

Cirrhina mrigala 0.0082±0.0011 0.0070 0.0090 

Ctenopharyngodon idella 0.0078±0.0008 0.0070 0.0090 

Hypophthalmichthys molitrix 0.0078±0.0008 0.0070 0.0090 

Main 

Fish 

Market 

Lahore 

Labeo rohita 0.0080±0.0045 0.0000 0.0100 

Cirrhina mrigala 0.0080±0.0045 0.0000 0.0100 

Ctenopharyngodon idella 0.0080±0.0045 0.0000 0.0100 

Hypophthalmichthys molitrix 0.0100±0.0000 0.0100 0.0100 

Retailers 

Shops 

Lahore 

Labeo rohita 0.0228±0.0033 0.0180 0.0270 

Cirrhina mrigala 0.0226±0.0021 0.0200 0.0250 

Ctenopharyngodon idella 0.0192±0.0019 0.0170 0.0220 

Hypophthalmichthys molitrix 0.0258±0.0029 0.0220 0.0300 

 

 

Descriptive   

N 80 

 

Mean 0.0119 

Std. Error of 

Mean 

0.0008 

Median 0.0095 

Mode 0.0100 

Std. Deviation 0.0067 

Minimum 0.0000 

Maximum 0.0300 

Figure-4.5: Distribution of Cadmium (Cd) in Fish Samples Collected From all 

 Four Fish Distribution Points: 
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Table-4.6: Two Way ANOVA Taking Fish Distribution Points and Fish Species  

 as Independent Variables and Cadmium as Dependent Variable: 

Source 
Type III Sum of 

Squares 

df Mean Square F Sig. 

Fish Distribution 

Point 

0.0031 3 0.0010 163.13 0.000 

Species 0.0001 3 0.0000 2.65 0.055 

Error 0.0005 73 0.0000   

Total 0.0036 79    

 

Table-4.7: Post Hoc Test (LSD) to find Mean Cadmium Difference among 

 Various Fish Distribution Points: 

(I) Fish 

Distribution 

Point   

(J) Fish 

Distribution Point  

Difference  of  

Mean (I-J) 

S.E Sig. 

Fish Farms Local Fish Market 

Main Fish Market 

Retailors Shops 

0.0003 

0.0005 

0.0145* 

0.0008 

0.0008 

0.0008 

0.989 

0.941 

0.000 

Local Fish Market 

 

 

Fish Farms 

Main Fish Market 

Retailors Shops 

-0.0003 

0.0002 

0.0143* 

0.0008 

0.0008 

0.0008 

0.989 

0.994 

0.000 

Main Fish Market Fish Farms 

Local Fish Market 

Retailors Shops 

-0.0005 

-0.0002 

0.0141* 

0.0008 

0.0008 

0.0008 

0.941 

0.994 

0.000 

Retailors Shops Fish Farms 

Local Fish Market 

Main Fish Market 

-0.0145* 

-0.0143* 

-0.0141* 

0.0008 

0.0008 

0.0008 

0.000 

0.000 

0.000 

Note: The values having * as superscript have significant Mean Cadmium Difference. 

Table-4.8: Post Hoc Test (LSD) to find Mean Cadmium Difference among 

 various Species: 

(I) Fish Species (J) Fish Species Mean Difference (I-J) S.E Sig. 

L.  rohita C. mrigala 

C. idella 

H. molitrix 

-0.0008 

-0.0016 

0.0006 

0.0008 

0.0008 

0.0008 

0.780 

0.215 

0.899 

C. mrigala 

 

L.  rohita 

C. idella 

H. molitrix 

0.0008 

-0.0008 

0.0013 

0.0008 

0.0008 

0.0008 

0.780 

0.745 

0.363 

C. idella L.  rohita 

C. mrigala 

H. molitrix 

0.0016 

0.0008 

0.0021* 

0.0008 

0.0008 

0.0008 

0.215 

0.745 

0.048 

H. molitrix L.  rohita 

C. mrigala 

C. idella 

-0.0006 

-0.0013 

-0.0021* 

0.0008 

0.0008 

0.0008 

0.899 

3.363 

0.048 

Note: The values having * as superscript have significant Mean Cadmium Difference. 
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Figure-4.6: Comparison of Mean Concentrations of Cd in Fish Samples Collected 

 from Four Fish Distribution Points:  
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 4.1.2 Lead (Pb) 

 The lead distribution, found in all the four fish distribution points, has been 

displayed in the Figures 4.7 – 4.11, and the mean concentrations and ranges (min. and 

max.) of Pb are presented in Table-4.9. Among distribution points, Pb values ranged 

between 0.0760 to 0.3010 µg g
-1

, 0.1350 to 0.4050 µg g
-1

, 0.0000 to 0.2170 µg g
-1 

and 

0.0290 to 0.7980 µg g
-1

, at fish farms, local fish markets, main fish market and retailers 

shops, respectively. Similarly in fish species, Pb concentration ranged between 0.0760 to 

0.5820 µg g
-1

, 0.0000 to 0.7980 µg g
-1

, 0.0290 to 0.5300 µg g
-1 

and 0.0450 to 0.4400 µg 

g
-1

, in L. rohita, C. mrigala, C. idella and H. molitrix, respectively (Table-4.9). Maximum 

number of fish samples, however, had the Pb levels around 0.3000 µg g
-1 

(Figure-4.11). 

Among three experimental heavy metals, the lead (Pb) showed highest accumulation 

levels in farmed carp fish species, sampled from all the designed four fish distribution 

points. The highest mean concentration of Pb (0.5888±0.1463 µg g
-1

) was seen in 

Cirrhina mrigala sampled from retailors shops Lahore, while the lowest one 

(0.1544±0.0892 µg g
-1

) was also observed in Cirrhina mrigala, sampled from the main 

fish market Lahore. The mean Pb concentration in the experimental fish species, sampled 

from all four fish points was beyond the acceptable limits for human consumption 

prescribed by FAO (0.123 µg g
-1

).  

 Subsequently, the Two Way ANOVA was performed, taking fish species and fish 

distribution points as sources of variability, which pointed out significant variations 

amongst various fish distribution points but non-significant differences among 

experimental fish species (Table-4.10). Then Post Hoc Test (LSD) revealed that Pb 

concentrations were significantly higher in the samples collected from local fish markets 

when compared with the samples collected from fish farms but had no significant 

difference with main fish market. On the other hand highly significant concentrations of 
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Pb were noted in fish sampled from retailers’ shops of Lahore in comparison to other 

three fish sampling points i.e. fish farms, localized fish markets and the main fish market 

Lahore (Tables 4.11–4.12; Figure-4.12).  

 The specie wise and fish distribution point wise data of Pb concentrations in all 

eighty fish samples of the four experimental fish species collected from four distribution 

points was also analyzed statistically to check the percentage contamination, beyond the 

acceptable limits set by FAO, for human consumption. 95 percent samples of L. rohita, C. 

mrigala and the C. idella while 90 percent of H. molitrix were having higher 

contaminations than the permissible limits (Table-4.13). Similarly, 85 percent and 90 

percent of the fish samples collected from fish farms and main fish market Lahore had Pb 

contaminations, beyond the acceptable limits, respectively. While the contamination in 

fish samples collected from localized fish market and the retailors shops was 100 percent 

above the permissible limits (Table-4.14, Figure-4.13). Overall, 93.80 percent of the 

collected fish samples had lead contamination, above the given acceptable levels set by 

FAO. The fish distribution wise Pb concentrations were found in order of retailers shops 

Lahore > local fish markets > main fish market Lahore > fish farms.  
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Figure-4.7: Lead (Pb) Distribution in Fish 

Samples at Fish Farms: 

 

 

 

 

 

Figure-4.8: Lead (Pb) Distribution in 

Fish Samples at Localized fish Market: 

 

 

  
Figure-4.9: Lead (Pb) Distribution in Fish 

Samples at Main Fish Market: 

 

Figure-4.10: Lead (Pb) Distribution in 

Fish Samples at Remailers shops: 
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Table-4.9: Means and ranges of Lead Concentrations Found in Farmed Carps 

From all Four Fish Distribution Points: 

Site Fish Species 
Heavy Metal Concentrations 

Mean±SD Min. Max. 

Fish 

Farms 

Labeo rohita 0.2178±0.0884 0.0760 0.3010 

Cirrhina mrigala 0.2386±0.0529 0.1630 0.2870 

Ctenopharyngodon idella 0.2368±0.0771 0.1050 0.2940 

Hypophthalmichthys molitrix 0.1842±0.0733 0.0870 0.2420 

Local 

Fish 

Market 

Labeo rohita 0.3316±0.0143 0.3090 0.3470 

Cirrhina mrigala 0.2640±0.1000 0.1350 0.3990 

Ctenopharyngodon idella 0.2868±0.0161 0.2690 0.3100 

Hypophthalmichthys molitrix 0.3246±0.0496 0.2800 0.4050 

Main 

Fish 

Market 

Lahore 

Labeo rohita 0.2336±0.0351 0.1950 0.2680 

Cirrhina mrigala 0.1544±0.0892 0.0000 0.2170 

Ctenopharyngodon idella 0.2754±0.0412 0.2080 0.3180 

Hypophthalmichthys molitrix 0.2566±0.1204 0.0450 0.3470 

Retailers 

Shops 

Lahore 

Labeo rohita 0.4618±0.0944 0.3350 0.5820 

Cirrhina mrigala 0.5888±0.1463 0.4300 0.7980 

Ctenopharyngodon idella 0.3716±0.0954 0.0290 0.5300 

Hypophthalmichthys molitrix 0.3516±0.0711 0.2900 0.4400 

 

Descriptive   

N 80 

 

Mean 0.2987 

Std. Error of Mean 0.0143 

Median 0.2900 

Mode 0.2900 

Std. Deviation 0.1283 

Minimum 0.0000 

Maximum 0.7980 

Figure-4.11: Distribution of Lead (Pb) in Fish Samples Collected From all Four  

  Fish Distribution Points: 

 



63 
 

Table-4.10: Two Way ANOVA Taking Fish Distribution Points and Fish Species 

as  Independent Variables and Lead as Dependent Variable: 

Source 
Type III Sum of 

Squares 

df Mean Square F Sig. 

Fish Distribution 

Point 

0.6396 3 0.2132 24.07 0.000 

Species 0.0146 3 0.0049 0.55 0.651 

Error 0.6467 73 0.0089   

Total 1.3008 79    

 

Table-4.11: Post Hoc Test (LSD) to find Mean Lead Difference among Various 

 Fish Distribution Points: 

(I) Fish 

Distribution Point 

(J) Fish Distribution 

Point  

Difference  of  

Mean (I-J) 

S.E Sig. 

Fish Farms Local Fish Market 

Main Fish Market 

Retailors Shops 

0.0828* 

0.0107 

0.2241* 

0.0298 

0.0298 

0.0298 

0.034 

0.984 

0.000 

Local Fish Market 

 

 

Fish Farms 

Main Fish Market 

Retailors Shops 

-0.0828* 

-0.0722 

0.1413* 

0.0298 

0.0298 

0.0298 

0.034 

0.081 

0.000 

Main Fish Market Fish Farms 

Local Fish Market 

Retailors Shops 

-0.0107 

0.0722 

0.2134* 

0.0298 

0.0298 

0.0298 

0.984 

0.081 

0.000 

Retailors Shops Fish Farms 

Local Fish Market 

Main Fish Market 

-0.2241* 

-0.1413* 

-0.2134* 

0.0298 

0.0298 

0.0298 

0.000 

0.000 

0.000 

Note: The values having * as superscript have significant Mean Lead Difference. 

Table-4.12: Post Hoc Test (LSD) to find Mean Lead Difference among various 

 Species: 

(I) Fish Species (J) Fish Species Mean Difference (I-J) S.E Sig. 

L.  rohita C. mrigala 

C. idella 

H. molitrix 

0.000 

-0.0181 

-0.0319 

0.0298 

0.0298 

0.0298 

1.000 

0.929 

0.707 

C. mrigala 

 

L.  rohita 

C. idella 

H. molitrix 

-0.0003 

-0.0184 

-0.3220 

0.0298 

0.0298 

0.0298 

1.000 

0.927 

0.702 

C. idella L.  rohita 

C. mrigala 

H. molitrix 

0.0181 

0.0184 

-0.0139 

0.0298 

0.0298 

0.0298 

0.929 

0.927 

0.966 

H. molitrix L.  rohita 

C. mrigala 

C. idella 

0.0319 

0.3220 

0.0139 

0.0298 

0.0298 

0.0298 

0.707 

0.702 

0.966 

 Note: The values having * as superscript have significant Mean Lead Difference. 
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Figure-4.12: Comparison of Mean Concentrations of Pb in Fish Samples Collected 

 from Four Distribution Points: 

 

 

 

Table-4.13: Species wise Percentage Contamination of Fish Samples by Pb Beyond  

 the Acceptable Limits of FAO: 

 Fish Distribution Point 

Within 

Acceptable 

Limit 

Beyond the 

Acceptable 

Limit 
 

 

L. rohita 
Count 1 19 20 

% within Point 5.0% 95.0% 100.0% 

C. mrigala 
Count 1 19 20 

% within Point 5.0% 95.0% 100.0% 

H. molitrix 
Count 2 18 20 

% within Point 10.0% 90.0% 100.0% 

C. idella 
Count 1 19 20 

% within Point 0.0% 100.0% 100.0% 

Total 
Count 5 75 80 

% Four Points 6.2% 93.8% 100.0% 
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Table-4.14: Fish Distribution Point wise Percentage Contamination of Fish 

 Samples by Pb Beyond the Acceptable Limits of FAO: 

 

 Fish Distribution Point 

Within 

Acceptable 

Limit 

Beyond the 

Acceptable 

Limit 
 

 

Fish Farms 
Count 3 17 20 

% within Point 15.0% 85.0% 100.0% 

Localized Fish Market 
Count 0 20 20 

% within Point 0.0% 100.0% 100.0% 

Main Fish Market Lahore 
Count 2 18 20 

% within Point 10.0% 90.0% 100.0% 

Retailers Shops Lahore 
Count 0 20 20 

% within Point 0.0% 100.0% 100.0% 

Total 
Count 5 75 80 

% Four Points 6.2% 93.8% 100.0% 

  

 

 

 

Figure-4.13: Number of Pb Contaminated Fish Samples at Four Fish Distribution  

  Points: 
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 4.1.3 Chromium (Cr) 

 Fish distribution point wise and the pooled distribution of chromium (Cr) have 

been displayed in the Figures 4.14 – 4.18. The Cr concentration among tested heavy 

metals was higher than the Cd but lower than Pb in all the fish distribution points. The 

highest mean Cr levels in farmed fish (0.0568±0.0016 µg g
-1

) were observed in 

Hypophthalmichthys molitrix sampled from retailers’ shops, while the lowest ones 

(0.0158±0.0032 µg g
-1

) in Ctenopharyngodon idella, collected from main fish market of 

Lahore (Table-4.15). The Cr concentrations however, in all the sampled fish was found 

lower than the permissible limits for fish, given by FAO (0.100 µg g
-1

) fit for human 

consumption. ANOVA results, like Cd and Pb also showed significant difference of Cr 

concentrations among various fish distribution points and non-significant differences for 

fish species (Table-4.16). Accordingly, to elaborate the variations, Post Hoc Test (LSD) 

was performed (Tables 4.17–4.18) which illustrated that the Cr levels in fish species, 

sampled from fish farms and the main fish market Lahore were almost similar with each 

other but were significantly lower than the Cr concentrations observed in local fish 

markets and the retailers shops (Figure-4.19).  

4.1.4 Correlation among fish weight and heavy metal    

  concentrations in fish 
  

 Correlation among fish weight and all three heavy metals is presented in Table-

4.19. Results revealed that concentrations of all the three heavy metals decreased with the 

increase in weight; thus these metals were negatively correlated with the weight. This 

negative correlation was nevertheless, non-significant with Cr (P=0.766), significant with 

Pb (P=0.022) and was interestingly highly significant for Cd (P=0.002). The metals 

themselves however, had highly significant (P= 0.000) and positive correlation with each 

other (Table-4.19). 
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Figure-4.14: Chromium (Cr) 

Distribution in Fish Samples at Fish 

Farms: 

 

 

 

Figure-4.15: Chromium (Cr) 

Distribution in Fish Samples at 

Localized Fish Market: 

 

 

  
Figure-4.16: Chromium (Cc) 

Distribution in Fish Samples at Main 

Fish Market: 

Figure-4.17: Chromium (Cr) 

Distribution in Fish Samples at 

Remailers shops: 
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Table-4.15: Means and ranges of Chromium Concentrations Found in Farmed Carps 

Site Fish Species 
Heavy Metal Concentrations 

Mean±SD Min. Max. 

Fish 

Farms 

Labeo rohita 0.0294±0.0015 0.0280 0.0310 

Cirrhina mrigala 0.0262±0.0015 0.0240 0.0280 

Ctenopharyngodon idella 0.0284±0.0032 0.0250 0.0320 

Hypophthalmichthys molitrix 0.0314±0.1749 0.0080 0.0570 

Local 

Fish 

Market 

Labeo rohita 0.0446±0.0072 0.0340 0.0530 

Cirrhina mrigala 0.0478±0.0110 0.0290 0.0590 

Ctenopharyngodon idella 0.0468±0.0103 0.0370 0.0580 

Hypophthalmichthys molitrix 0.0488±0.0063 0.0410 0.0570 

Main 

Fish 

Market 

Lahore 

Labeo rohita 0.0262±0.0057 0.0180 0.0340 

Cirrhina mrigala 0.0306±0.0105 0.0230 0.0490 

Ctenopharyngodon idella 0.0158±0.0032 0.0120 0.0210 

Hypophthalmichthys molitrix 0.0216±0.0053 0.0160 0.0270 

Retailers 

Shops 

Lahore 

Labeo rohita 0.0502±0.0087 0.0370 0.0590 

Cirrhina mrigala 0.0556±0.0192 0.0320 0.0810 

Ctenopharyngodon idella 0.0514±0.0062 0.0470 0.0620 

Hypophthalmichthys molitrix 0.0568±0.0016 0.0550 0.0580 

Figure-4.18: Distribution of Chromium (Cr) in Fish Samples Collected From all  

  Four Fish Distribution Points: 

 

Descriptive 

  

N 80 

 

Mean 0.0382 

Std. Error of Mean 0.0017 

Median .0340 

Mode 0.0270
a
 

Std. Deviation 0.0153 

Minimum 0.0080 

Maximum 0.0810 
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Table-4.16: Two Way ANOVA Taking Fish Distribution Points and Fish Species 

as  Independent Variables and Chromium as Dependent Variable: 

Source 
Type III Sum of 

Squares 

df Mean Square F Sig. 

Fish Distribution 

Point 

0.0123 3 0.0041 50.61 0.000 

Species 0.0003 3 0.0001 1.04 0.379 

Error 0.0059 73 0.0001   

Total 0.0184 79    

 

Table-4.17: Post Hoc Test (LSD) to find Mean Chromium Difference among  

  Various Fish Distribution Points: 

(I) Fish 

Distribution Point 

(J) Fish Distribution 

Point  

Difference  of  

Mean (I-J) 

S.E Sig. 

Fish Farms Local Fish Market 

Main Fish Market 

Retailors Shops 

0.0182* 

-0.0053 

0.0247* 

0.0028 

0.0028 

0.0028 

0.000 

0.252 

0.000 

Local Fish Market 

 

 

Fish Farms 

Main Fish Market 

Retailors Shops 

-0.0182* 

-0.0235* 

0.0065 

0.0028 

0.0028 

0.0028 

0.000 

0.000 

0.111 

Main Fish Market Fish Farms 

Local Fish Market 

Retailors Shops 

0.0053 

0.0253* 

0.0230* 

0.0028 

0.0028 

0.0028 

0.252 

0.000 

0.000 

Retailors Shops Fish Farms 

Local Fish Market 

Main Fish Market 

-0.0247* 

-0.0065 

-0.0230* 

0.0028 

0.0028 

0.0028 

0.000 

0.111 

0.000 

 Note: The values having * as superscript have significant Mean Chromium Difference. 

Table-4.18: Post Hoc Test (LSD) to find Mean Chromium Difference among 

 various Species: 

(I) Fish Species (J) Fish Species Mean Difference (I-J) S.E Sig. 

L.  rohita C. mrigala 

C. idella 

H. molitrix 

0.0025 

-0.0020 

0.0021 

0.0028 

0.0028 

0.0028 

0.824 

0.895 

0.888 

C. mrigala 

 

L.  rohita 

C. idella 

H. molitrix 

-0.0025 

-0.0045 

0.0004 

0.0028 

0.0028 

0.0028 

0.824 

0.405 

0.999 

C. idella L.  rohita 

C. mrigala 

H. molitrix 

0.0020 

0.0045 

0.0041 

0.0028 

0.0028 

0.0028 

0.895 

0.405 

0.488 

H. molitrix L.  rohita 

C. mrigala 

C. idella 

-0.0021 

-0.0004 

-0.0041 

0.0028 

0.0028 

0.0028 

0.888 

0.999 

0.488 

Note: The values having * as superscript have significant Mean Chromium Difference. 
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Figure-4.19: Comparison of Mean Concentrations of Cr in Fish Samples Collected 

 from Four Distribution Points: 

  

Table-4.19: Correlation Among Fish Weight and Heavy Metal Concentrations in  

  Fish 

 Cadmium  

µg g
-1

 

Lead µg g
-1

 Chromium 

µg g
-1

 

Weight (g) 
Pearson Correlation -0.344

**
 -0.256

*
 -0.034 

Sig.  0.002 0.022 0.766 

Cadmium µg g
-1

 
Pearson Correlation  0.647

**
 0.547

**
 

Sig.   0.000 0.000 

Lead µg g
-1

 
Pearson Correlation   0.437

**
 

Sig.    0.000 
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4.2. Microbial Loads in Fish: 

 4.2.1 Aerobic Plate Counts  

 Means and ranges (min.-max.) of Aerobic Plate Counts (APC) of all four 

experimental fish species collected from four fish distribution points, including fish 

farms, localized fish markets, main fish market of Lahore and the retailers’ shops in 

Lahore are given in Table-4.20, Figure-4.20; while the overall APC contamination in all 

four distribution points has been presented in Figure-4.21. An increasing trend of APC in 

fish flesh of all four fish species was observed from fish farms to retailers’ shops, 

showing the time series increase in APC with varied patterns. APC in L. rohita and H. 

molitrix increased respectively, from fish farms (1.560×10
5
 and 1.430×10

5 
cfu g

-1
) to 

localized fish markets (2.060×10
5
 and 2.110×10

5 
cfu g

-1
) and from localized fish markets 

to main fish market (1.220×10
6
 and 2.210×10

6 
cfu g

-1
), significantly (p≤0.05). Further, 

increase of APC in L. rohita from main fish market to retailers’ shops (2.250×10
6 

cfu g
-1

) 

was also significant while of H. molitrix (3.470×10
6 

cfu g
-1

) was however, non-significant 

(p≥0.05). On the other hand, APC in C. mrigala and C. idella increased respectively, 

from fish farms (5.270×10
5
 and 5.430×10

4
 cfu g

-1
) to localized fish markets (1.070×10

6
 

and 9.600×10
5 

cfu g
-1

), non-significantly, and from localized fish markets to main fish 

market of Lahore (3.130×10
6
 and 1.120×10

6 
cfu g

-1
), significantly. Further, increase in 

APC of C. mrigala from main fish market to retailers’ shops (4.120×10
6 

cfu g
-1

) was non-

significant, while of C. idella (4.820×10
6 

cfu g
-1

) however, was significant. Overall APC 

ranged from 1.600×10
4 

to 1.960×10
5 

cfu g
-1 

and 1.830 ×10
5 

to 2.170×10
6 

cfu g
-1 

at fish 

farms and the localized fish market; and 8.490×10
5 

to 4.780×10
6 

cfu g
-1 

and 4.460×10
5 

to 

8.40×10
6 

cfu g
-1

 at main fish market and retailers’ shops, respectively (Table-4.20). 
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 The acceptable limits of APC in fresh and the frozen fish, for human 

consumption, as per ICMSF (1986), PFIQCR (1998) and EU (2005) have been set as 

5×10
5
 cfu g

-1
. Results revealed that APC in samples of all four fish species collected 

directly from fish farms were below the permissible limits. Amongst the samples 

collected from localized fish markets, the mean APC values for C. mrigala and C. idella, 

were beyond the prescribed acceptable limits, while for L. rohita and the H. molitrix, 

these were again within the limits. The APC values in samples of all four fish species, 

collected from other two fish distribution points’ i.e. main fish market and the retailers’ 

shops were however, above the international permissible limits for fish consumption 

(Table-4.20). 

 The data of APC was then subjected to Univariate Analysis of Variance 

(ANOVA) to check the significance level among various distribution points and the 

different fish species, which revealed fish distribution point wise (p=0.000) as well as the 

fish species wise (p=0.021) significant differences in APC levels of fish (Table-4.21). 

However not any correlation was noted among the fish distribution points and the fish 

species (P=0.232). Keeping in view this significant difference among distribution points 

and the fish species, the data was further subjected to Post Hoc Tests (LSD). Among 

various fish distribution points, APC levels in fish collected from fish farms and localized 

fish markets were almost similar, having no significant difference and were significantly 

different from main fish market as well as from the retailers’ shops. APC levels in fish 

collected from main fish market were significantly different from other three points. 

Similarly APC values of fish sampled from retailers’ shops also differed significantly 

from the samples of other three sampling points (Table-4.22). Among fish species, APC 

levels were almost similar except L. rohita and C. mrigala, which varied significantly 

(Table-4.23)     
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Table-4.20: Mean Aerobic Plate Counts (APC) found in farmed carps collected  

  from four fish distribution points: 

 

Fish Distribution 

Point 

Carp 

Species 

APC (cfu g
-1

) 

Mean S.D Min. Max. 

Fish Farms 

L. rohita 1.56×10
5 a

 2.23×10
4
 1.21×10

5
 1.77×10

5
 

C. mrigala 5.27×10
5 a

 7.95×10
5
 2.37×10

4
 1.94×10

6
 

C. idella 5.43×10
4 a

 7.92×10
4
 1.60×10

4
 1.96×10

5
 

H. molitrix 1.43×10
5 a

 3.39×10
4 1.10×10

5 1.80×10
5 

Local Fish 

Market 

L. rohita 2.06×10
5 b

 1.60×10
4 1.83×10

5 2.26×10
5 

C. mrigala 1.07×10
6 a

 8.69×10
5
 2.01×10

5 1.95×10
6 

C. idella 9.60×10
5 a

 1.01×10
6
 2.11×10

5 2.17×10
6 

H. molitrix 2.11×10
5 b

 1.58×10
4
 1.91×10

5 2.35×10
5 

Main Fish Market 

L. rohita 1.22×10
6 c

 4.32×10
5
 8.49×10

5
 1.91×10

6
 

C. mrigala 3.13×10
6 b

 1.08×10
6
 2.04×10

6
 4.78×10

6
 

C. idella 1.12×10
6 b

 2.27×10
5
 8.56×10

5
 1.43×10

6
 

H. molitrix 2.21×10
6 c 

 8.75×10
5
 1.27×10

6 3.32×10
6 

Retailers’ Shops  

L. rohita 2.25×10
6 d

 5.33×10
5 1.75×10

6 3.07×10
6 

C. mrigala 4.12×10
6 b

 2.74×10
6 4.46×10

5 7.12×10
6 

C. idella 4.82×10
6 c

 2.57×10
6
 2.09×10

6 8.40×10
6 

H. molitrix 3.47×10
6 c

 2.45×10
6
 5.60×10

5 7.17×10
6 

Note:  Same species with different superscripts at different fish distribution points has significant difference in mean 

 APC values. 

 

 

 

 

 

 

Table-4.21: Univariate ANOVA of APC, taking fish distribution points and fish as 

 independent variables and APC as dependent variable: 

 

Source 
Type III Sum of 

Squares 
df Mean Square F Sig. 

Fish distribution 

points 

1.450×10
14a

 3 4.833×10
13

 30.894 0.000 

Fish species 1.626×10
13

 3 5.421×10
12

 3.465 0.021 

Fish distribution  

points * Fish species 

1.895×10
13

 9 2.106×10
12

 1.346 0.232 

Error 1.001×10
14

 64 1.565×10
12

   

Total 4.862×10
14

 80    
a. R Squared = 0.643 (Adjusted R Squared = 0.559) 
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Table-4.22: Post Hoc Test (LSD) to find Mean APC difference among various 

 Fish Distribution Points: 

 

(II) Fish 

Species 
(J) Fish Species 

Mean Difference 

(I-J) 
S.E Sig. 

Fish Farms 

Localized Fish Markets 

Main Fish market 

Retailers’ Shops 

-3.916×10
5
 

-1.697×10
6 *

 

-3.446×10
6 *

 

3.955×10
5
 

3.955×10
5
 

3.955×10
5
 

0.326 

0.000 

0.000 

Localized Fish 

markets 

Fish Farms 

Main Fish Market Lahore 

Retailers’ Shops 

3.916×10
5
 

-1.305×10
6 *

 

-3.054×10
6 *

 

3.955×10
5
 

3.955×10
5
 

3.955×10
5
 

0.326 

0.002 

0.000 

Main Fish 

Market 

Fish Farms 

Localized Fish Markets 

Retailers’ Shops Lahore 

1.697×10
6 *

 

1.305×10
6 *

 

-1.749×10
6 *

 

3.955×10
5
 

3.955×10
5
 

3.955×10
5
 

0.000 

0.002 

0.000 

Retailers’ 

Shops 

Fish Farms  

Localized Fish Market 

Main Fish Market 

3.446×10
6 *

 

3.054×10
6 *

 

1.749×10
6 *

 

3.955×10
5
 

3.955×10
5
 

3.955×10
5
 

0.000 

0.000 

0.000 
Note:  The values with * as superscript have significant APC Mean Differences. 

 

 

 

 

 

 

 

Table-4.23: Post Hoc Test (LSD) to find Mean APC difference among various 

 Species: 

 

(I)Fish Species (J) Fish Species 
Mean Difference 

(I-J) 
S.E Sig. 

L.  rohita 

C. mrigala 

C. idella 

H. molitrix 

-1.253×10
6 

* 

-7.812×10
5
 

-5.495×10
5
 

3.955×10
5
 

3.955×10
5
 

3.955×10
5
 

0.002 

0.053 

0.170 

C. mrigala 

 

L.  rohita 

C. idella 

H. molitrix 

1.253×10
6 

* 

4.716×10
5
 

7.033×10
5
 

3.955×10
5
 

3.955×10
5
 

3.955×10
5
 

0.002 

0.238 

0.080 

C. idella 

L.  rohita 

C. mrigala 

H. molitrix 

7.812×10
5
 

-4.716×10
5
 

2.317×10
5
 

3.955×10
5
 

3.955×10
5
 

3.955×10
5
 

0.053 

0.238 

0.560 

H. molitrix 

L.  rohita 

C. mrigala 

C. idella 

5.495×10
5 

-7.033×10
5 

-2.317×10
5
 

3.955×10
5
 

3.955×10
5
 

3.955×10
5
 

0.170 

0.080 

0.560 
Note:  The values having * as superscript have significant APC Mean Differences. 
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Figure-4.20: Aerobic Plate Counts (APC) in fish from four fish distribution points. 

 

 

Figure-4.21: Histogram Aerobic Plate Counts in fish from four fish distribution 

 points  (Pooled). 
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4.2.2 Total Coliform Counts 

 The means and range of Total coliform counts (TCC) of all fish species collected 

from four distribution points are given in Table-4.24, Figure-4.22, while the overall TCC 

contamination in fish collected from different distribution points is shown in Figure-4.21. 

Total coliform counts also increased in fish muscles of all experimental fish species from 

fish farms to the retailers’ shops, under different patterns. The number of TCC increased 

both in L. rohita and H. molitrix consistently from fish farms (3.28 and 3.00 MPN) to 

retailers’ shops (143.88 and 149.38 MPN), significantly (p≤0.05). Total coliform counts 

in C. mrigala  increased significantly from fish farms (5.54 MPN) to localized fish 

markets (61.22 MPN); but the increase of TCC in fish from localized fish markets to main 

fish market and retailers’ shops was non-significant. In contrast to C. mrigala, the TCC 

increase in C. idella was non-significant from fish farms (5.48 MPN) to localized fish 

markets (11.54 MPN), but was significant from localized fish markets to main fish market 

(41.76 MPN) and the retailers’ shops (103.80 MPN). TCC ranged from ND (not 

detectable) limits to 15.00 MPN, in fish farms; from ND limits to 240.00 MPN, in 

localized fish markets; from 15.00 to 118.00 MPN, in main fish market and from 39.00 to 

220.00 MPN in retailers’ shops (Table-4.24).  

 The results depicted that TC counts in fish samples collected from fish farms, 

localized fish markets, and the main fish market were well below the acceptable limits set 

by ICMSF (1986), EU (2005) and Pakistan Fish Inspection and Quality Control Rules 

(1998) for fresh and frozen fish, suitable for human consumption (100/g MPN). However, 

amongst the fish species sampled from retailers’ shops, mean TCC values for L. rohita, C. 

idella and the H. molitrix, were higher and above the permissible limits, while of C. 

mrigala again remained within the acceptable values for human consumption. 
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Table-4.24: Mean Total Coliform Counts (TCC) found in farmed carps collected 

 from four fish distribution points: 

 

Fish Distribution 

Point 
Carp Species 

TCC (MPN) 

Mean S.D Min. Max. 

Fish Farms 

L. rohita 3.280 
a
 4.536 ND 9.100 

C. mrigala 5.540 
a
 6.467 ND 15.000 

C. idella 5.480 
a
 3.684 ND 8.600 

H. molitrix 3.000 
a
 6.708 ND 15.000 

Local Fish 

Market 

L. rohita 16.420 
b
 6.959 9.100 28.000 

C. mrigala 61.220 
b
 100.063 9.100 240.000 

C. idella 11.540 
a
 5.121 3.600 15.000 

H. molitrix 27.200 
b
 41.227 ND 93.000 

Main Fish Market 

L. rohita 78.00
 c
 28.644 43.00 118.00 

C. mrigala 65.76
 b
 18.667 42.80 93.00 

C. idella 41.76
 b
 18.298 15.00 64.00 

H. molitrix 70.76
 c
 26.209 42.00 102.50 

Retailers’ Shops  

L. rohita 143.88
 d
 48.042 93.40 209.10 

C. mrigala 83.38
 b
 16.566 64.00 106.50 

C. idella 103.80
 c
 65.952 39.00 210.00 

H. molitrix 149.38
 d
 42.352 113.40 220.00 

Note:  Same fish species with different superscripts for different fish distribution points has significant differences in 

 mean TCC values. 
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Figure-4.22: Total Coliform Counts (TCC) in fish from four fish distribution 

 points. 

 

 

Figure-4.23: Histogram Total Coliform Counts (TCC) in fish from four fish 

 distribution points (Pooled). 
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4.2.3 Faecal Coliform Counts 

 Means and the ranges of faecal coliform counts (FCC) of four sampled fish 

species from four fish distribution points have been presented in Table-4.25, Figure-4.24, 

while the overall FCC levels found in experimental fish have been shown in Figure-4.25. 

Faecal coliform counts like APC and TCC, also showed an increasing trend from fish 

farms to retailers’ shops, with slight variations from the TCC. In L. rohita, FC counts 

showed significant increase from fish farms (1.44 MPN) to localized fish markets (5.82 

MPN) and the main fish market (35.60 MPN), while non-significant increase from main 

fish market to the retailers’ shops (56.48 MPN). In C. mrigala, there was a significant 

increase in FCC from fish farms (2.18 MPN) to localized fish market (23.70 MPN), 

which onward became non-significant in main fish market (26.18 MPN) and the retailers 

shops (31.38 MPN). Similarly, FCC in C. idella also showed significant increase from 

localized fish markets (2.16 MPN) to main fish market (19.96 MPN), while at other 

distribution points this increase in FCC remained non-significant. FCC increase in H. 

molitrix was also significant from fish farms (0.72 MPN) to localized fish markets (22.80 

MPN) and from main fish market (30.38 MPN) to retailers’ shops (148.24 MPN); and 

non-significant at the remaining sampling point. 

 Range of FCC was observed from ND (not detectable) limits to 7.30 MPN, in fish 

farms; from ND limits to 93.00 MPN, in local fish markets; from 7.30 to 72.40 MPN, in 

main fish market and from 15.60 to 463.00 MPN in retailers’ shops (Table-4.25). FC 

counts in fish collected from fish farms were below the acceptable limits set by ICMSF 

(1986) and EU (2005) while of C. mrigala and H. molitrix from local fish market and all 

the samples collected from main fish market and retailers shops were beyond the 

permissible limits (10/g MPN) suitable for human consumption. 
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Table-4.25: Mean Faecal Coliform Counts (FCC) found in farmed carps collected 

 from four fish distribution points: 

 

Fish Distribution 

Point 
Carp Species 

FCC (MPN) 

Mean S.D Min. Max. 

Fish Farms 

L. rohita 1.440 
a
 1.972 ND 3.600 

C. mrigala 2.180 
a
 3.259 ND 7.300 

C. idella 2.160 
a
 1.972 ND 3.600 

H. molitrix 0.720 
a
 1.610 ND 3.600 

Local Fish 

Market 

L. rohita 5.820 
b
 2.027 3.600 7.300 

C. mrigala 23.700 
b
 38.773 3.600 93.000 

C. idella 2.160 
a
 1.972 ND 3.600 

H. molitrix 22.800 
b
 40.283 ND 93.000 

Main Fish Market 

L. rohita 35.60
 c
 22.900 15.00 72.40 

C. mrigala 26.18
 b
 8.848 16.60 35.20 

C. idella 19.96
 b
 8.668 7.30 31.50 

H. molitrix 30.38
b
 18.399 15.00 56.00 

Retailers’ Shops  

L. rohita 56.48
 c
 23.161 25.30 78.30 

C. mrigala 31.68
 b
 9.890 15.60 39.20 

C. idella 40.20
 b
 21.879 21.00 75.00 

H. molitrix 148.24
 c
 176.933 39.00 463.00 

Note:  Same fish species with different superscripts for different fish distribution points has significant differences in 

 mean FCC values. 
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Figure-4.24: Faecal Coliform Counts (FCC) in fish from four fish distribution 

 points. 

 

 

Figure-4.25: Histogram Faecal Coliform Counts (FCC) in fish from four fish 

 distribution points (Pooled). 
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4.2.4 Escherichia coli (E. coli) 

 Means and ranges of Escherichia coli (E. coli) analyzed from four farmed carp 

species collected from all sampled fish distribution points are presented in Table-4.26, 

Figure-4.26, and the overall histogram E. coli contamination in fish has been given in 

Figure-4.27. Escherichia coli were not detected in all fish samples collected from fish 

farms and the local fish markets and were detected almost from all fish samples collected 

from main fish market and retailers’ shops. E. coli increase in L. rohita from main fish 

market (13.66 MPN/g) to retailers’ shops (22.64 MPN/g) was non-significant; while this 

increase in C. mrigala, C. idella and. H. molitrix was significant. E. coli ranged from 3.00 

MPN/g to 22.00 MPN/g in fish samples of main fish market, and from 8.70 MPN/g to 

35.60 MPN/g, in fish sampled from retailers shops (Table-4.26). E. coli beyond the 

acceptable levels prescribed by FAO (< 10 MPN/g) in all fish sampled from main fish 

market and retailers’ shops, except C. mrigala (8.32 MPN/g) and the C. idella (6.98 

MPN/g) fish sampled from main fish market.  

4.2.5 Vibrio cholera, Staphylococcus aureus and Histamine 

 V. cholera, S. aureus and histamine was not detected from any of the experimental 

fish species from any of the four fish sampling sites.  
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Table-4.26: Mean Escherichia coli (E. coli) found in farmed carps collected  from 

four  fish distribution points: 

 

Fish Distribution 

Point 
Carp Species 

E. coli (MPN) 

Mean S.D Min. Max. 

Fish Farms 

L. rohita ND  - ND  ND  

C. mrigala ND  - ND  ND  

C. idella ND  - ND  ND  

H. molitrix ND - ND  ND  

Local Fish 

Market 

L. rohita ND  - ND  ND  

C. mrigala ND  - ND  ND  

C. idella ND  - ND  ND  

H. molitrix ND  - ND  ND  

Main Fish Market 

L. rohita 13.66
 a
 7.478 7.20 26.00 

C. mrigala 8.32
 a
 4.859 3.00 16.00 

C. idella 6.98
 a
 3.772 3.00 9.20 

H. molitrix 11.20 
a
 10.212 3.00 22.00 

Retailers’ Shops  

L. rohita 22.64
 a
 10.161 8.70 35.60 

C. mrigala 16.68
 b
 5.976 11.00 23.00 

C. idella 17.44
 b
 6.804 11.60 28.00 

H. molitrix 23.40
 b
 5.996 15.00 29.40 

Note:  Same fish species with different superscripts for different fish distribution points has significant differences in 

 mean E. coli values. 
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Figure-4.26: Escherichia coli (E. coli) in fish from four fish distribution points. 

 

 

Figure-4.27: Histogram Escherichia coli (E. coli) in fish from four fish distribution 

 points (Pooled). 
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4.3 Effect of Delayed Freezing Storage on Microbial Quality, Shelflife 

 and Histamine Production of Labeo rohita: 

 

 4.3.1 Time Series Changes in Microbial Loads before Freezing 

 Time series changes in means and ranges of studied microbiological parameters in 

Labeo rohita, collected from fish farm and observed at time interval of 0, 8, 16 and 24 h 

are presented in Table-4.27, Figure-4.28, while individually for each parameter, these 

changes are shown in Figures-4.29 to 4.32. Mean APC in Labeo rohita, kept without 

icing/freezing, increased from 1.828×10
5 

to 2.234×10
6 

cfu g
-1 

within 24 hours. This 

increase in APC however, from 0 h to 8 h (1.828×10
5 

to 2.056×10
5
 cfu g

-1
) and from 8 h 

to 16 h (2.056×10
5 

to 2.768×10
5
 cfu g

-1
), remained non-significant, while from 16 h to 24 

hours (2.768×10
5 

to 2.234×10
6
 cfu g

-1
), the same became significant. APC crossed the 

acceptable limits of ICMSF (1986) and EU (2005) i.e. (5.00×10
5
 cfu/g), before 24 h, 

making the fish unfit for human consumption with reference toAPC. 

 TCC and FCC also showed consistent time series increase in number, but with 

slightly varied trend from the APC. The increase in TCC and FCC, from 0 h (6.88MPN 

and 3.44 MPN) to 8 h (19.60 MPN and 7.56 MPN), was non-significant, while it was 

significant from 8 h (19.60 MPN and 7.56 MPN) to 16 h (83.20 MPN and 37.12 MPN) 

and from 16 h (83.20 MPN and 37.12 MPN) to 24 h (141.76 MPN and 64.04 MPN), 

respectively. E. coli also followed the increasing trend of TCC and FCC, with non-

significant increase from 0 h (2.20 MPN) to 8 h (MPN2.84) and significant from 8h (2.84 

PMN) to 16 h (14.04 MPN) and from 16 h (14.04 MPN) to 24 h (29.80 MPN). TCC also 

crossed the acceptable limits of ICMSF (1986) (100 MPN/g) before 24 h, while FCC and 

E. coli crossed the respective permissible limits (10 MPN/g and 11 MPN/g) set by 

ICMSF (1986), even before 16 h. V. cholera, S. aureus, and histamine were not detected 

in any tested sample of Labeo rohita.  
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Table-4.27:  Time series changes in microbial loads of farmed Labeo rohita: 

Microbial 

Parameter 

Delay 

(Hours) 

Microbial Parameters (Mean±SD and Ranges) 

Mean S.D Min. Max. 

Aerobic Plate  

Counts (APC) 

cfu/g 

0 1.828×10
5 a

 7.38×10
4
 1.03×10

5
 2.61×10

5
 

8 2.056×10
5 a

 1.85×10
4
 1.85×10

5
 2.26×10

5
 

16 2.768×10
5 a

 5.85×10
4
 1.87×10

5
 3.38×10

5
 

24 2.234×10
6 b

 4.75×10
5
 1.79×10

6
 3.02×10

6
 

Total 

Coliform 

Counts (TCC) 

MPN/g 

0 6.88 
a
 4.50 < 3.00 12.00 

8 19.60 
a
 5.50 15.00 28.00 

16 83.20 
b
 27.48 52.00 122.00 

24 141.76 
c
 45.93 42.00 210.00 

Total 

Coliform 

Counts (TCC) 

MPN/g 

0 3.44 
a
 2.16 < 3.00 6.00 

8 7.56 
a
 0.76 6.60 8.60 

16 37.12 
b
 17.88 22.00 62.20 

24 64.04 
c
 19.66 42.40 88.00 

Escherichia 

coli  

(E. coli) 

MPN/g 

0 2.20 
a
 2.02 < 3.00 4.00 

8 2.84 
a
 1.63 < 3.00 4.00 

16 14.04 
b
 6.08 8.20 24.00 

24 29.80 
c
 5.56 22.00 36.60 

Note: Means for same microbial parameter with different superscript letters 
“a,b.c”

 across 

 column denote significant difference (p <.05) in various delay hours.              

 cfu = colony forming units. MPN = most probable number. 
 

 

Figure-4.28:  Time series change in microbial loads of farmed Labeo rohita: 
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Figure-4.29:  Time series change in APC of farmed Labeo rohita: 

 

 

Figure-4.30:  Time series change in TCC of farmed Labeo rohita: 
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Figure-4.31:  Time series change in farmed FCC of Labeo rohita: 

 

 

Figure-4.32:  Time series change in E. coli of farmed Labeo rohita: 
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4.3.2 Effect of Delayed Freezing on Microbial Quality, Shelflife and 

Histamine Production of Labeo rohita During Storage: 

 

4.3.2.a Aerobic Plate Counts (APC)  

 
 Means and ranges of Aerobic Plate Counts (APC) found in farmed Labeo rohita 

fish, freezed with delays of 0, 8, 16 and 24 hours and analyzed on day 0, 10, 20 and 30, 

are presented in Table-4.28, figures 4.33-4.36. The study revealed that increasing trends 

in APC loads were eminent both with the increase of delay time in freezing and also with 

the increase in period of freezing storage. Initial APC loads on day 0 showed a non-

significant increase (p>0.05) with the delay in freezing from 0 to 8 and 16 hours, but a 

significant increase (p<0.05) at the delay of 24 hours. A similar trend of increase in APC 

loads was also observed in later analyses made on the day 10, 20 and 30 during the 

freezing storage period. In 0 hours delay, the mean Aerobic Plate Counts increased from 

initial value of 1.828×10
5 

± 7.38×10
4
 cfu g

-1
 to 1.748×10

6 
± 6.93×10

5
 cfu g

-1
, crossing the 

permissible limit of 10
6
 cfu g

-1
, set for human consumption (ICMSF, 1986), on the day 30 

of the storage (Table-4.29, figure-4.37; depicting the shelf life of immediately frozen 

Labeo rohita fish at the temperature, -12±2
○
C, regarding APC loads less than 30 days. 

The APC in 8 and 16 hours’ delays increased from initial loads of 2.056×10
5
± 1.85×10

4
 

cfu g
-1

 and 2.768×10
5 

± 5.85×10
4
 cfu g

-1
 to 2.988×10

6 
± 1.56×10

6 
cfu g

-1
 and 7.352×10

6 
± 

3.27×10
6 

cfu g
-1

, crossing permissible limits on the days 20 and the 10, respectively 

(Table-4.30, figures 4.38 and 4.39).  

 In case of 24 hours delayed freezing, APC augmented from initial load of 

2.234×10
6 

± 4.75×10
5 

cfu g
-1

 to 2.382×10
7 

± 6.27×10
6 

cfu g
-1

; which however had crossed 

the permissible food safety limits already on the day 0 (Table-4.29, figure-4.40). APC 

data was then subjected to Post Hoc Test (LSD) to check the significance levels of APC 

loads among various delays in freezing; which also imitated significantly higher level of 
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APC in samples freezed with a delay of 24 hours, on all the analysis days when compared 

with the samples freezed with the delays of 0, 8 and 16 hours (Table-4.31-4.33).    

 

 

Table-4.28: Mean Aerobic Plate Counts (APC) found on various analysis days 

 during freezing storage: 

Day of 

Analysis 

Delay 

(Hours) 

APC (cfu g
-1

) 

Mean S.D Min. Max. 

0 

0 1.828×10
5 a

 7.38×10
4
 1.03×10

5
 2.61×10

5
 

8 2.056×10
5 a

 1.85×10
4
 1.85×10

5
 2.26×10

5
 

16 2.768×10
5 a

 5.85×10
4
 1.87×10

5
 3.38×10

5
 

24 2.234×10
6 b

 4.75×10
5
 1.79×10

6
 3.02×10

6
 

10 

0 2.800×10
5 a

 3.36×10
4
 2.31×10

5
 3.010×10

5
 

8 6.122×10
5 a

 3.36×10
5
 3.04×10

5
 1.20×10

6
 

16 1.273×10
6 a

 6.13×10
5
 7.59×10

5
 2.29×10

6
 

24 3.244×10
6 b

 8.56×10
5
 2.50×10

6
 4.63×10

6
 

20 

0 3.830×10
5 a

 3.86×10
4
 3.37×10

5
 4.20×10

5
 

8 1.177×10
6 a

 4.08×10
5
 8.53×10

5
 1.87×10

6
 

16 4.574×10
6 a

 1.78×10
6
 2.60×10

6
 7.36×10

6
 

24 9.808×10
6 b

 4.94×10
6
 4.80×10

6
 1.63×10

7
 

30 

0 1.748×10
6 a

 6.93×10
5
 1.05×10

6
 2.61×10

6
 

8 2.988×10
6 a

 1.56×10
6
 8.90×10

5
 4.77×10

6
 

16 7.352×10
6 a

 3.27×10
6
 3.43×10

6
 1.19×10

7
 

24 2.382×10
7 b

 6.27×10
6
 1.79×10

7
 3.42×10

7
 

Note: Means for same day analysis with different superscript letters 
“a,b.c”

 across the 

 column represent significant difference (p <.05) in different delay hours.            

 cfu = colony forming units. 
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Figure-4.33: Mean APC found in various delayed freezings, analyzed on day 0. 

 

 

 

Figure-4.34: Mean APC found in various delayed freezings, analyzed on day 10. 
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Figure-4.35: Mean APC found in various delayed freezings, analyzed on day 20. 

 

 

 

Figure-4.36: Mean APC found in various delayed freezings, analyzed on day 30. 
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Table-4.29: Changes in mean Aerobic Plate Counts (APC) of different delayed 

 freezings, during storage: 

 

Delay 

(Hours) 

Day of 

Analysis 

APC (cfu g
-1

) 

Mean S.D Min. Max. 

0 

0 1.828×10
5 a

 7.38×10
4
 1.03×10

5
 2.61×10

5
 

10 2.800×10
5 ab

 3.36×10
4
 2.31×10

5 3.010×10
5 

20 3.830×10
5 b

 3.86×10
4
 3.37×10

5
 4.20×10

5
 

30 1.748×10
6 c

 6.93×10
5
 1.05×10

6 2.61×10
6 

8 

0 2.056×10
5 a

 1.85×10
4
 1.85×10

5
 2.26×10

5
 

10 6.122×10
5 b

 3.36×10
5
 3.04×10

5 1.20×10
6 

20 1.177×10
6 c

 4.08×10
5
 8.53×10

5
 1.87×10

6
 

30 2.988×10
6 c

 1.56×10
6
 8.90×10

5 4.77×10
6 

16 

0 2.768×10
5 a

 5.85×10
4
 1.87×10

5
 3.38×10

5
 

10 1.273×10
6 b

 6.13×10
5
 7.59×10

5 2.29×10
6 

20 4.574×10
6 c

 1.78×10
6
 2.60×10

6
 7.36×10

6
 

30 7.352×10
6 d

 3.27×10
6
 3.43×10

6 1.19×10
7 

24 

0 2.234×10
6 a

 4.75×10
5
 1.79×10

6 3.02×10
6 

10 3.244×10
6 a

 8.56×10
5
 2.50×10

6 4.63×10
6 

20 9.808×10
6 b

 4.94×10
6
 4.80×10

6 1.63×10
7 

30 2.382×10
7 c

 6.27×10
6
 1.79×10

7 3.42×10
7 

Note: Means for same delaying time with different superscript letters 
“a,b.c”

 across the 

 column represent significant difference (p <.05) among various days of analysis. 

 cfu = colony forming units. 
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Figure-4.37: Change in Mean APC of 0 hours delay during 30 days freezing   

  storage. 

 

 

 

Figure-4.38: Change in Mean APC of 8 hours delay during 30 days freezing   

 storage. 
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Figure-4.39: Change in Mean APC of 16 hours delay during 30 days freezing  

  storage. 

 

 

 

Figure-4.40: Change in Mean APC of 24 hours delay during 30 days freezing  

  storage. 
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Table-4.30: Post Hoc Test (LSD) to find Mean APC difference among various 

 delayed freezings on Day 0: 

Day of 

Analysis 

(III) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

0 

0 8 

16 

24 

-0.071 

0.023 

-2.028* 

0.153 

0.153 

0.153 

1.000 

1.000 

0.000 

0 

8 0 

16 

24 

0.071 

0.094 

-1.957* 

0.153 

0.153 

0.153 

1.000 

1.000 

0.000 

0 

16 0 

8 

24 

-0.023 

-0.94 

-2.051* 

0.153 

0.153 

0.153 

1.000 

1.000 

0.000 

0 

24 0 

8 

16 

2.028* 

1.957* 

2.051* 

0.153 

0.153 

0.153 

0.000 

0.000 

0.000 
 

Note:  The values having * as superscript have significant mean APC difference. 

 
 

 

 
 

Table-4.31: Post Hoc Test (LSD) to find Mean APC Difference among various 

 delayed freezings on Day 10: 

Day of 

Analysi

s   

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

10 

0 8 

16 

24 

-0.332 

-0.993 

-2.964* 

0.352 

0.352 

0.352 

1.000 

0.073 

0.000 

10 

0 0 

16 

24 

0.071 

0.094 

-1.957* 

0.153 

0.153 

0.153 

1.000 

0.005 

0.000 

10 

16 0 

8 

24 

-0.023 

-0.94 

-2.051* 

0.153 

0.153 

0.153 

0.003 

0.005 

0.000 

10 

24 0 

8 

16 

2.028* 

1.957* 

2.051* 

0.153 

0.153 

0.153 

0.000 

0.000 

0.000 
 

Note:  The values having * as superscript have significant mean APC difference. 
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Table-4.32: Post Hoc Test (LSD) to find Mean APC Difference among various 

 delayed freezings on Day 20: 

Day 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

20 

0 8 

16 

24 

-0.794 

-4.191 

-9.425* 

1.666 

1.666 

1.666 

1.000 

0.138 

0.000 

20 

8 0 

16 

24 

0.794 

-3.397 

-8.631* 

1.666 

1.666 

1.666 

1.000 

0.350 

0.001 

20 

16 0 

8 

24 

4.191 

3.397 

5.234* 

1.666 

1.666 

1.666 

0.138 

0.350 

0.038 

20 

24 0 

8 

16 

9.425* 

8.631* 

5.234* 

1.666 

1.666 

1.666 

0.000 

0.001 

0.038 
 

Note:  The values having * as superscript have significant mean APC difference. 

 

 

 

 

 

 

 

Table-4.33: Post Hoc Test (LSD) to find Mean APC Difference among various 

 delayed freezings on Day 30: 

Day 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

30 

0 8 

16 

24 

-1.240 

-5.604 

-22.072* 

2.302 

2.302 

2.302 

1.000 

0.162 

0.000 

30 

8 0 

16 

24 

1.240 

-4.364 

-20.832* 

2.302 

2.302 

2.302 

1.000 

0.457 

0.000 

30 

16 0 

8 

24 

5.604 

4.364 

-16.468* 

2.302 

2.302 

2.302 

0.162 

0.457 

0.000 

30 

24 0 

8 

16 

22.072* 

22.832* 

16.468* 

2.302 

2.302 

2.302 

0.000 

0.000 

0.000 
 

Note:  The values having * as superscript have significant mean APC difference. 
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 4.3.2.b Total Coliform Counts (TCC) and Faecal Coliform 

 Counts  (FCC) 

  

 Means and ranges of Total Coliform Counts (TCC) are depicted in Table-4.34; 

Figures 4.41–4.44 while Faecal Coliform Counts (FCC) in Table-4.40 and Figures 4.49-

4.52. All the samples of Labeo rohita, freezed at different delays and tested at different 

intervals during storage were contaminated with TCC and FCC and again a trend of 

increase in these contaminations with the increase in timing of delayed freezing and the 

storage period was prominent. Increase in TCC and FCC contaminations on day 0 was 

non-significant from the delay of 0 hours (6.88±4.50 MPN and 3.44±2.16 MPN g
--1

) to 8 

hours (19.60±5.50 MPN and 7.56±0.76 MPN g
--1

), respectively, but significant for delay 

of 16 hours (83.20±27.48 MPN and 37.12±17.88 MPN g
--1

) and 24 hours (141.76±45.93 

MPN and 64.04±19.66 MPN g
--1

), respectively. This trend of increase in TCC and FCC 

loads prevailed on the analyses done on days 10, 20 and 30 of the freezing storage.  

 The lowest mean TCC and FCC loads (6.88±4.50 MPN and 3.44±2.16 MPN g
--1

) 

were detected in samples of 0 hours delay on the day 0, while the maximum (252.00 ± 

27.02 MPN and 99.40±15.81 MPN g
--1

) were found in samples of 24 h delayed freezing 

analyzed on the day 30. A consistent significant increase in the TCC loads (p>0.05) was 

witnessed on the analysis after each 10 days’ interval in the delayed freezing groups of 0 

and 8 hours delays which became inconsistent in delayed freezing groups of 16 and 24 

hours’ delays (Table-4.35; Figures 4.45–4.48). FCC also increased significantly in at each 

10 days’ interval in delayed freezing group of 0 hours; the other three delayed freezing 

groups (8, 16 and 24 hours) did not follow this pattern of increase (Table-4.41; Figure 

4.53–4.56). Post Hoc Tests (LSD) of the obtained data of TCC and FCC also established 

the ANOVA results pertaining to significance levels among all four delayed freezing 

groups (Table-4.36–4.39 and 4.42–4.45). 
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Table-4.34: Mean Total Coliform Counts (TCC) found on various analysis days 

 during storage: 

Day of 

Analysis 

Delay 

(Hours) 

TCC (MPN g
-1

) 

Mean S.D Min. Max. 

0 

0 6.88 
a
 4.50 < 3.00 12.00 

8 19.60 
a
 5.50 15.00 28.00 

16 83.20 
b
 27.48 52.00 122.00 

24 141.76 
c
 45.93 42.00 210.00 

10 

0 22.10 
a
 6.85 14.40 32.60 

8 45.24 
a
 14.61 28.00 65.00 

16 105.60 
b
 21.08 86.00 134.00 

24 193.72 
c
 39.75 142.00 240.00 

20 

0 47.44 
a
 17.39 28.440 72.60 

8 72.72 
a
 14.88 58.40 96.00 

16 138.00 
b
 28.67 98.00 176.00 

24 220.00 
c
 23.11 184.00 240.00 

30 

0 75.52 
a
 24.18 48.60 114.00 

8 104.12 
a
 17.51 76.40 122.60 

16 156.96 
b
 34.94 122.00 210.00 

24 252.00 
c
 27.02 218.00 286.00 

Note:  Means for same day analysis with different superscript letters 
“a,b.c”

 across the 

 column represent significant difference (p <.05) in different delay hours.         

 MPN = Most Probable Number. 
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Figure-4.41: Mean TCC found in various delayed freezings, analyzed on day 0. 

 

 

 

Figure-4.42: Mean TCC found in various delayed freezings, analyzed on day 10. 
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Figure-4.43: Mean TCC found in various delayed freezings, analyzed on day 20. 

 

 

 

Figure-4.44: Mean TCC found in various delayed freezings, analyzed on day 30. 
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Table-4.35: Changes in mean Total Coliform Counts (TCC) of different delayed 

 freezings, during storage: 

Delay 

(Hours) 

Day of 

Analysis 

TCC (MPN g
-1

) 

Mean S.D Min. Max. 

0 

0 6.88 
a
 4.50 < 3.00 12.00 

10 22.10 
b
 6.85 14.40 32.60 

20 47.44 
c
 17.39 28.440 72.60 

30 75.52 
d
 24.18 48.60 114.00 

8 

0 19.60 
a
 5.50 15.00 28.00 

10 45.24 
b
 14.61 28.00 65.00 

20 72.72 
c
 14.88 58.40 96.00 

30 104.12 
d
 17.51 76.40 122.60 

16 

0 83.20 
a
 27.48 52.00 122.00 

10 105.60 
ab

 21.08 86.00 134.00 
20 138.00 

bc
 28.67 98.00 176.00 

30 156.96 
c
 34.94 122.00 210.00 

24 

0 141.76 
a
 45.93 42.00 210.00 

10 193.72 
b
 39.75 142.00 240.00 

20 220.00 
bc

 23.11 184.00 240.00 
30 252.00 

c
 27.02 218.00 286.00 

Note:  Means for same delaying time with different superscript letters 
“a,b.c”

 across the 

 column represent significant difference (p <.05) among various days of analysis. 

 MPN = Most Probable Number. 
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Figure-4.45: Change in mean TCC of 0 hours delay during 30 days freezing   

  storage. 

 

 

 

Figure-4.46: Change in mean TCC of 8 hours delay during 30 days freezing   

  storage. 
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Figure-4.47: Change in mean TCC of 16 hours delay during 30 days freezing  

  storage. 

 

 

 

Figure-4.48: Change in mean TCC of 24 hours delay during 30 days freezing  

  storage. 
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Table-4.36: Post Hoc Test (LSD) to find mean TCC difference among various 

 delayed freezings on day 0: 

Day of 

Analysis 

(I)Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

0 

0 8 

16 

24 

-12.720 

-76.320* 

-134.880* 

17.075 

17.075 

17.075 

1.000 

0.002 

0.000 

0 

8 0 

16 

24 

12.720 

-63.600* 

-122.160* 

17.075 

17.075 

17.075 

1.000 

0.011 

0.000 

0 

16 0 

8 

24 

76.320* 

63.600* 

-58.560* 

17.075 

17.075 

17.075 

0.002 

0.011 

0.021 

0 

24 0 

8 

16 

134.880* 

122.160* 

58.560* 

17.075 

17.075 

17.075 

0.000 

0.000 

0.021 
 

Note:  The values having * as superscript have significant mean TCC difference. 

 

 

 

 

Table-4.37: Post Hoc Test (LSD) to find Mean TCC Difference among various 

 delayed freezings on day 10: 

Day of 

Analysi

s   

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

10 

0 8 

16 

24 

-23.140 

-83.500* 

-171.620* 

15.114 

15.114 

15.114 

0.872 

0.000 

0.000 

10 

8 0 

16 

24 

23.140 

-60.360* 

-148.480* 

15.114 

15.114 

15.114 

0.872 

0.006 

0.000 

10 

16 0 

8 

24 

83.500* 

60.360* 

88.120* 

15.114 

15.114 

15.114 

0.000 

0.006 

0.000 

10 

24 0 

8 

16 

171.620* 

148.480* 

88.120* 

15.114 

15.114 

15.114 

0.000 

0.000 

0.000 
 

Note:  The values having * as superscript have significant mean TCC difference. 
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Table-4.38: Post Hoc Test (LSD) to find Mean TCC Difference among various 

 delayed freezings on day 20: 

Day 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

20 

0 8 

16 

24 

-25.280 

-90.560* 

-172.560* 

13.711 

13.711 

13.711 

0.503 

0.000 

0.000 

20 

8 0 

16 

24 

25.280 

-65.280* 

-147.280* 

13.711 

13.711 

13.711 

0.503 

0.001 

0.000 

20 

16 0 

8 

24 

90.560* 

65.280* 

-82.000* 

13.711 

13.711 

13.711 

0.000 

0.001 

0.000 

20 

24 0 

8 

16 

172.560* 

147.280* 

82.000* 

13.711 

13.711 

13.711 

0.000 

0.000 

0.000 
 

Note:  The values having * as superscript have significant mean TCC difference. 

 

 

 

 

 

Table-4.39: Post Hoc Test (LSD) to find Mean TCC Difference among various 

 delayed freezings on day 30: 

Day 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

30 

0 8 

16 

24 

-28.600 

-81.440* 

-176.480* 

16.858 

16.858 

16.858 

0.655 

0.001 

0.000 

30 

8 0 

16 

24 

28.600 

-52.840* 

-147.880* 

16.858 

16.858 

16.858 

0.655 

0.038 

0.000 

30 

16 0 

8 

24 

81.440* 

52.840* 

-95.040* 

16.858 

16.858 

16.858 

0.001 

0.038 

0.000 

30 

24 0 

8 

16 

176.480* 

147.880* 

95040* 

16.858 

16.858 

16.858 

0.000 

0.000 

0.000 
  

Note:  The values having * as superscript have significant mean TCC difference. 
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Table-4.40: Mean Faecal Coliform Counts (FCC) found on various analysis days 

during storage: 

Day of 

Analysis 

Delay 

(Hours) 

FCC (MPN g
-1

) 

Mean S.D Min. Max. 

0 

0 3.44 
a
 2.16 < 3.00 6.00 

8 7.56 
a
 0.76 6.60 8.60 

16 37.12 
b
 17.88 22.00 62.20 

24 64.04 
c
 19.66 42.40 88.00 

10 

0 10.40 
a
 4.91 6.00 18.00 

8 18.88 
a
 7.22 11.00 28.00 

16 49.28 
b
 14.85 36.80 73.00 

24 66.72 
b
 7.08 59.00 76.00 

20 

0 19.42 
a
 8.18 12.00 32.00 

8 28.26 
a
 5.65 20.00 34.00 

16 57.04 
b
 7.68 44.60 64.00 

24 76.48 
c
 9.09 64.00 89.00 

30 

0 31.72 
a
 8.63 23.00 44.00 

8 49.44 
ab

 11.87 34.00 66.00 

16 61.48 
b
 7.46 54.00 72.00 

24 99.40 
c
 15.81 78.00 120.00 

Note:  Means for same day analysis with different superscript letters 
“a,b.c”

 across the 

 column represent significant difference (p <.05) in different delay hours.                

 MPN = Most Probable Number. 
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Figure-4.49: Mean FCC found in various delayed freezings, analyzed on day 0. 

 

 

 

Figure-4.50: Mean FCC found in various delayed freezings, analyzed on day 10. 
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Figure-4.51: Mean FCC found in various delayed freezings, analyzed on day 20. 

 

 

 

Figure-4.52: Mean FCC found in various delayed freezings, analyzed on day 30. 
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Table-4.41: Changes in mean Faecal Coliform Counts (FCC) of different delayed 

 freezings, during storage: 

Delay 

(Hours) 

Day of 

Analysis 

FCC (MPN g
-1

) 

Mean S.D Min. Max. 

0 

0 3.44 
a
 2.16 < 3.00 6.00 

10 10.40 
b
 4.91 6.00 18.00 

20 19.42 
c
 8.18 12.00 32.00 

30 31.72 
d
 8.63 23.00 44.00 

8 

0 7.56 
a
 0.76 6.60 8.60 

10 18.88 
b
 7.22 11.00 28.00 

20 28.26 
bc

 5.65 20.00 34.00 

30 49.44 
c
 11.87 34.00 66.00 

16 

0 37.12 
a
 17.88 22.00 62.20 

10 49.28 
b
 14.85 36.80 73.00 

20 57.04 
b
 7.68 44.60 64.00 

30 61.48 
b
 7.46 54.00 72.00 

24 

0 64.04 
a
 19.66 42.40 88.00 

10 66.72 
a
 7.08 59.00 76.00 

20 76.48 
a
 9.09 64.00 89.00 

30 99.40 
b
 15.81 78.00 120.00 

Note: Means for same delaying time with different superscript letters 
“a,b.c”

 across the 

 column represent significant difference (p <.05) among various days of analysis. 

 MPN = Most Probable Number. 
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Figure-4.53: Change in mean FCC of 0 hours delay during 30 days freezing   

  storage. 

 

 

 

Figure-4.54: Change in mean FCC of 8 hours delay during 30 days freezing   

  storage. 
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Figure-4.55: Change in mean FCC of 16 hours delay during 30 days freezing  

  storage. 

 

 

 

Figure-4.56: Change in mean FCC of 24 hours delay during 30 days freezing  

  storage. 
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Table-4.42: Post Hoc Test (LSD) to find mean FCC difference among various 

 delayed freezings on day 0: 

Day of 

Analysis 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

0 

0 8 

16 

24 

-4.120 

-33.680* 

-60.600* 

8.435 

8.435 

8.435 

1.000 

0.006 

0.000 

0 

8 0 

16 

24 

4.120 

-29.560* 

-56.480* 

8.435 

8.435 

8.435 

1.000 

0.018 

0.000 

0 

16 0 

8 

24 

33.680* 

29.560* 

-26.920* 

8.435 

8.435 

8.435 

0.006 

0.018 

0.034 

0 

24 0 

8 

16 

60.600* 

56.480* 

26.920* 

8.435 

8.435 

8.435 

0.000 

0.000 

0.034 
 

Note:  The values having * as superscript have significant mean FCC difference. 

 

 

 

 

 

 

Table-4.43: Post Hoc Test (LSD) to find mean FCC difference among various 

 delayed freezings on day 10: 

Day of 

Analysi

s   

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

10 

0 8 

16 

24 

-8.480 

-38.880* 

-56.320* 

5.891 

5.891 

5.891 

1.000 

0.000 

0.000 

10 

8 0 

16 

24 

8.480 

-30.400* 

-47.480* 

5.891 

5.891 

5.891 

1.000 

0.001 

0.000 

10 

16 0 

8 

24 

38.880* 

30.400* 

-17.440 

5.891 

5.891 

5.891 

0.000 

0.001 

0.055 

10 

24 0 

8 

16 

56.320* 

47.840* 

17.440 

5.891 

5.891 

5.891 

0.000 

0.000 

0.055 
 

Note:  The values having * as superscript have significant mean FCC difference. 
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Table-4.44: Post Hoc Test (LSD) to find Mean FCC Difference among various 

 delayed freezings on day 20: 

Day 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

20 

0 8  

16  

24  

-8.840 

-37.620* 

-57.060* 

4.903 

4.903 

4.903 

0.542 

0.000 

0.000 

20 

8  0  

16  

24  

8.840 

-28.780* 

-45.220* 

4.903 

4.903 

4.903 

0.542 

0.000 

0.000 

20 

16  0  

8  

24  

37.620* 

28.780* 

-19.440* 

4.903 

4.903 

4.903 

0.000 

0.000 

0.007 

20 

24  0  

8  

16  

57.060* 

48.220* 

19.440* 

4.903 

4.903 

4.903 

0.000 

0.000 

0.007 
 

Note:  The values having * as superscript have significant mean FCC difference. 
 

 

 

 

 

 

Table-4.45: Post Hoc Test (LSD) to find mean FCC difference among various 

 delayed freezings on day 30: 

Day 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

30 

0 8  

16  

24  

-17.720 

-29.760* 

-67.680* 

7.217 

7.217 

7.217 

0.155 

0.005 

0.000 

30 

8  0  

16  

24  

17.720 

-12.040 

-49.960* 

7.217 

7.217 

7.217 

0.155 

0.688 

0.000 

30 

16  0  

8  

24  

29.760* 

12.040 

-37.920* 

7.217 

7.217 

7.217 

0.005 

0.688 

0.000 

30 

24  0  

8  

16  

67.680* 

49.960* 

37.920* 

7.217 

7.217 

7.217 

0.000 

0.000 

0.000 
 

Note:  The values having * as superscript have significant mean FCC difference. 
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4.3.2.c Escherichia coli (E. coli)  

 Means and ranges of Escherichia coli (E. coli) in all delayed freezing groups, 

detected on 10 days’ intervals are presented in Table-4.46; Figures 4.57–4.60. E. coli was 

also found from all the samples throughout the storage period, except the two samples of 

0 hour and one of 8 hours, tested on the day 0. The lowest mean E. coli level (2.2.0±2.02 

MPN g
--1

) was observed in 0-hour delay group, analyzed on the day 0, while the highest 

(37.40±6.47 MPN g
--1

) in 24 hours delayed group analyzed on the day 30. The difference 

between initial values of E. coli contamination for 0 and 8 hours’ groups were non-

significant but values for 16 and 24 hours’ groups were significantly different from each 

other and also from values of 0 and 8 hours’ delay (Table-4.46). Increasing trend of E. 

coli concentrations in all the delayed freezing groups was seen with the increase in 

storage time; which remained significant at each 10 days’ interval for 0 hour delayed 

freezing but interestingly the non-significant for 24 hours’ group (Table-4.47; Figures  

4.61–4.64).  

 E. coli contamination in 0 and 8 hours delayed freezing groups, crossed the 

prescribed limits set by FAO for human consumption (< 10 MPN g
-1

) on the day 20 of the 

storage; while E. coli levels in16 and 24 hours’ groups, were found beyond the prescribed 

limits on the day 0. The Post Hoc Tests (Table-4.48–4.51) revealed that E. coli 

concentrations in 16 hours delayed freezing group varied significantly with all other three 

groups (0, 8 and 24 hours) on the analyses of the days 0, 10 and the 20; while these 

concentrations in 24 hours delayed freezing group varied significantly with all other 

groups in all analysis days (0, 10, 20 and 30) of the storage. The consolidated changes in 

microbial count indexes (Mean±SD) of Labeo rihita fish with various delayed freezings 

observed during 30 days storage have been presented in Table-4.52. 
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 4.3.2.d Vibrio cholera, Staphylococcus aureus and Histamine 

 The V. cholera, S. aureus, and histamine were however, not detected in any of the 

tested samples, throughout the 30 days of the freezing storage.  

 

 

 

 

 

 

Table-4.46: Mean Escherichia coli (E. coli) found on various analysis days during 

freezing storage: 

Day of 

Analysis 

Delay 

(Hours) 

E. coli (MPN g
-1

) 

Mean S.D Min. Max. 

0 

0 2.20 
a
 2.02 < 3.00 4.00 

8 2.84 
a
 1.63 < 3.00 4.00 

16 14.04 
b
 6.08 8.20 24.00 

24 29.80 
c
 5.56 22.00 36.60 

10 

0 5.70 
a
 1.67 3.40 7.50 

8 7.04 
a
 2.90 3.80 11.00 

16 21.60 
b
 5.31 14.60 28.00 

24 32.04 
c
 7.29 22.00 39.00 

20 

0 10.38 
a
 3.10 7.30 15.00 

8 12.46 
a
 2.47 8.80 15.00 

16 24.32 
b
 3.09 19.70 28.00 

24 32.88 
c
 6.16 25.00 39.00 

30 

0 17.20 
a
 5.26 11.00 22.00 

8 17.84 
a
 3.12 14.60 22.00 

16 26.56 
a
 6.35 18.80 34.00 

24 37.40 
b
 6.47 28.00 44.00 

Note:  Means for same day analysis with different superscript letters 
“a,b.c”

 across the 

 column represent significant difference (p <.05) in different delay hours.         

 MPN = Most Probable Number. 
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Figure-4.57: Mean E. coli found in various delayed freezings, analyzed on day 0. 

 

 

 

Figure-4.58: Mean E. coli found in various delayed freezings, analyzed on day 10. 
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Figure-4.59: Mean E. coli found in various delayed freezings, analyzed on day 20. 

 

 

 

Figure-4.60: Mean E. coli found in various delayed freezings, analyzed on day 30. 
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Table-4.47: Changes in mean Escherichia coli (E. coli) of different delayed freezings, 

 during storage: 

Delay 

(Hours) 

Day of 

Analysis 

E. coli (MPN g
-1

) 

Mean S.D Min. Max. 

0 

0 2.20 
a
 2.02 < 3.00 4.00 

10 5.70 
b
 1.67 3.40 7.50 

20 10.38 
c
 3.10 7.30 15.00 

30 17.20 
d
 5.26 11.00 22.00 

8 

0 2.84 
a
 1.63 < 3.00 4.00 

10 7.04 
b
 2.90 3.80 11.00 

20 12.46 
bc

 2.47 8.80 15.00 

30 17.84 
c
 3.12 14.60 22.00 

16 

0 14.04 
a
 6.08 8.20 24.00 

10 21.60 
b
 5.31 14.60 28.00 

20 24.32 
b
 3.09 19.70 28.00 

30 26.56 
b
 6.35 18.80 34.00 

24 

0 29.80 
a
 5.56 22.00 36.60 

10 32.04 
a
 7.29 22.00 39.00 

20 32.88 
a
 6.16 25.00 39.00 

30 37.40 
a
 6.47 28.00 44.00 

Note: Means for same delaying time with different superscript letters 
“a,b.c”

 across the 

 column represent significant difference (p <.05) among various days of analysis. 

 MPN = Most Probable Number. 
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Figure-4.61: Change in mean E. coli of 0 hours delay during 30 days freezing  

  storage. 

 

 

 

Figure-4.62: Change in mean E. coli of 8 hours delay during 30 days freezing  

  storage. 
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Figure-4.63: Change in mean E. coli of 16 hours delay during 30 days freezing  

  storage. 

 

 

 

Figure-4.64: Change in mean E. coli of 24 hours delay during 30 days freezing  

  storage. 
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Table-4.48: Post Hoc Test (LSD) to find Mean E. coli difference among various 

 delayed freezings on day 0: 

Day of 

Analysis 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

0 

0  8  

16  

24  

-0.640 

-11.840* 

-27.600* 

2.730 

2.730 

2.730 

1.000 

0.003 

0.000 

0 

8  0  

16  

24  

0.640 

-11.200* 

-26.960* 

2.730 

2.730 

2.730 

1.000 

0.005 

0.000 

0 

16  0  

8  

24  

11.840* 

11.200* 

-15.760* 

2.730 

2.730 

2.730 

0.003 

0.005 

0.000 

0 

24  0  

8  

16  

27.600* 

26.960* 

15.760* 

2.730 

2.730 

2.730 

0.000 

0.000 

0.000 
 

Note: The values having * as superscript have significant mean E. coli difference. 
 

 

 

 

 

 

Table-4.49: Post Hoc Test (LSD) to find Mean E. coli Difference among various  

  delayed freezings on day 10: 

Day of 

Analysis   

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

10 

0  8  

16  

24  

-1.340 

-15.900* 

-26.340* 

3.041 

3.041 

3.041 

1.000 

0.000 

0.000 

10 

8 0  

16  

24  

1.340 

-14.560* 

-25.000* 

3.041 

3.041 

3.041 

1.000 

0.001 

0.000 

10 

16  0  

8  

24  

15.900* 

14.560* 

-10.440* 

3.041 

3.041 

3.041 

0.000 

0.001 

0.020 

10 

24  0  

8  

16  

26.340* 

25.000* 

10.440* 

3.041 

3.041 

3.041 

0.000 

0.000 

0.020 
 

Note:  The values having * as superscript have significant mean E. coli difference. 
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Table-4.50: Post Hoc Test (LSD) to find Mean E. coli Difference among various 

 delayed freezings on day 20: 

Day 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

20 

0 8 

16  

24  

-2.080 

-13.940* 

-22.500* 

2.515 

2.515 

2.515 

1.000 

0.000 

0.000 

20 

8  0  

16  

24  

2.080 

-11.860* 

-20.420* 

2.515 

2.515 

2.515 

1.000 

0.001 

0.000 

20 

16  0  

8  

24  

13.940* 

11.860* 

-8.560* 

2.515 

2.515 

2.515 

0.000 

0.001 

0.022 

20 

24  0  

8  

16  

22.500* 

20.420* 

8.560* 

2.515 

2.515 

2.515 

0.000 

0.000 

0.022 
 

Note:  The values having * as superscript have significant mean E. coli difference. 
 
 

 

 

Table-4.51: Post Hoc Test (LSD) to find Mean E. coli Difference among various 

 delayed freezings on day 30: 

Day 

(I) Delayed 

Freezing 

(Hours) 

(J) Delayed 

Freezing 

(Hours) 

Mean 

Difference  

(I-J) 

S.E Sig. 

30 

0  8  

16  

24  

-0.640 

-9.360 

-20.200* 

3.459 

3.459 

3.459 

1.000 

0.093 

0.000 

30 

8  0  

16  

24  

0.640 

-8.720 

-19.560* 

3.459 

3.459 

3.459 

1.000 

0.136 

0.000 

30 

16  0  

8  

24  

9.360 

8.720 

-10.840* 

3.459 

3.459 

3.459 

0.093 

0.136 

0.038 

30 

24  0  

8  

16  

20.200* 

19.560* 

10.840* 

3.459 

3.459 

3.459 

0.000 

0.000 

0.038 
 

Note: The values having * as superscript have significant mean E. coli difference. 
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Table-4.52: Summary of Microbial Counts Indexes (Mean ± SD) With Delayed Freezing, During 30 Days Freezing Storage. 

 
 

Means for same parameter with different superscript letters 
“a,b.c”

 across the column represent significant difference (p <.05) in different delay hours.   

Means for same parameter with different superscript letters 
“A.B.C.D”

 across the row represent significant difference (p <.05) during freezing storage.

Microbial 

Parameters 

Delay 

(Hours) 

Day 

0 Day 10
th

 Day 20
th

 Day 30
th

 Day 

Aerobic 

Plate 

Counts 

(cfu g
--1

) 

0 1.828×10
5 

± 7.38×10
4 aA

 2.800×10
5 

± 3.36×10
4 aAB

 3.830×10
5 

± 3.86×10
4 aB

 1.748×10
6 

± 6.93×10
5 aC

 

8 2.056×10
5
± 1.85×10

4 aA
 6.122×10

5 
± 3.36×10

5 aB
 1.177×10

6 
± 4.08×10

5 aC
 2.988×10

6 
± 1.56×10

6 aC
 

16 2.768×10
5 

± 5.85×10
4 aA

 1.273×10
6 

± 6.13×10
5 aB

 4.574×10
6 

± 1.78×10
6 aC

 7.352×10
6 

± 3.27×10
6 aD

 

24 2.234×10
6 

± 4.75×10
5 bA

 3.244×10
6 

± 8.56×10
5 bA

 9.808×10
6 

± 4.94×10
6 bB

 2.382×10
7 

± 6.27×10
6 bC

 

Total 

Coliform 

Counts 

(MPN g
--1

) 

0 6.88 ± 4.50 
aA

 22.10 ± 6.85 
aB

 47.44 ± 17.39 
aC

 75.52 ± 24.18 
aD

 

8 19.60 ± 5.50 
aA

 45.24 ± 14.61 
aB

 72.72 ± 14.88 
aC

 104.12 ± 17.51 
aD

 

16 83.20 ± 27.48 
bA

 105.60 ± 21.08 
bAB

 138.00 ± 28.67 
bBC

 156.96 ± 34.94 
bC

 

24 141.76 ± 45.93 
cA

 193.72 ± 39.75 
cB

 220.00 ± 23.11 
cBC

 252.00 ± 27.02 
cC

 

Faecal 

Coliform 

Counts 

(MPN g
--1

) 

0 3.44 ± 2.16 
aA

 10.40 ± 4.91 
aB

 19.42 ± 8.18 
aC

 31.72 ± 8.63 
aD

 

8 7.56 ± 0.76 
aA

 18.88 ± 7.22 
aB

 28.26 ± 5.65 
aBC

 49.44 ± 11.87 
abC

 

16 37.12 ± 17.88 
bA

 49.28 ± 14.85 
bB

 57.04 ± 7.68 
bB

 61.48 ± 7.46 
bB

 

24 64.04 ± 19.66 
cA

 66.72 ± 7.08 
bA

 76.48 ± 9.09 
cA

 99.40 ± 15.81 
cB

 

E. coli 

(MPN g
--1

) 

0 2.20 ± 2.02 
aA

 5.70 ± 1.67 
aB

 10.38 ± 3.10 
aC

 17.20 ± 5.26 
aD

 

8 2.84 ± 1.63 
aA

 7.04 ± 2.90 
aB

 12.46 ± 2.47 
aBC

 17.84 ± 3.12 
aC

 

16 14.04 ± 6.08 
bA

 21.60 ± 5.31 
bB

 24.32 ± 3.09 
bB

 26.56 ± 6.35 
aB

 

24 29.80 ± 5.56 
cA

 32.04 ± 7.29 
cA

 32.88 ± 6.16 
cA

 37.40 ± 6.47 
bA
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CHAPTER V 

DISCUSSION 
 

5.1 Heavy Metals: 

 

Metals bioaccumulation in fish can be reflected as index of metals pollution in 

aquatic ecosystems (Tawari-Faleyin and Ekaye, 2007; Karadede-Akin and Unlu, 2007). 

Heavy metal concentrations in fish are very important for aquatic environment, health and 

wellbeing of aquatic animals as well as for human beings (Bushra et al., 2012), as these 

contamination of aquatic ecosystems can create major public health problems (Ashraf et 

al., 2006), by posing a potential risk to the consumer (Mastan, 2014).  

In the present study, flesh of four formed carp fish species was examined to know 

the concentrations of three heavy metals i.e. Cd, Pb and Cr from four fish distribution 

points. The results revealed that these three metals were present in almost all fish 

specimens, sampled from four fish distribution points; which indicate the levels of metal 

contamination of aquatic environment in fish growing ponds. Not only natural, but 

anthropogenic sources like industrial effluents, city sewage and fertilizers from farmlands 

etc. contribute to increase heavy metals contaminations in water bodies (ATSDR, 2012). 

Among fish species, there were non-significant variations in individual metals 

accumulation. L. rohita and H. molitrix had slightly higher levels of heavy metal 

concentrations in comparison to C. mrigala and C. idella. This may be attributed to 

difference in affinity as well as the availability of metals to fish muscles (Jezierska and 

Witeska, 2006), route of metal absorption (Ney and Vanhassel, 1983), metabolic 

disposition of particular metal in fish muscles (Karadede and Unlu, 2000) and the age of 

fish (Khan et al., 2012). 
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 Among concentrations of the studied heavy metals in experimental fish species, 

the lead was found in highest levels, followed by chromium and the cadmium. Several 

factors like seasonality and physic-chemical properties of water can influence the metals 

accumulation in fish tissues (Kargin, 1996). The metals accumulation in fish is also 

principally attributed to the species to species disparities in uptake and outflow periods of 

various metals (Tawari-Fufeyin and Ekaye, 2007). Literature reveals that heavy metals 

bioaccumulation in freshwater fish varies considerably (Javed and Hayat, 1996; Karadede 

and Unlu, 2000; Chattopadhyay et al., 2002), most probably due to differences in metals 

availability in aquatic ecosystem and the chemical characteristics of water environment 

from where the fish is sampled, the specific ecological needs and the feeding patterns 

adopted by a particular fish species (Mansour and Sidky, 2002; Papagiannis et al., 2004). 

Findings of some other researchers from different parts of the world have been 

summarized in Table 5.1. 

 5.1.1 Cadmium (Cd)    

 Cadmium is amongst the most toxic, non-essential heavy metals, extensively 

distributed in terrestrial as well as the aquatic ecosystems (Khattak and Khattak, 2013) 

which can cause serious health hazards (Afshan et al., 2014). Burning of city wastes and 

fossil fuels are considered the major sources of release of cadmium in the atmosphere  

besides entering from copper, lead and zinc smelter (Nriagu and Pacyna, 1988). In water 

it enters through disposal of domestic wastes, industrial effluents and to lesser amounts 

from the fertilizers used for productivity enhancement in fish farms (Afshan et al., 2014).   

 In the present study, the mean Cd concentrations were observed between 

0.0074±0.0005 - 0.0090±0.0070 µg g
-1

, 0.0078±0.0008 - 0.0094±0.0011 µg g
-1

, 

0.0080±0.045 - 0.0100± 0.0000 µg g
-1 

and 0.0192±0.0019 - 0.0258±0,0029 µg g
-1

, in fish 
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samples of fish farms, local fish markets, main fish market in Lahore and retailer’s shops, 

respectively. Fish sampled from local fish markets was brought for sale from the 

surrounding fish farms of fish farming cluster of Qadirabad Barrage, Gujranwala; while 

fish sampled from main fish market of Lahore and the retailers shops Lahore, being 

collected randomly were representing farmed fish of the Punjab Province. The presence 

of Cd at all sampling points was thus indicative of the fact the fish farms of the province 

are more or less contaminated with the cadmium. The lowest Cd concentrations were 

observed in fish sampled from main fish market, while the highest from fish collected 

from retailers shops. These variations in Cd accumulation in fish at various points, 

however, may be due to varied levels of discharge of industrial effluents, farmland 

fertilizers and the domestic sewage in different areas of the province under fish farming 

and aquaculture (Javed and Hayat, 1996; Javed, 2005). 

 Among species, mean Cd ranged from 0.0080±0.0045-0.0228±0.0033 µg g
-1

, and 

0.0074±0.0005-0.0226±0.0021 µg g
-1 

in L. rohita and C. mrigala, while 0.0078±0.0008-

0.0192±0.0019 µg g
-1

 and 0.0078±0.0040-0.0258±0.0029 µg g
-1 

in C. idella and H. 

molitrix, respectively. The highest mean value of Cd was thus noted in H. molitrix (a 

surface feeder), moderate in L. rohita (column feeder) and the lowest in C. mrigala (a 

bottom feeder). This trend of presence of higher levels of cadmium in surface and column 

feeder fish species, while relatively in low concentrations in the bottom feeder fish 

species has advocated the idea that Cd by nature is dissolved in surface running waters 

more abundantly than the lower layers (Jabeen et al., 2012).   

 Cd however, at all the four sampled fish distribution points, was observed in lower 

concentrations and below the prescribed safe limits, of FAO for human consumption. 

These results are supportive to the findings of Vinodhini and Navayanan (2008), Raja et 

al. (2009), Tabinda et al., 2010, Zodape et al. (2011) and Ogundiran et al. (2014), who 
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also reported Cd concentrations in various fish species within the acceptable limits of 

FAO. Al-Weher (2008) found Cd values 0.020±0.02 µg g
-1

, 0.140±0.07 µg g
-1

 and 

0.240±0.05 µg g
-1

 from northern Jorden in Oreochromis aureus, Cyprinus carpio, and 

Clarias lazera, respectively. Ozturk et al. (2009) observed Cd levels of 0.170±0.070 in 

Cyprinus carpio from Avsar Dam Lake, Turkey. Rauf et al. (2009) has however, reported 

the mean concentrations of Cd from river Ravi, Pakistan, 2.500 µg g
-1

, 2.480 µg g
-1 

and 

2.580 µg g
-1

 in L. rohita, C mrigala and Catla catla, respectively, which in contradiction 

to the present findings are much higher and beyond the permissible limits set by FAO. 

Among marine species, Fabris et al. (2006) observed Cd value, 0.020 µg g
-1

, in Pagruss 

auratus from Australia; while Turkmen et al. (2009) noted Cd, 0.080 µg g
-1

, in Scomber 

japonicas from the Mediterranean Sea. This lower level of Cd in flesh of fish is 

considered because of lower density of methionin and cistein in fish muscles (Newman 

and Unger, 2003). 

 Fish samples collected from retailors shops showed significantly higher 

concentrations of Cd (P=0.000) when compared with fish sampled from other three 

points. This indicates that the fish sold at retailors’ shops was brought from the fish 

farming area having high levels of Cd contamination and the consistent use of fish of that 

area may pose serious health risks to the consumers. Exposure of fish to cadmium 

polluted waters may affect reproductive capacity of fish (Barka et al., 2001), which may 

lead to a decline and even gradual extinction of fish species (Sridhara et al., 2008). On the 

other hand, cadmium and such other chemical pollutants are accumulated in lipid 

component of fish (OSTOW, 2003) and thus enter well protected in human body by 

eating fish. Cadmium in human has a number of health effects like stomach pain, 

vomiting, diarrhea, kidney damage, infertility and malfunctioning of immune and nervous 

systems etc. (Afshan et al., 2014). Cadmium has been categorized as a human 
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carcinogenic group (Group-1) by the “International Agency Research on Cancer 

(IARC)”, and was found to be causative of renal cell carcinoma and prostate cancer 

(Stoeppler, 1991; Zeitoun and Mehana, 2014).  

5.1.2 Lead (Pb)         

  Like cadmium, lead too has not any beneficial metabolic role in living organisms 

(Malik and Zeb, 2009), but is considered as an intoxicating environmental pollutant 

(Afshan et al., 2014) and its venomousness is not only important for fish (Rossi and 

Jamet, 2008) but also a serious health concern for human beings (Juberg et al., 1997; 

Healey, 2009). Presence of Pb in fish can converse the positive effects of Omega-3 fatty 

acids, making the fish as human diet, the less advantageous (Akpanyung et al., 2014). In 

the present study, the detected mean Pb values ranged between 0.1842±0.0733 to 

0.2386±0.0529 µg g
-1

 and 0.2640±0.1000 to 0.3316±0.0143 µg g
-1

 at fish farms and local 

fish markets, and 0.1544±0.0892 to 0.2754±0.0412 µg g
-1 

and 0.3716±0.0954 to 

0.5888±0.1463 µg g
-1
, at main fish market and retailers’ shops, respectively. Pb was thus 

found in all fish samples, from all the fours selected sampling points depicting that all the 

fish farming areas where these sampled fish species had been cultured, were polluted with 

Pb. These point to point variations in Pb concentration of fish, however, represent the 

levels of Pb pollution at various fish points; which may be ascribed to differences in 

industrial, agricultural and domestic discharges place to place in different farming areas 

of the province (Javed, 2005). 

 Similarly among species, in the present work, Pb concentrations were found 

between: 0.2178±0.0884 to 0.4618±0.0944 µg g
-1

 and 0.1544±0.0892 to 0.5888±0.1463 

µg g
-1

, in L. rohita, and C. mrigala and 0.2368±0.0771 to 0.3716±0.0954 µg g
-1 

and 

0.1842±0.0733 to 0.3516±0.0711 µg g
-1

, in C. idella and H. molitrix, respectively.  
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Ashraf et al. (1991) found Pb concentrations: 0. 145 µg g
-1

 and 0.115 µg g
-1

, in L. rohita 

and L. calbasu; while Tole and Shitsama (2003) observe Pb values: 0.025 µg g
-1

, 0.020 

µg g
-1

 and 0.040 µg g
-1

, in Catla catla, Channa marulius and Mystus seenghala, 

respectively, which were relatively lower than the present findings. Qadir and Malik 

(2011) worked on various fish species of Nallah Palkhu, Wazirablad, Pakistan, and found 

Pb levels in L. rohita, Cirrhina riba, Oreochromis niloticus and Wallago attu: 4.350 µg g
-

1
, 2.090 µg g

-1
, 1.560 µg g

-1 
and 2.220 µg g

-1
, which were markedly higher than the values 

noted under this investigation. Falco et al. (2006) reported Pb concentrations in various 

marine food fish species from 0.002 to 0.21 µg g
-1

, while Prasath et al. (2008) working on 

heavy metals detection of sediments, water and fish (Mugil cephalus) from Poompuhar 

Coast of South India found Pb and Cd concentrations in fish, even below the detectable 

limits.  

 Under this study, out of the analyzed three heavy metals, Pb has shown the highest 

accumulation in farmed carp species, sampled from the four distribution points. Mean Pb 

concentrations in all the sampled experimental fish species, from all four fish distribution 

points were above acceptable limits set by the FAO. Thus all the fish, regarding Pb 

contamination, was unsafe for human consumption. Obasohan and Eguavoen (2008) 

studied metals accumulation in freshwater fish, Erpetoichthys calabaricus from Ogba 

River, Nigeria and found the Pb levels in fish exceeded the WHO recommended limits, 

both in rainy and the dry seasons and suggested fish of that river, unsafe for human food. 

Similar results were noted by Siraj et al. (2014) for Aorichthys seenghala and Ompok 

bimaculatous, and Ahmad et al. (2015) for Long Tail Tuna. Present findings are also in 

line with the findings of Abdallah (2008), Mourtaja (2008), Shivakumar et al. (2014) and 

Arantes et al. (2016), who have also reported higher concentrations of lead, i.e. beyond 

the permissible limits, in various freshwater and marine fish species. 
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 ANOVA results have pointed out some significant variations in lead accumulation 

in fish collected from different fish distribution points. Pb levels were significantly higher 

in fish samples of localized fish markets and the main fish market Lahore than the fish 

collected from fish farms. But on the other hand, significantly higher concentrations of 

lead were established in fish samples from retailers’ shops Lahore when compared with 

the other three sampling sites. This point to point variation in Pb levels may be due to 

varied sources of Pb contamination at different fish farming areas (Qadir and Malik, 

2011). Rauf et al. (2009) worked on metals accumulation of Indian major carps collected 

from three different sites of river Ravi. They also observe significant variations in 

accumulation levels of metals from different locations. As per results of this study, 

however no significant differences were noted for Pb accumulation between different 

experimental fish species. This finding is in line with the findings of Lakshmanan et al. 

(2009). They detected heavy metals in fishes from Parangipettai coastal areas and 

observed non-significant differences among species bioaccumulation of metals.   

 In a species wise comparison of this study, 95 percent specimens of sampled fish 

of L. rohita, C. mrigala and C. idella and 90 percent of H. molitrix were contaminated 

with Pb above the recommended safe limits. Similarly, in a distribution point wise 

comparison, 85 percent fish samples form fish farms and 90 percent fish samples from 

main fish market Lahore had Pb levels, above the acceptable limits; while 100 percent 

fish samples of localized fish market and retailors’ shops had Pb contamination beyond 

the recommended limits. Overall, 93.80 percent fish samples of this study had Pb 

contamination, above the acceptable levels of FAO for human consumption. ATSDR 

(2007) states however, that “there is no safe concentration of lead”. This extensive Pb 

contamination in fish flesh of commercially cultured important farmed carp fish species 

sampled from various distribution points representing the major fish marketing places of 
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the Punjab province, in higher concentrations than acceptable, is really a matter of serious 

concern and a potential health risk for the fish consumers. Pb exposure if prolonged can 

cause inflammation, abdominal pains and headache. Young children and newborns are 

sensitive to Pb even at low levels (Elder and Collins, 1991). Children can get loss of 

attentiveness, behaviourial disorders, and the declined intellectual ability, if prolonged 

(Jarup, 2003). A steady use of Pb contaminated fish may also result in renal impairment 

(WHO, 1995). Lead, by replacing zinc in heme synthesis and hindering the functions of 

heme synthesizing enzymes can cause toxicity (Goyer and Clarkson, 2001). The 

replacement of Ca by Pb can cause noxiousness of numerous vital enzymatic systems in 

the nervous system (Klaassen, 1995). Some clinical manifestations like muscular 

weakness and fatigue in wrist, fingers, forearm and toes may also occur. (Ogwuegbu and 

Ijioma, 2003). 

5.1.3 Chromium (Cr)         

 Chromium like copper, nickel and iron is an essential metal, required in trace 

amounts; since it plays some important biochemical role in biological systems (Fernandes 

et al., 2008). This metal is involved in vital body functions like carbohydrate metabolism 

and release of energy from major dietary components (Mastan, 2014). The intake of this 

essential metal, however, if raised disproportionately, may become toxic, posing health 

risk to the consumers (Tuzen, 2003). Cr concentration among tested heavy metals in the 

present investigation, at all the fish sampling sites remained higher than the Cd and lower 

than the Pb. Mean concentrations of Cr however, ranged between 0.0262±0.0015 to 

0.0314±0.1749 µg g
-1

 and 0.0446±0.0072 to 0.0488±0.0063 µg g
-1

 at fish farms site and 

local fish market, while 0.0158±0.0032 to 0.0306±0.0105 µg g
-1 

and 0.0502±0.0087 to 

0.0568±0.0016 µg g
-1
, at main fish market Lahore and at retailers’ shops, respectively. 

Chromium was detected almost in all fish samples, from all the fours selected sampling 
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points depicting the presence and establishment of Cr in the aquatic systems of fish 

farming areas (Qadir and Malik, 2011).  

 Statistical analysis of this study revealed that like Pb and Cd, the Cr also showed 

significant concentration differences at various sampling sites. Cr levels in fish sampled 

from fish farms and main fish market were almost similar with non-significant variations; 

which were significantly lower than the Cr concentrations recorded from local fish 

markets and retailers’ shops. These variations in Cr concentration of fish at different 

sampling sites were however, attributed to varied Cr levels at those sites (Rauf et al., 

2009). Kaur and Mehra (2012) detected heavy metal accumulations in many fish species 

from ten different sites of Yamuna River, India and observed site to site broad variations 

in Cr accumulation. They opinioned these variations were due to varied levels of 

industrial and other anthropogenic activities in the area. Qadir and Malik (2011) worked 

on heavy metals levels of many food fish species of Aik and Palkhu tributaries of Chenab 

River. They also reported significant site to site variations in Cr concentrations of 

sampled species at four different sites.  

 Among species no particular trends of Cr accumulation in fish muscles were 

observed in this study. Lakshmanan et al. (2009) worked detection on heavy metals 

accumulation in some commercial species. Their results were in line with the present 

study as they also reported non-significant species specific variations in Cr, Cd and Pb, 

accumulations. International permissible limits for Cd, Pb and Cr have been summarized 

in Table-5.2. Cr concentrations at all sites, from all samples of experimental species 

however, were found below the permissible limits of FAO, set for fish as human food. 

These results were similar to the findings of Raja et al. (2009), who reported Cr levels in 

edible muscles of four commercial fish species from Parangipettai Coast, India, less than 

the permissible levels given by FAO (1983), EC (2001), and Food and Drug 
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Administration (2001). Investigations of Nnaji et al. (2007), Abdallah (2008), Rauf et al. 

(2009), Tabinda et al. (2010), Tabinda et al. (2013
b
) and Arantes et al. (2016) are 

however in contradiction to the present findings as they have reported higher Cr 

concentrations in fish muscles than the maximum acceptable limits of FAO. Sharmeen et 

al. (2014) also reported high Cr concentrations (0.353±0.011 µg g
-1

) in muscles of 

Oreochromis mossambicus collected from Malir City, Karachi, Pakistan. 

 Chromium normally doesn’t accumulate in fish body; however, its higher 

concentrations in water due to indiscriminate discharge of metal containing effluents can 

cause bioaccumulation in fish swimming close to the discharge points which mostly 

damage fish gills (Afshan et al., 2014). Canli and Kalay (1998) detected cadmium and 

chromium levels in the liver, gills, and muscles of Cyprinus carpio, and Chondrostoma 

regium captured from five stations on Seyhan river system. They also found the least 

concentration of both the metals in fish muscles in comparison to other organs. 

Hexavalent form of Cr can be a serious concern for humans as its consistent intake may 

lead to allergic reactions, dermatitis, ulceration, puncturing of mucus membranes of nasal 

septum. It may also cause coughing, nasal itching, nose bleeds, shortening of breath, 

edema and asthmatic bronchitis (Galvin, 1996; Karadede et al., 2004). 

5.1.4 Correlation among fish weight and heavy metals 

 concentrations: 

 

 Studies have shown that metals accumulation in fish though mainly depends upon 

metals concentration in water and the exposure period, besides other environmental 

conditions (Yi et al., 2011). Ecological needs, however, and the size of fish also play a 

significant role in metals accumulation (Bryan and Langston, 1992; Kalay and Canli, 

2000). In these findings, interestingly the metals concentrations has decreased with 

increase in wet body weight of farmed carps from at all sites; indicating the negative 
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correlation of metals with increasing fish weight. This negative correlation was however, 

non-significant for Cr, significant for Pb and highly significant for Cd. On the other hand, 

these heavy metals had highly significant and positive correlation with each other. Naeem 

et al. (2010) also reported negative correlation of Pb with the increase in weight; 

however, for Cd and Cr, they have reported isometric increase with the increase in fish 

weight. Yi and Zhang (2012) studied heavy metals concentrations in relation to body size 

of Ctenopharyngodon idella and Hypophthalmichthys molitrix from Yangtze River, 

China. They reported positive correlation in most of the cases except Cr levels, which 

showed negative correlation with increase in size of the fish. 

 Per-capita consumption of fish though in Pakistan is just about 2kg/annum (FAO, 

2012) nevertheless fish eating in Pakistan is seasonal, concentrated in winter months of 

December and January approximately @ 33.33 g/day). Moreover, rural community 

especially fisherman living in surrounding areas of fish farming clusters and the people 

living in big cities, usually eat fish, four to five times more in contrast to the residents of 

other areas. Therefore, the average fish consumption for instance in Qadirabad area and 

metropolitan city of Lahore during winter may reach about 167 g/day. Hence, fishermen 

community and local population around Qadirabad Barrage, and Lahore, because of this 

increased intake of fish, may become more vulnerable to metals toxicity related health 

hazards. Heavy metals detection in farmed fish clearly indicates that aquatic systems i.e. 

fish farming areas are polluted too with these pollutants (Qadir and Malik, 2011). There is 

a strong need to conduct a Global Positioning System (GPS) based, extensive survey and 

biochemical analysis of fish farming areas of the province with reference to heavy metal 

pollutants and the other toxicants and geo-mapping may be done, indicating area to area 

levels and the kinds of contamination. Possible sources of this aquatic pollution are also 
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required to be traced to control pollutants intensification in the system for health safety of 

the domestic fish consumers as well as to meet the demands of export fish marketing.     

Table-5.1: Comparison of heavy metals concentrations found in various fish 

 species studied from different locations:  

Fish Species 

Heavy metals 

Concentration (µg g
-1

)  Location Source 
Cd Pb Cr 

Labeo rohita 0.095 0.145 0.440 Indus River 

Pakistan 
Ashraf et al., 1991 

Labeo calbasu 0.070 0.115 0.230 

Catla catla 0.095 0.025 0.160 

Lake 

Victoria 

Kenya 

Tole and Shitsama, 

2003 

Channa marulius 0.110 0.020 0.065 

Oreochromis niloticus 0.92 12.700 - 

Mystus Seenghala 0.100 0.040 0.120 

Claris ganepinus 1.03 14.900 - 

Synodontis schall 0.499 1.050 0.200 River 

Galma 

Nigeria 

Nnaji et al., 2007 
Oreochromis niloticus 0.027 0.950 0.180 

Labeo rohita 2.500 - 3.400 
River Ravi 

Pakistan 
Rauf et al., 2009 Cirrhina mrigala 2.480 - 3.500 

Catla catla  2.58 - 3.850 

Cyprinus carpio 0.170 2.140 1.180 

Avsar 

Lake, 

Turkey 

Ozturk, et al., 2009 

Labeo rohita 0.035 0.133 0.209 

Keti 

Bunder 

Pakistan 

Tabinda et al., 2010 

Labeo rohita 0.890 4.350 3.630 Nullah 

Palkhu, 

Sialkot, 

Pakistan 

Qadir and Malik, 

2011 

Cirrhina riba 1.040 2.090 1.780 

Oreochromis niloticus 3.120 1.560 5.550 

Wallago attu 2.470 2.220 1.970 

Cyprinus carpio - ND - Shah Alam 

River KPK, 

Pakistan 

Khan et al., 2012 Cirrhina mrigala - ND - 

Mystus bleekeri - ND - 

Chanos chanos 0.003 0.164 0.232 
Metro 

Manila, 

Philippines 

Solidum et al., 2013 
Chana striata 0.030 0.125 0.326 

Caesio cuning 0.024 0.136 0.378 

Euthynnus affinis 0.112 0.135 0.143 

Labeo rohita - - 1.810 River 

Sutlej, 

Pakistan   

Tabinda et al., 2013
a
 Cirrhina riba - - 1.960 

Catla catla - - 1.470 

Oreochromis 

mossambicus 
0.056 0.958 0.337 

Malir 

Karachi, 

Pakistan 

Sharmeen et al., 

2014 

Aorichthys seenghala 0.061 0.351 0.565 
River 

Kabul, 

KPK, 

Siraj et al., 2014 

Ompok bimaculatous 0.072 0.407 0.703 
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Pakistan 

Cirrhina reba 0.580 1.150 - Bhadra 

River 

India 

Shivakumar et al., 

2014 
Etroplus maculatus 0.660 0.790 - 

Ompok bimaculatus 0.600 0.540 - 

Fish Species 
Heavy metals 

Concentration (µg g
-1

)  Location Source 
Cd Pb Cr 

Chrysichthys 

nigrodigtatus 
0.010 0.017 0.136 

Akwa 

Ibom State, 

Nigeria 

Akpanyung et al., 

2014 

Long Tail Tuna 0.710 0.220 0.240 

Karachi 

Fish 

Harbor 

Pakistan 

Ahmad et al., 2015 

Pseudoplatystoma 

corruscans 
0.070 0.940 0.54 

Paraopeba  

River 

Brazil 

Arantes et al., 2016 

Cyprinus carpio 0.026 1.005 - 

Khorram-

abad City, 

West of 

Iran 

Mortazavi et al., 

2016 

Oncorhynchus mykiss 0.123 0.741 - 

Hypophthalmichthys 

nobilis 
0.063 0.913 

- 

 

Hypophthalmichthys  

Molitrix 
0.056 0.758 - 

Thunnus albacares 0.196 0.831 - 

Siganus javus 0.051 0.879 - 

Labeo rohita 0.009 0.218 0.029 

Fish Farm Present Study 

Cirrhinus mrigala 0.007 0.239 0.026 

Ctenopharyngodon 

idella 
0.008 0.237 0.028 

Hypophthalmichthys 

molitrix 
0.008 0.184 0.031 

Labeo rohita 0.009 0.332 0.045 

Fish 

Market 
Present Study 

Cirrhina mrigala 0.008 0.264 0.048 

Ctenopharyngodon 

idella 
0.008 0.287 0.047 

Hypophthalmichthys 

molitrix 
0.008 0.325 0.049 

Labeo rohita 0.008 0.234 0.026 

Fish Farm Present Study 

Cirrhinus mrigala 0.008 0.154 0.031 

Ctenopharyngodon 

idella 
0.008 0.275 0.016 

Hypophthalmichthys 

molitrix 
0.010 0.257 0.022 

Labeo rohita 0.023 0.462 0.050 

Fish 

Market 
Present Study 

Cirrhinus mrigala 0.023 0.589 0.056 

Ctenopharyngodon 

idella 
0.019 0.372 0.051 

Hypophthalmichthys 

molitrix 
0.026 0.352 0.059 
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Table-5.2: Permissible International Limits of Heavy Metals in Fish (µg g
-1

) 

  (Some from Ozturk et al., 2009) 

   

S.# Heavy Metal 

Permissible 

Limit for Human 

Consumption 

Agency/ 

Organization 
Reference 

1. Cadmium (Cd) 

0.050 WHO 

International Program on 

Chemical Safety  

(WHO 1992) 

0.100 
QC Rules 

1998 

Pakistan Fish Inspection 

and Quality Control Rules 

1998. 

0.180 IAEA-407 Wyse et al., 2003 

0.050 TFC 
Turkish Food Codes 

(TFC) 2002  

0.050 EC 
European Commission 

(EC) Regulation/78/2005 

0.300 UNEP 

United Nations 

Environment Programme 

(UNEP), 1985 

2. Lead (Pb) 

0.123 WHO 

Lead. Environmental 

Health Criteria, vol. 165. 

Geneva: (WHO 1995) 

0.120 IAEA-407 Wyse et al., 2003 

0.200 TFC 
Turkish Food Codes 

(TFC) 2002  

0.200 EC 
European Commission 

(EC) Regulation/78/2005 

0.300 UNEP 

United Nations 

Environment Programme 

(UNEP), 1985 

3. Chromium (Cr) 

0.100 WHO WHO (1995) 

0.100 
QC Rules 

1998 

Pakistan Fish Inspection 

and Quality Control Rules 

1998. 

0.100 US EPA 
US Environmental 

protection Agency, 1995 

0.730 IAEA-407 Wyse et al., 2003 
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5.2 Microbial Loads in Fish: 

 

 Fish, living in waters usually carries high microbial loads consisting of bacteria, 

colonizing its gills, skin and intestine; which are generally harmless for live fish (Stratev 

et al., 2015) and especially the muscles are supposed to be sterile (Pamuk et al., 2011). 

However, after death of fish, these microbial loads initiate rapid replication leading 

spoilage of fish (Shamsuzzaman et al., 2011). During harvesting, transportation and 

shipment from fish farm to markets and the retailers, the fish can be further contaminated 

due to temperature influenced, poor sanitary and hygienic conditions (Stratev et al., 

2015). This post-harvest microbiological replication and contamination cause decay, 

making the fish consumption hazardous and unsafe (Al-Jasser and Al-Jasass, 2014). 

Under the present study six microbial parameters were analyzed at four different fish 

distribution points to observe the time series changes in various microbial counts and 

assess microbial quality and suitability of fish for human consumption.  

5.2.1 Aerobic Plate Counts 

 The levels of microorganisms, in any of the food commodity, are indicated by 

number of APC; which designate the contamination, shelf life and quality of that food 

product. The number of aerobic plate counts in fresh fish and fish products range 

normally from, 10
4
 to 10

5
 cfu/g (Maturin and peeler, 1998). Mean AP counts of all 

experimental fish species of the present study collected from all four fish distribution 

points were calculated between 5.43×10
4 

to 4.82×10
6 

cfu g
-1

, which was almost similar to 

the findings of Begum et al. (2010). They reported APC in L. rohita fish, 3.6×10
5
 to 

3.5×10
7 

cfu g
-1

 and in Tilapia fish, 4.3×10
5
 to 5.84×10

6
cfu g

-1
. These results were also in 

line with the findings of Arefin et al. (2014), who reported APC in cultured L. rohita, 

5×10
5 

cfu g
-1

. Dhanapal et al. (2013) and Jeyasekaran et al. (2003) however, calculated 
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APC in farmed L. rohita, 6.60×10
2 

cfu g
-1

 and 4.70×10
4
 cfu g

-1
,
 
which were below the 

levels found in the present study, showing better microbial quality of farmed fish studied 

by them.  

 In this study, an increasing trend in aerobic plate counts was seen in all fish 

species, along the chain from fish farms to retailers’ shops, displaying a time series 

increase in APC levels. This APC increase in L. rohita was significant from one 

distribution point to the other, at all steps from fish farms to retailers’ shops. For H. 

molitrix, this increase was significant from fish farms to main fish market but non-

significant from main fish market to retailers’ shops. APC in C. mrigala and C. idella 

however, increased from one point to the other point with varied patterns.  

 Presently no much work is available in literature regarding comparative analysis 

and time series change in APC values, especially of farmed carps at fish ponds and 

various markets. The results of Begum et al. (2010) are in-line with these findings. They 

worked on comparative microbial assessment of five fish species including L. rohita and 

Tilapia sampled from retailer market and the super shop, both having different marketing 

conditions in Bangladesh; and found significantly higher APC in in fish samples of 

retailer market when compared with samples collected from super shop. Razavilar et al. 

(2013) studied bacterial loads of pond water and H. molitrix from seven fish ponds. Their 

findings were similar to the findings of this study from fish farms. They observed APC 

ranging from 1.890×10
4
 to 7.440×10

4 
g

-1
 and found significant differences in AP counts 

in fish collected from various ponds. Lower levels of APC in fish ponds were also 

indicative of the fact that pond waters were less contaminated with bacterial loads, 

because when bacterial counts in pond waters are low then muscles of fish of that pond 

carry least microorganisms (El-Shafai et al., 2004). A similar kind of comparison of APC 

in Oreochromis niloticus, collected form fish pond and the fish market was conducted by 
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Mandal et al. (2009). Their results were however, in contradiction to the present findings 

regarding APC, as they observed similar levels of APC in fish samples collected from 

fish pond and the fish market, which may be attributed to the good hygienic conditions of 

market as well as during post-harvest transportation. 

 The prescribed limits of APC set by ICMSF (1986), EU (2005) and Pakistan Fish 

Inspection and Quality Control Rules, PFIQCR (1998), in fresh and frozen fish, safe for 

human consumption are 5×10
5
 cfu g

-1
. Results revealed that mean APC levels in fish 

samples collected from fish farms were within permissible limits, while at localized fish 

markets, in L. rohita and C. idella were again below the given limits but in C. mrigala 

and C. idella, these were above the acceptable limits. The APC levels in fish samples of 

all experimental species, collected from main fish market and the retailers’ shops were 

however, higher than the permissible limits, safe for human consumption. Fish being 

extremely a perishable commodity deteriorates its quality, shortening the shelf life swiftly 

with the time even at low temperatures (Can, 2010; Popvic et al., 2010).  

 Quaiyum et al. (2012) studied microbial loads in two freshwater fish species 

collected from fish market in Bangladesh and found APC levels within safe limits 

(2.60×10
5 

and 4.00×10
5 

g
-1

), similar to the APC values of fish samples collected from 

localized fish markets. Hasan et al. (2013) calculated microbiological loads in L. rohita, 

H. molitrix and T. ilisha from super market and different bazaars in Bangladesh and found 

APC levels at all fish points, higher than the given limits. Geetha et al. (2014) reported 

APC values ranging from 2.39×10
4
 to 4.96×10

4 
g

-1
 in three marine fish species collected 

from Visakhapatnam fish harbour, India which were however, in contradiction to the 

present APC results of main fish market. Jianadasa et al. (2014) reported mean APC in 

five fish species from retailers shops of Sri Lanka, ranging from 3.930×10
6
 to 1.570×10

7 

g
-1

, which were beyond the acceptable limits for human consumption, similar to the APC 
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levels of the current study of retailers’ shops. Boiteanu et al. (2014) observed APC in 

Coryphaena hippurus and Lethrinus spp. from retail market ranging 1.50×10
4
 to 8.20×10

4 

g
-1 

and 1.40×10
4
 to 5.9×10

4 
g

-1
, respectively, which contradictory to the present findings 

of retailers’ shops were within the safe limits, depicting the good marketing conditions.
 

 ANOVA results revealed significant differences in APC levels of fish in various 

fish distribution points and among fish species as well; but no correlation was seen 

between fish distribution points and fish species. APC levels of fish collected from the 

main fish market varied significantly from other three points. Similarly, APC in fish 

sampled from retailers’ shops were much higher than the other three sampling points. 

Rahman et al. (2012) checked microbial profile of L. rohita, c. mrigala and C. catla from 

different wet markets of Sylhet, Bangladesh. They also noted significant differences in 

APC levels among the markets. This varied level of APC at different fish distribution d 

points is attributed to poor post-harvest management causing increased contamination 

levels with the increase in time after harvest (Mol and Tosun, 2011).  

 Between fish species, APC were almost similar with no significant differences 

except L. rohita and the C. mrigala, which differed significantly. Khidhir et al. (2014) 

also reported significantly higher APC in Cyprinus carpio in comparison to H. molitrix, 

similar to the present findings. Begum et al. (2010) also observed varied levels of APC in 

different fish species. Geetha et al. (2014), Jianadasa et al. (2014) and Stratev et al. 

(2015) however, reported almost similar levels of APC with non-significant differences in 

various fish species collected from markets. This difference in APC levels was probably 

due to varied feeding habits of both the species. L. rohita is a column feeder fish while C. 

mrigala, in contrast is a bottom feeder. Higher levels of APC in C. mrigala were 

supposed to be due to bottom feeding habit. It feeds on substrate which possibly may 

contain higher microbial loads (Quaiyum et al., 2012).  
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5.2.2 Total Coliform Counts (TCC) 

 Coliforms, found in fresh and brackish water fish species though non-pathogenic 

(Jay, 1992), are involved in transmission of pathogenic bacteria to humans (Leung et al., 

1990; Ramos and Lyon, 2000). Coliforms are not considered usually the normal bacterial 

flora of fish and their presence indicates sanitary quality and the level of pollution in the 

environment (Cohen and Shuval, 1973). The level of TCC is also positively related to fish 

stocking density in ponds (Mandal et al; 2009; Budiati et al., 2015). Increase in total 

coliform counts (TCC) in fish muscles of all sampled fish species from fish farms to the 

retailers’ shops, was seen consistent, with varied patterns. These results are similar to the 

findings of Mandal et al. (2009), who reported increase in TCC in fish and shrimp 

collected from markets when compared with fish and shrimp collected from fish ponds, of 

varied levels. Razavilar et al. (2013) also conducted bacteriological studies on H. molitrix 

from various fish ponds and reported significant differences of TCC in fish collected from 

different fish ponds.    

 In this study, increase in TCC in case of L. rohita and H. molitrix was significant 

all along the fish farms to retailers’ shops. In case of C. mrigala, it was significant from 

fish farms to localized markets but onward, was non-significant. In C. idella, in contrast 

to C. mrigala, TCC increased non-significantly from fish farms to localized fish markets, 

and significantly from localized fish markets to main market and the retailers’ shops. 

Hasan et al. (2013) also reported considerable increase in TCC of L. rohita, Hilsha ilisha 

and H. molitrix, sampled collected from various fish marketing points. Begum et al. 

(2010) worked on microbiological parameters of five fish species collected from retail 

markets and the super shops, including L. rohita and Tilapia. They found TCC in almost 

all the collected fish samples from both types of markets and reported significantly higher 

TCC in retail markets when compared with super shops, similar to the present findings. 
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Hassan et al. (2014) examined bacterial quality of Oreochromis mossambicus from three 

markets of Bhopal, India and observed significantly varied levels of TCC from all three 

markets.   

 TCC in present study, in samples of all four species, collected from first three 

sites, i.e. fish farms, the localized fish markets and main fish market were found below 

the acceptable limits of ICMSF (1986) and EU (2005) (100/g MPN), while from retailers’ 

shops, the mean TCC values in L. rohita, C. idella and H. molitrix, were found above the 

prescribed limits and in C. mrigala, were again within acceptable range. Shankar et al. 

(2010) calculated very high TCC values in L. rohita (603.00 MPN/g) and H. ilisha 

(542.00 MPN/g) which were beyond the acceptable limits; while Quaiyum et al. (2012) 

reported very low TCC in two freshwater fish species i.e. Gudusia chapra and Mystus 

vittatus in Bangladesh which were almost in-line with the present investigation. Increased 

number of TCC in fish and fish products designate a potential contamination of that 

product with pathogenic bacteria (Shankar et al., 2010); hence the sampled fish can be 

considered safe with reference to TCC, except of retailers’ shops.   

5.2.3 Faecal Coliform Counts (FCC) 

 Faecal coliforms are a sub-group of coliforms found in intestine of warm-blooded 

animals (Frahm and Obst, 2003). The origin of faecal coliforms is more specific rather 

than coliforms (CDC, 2005). The faecal coliforms generally originate from faeces of 

human beings and other warm-blooded animals (Cohen and Shuval, 1973). These 

microorganisms originating from digestive tract and the intestine of human and other 

animals are considered as hygiene indicators of the system regarding food sanitation (Jay, 

1992). FC are capable to grow in bile salts or same kind of surface agents and produce 

gas and acid from lactose (Quaiyum et al., 2012); hence their presences in fish and fish 
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products, beyond a certain number are indicative of inadequate safety of the product 

(Mossel et al., 1995).  

 Like APC and TCC, FCC also showed consistent increase from fish farms to 

retailers’ shops, with some differences from TCC. FCC was fund always lower than TCC 

in this study supporting the findings of Begum et al. (2010). FCC in L. rohita, showed 

significant increase from fish farms upto main fish market and non-significant from main 

market to retailers’ shops. In C. mrigala, this increase was significant from fish farms to 

localized fish market. Similarly, in C. idella FCC showed significant increase from 

localized fish markets to main fish market and H. molitrix from fish farms to localized 

fish markets and from main fish market to the retailers’ shops. Whilst at remaining fish 

distribution points, the increase in FCC remained non-significant. These results are 

similar to the work of other researchers (Rashid and Chowdhury, 1996; Fatema, 2005; 

Das et al., 2007). This increase in FCC, from fish farms to various fish markets and 

retailers shops suggests samples contamination during capture, post-harvest handling, 

transportation and marketing (Begum et al., 2010). Mandal et al. (2009) have also 

reported significant increase in FCC on Nile Tilapia from fish ponds to market and 

suggested occurrence of faecal contamination during culture, capture, transportation and 

poor sanitation in the markets.      

 FCC in fish from fish farms and in samples of L. rohita and C. idella, collected 

from local fish market were within the acceptable limits of ICMSF (1986) and EU (2005) 

while all the samples collected from main fish market and retailers shops were beyond the 

permissible limits of 10/g MPN set for human consumption. The study revealed that FCC 

increased with the increase in post-harvest time. This may be due to contaminated 

handling and transportation, temperature abuse and unhygienic market conditions 

(Mandal et al., 2009; Begum et al., 2010).    
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5.2.4 Escherichia coli (E. coli) 

 Escherichia coli (E. coli), a group of faecal coliform bacteria were recognized as 

foodborne pathogen first time in 1982. It is found in a wide range of foods and now is 

considered amongst the most crucial and life threatening foodborne pathogens (Benjamin 

and Datta, 1995; Jianadasa et al., 2014). Most of the strains of E. coli are however, 

harmless and non-pathogenic and are benefiting the host as a normal part of its gut flora. 

However, some serotypes of E. coli are capable to cause serious food poisoning problems 

for the host (Bentley and Meganathan, 1982). Hence, the presence of these E. coli, even 

in a very small numbers can be a risk as for as food quality and safety is concerned 

(Jianadasa et al., 2014).   

 E. coli in this study, were not detected in fish, from fish farms and local fish 

markets, but were found, almost in all fish samples of main fish market and the retailers’ 

shops. Razavilar et al. (2013) observed E. coli and other bacteria of faecal coliform group 

in different fish species, including H. molitrix, C. idella and the C. carpio.  E. coli in 

present study ranged from 3.00 to 22.00 MPN/g in fish sampled from main fish market 

and from 8.70 to 35.60 MPN/g, in fish collected from the retailers’ shops. Jianadasa et al. 

(2014) have reported E. coli levels in five fish species from Sri Lanka, ranging from ND 

to 1100 MPN/g. Increase in E. coli of L. rohita, from main market to the retailers’ shops 

was non-significant, while increase in C. mrigala, C. idella and H. molitrix was 

significant. Mandal et al. (2009) also observed a significantly higher number of E. coli in 

Tilapia from market when compared with ponds. E. coli levels in most of the fish samples 

collected from main market and the retailers were beyond the acceptable limits prescribed 

by FAO (< 10 MPN/g), indicating poor sanitary conditions. This significant increase in E. 

coli from main market to retailers’ shops was due to contamination during handling and 

transportation and might also be due to temperature abuse (Begum et al. 2010). 
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5.2.5 Vibrio cholera, Staphylococcus aureus and Histamine 

 Micro floral contaminations, even at very low counts can excelarate the decaying 

process, causing putrification and fish spoilage (Mossel et al., 2003; Black, 2009). V. 

cholera and S. aureus, in this study, were not noticed from any of fish sample collected 

from any fish sampling site. These findings are supportive to Khan et al. (2012), who 

reported similar results from Bangladesh. Dhanapal et al. (2013) also reported absence of 

V. cholera from L. rohita. In contradiction to this study however, Uddin and Al-Hrbi 

(2012) found both the bacteria i.e. V. cholera and the S. aureus from farmed Cyprinus 

carpio and Clarias gariepinus. Jeyasekaran and Ayyappan (2003) worked on 

microbiological quality of farmed L. rohita from India. They also found no V. cholera but 

S. aureus was noticed. Adebayo-Tayo et al. (2012) have also reported the presence of 

Staphylococcus spp. in freshwater catfish, Arius hendelotic from various markets of 

Akwa Ibom State, Nigeria. Begum et al. (2010) did a comparison of microbial quality of 

five fishes from two different markets. They found V. cholera absent in super shops but 

present in retail market. 

 Histamine was also not detected in this investigation from any of the fish samples, 

collected from all the four fish distribution points. It has seldom been found in fresh fish, 

except in the temperature abused, scombroid as well as the non-scombroid fish samples 

(Shakila et al., 2003). Contradictory to these findings, Berjia and Brimer (2013) noticed 

histamine in tilapia and catfish samples collected from main market of Ethopia. Jianadasa 

et al. (2014) also recorded the average level of histamine in yellowfin tuna and sailfish 

collected from retailers’ market, Sri Lanka, 29 and 28 µg/g, respectively. Histamine, a 

frequently found biogenic amine can cause food poisoning (Choudhury et al., 2008) and 

its high ingestion may lead to serious intoxications in humans (Ababouch et al., 1990; 

Emborg and Dalgaard, 2006). 
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 Fish farming and aquaculture, with 3-4 percent contribution in agriculture GDP, is 

amongst the important food growing sectors in Pakistan, having a significant economic 

impact on rural communities. Presently for fish culture, the extensive and semi-intensive 

type of pond polyculture system of indigenous major and exotic Chinese carps is being 

practiced; however, intensive aquaculture in ponds and cages is also becoming popular. 

Use of homemade and commercial fish feeds has also been started at limited levels. This 

intensification, due to high stocking density (Delgado et al., 2003) and use of commercial 

feeds can also raise the potential risk of microbial diseases in fish and ultimately to 

humans (Budiati et al., 2015). Hence, besides production, application of food safety and 

hygiene practices and procedures in fish farming and aquaculture business is also vital 

and essential, which need to be adopted (Delgado et al., 2003; Budiati et al., 2015), as 

inappropriate fish farming practices are may create food safety issues (Focdri et al., 

2005). 

 After death, fish deterioration and spoilage is predominantly instigated due to 

microbial growth, causing shortening of its shelflife (Mohammad and Hamid, 2011). The 

microbial load in fish largely depends on the aquatic environment, where fish grows, and 

the post-harvest handling (Shewan, 1977). In the existing marketing system of Pakistan, 

the inland fish, including farm produce, after harvest is being transported to a series of 

localized and metropolitan wholesale markets, and then to the retailers, for sale. It takes a 

long time of about 24-30 hours, to reach this fish from fish farms to end users i.e. the 

consumers. In this investigation, all the analyzed microbial loads in fish, increased with 

the increase in post-harvest time from fish farms to wholesale markets and the retailers’ 

shops, which were likely to be attributed to the contaminated handling due to poor 

hygienic conditions, prevailing during fish harvesting, transport and marketing (Mandal et 

al., 2009), and the temperature abuse due to non-existence of cold chain in the domestic 
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fish marketing system of inland fisheries (Begum et al., 2010). Most of the microbial 

parameters were quite within the acceptable range at fish farms and even at localized fish 

markets, but these crossed the permissible limits at main fish market and especially in 

retailers’ shops. This clearly has pointed out that there were some flaws in the system 

which need to identified and rectified as well, for provision of good quality fish to the 

consumers as per international fish quality and food safety standards (Table-5.3). 
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Table-5.3: Bacteriological criteria of permissible limits for whole/dressed/fillets, 

in  fresh, frozen and chilled fish and fish products:  

  

S.# Parameter Admissible Level Reference 

1. Aerobic Plate Counts  

5.00×10
5
 cfu/g 

5.00×10
5
 cfu/g 

5.00×10
5
 cfu/g 

ICMSF (1986) 

EU (2005) 

PFIQCR (1998) 

2. Total Coliform Counts 

100 MPN/g 

<100 MPN/g 

<100 MPN/g 

As defined by the 

Competent Authority 

IAMS (1962) 

ICMSF (1986) 

EU (2005) 

PFIQCR (1998) 

 

3. Faecal Coliform Counts 

11 MPN/g 

10 MPN/g 

10 MPN/g 

IAMS (1962) 

ICMSF (1986) 

EU (2005) 

4. Escherichia coli 
11 MPN/g 

<20MPN/g 

ICMSF (1986) 

PFIQCR (1998) 

5. Vibrio cholera 
<100 MPN/g 

Nil/g 

ICMSF (1986) 

FDA (1995) 

6. Staphylococcus aureus  
<100/g 

<100/g 

ICMSF (1986) 

PFIQCR (1998) 

7. Histamine 

50 mg/kg 

50mg/100g 

100 mg/kg 

200 mg/kg 

FDA (2011) 

EC (2005) 

EU (2013) 

FAO/WHO (2012) 

  
PFIQCR (1998)  = Pakistan Fish Inspection and Quality Control Rules, 1998. 

 FDA (1995)  = Food Administration Manual, 1995. 

ICMSF (1986)  = International Commission on Microbial Specifications for Foods, 1986. 

IAMS (1962)  = International Association of Microbiological Societies, 1962. 

 FAO/WHO (2012)     = Food and Agriculture Organization/Would Health Organization, 2012. 

 EC (2005) = European Commission, 2005. 

 EU (2013) = European Union, 2013. 

 Cfu = Caloney Forming Unit 

MPN         = Most Probable Number 
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5.3 Effect of Delayed Freezing Storage on Microbial Quality, Shelflife 

 and Histamine Production of Farmed Labeo rohita: 

 

5.3.1 Time Series Changes in Microbial Loads before Freezing 

 As said earlier, microbial quality of fish is influenced by a number of factors. 

Temperature is however among the major factors, affecting microbial loads on fish 

(Jeyasekaran et al., 2004). The oldest and operative method of post-harvest fish 

preservation is icing or freezing.  After catch, due to non-functioning of natural immune 

system of fish, any delay in icing/freezing, especially with inappropriate handling may 

result in increased microbial contamination and quality deterioration of fish 

(Balachandran, 2001; Shamsuzzaman et al., 2011). In this study all the detected microbial 

parameters increased consistently with the increase in time before freezing, which 

probably was attributed to temperature abuse (Stratev et al., 2015). In early hours after 

catch, the increase in microbial loads was slow and non-significant, however at later stage 

all the tested parameters showed significant increase in counts. APC increased from 

1.828×10
5 

to 2.234×10
6 

cfu g
-1

 during 24 h.  Razavilar et al. (2013) noted APC in fish 

collected directly from fish pond ranging 1.890×10
4
 to 7.440×10

4 
g

-1
,
 
while Begum et al. 

(2010) reported APC in Labeo rohita from market ranging 3.6×10
5
 to 3.5×10

7 
cfu g

-1
.
 
 

Their results were almost similar to the findings of this study. 

 TCC, FCC and E. coli were also present in farmed L. rohita when collected from 

fish farm and all showed a time series increase. FCC were foud lower than TCC at all 

intervals. Presence of TCC, FCC and E. coli in framed fish indicates the polluted aquatic 

environment of fish farms including faecal contaminations (Begum et al., 2010). These 

results are similar to the findings of other researchers who reported counts within similar 

ranges (Fatema, 2005; Das et al., 2007). These results also support the findings of 

Gonzalez-Fandos (2004) and Herrera et al. (2006). APC and TCC crossed acceptable 
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limits of ICMSF (1986) and EU (2005), before 24 h, while FCC and E. coli crossed the 

respective permissible limits before 16 h, which was likely to be attributed to temperature 

abuse and the improper post-harvest fish handling (Popvic et al., 2010) indicating 

parishibility of fish and fish products (Can, 2010). V. cholera and S. aureus, were not 

detected, which was a good signe as these fish spoilage bacteria also add in prompt and 

rapid degradation and deterioration of fish quality (Sallam, 2007). Histamine has also not 

been detected in tested samples of Labeo rohita. 

5.3.2 Effect of Delayed Freezing on Microbial Quality, Shelflife and 

Histamine Production of Labeo rohita During Storage 
  

 Though preservation of food items has long been in practice, however, under the 

modern busy age, it has now been adopted by the people, worldwide as an inevitable 

necessity (Pazos et al., 2005). Vegetables, fruits and meats are freezed and stored for 

weeks and months for commercial as well as the domestic use. Most of the food items, 

being perishable have relatively the reduced shelflife. Hence there is a need to enhance 

shelflife of food commodities with similar taste and the least change in sensory, microbial 

and nutritional properties during freezing storage. Fish is amongst the most perishable 

foods and is highly susceptible to chemical and microbial deterioration. Further, the 

ambient temperatures with rapid microbial growth, also add in quality degradation of fish 

(Balachandran, 2001; Roopma et al., 2013).  

 Icing, freezing and refrigeration are the effective fish preservation techniques; 

however, delayed freezing after catch and the inappropriate fish handling may raise 

quality and food safety issues (Hosseini, et al., 2013). As spoilage of fish is largely 

attributed to microbial growth, henceforth various microbial parameters can be taken as 

fish quality indexes (Mohammad and Hamid, 2011). In this study, the overall microbial 

loads increased with the increase delayed freezing as well as with the increase in frozen 
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storage duration. This increase in overall microbial loads was mainly because of growth 

stimulating effect of moisture and humid conditions during storage (Roopma et al., 2013). 

These results also support Ozogul et al. (2011) who reported considerable increase in 

microbial loads in common sole during 24 days storage period. 

 5.3.2.a Aerobic Plate Counts 

 Generally the level of microorganisms, in any of the food commodity, including 

fish and fish products is presented by the aerobic plate counts (APC), which characterize 

the quality, food safety, and shelflife of the product (Maturin and peeler, 1998). Under 

this investigation, increasing trend in APC was prominent with the increased delay in 

freezing, and also with the increase in freezing storage time. Bao et al. (2007) observed 

relatively a rapid microbial growth in freezed samples in comparison to the supper chilled 

fish samples. A similar increase in APC of fish muscles, stored at low temperature was 

noted by Obemeata et al. (2011), who opinioned that fish frozen, beyond -18
○
C may 

restrict APC, creating unfavorable conditions for microorganisms growth. Ozogul et al. 

(2011) also reported a significant increase in APC of Solea solea fish, during 24 days 

storage.  

 On day 0, the initial APC values showed non-significant increase with the delay 

from 0 to 8 and 16 hours, which became significant at the delay of 24 hours in freezing. 

Similar trends were observed for APC on the day 10, 20 and 30, during freezing storage. 

In 0 hours delay, the mean APC increased from 1.828×10
5
 to 1.748×10

6
 cfu g

-1
, crossing 

acceptable limits set by ICMSF (1986) on the day 30. This indicates that shelflife of 

immediately frozen fish, Labeo rohita, regarding APC at -12±2
○
C, was less than 30 days. 

APC in 8 and 16 hours delay cases, increased from 2.056×10
5
 and 2.768×10

5
 cfu g

-1
 to 

2.988×10
6
 and 7.352×10

6 
cfu g

-1
, crossing the permissible limit on the day 20 and 10, 
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respectively. In 24 hours delayed freezing, the APC values augmented from 2.234×10
6
 to 

2.382×10
7 

cfu g
-1

, which however had already crossed safe limits on the day 0. APC, in 

24 hours delayed samples, on all the analysis days were found significantly higher, when 

compared with samples of  0, 8 and 16 hours delays. 

 These results clearly advocate that food safety, quality, shelflife of fish mainly 

depends upon immediate and quick freezing after harvest. Gandotra et al. (2012
a
) also 

worked on microbial loads in Labeo rohita, stored at -12±2 
○
C and observed maximum 

APC (10
5
) on the day 21

st
 of the freezing storage. Similarly, Roopma et al. (2013) have 

reported APC, 8.7×10
6
 cfu g

-1 
in muscles of Wallago attu, stored at -12±2

○
C, on the day 

30, which had crossed acceptable safe limits on the day 20. Their findings were in 

agreement with the present work. Hosseini et al. (2013) have also suggested that the 

delayed icing and freezing of fish leads to a significant increase in TVC (total viable 

counts) freezing storage. Bakar et al. (2010) studied shelflife of Lates calcarifer, with 

delays of 0, 4 and 8 hours, at a temperature of 0 
○
C, and found TVC values reaching 

maximum in 12, 8, and 8, days, respectively. Hence, they reported a shorter shelflife 

contradictory to the present investigation.  

 5.3.2.b Total Coliform Counts and Faecal Coliform Counts 

 Presence of total and faecal coliforms in any food commodity is indicative of 

contaminated stuff of that food with pathogens, parasites and viruses (Shankar et al., 

2010). Under present study, T.C.C and FCC were positive in all the samples of different 

delayed groups of L. rohita, tested at various intervals, ranging from 6.88 to 141.76 MPN 

g 
--1

 and 3.44 to 64.04 MPN g 
--1

, while the permissible limits of FAO suitable for fish 

consumption are nil g
 -1

. This advocates poor fish farming practices probably using 

contaminated water and inputs like fish feed and fertilizers/manures. The prevailing fish 
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harvesting and post-harvest management techniques, being used for inland fisheries, also 

signpost the impending health concerns for end users (Hossain et al., 2015). Hasan et al. 

(2013) have reported TCC in flesh of fresh fish samples of H. molitrix and L. rohita, 515 

MPN g
-1

 and 603 MPN g
-1

, respectively, which were quite higher than the TCC found in 

present study from initial samples analyzed on day 0. Begum et al. (2010) worked on 

microbial counts during freezing storage and reported TCC above 240 MPN g
-1

 in Labeo 

rohita and Tilapia, which were higher than the present study, while the FCC observed by 

them were much lower than this study (below 15 MPN g
-1

).  

 Lowest mean TCC and FCC (6.88 and 3.44 MPN g
-1

), in this study, were 

observed in samples of 0 hours delay on day 0, while the maximum (252.00 and 99.40 

MPN g
-1

) were noted in samples of 24 hours delayed freezing, analyzed on the day 30. A 

continuous significant increase in TCC was seen on each 10 days interval, in delayed 

freezing groups of 0 and 8 hours, which became non-significant in delayed freezing 

groups of 16 and 24 hours. FCC also showed a significant increase at each interval in 

delayed freezing group of 0 hours; the other three groups i.e. 8, 16 and 24 hours, 

however, didn’t follow this pattern. Arannilewa et al. (2005) also reported increase in 

coliforms counts of Tilapia with increase in storage period. A similar intensifying trend in 

number of coliforms was noted in by Gandotra et al. (2013
b
) in H. molitrix, and by 

Meenakshi et al. (2015), in Labeo rohita, during 30 days storage at -12±2 
○
C. Gandotra et 

al. (2012
b
) checked the microbial quality of tilapia before and after storage. They also 

noted gradual increase in TCC during 21 days freezing storage, crossing the acceptable 

limit for human consumption on the day 14. Al-Jasser and Al-Jasass (2014) worked on 

chemical and microbial changes in a marine fish species, Spanish mackerel during 6 days 

chilling at 4
○
C and 7

○
C and found increase in Coliform faecals with increase in chilling 

time. They calculated shalflife 6 and 3 days at 4
○
C and 7

○
C, respectively.   
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 5.3.2.c Escherichia coli 

 E. coli are also considered as a good reflective of hygiene and quality of fish since 

1930s (Griffiths and Fuller, 1936) and under modern research, the level of E. coli is 

frequently used as a contingent parameter of microbial quality for fish and other 

perishable food commodities, especially concerned with feacal contaminations (Silva and 

Hofer, 1993; Jeyasanta et al., 2012). In this study E. coli were also detected in almost all 

the tested samples, indicating the meager sanitary conditions prevailing in the system. 

Razavilar et al. (2013) worked out E. coli occurrence in 47.61% of the total samples of 

the Chinese carp, H. molitrix; however, the number of E. coli found in their study, 

ranging from 0.92 to 3.42 MPN g 
-1

, was quite lesser than the present results. E. coli also 

revealed steady increase in number, in all the four delayed freezing groups with the 

increase in duration of storage. These results are descriptive of the fact that the microbial 

growth of contaminated food stuff can’t be stopped with freezing but can just only be 

slowed down, making the fish less prone to the degradation and spoilage (Lawrie, 1998; 

Meenakshi et al., 2015).  

 5.3.2.d Vibrio cholera, Staphylococcus aureus and Histamine 

 Presence of pathogenic bacteria, like Vibrio cholera and Staphylococcus aureus, 

in fish is causative of putrification (Al-Jasser and Al-Jasass, 2014). Fish collected from 

contaminated environment and inadequately preserved may have Vibrio spp. 

contaminations (Baffone et al., 2000). V. cholera and S. aureus were not detected during 

this study in any group, indicating good quality of frozen stored fish with reference to 

both of these bacteria. Liston (1980) has also suggested absence of coliforms, E.coli, V. 

cholera, S. aureus and Enterococci in good quality fish. These bacteria, once found in 

fish, can not be stopped to grow, however their multiplying rate may only be reduced 
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with quick and effective freezing, creating unfavouring environment for those bacteria. 

Al-Jasser and Al-Jasass (2014) have also reported consistant increase S. aureus levels 

with the increased storage time in refrigerator. Findings of this envestigation are 

supportive to the findings of Jan et al. (2014) who also did not observe S. aureus in Labeo 

rohita and Wallogo attu. 

 In this study, no histamine was detected in any sample of L. rohita in any delayed 

group, at any day of analysis during the total period of storage. Karmi (2014) worked on 

histamine production in some marine fish species and observed 53.30 percent, 20.00 

percent and 26.60 percent of samples of mackerel, sardine and tuna fish, free of 

histamine, respectively. This was a good sign regarding quality of fish, because histamine 

produced by microbial decarboxylation of histidine amino acid, can also be a source of 

fish intoxication and spoilage (Askar and Treptow, 1986). Histamine level in fish, above 

20 mg/kg is considered hazardous because of its adverse effects on the consumers 

(Jeyasanta et al., 2015). Intoxication of fish by histamine is further enhanced due to 

presence of some other biogenic amines like cadaverine and putrescine (Huang et al. 

2010). Berjia and Brimer (2013) worked on histamine detection in freshwater fish species 

and found histamine in all the sampled specimens of barbus, tilapia and catfish, ranging 

from 1.3 to 290 mg/100 g. 21 percent of the fish samples in their study were beyond the 

acceptable limits, having histamine, above 50 mg/100 g (EU, 2005). 

 These results indicate that the microbiological quality of Labeo rohita, the most 

popular amongst the cultured fish species of Pakistan, deteriorates constantly after the 

catch and even during the freezing storage. The shelf life of fish, due to this phenominan 

is shortened. The delay in freezing storage, further results in microbial development and a 

steady increase in microbial counts, which have adverse effects on microbial quality and 

shelf life of fish.  
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CHAPTER VI 

CONCLUSION 
 

 This study demonstrated that farmed carps at all sampling sites were contaminated 

with all three tested non-biodegradable heavy metals, having accumulation order of lead, 

followed by chromium and the cadmium, which was indicative of the polluted aquatic 

environment of fish farms. Accumulation of lead, in all experimental fish species, 

collected from all sampling sites was observed above and beyond the permissible limits 

of FAO/WHO (0.123 µg g
-1

), which apprehends a potential risk for humans as the 

prolonged eating of lead contaminated fish may pose serious health hazards. Individually, 

the species wise heavy metals assimilation was almost similar with non-significant 

variations; however, L. rohita and H. molitrix, had slightly higher metal concentrations 

compared to other fish species, probably due to varied ecological needs and the feeding 

patterns. 

 Under this investigation, microbial loads including APC, TCC and FCC were 

detected from all four sampling sites while E. coli were detected only fromtwo sites, i.e. 

main fish market and the retailer’s shops. Presence of TCC and FCC in farmed fish even 

at fish farms again indicates the deteriorated quality of water being used for fish ponds, 

having faecal contaminations.  Similarly the development of E. coli at marketing point, 

which initially were absent in samples at fish farms, clearly advocates the unhygienic 

environment in our fish markets. A consistent increase in all detected microbial 

parameters, from fish farms to wholesale chain of markets and the retailer’s shops, was 

observed which constantly deteriorated microbial fish quality. At fish farms all the 

microbial parameters were within the permissible limits, while at the retailer’s shops all 
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the detected microbial parameters were gone above and beyond the suitable ranges set by 

FAO/WHO, for fish consumption. This has also pointed out the prevalence of poor 

marketing conditions and contaminated post-harvest handling and transportation. 

Absence of some pathogenic bacteria and non-production of histamine at various 

marketing points was however, a good sign. Delayed freezing also indicated adverse 

effects on microbial quality of Labeo rohita, before, as well as during the storage. The 

Delay in freezing resulted into constant loss of quality and the shelflife of fish.  

 It can be concluded that quality of the marketed fish at different marketing 

channels was upto the mark to meet the international quality and the food safety 

standards. However, with certain improvements in fish farming practices, harvesting and 

postharvest management and the introduction of cold chain and standard hygiene during 

fish transportation and marketing a quality fish can be provided for export fish marketing 

as well as for the domestic consumers. 

6.1 Recommendations: 

 On the basis of investigations made under this study regarding heavy metals bio-

accumulation and post-harvest changes in microbial loads in farmed carps and the effects 

of delayed freezing on microbial quality and shelflife of Labeo rohita, during storage, the 

recommendations are as under: 

6.1.1 Short-Term 

 Heavy metals analysis of water and fish of main fish farming areas of the province 

to assess the risk level and detection of major sources of these metals 

 Adoption of immediate remedial measures on bioaccumulation of lead and other 

heavy metals (if any) in farmed fish to avoid potential health hazards  
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 Use of appropriate tools and implements in fish harvesting, handling, 

transportation and marketing as per international standards. Aluminium, steel or 

plastic containers should be used rather than bamboo or wooden baskets.  

 Fish harvesting operations preferably should be conducted early in morning, 

during low temperature hours to reduce microbial and enzymatic activities  

 Harvested fish stocks should not be unloaded on grassy or muddy places to avoid 

contaminations   

 Proper and immediate cleaning/washing of fish after catch before degutting/ 

postmortem 

 Provision of quick cooling to harvested fish, preferably using flake ice during 

transportation and marketing 

 Proper cleaning and washing of fish landing centers, fish handling tools, 

transportation vans and fish marketing places on daily basis during fishing season 

 Preparation and implementation of fish quality control rules by regulatory 

authorities for strict observance of hygiene and SPS measures in wholesale and 

the retail markets 

 Short-term freezing storage of fish above -12
○
C is advisable and the short storage 

at low temperatures is not recommended 

6.1.2 Long-Term 

 Geo-mapping of inland natural as well as privately owned aquatic resources of the 

Punjab Province, regarding heavy metals pollution for future aquaculture and 

agriculture development 

 Introduction and application of Good Aquaculture Practices (GAqP) for quality 

fish production as per international standards 
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 Awareness, mass motivation and capacity building of all stakeholders including  

fish producers, traders and fisheries officers on FAO/WHO guidelines and 

protocols like HACCP, SPS, Codex alimentarius and other quality assurance 

tools. with the technical assistance of FAO and other international organizations 

 Like poultry and other meat products, introduction of cold chain in fisheries 

business from farm to wholesale marketing chain and the retailers  

 Establishment of State of the Art dissemination fish markets in the metropolitan 

cities of the province by the government, to run these under Public Private 

Partnership 

 Introduction of fish processing establishments and value addition for fish 

conservation in the form of canned, whole frozen, fish fillets and nuggets etc. for 

round the year availability at big shopping malls and initiation of export fish 

marketing           

 

 

 

 

 

 

 

 

 

 



162 
 

CHAPTER VII 

REFERENCES 
 
 

ABABOUCH, L., M. E., AFILAL, S., RHAFIRI AND F. F. BUSTA. 1990. Identification 

 of histamine-producing bacteria isolated from sardine (Sardina pilchardus) stored 

 in ice and at ambient temperature (25°C). Food Microbiol., 8: 127-136. 

ABBAS, K. A., S. M. SAPUAN AND A. S. MOKHTAR. 2006. Shelf life assessment of 

Malaysian Pangasius sutchi during cold storage, Sadhana, 31(5): 635-643. 

ABBAS-ALKARKHI, F. M., N. ISMAIL AND A. M. EASA. 2008. Assessment of 

 arsenic and heavy metal contents in cockles (Anadara granosa) using multivariate 

 statistical techniques. J. Hazar. Mater., 150: 783-789. 

ABDALLAH, A. M. 2008. Trace element levels in some commercially valuable fish 

 species from coastal waters of Mediterranean Sea, Egypt. J. Marine Sys., 73 (1-2): 

 114-122. 

ABDEL-BAKI, A. S., M. A. DKHIL AND S. AL-QURAISHY. 2011. Bioaccumulation 

 of some heavy metals in tilapia fish relevant to their concentration in water and 

 sediments of Wadi Hanifah, Saudi Arabia. Afr. J. Biotechnol. 10(13): 2451-2541. 

ACHINEWHU, S. C. AND C. A. OBOH. 2002. Chemical, microbiological, and sensory 

properties of fermented fish products from Sardinella sp. in Nigeria. J. Aquat. 

Food Prod. Technol., 11: 53-59. 

ADAM, A. J., W. J. TOBAIAS. 1999. Red Mang rove prop-root habitat as a finfish 

 nursery area; a case study of salt rivea bay, st. Croix, USVI. Proc. Gulf Caribb fish 

 inst., 46: 22-46. 

ADAMS, R. H., F. J. G. OSORIO AND J. Z. CRUZ. 2008. Water repellency in oil 

 contaminated sandy and clayey soils. Int. J. Environ. Sci. Tech., 5(4): 445-454. 



163 
 

ADEBAYO-TAYO, B. C., N. N. ODU, N. J. P. N. IGIWILOH AND I. O. OKONKO. 

 2012. Microbiological and Physicochemical Level of Fresh Catfish (Arius 

 hendelotic) from different Markets in Akwa Ibom State, Nigeria. New York 

 Sci. J., 5 (4): 46-52.  

ADEFEMI, O. S., O. OLAOFE AND S. S. ASAOLU. 2007. Seasonal variation in heavy 

metal distribution in the sediment of major dams in Ekiti-State, Pakistan J. Nutri., 

6 (6): 705-707. 

AFSHAN, S., S. ALI, U. S. AMEEN, M. FARID, S. A. BHARWANA, F. HANNAN 

 AND R. AHMAD. 2014. Effect of Different Heavy Metal Pollution on Fish. 

 Research J. Chem. and Environ. Sci., 2014: 35-40.     

AGENCY FOR TOXIC SUBSTANCE AND DISEASE REGISTRY, ATSDR. 2007. 

Toxicological profile for lead, U. S. Department of Health and Human Services, 

public health service, centers for disease control, Atlanta, GA. pp. 403-413. 

AGENCY FOR TOXIC SUBSTANCE AND DISEASE REGISTRY, ATSDR. 2012. 

Toxicological profile for cadmium (Public Health Statement). U. S. Department of 

Health and Human Services, public health service, centers for disease control, 

Atlanta, GA. pp. 1-10. 

AHMED, Q., L. BAT AND F. YOUSAF. 2015. Accumulation of Heavy Metals in 

 Tissues of Long Tail Tuna from Karachi Fish Harbour, Pakistan. Aqu. Sci. 

 and Technol., 3 (1): 103-115. 

AJAYI, A.O. 2012. Bacterial Study of Catfish, Claria gariepinus, from Fish Pond Sources 

 in Akungba-Akoko Community, Nigeria. British Microbiol. Res. J., 2(1): 1-9.  

AJIBOYE, O. O., A. F. YAKUBU AND T. E. ADAMS. 2011. A Review of Polycyclic 

 Aromatic Hydrocarbons and Heavy Metal Contamination of Fish from Fish 

 Farms. J. Appl. Sci. Environ. Manage., 15 (1): 235-238. 



164 
 

AKBULUT, A. AND N. E. AKBULUT. 2010. The study of heavey metal pollution and 

 accumulation in water, sediment, and fish tissue in Kizihrmak River Basin in 

 Turkey. Environ. Manit Assess., 167:521-526. 

AKPANYUNG, E. O., U. M. EKANEMESANG, E. I. AKPAKPAN AND N. O. 

 ANADOZE. 2014. Levels of heavy metals in fish obtained from two fishing sites 

 in Akwa Ibom State, Nigeria. Afri. J. Environ. Sci. Technol., 8(7): 416-421. 

AKTAR, M. W., M. PARAMASIVAM, M. GANGULY, S. PURKAIT AND D. 

 SENGUPTA. 2010. Assessment and occurrence of various heavy metals in 

 surface water of Ganga River around Kolkata: a study for toxicity and ecological 

 impact. Environ. Monitor. Assess., 160 (1-4): 207-213. 

ALBERTO. PEDROSA-MENABRITO AND M. R. JOE. 1988. Shelf-life of fresh fish-A 

 review part 1-spoilage fish. J. Food Quality, 11: 117-127. 

AL-JASSER, M. S. AND F. M. AL-JASASS. 2014. Study the Chemical, Physical 

 Changes and Microbial Growth as Quality Measurement of Fish. Annual Res. 

 and Rev. in Bio., 4 (9): 1406-1420. 

ALPARSLAN, Y., H. HASANHOCAOGLU, C. METIN AND T. BAYGAR. 2014. 

 Determination of meat quality of sea bass (Dicentrachus labrax) sold at different 

 selling areas. Emirates J. Food and Agri., 26 (3): 293-301. 

AL-WEHER, S. M. 2008. Levels of heavy metal Cd, Cu and Zn in Three Fish Species 

 Collected from the Northern Jordan Valley, Jordan. Jordan J. Biolo. Sci., 1 (1): 

 41-46. 

AL-YOUSUF, M. H., M. S. EL-SHAHAWI AND S. M. AL-GHAIS. 2000. Trace metals 

 in liver, skin and muscle of Lethrinus lentjan fish species in relation to body 

 length and sex. Sci. Total Environ., 256: 87-94. 



165 
 

AMARANENI, S. R. 2006. Distribution of pesticides, PACs and heavy metals in prawn 

 ponds near Kolleru Lake wetland, India. Environ. Int., 32(3):294-302. 

AMEC., 2003. Management of wastes from Atlantic seafood processing operations. 

 AMEC Earth and Environmental Limited, Dartmouth, Nova Scotia, Canada. 

 http://aczisc.dal.ca/nparpt. pdf. 

AMOS, B. 2007. Analysis of quality deterioration at critical steps/points in fish handling 

 in Uganda and Iceland and suggestions for improvement. United Nations 

 University, Uganda. http://www.unuftp.is/static/fellows/document/amos 06prf.pdf  

ANSARI, F. A., K. A. ABBAS AND M. M. H. AHMAD. 2004. A correlation between 

thermal diffusivity variation and quality of cold preserved fish. ASEAN J. Sci. 

Technol. Dev., 21:1-10. 

ANSARI, T. M., S. MAHBOOB, T. HANIF, M. ARIF AND A. SALAM. 2005. Dry 

 ashing or wet digestion? A comparative study for estimation of zinc and calcium 

 in freshwater fish samples by atomic absorption spectrometry. J. chem. Soc. 

 Pakistan, 27: 90-94. 

ANTHONY, O. R. AND J. A. AKINWUMI. 1991. Supply and distribution of fish in 

 Ibadan, Nigeria. Geogeogr. J., 14(2): 16. 

AOAC. 2012. Association of Official Analytical Chemist. 19th Ed., Gaithersburg, MD, 

USA, AOAC. (CH#17, 17.02.01, Method 966.23, P 4-5). 

AOKI, T. AND R. UENO. 1998. Involvement of cathepsins B and L in the post-mortem 

autolysis of mackerel muscle, Food Res. Int., 30: 585-591. 

ARANNILEWA, S. T., S. O. SALAWU, A. A. SORUNGBE O. B. B SALAWU. 2005. 

 Effect of frozen period on the chemical, microbial and sensory quality of frozen, 

 tilapia fish (Sarotherodun galiaenus). Afric J. Biotech., 4(8): 852-855. 

http://aczisc.dal.ca/nparpt.%20pdf
http://www.unuftp.is/static/fellows/document/amos%2006prf.pdf


166 
 

ARANTES, F. P., L. A. SAVASSI, H. B. SANTOS, M. V. T. GOMES AND N. 

 BAZZOLI. 2016. Bioaccumulation of mercury, cadmium, zink, chromium and 

 lead in muscles, liver, and spleen tissues of a large commercially valuable catfish 

 species from  Brazil. An. Acad. Cienc., p. 1-11. 

AREFIN, M. S., M. K. H. KHAN, N. I. TANU AND R. NOOR. 2014. Microbiological 

 Assessment of Six Types of Selected Fishes Collected From Four Different 

 Markets in Dhaka City. J. Global Biosci., 3 (1): 366-373. 

ARIF JAN, A., Z. HASAN, H. SHAH, R. ULIAH, I. AHMAD AND M. YOUNAS. 

 2014. An Investigation of the Bacterial Flora Causing Spoilage of Fishes at Board 

 Fish Market, Peshawar, Pakistan. Pakistan J. Zool., 46 (5): 1371- 1375. 

ASAOLU, S. S., K. O. IPINMOROTI, O, OLAOFE AND C. E. ADEEYINWO, 1997. 

 Seasonal Variation in heavy metal distribution in sediments from Ondo State 

 Coastal area. Ghana J. Chem., 3: 11-14. 

ASHRAF, M., J. TARIQ, AND M. JAFFAR. 1991. Contents of trace metals in fish, 

 sediments and water from three freshwater reservoirs on the Indus River, Pakistan. 

 Fisher. Res., 12: 355-364. 

ASHRAF, W., 2005. Accumulation of heavy metals in kidney and heart tissues of 

 Epinephelus Microdon fish from the Arabian Gulf. Environ. Monitor. Assess., 

 101: 311-316. 

ASHRAF, W., Z. SEDDIGI, A. ABULKIBISH AND M. KHALID. 2006. Levels of 

selected metals in canned fish consumed in Kingdom of Saudi Arabia. Environ. 

Monit. Assess. 117: 271-279. 

ASKAR, A AND H. TREPTOW, 1986. Biogenic amines in lebensmitteln. In A. Askar & 

H. Treptow (Eds.) Vorkommen, bedeutung and bestimmung, pp: 21-74. 



167 
 

ASTAWAN, M. AND Y. IKAN, Y. 2004. Sedap dan bergizi. Penerbit Tiga Serangkai. 

 Solo. 

ASTM 2002, Emergency Standard Guide for Risk-Based Corrective Action Applied at 

 Petroleum Release Sites, American Society for Testing and Materials. 

ATTARAN R. R. AND F. PROBST. 2002. Histamine fish poisoning: a common but 

 frequently undiagnosed condition. Emerg Med J., 19: 474-475. 

AUBOURG, S. P., F. ALONSO AND J. M. GALLARDO. 2004. Studies on rancidity 

inhibition sin frozen horse mackerel (Trachurus trachurus) by citric and ascorbic 

acids. Europ. J. Lipid Sci. and Technol., 106: 232-240. 

AUTHMAN, M. M. N., M. S. ZAKI, E. A. KHALLAF AND H. H. ABBAS. 2015. Use 

 of Fish as Bio-indicator of the Effects of Heavy Metals Pollution. J. Aqua. Res & 

 Dev., 6 (4): 1-13. 

AYELOJA, A. A., F. O. A. GEORGE, A. Y. SHORINMADE, W. A. JIMOH, Q. O. 

 AFOLABI AND K. D. OLAWEPO. 2014. Heavy metal concentration in selected 

 fish species from Eleyele Reservoir Ibadan Oyo State South-western Nigeria. 

 Afrc. J. Env. Sci. Technol., 8 (7): 422-427. 

BAETJER, A.M., J. F. LOWNEY, H. STEFFEE. 1959. Effects of Chromium on 

 Incidence of Lung Tumors in Mice and Rats. Arch. Indus. Health, 20: 124-135. 

BAFFONE, W., A. PIANETTI, F. BRUSCOLINI, E. BARIERI AND B. CITTERIO. 

 2000. Occurrence and expression of virulence-related properties of Vibrio species 

 isolated from widely consumed seafood products. Int. J. Food Microb., 54 (1-2): 

 9-18. 

BAIRD-PARKER, T. C. 2000. The Production of Microbiologically Safe and Stable 

 Foods. In: The Microbiological Safety and Quality of Food, Lund, B.M. and T.C. 



168 
 

 Baird-Parker (Eds.). Aspen Publishers Inc., Gaithersburg, MD., USA, ISBN: 

 0834213230, pp: 3-18. 

BAKAR, J., A. YASSORALIPOUR, F. A. BAKAR AND R. A. RAHMAN. 2010. 

 Biogenic amine changes in barramundi (Lates calcarifer) slices stored at 0
○
C and 

 at 4
○
C. Food Chem., 119: 467-470. 

BALACHANDRAN, K. K. 2001. Post-harvest technology of fish and fish products; Daya 

Publishing  House. Delhi, India.  

BAM. 1998. Bacterial Analytical Manual. 8th Ed. U.S. Department of Health and Human 

Services (online). 

BAO, H. N. D., S. ARASON AND K. A. IORARINSDOTTIR. 2007. Effect of Dry Ice 

 and Superchilling on Quality andhelf life of Arctic Charr (Salvelinus alpinus) 

 Fillets, Int. J. Food Engin., 3(3)/7: 1-27. 

BARBEE J. Y. AND T. S. PRINCE. 1999. Acute respiratory distress syndrome in a 

 welder  exposed to metal fumes. South Med. J., 92: 510-12. 

BARENDSZ, A.W. 1998. Food safety and total quality management. Food Control,  

 9 (2-3): 163-70. 

BARKA, S. J. F. PAVILLON, J. C. AMIARD. 2001. Influence of different essential and 

non-essential metals on MTLP levels in the copepod Tigriopusd brevicornis 

Biochemistry and Physiology Part C: Toxicol. Pharmacol. 128: 479-493. 

BAUVAIS, C., S. ZIRAH, L. PIETTE, F. CHASPOUL AND I. D. COULON. 2015.

 Sponging up metals: Bacteria associated with the marine sponge Spongia 

 officinalis. Mar. Environ. Res., 104: 20-30. 

BEGUM, M., A. T. ABU-AHMED, M. DAS AND S. PARVEEN. 2010. A Comparative 

 Microbiological Assessment of Five Types of Selected Fishes Collected from two 

 Different Markets. Adv. Biolog. Res., 4: 259-265. 



169 
 

BENADUCE, A. P. S., D. KOCHHANN, E. M. M. FLORES, V. L. DRESSLER, AND 

 B. BALDISSEROTTO. 2008. Toxicity of cadmium for silver catfish Rhamdia 

 quelen (Heptapteridae) embryos and larvae at different alkalinities. Arch Environ 

 Contam Toxicol., 54: 274-282. 

BEN-GIGIREY, B., D. E. BAPTISTA, J. M. V. SOUSA, T. G. VILLA. AND J. 

 BARROS-VELAZQUEZ. 1998. Changes in biogenic amines and microbiological 

 analysis in albacore (Thunnus alalunga) muscle during frozen storage. J. Food 

 Prot., 61: 608-615. 

BEN-GIGIREY, B., D. E. BAPTISTA, J. M. V. SOUSA, T. G. VILLA. AND J. 

 BARROS-VELAZQUEZ.1999. Histamine and cadaverine production by bacteria 

 isolated from fresh and frozen albacore (Thunnus alalunga). J. Food Prot., 62: 

 933-939. 

BENJAMIN, M. M. AND A. R. DATTA. 1995. Acid tolerance of enterohemorrhagic 

 Escherichia coli. App. Environ. Microbiol., 61: 1669-1672. 

BENNET-CHAMBERS, M., P. DAVIES AND B. KNOTT. 1999. Cadmium in aquatic 

 ecosystem in Western Australia: A legacy of nutrient-deficient soils. J. Environ. 

 Manag., 57: 283-295.  

BENTLEY, R. AND R. MEGANATHAN. 1982. Biosynthesis of vitamin K 

 (menaquinone) in bacteria. Microbiol. Rev., 46 (3): 241-280. 

BERJIA, F. L. AND L. BRIMER. 2013. Determination of Histamine in Freshwater Fish 

 Using ELISA Method: A Food Safety Concern. American-Eurasian J. Toxicol. 

 Sci., 5 (4): 94-96. 

BERKEL, B. M., B. V. BOOGAARD AND C. HEIJNEN, 2004. Preservation of Fish and 

 Meat. Agromisa Foundation, Wageningen, The Netherlands, ISBN:  

 90-72746-01-9 pp: 78-80. 



170 
 

BLACK, K. D. 2009. Aquaculture, innovation and social transformation. The 

 International Library of Environmental, Agricultural and Food Ethics., 17, 97-113. 

BOITEANU, C. N., M. MANTHEY-KARL, H. KARL, C. MEYER AND C. SAVU. 

 2014. Proximate composition, microbiological quality and sensory attributes of 

 Mahi-mahi (Coryphaena hippurus) and Emperor Sea Bream (Lethrinus spp.) 

 fillets sold on retail market. Bulletin UASVM Food Sci. and Technol., 71(2): 

 89-95. 

BOON, J. H. AND E. A. HUISMAN. 1996. Viral, bacterial and fungal diseases of 

 Siluroidei, cultured for human consumption. Aquat. Living Resor., 9: 153-164. 

BORDOLOI, R., A. U. MUZADDADI AND S. GANGULY. 2014. Microbiological, 

 Biochemical, Sensory and Quality characteristics of Rohu (Labeo rohita) 

 Marketed at Battala Fish market (Agrtala Tripura) and Highlight on the 

 Hygiene Status of the Market. Asian J. Med. and Pharma. Sci., 2 (1): 42-50. 

BOTTA, J. R., 1995. Evaluation of Seafood Freshness Quality. VCH Publishers;  

 New York. 

BREMNER, H. A. 2002. Safety and quality issues in fish processing. USA: CRC Press 

 LLC. 

BROEKAERT, K., M. HEYNDRICKX, L. HERMAN, F. DEVLIEGHERE AND G. 

 VLAEMYNCK. 2011. Seafood quality analysis: Molecular identification of 

 dominant microbiota after ice storage on several general growth media. Food 

 Microbiol., 28 (6): 1162-1169. 

BRYAN, G. AND W. J. LANGSTON. 1992. Bioavailability, accumulation and effects of 

heavy metals in sediments with special reference to United Kingdom estuaries: a 

review. Environ Pollut., 76: 89-131. 



171 
 

 BUDIATI, T., G. RUSUL, W. N. WAN-ABDULLAH, R. AHMAD AND Y. M. ARIP. 

 2015. Microbiological quality of catfish (Clarias gariepinus) and Tilapia (Tilapia 

 mossambica) obtained from wet markets and ponds in Malaysia. J. Aqua. 

 Research & Development, 6 (1):1-5. 

BUSCA, G., S. BERARDINELLI, C. RESINI AND L. ARRIGHI. 2008. Technologies 

 for the removal of phenol from fluid streams: a short review of recent 

 developments. J. Hazar.  Mater., 160 (2-3): 265-288. 

BUSHRA, K., K. HIZBULLAH, S. MUHAMMAD, AND T. KHAN. 2012. Heavy 

 Metals Concentration trends in three fish species from Shah Alam River (Khyber 

 Pakhtunkhwa Province, Pakistan). J. Nature & Environ. Sci., 3 (1): 1-8. 

BUTT, A. A., K. E. ALDRIDGE, and C. V. SANDERS. 2004. Infections related to the 

 infection of seafood. Part-1, viral and bacterial infections. Lancet Infect. Dis. 4: 

 201-212. 

CAMPBELL, K. R. 1995. Bioaccumulation of heavy metals in fish living in storm water 

treatment ponds. Technical Publication SJ95-1. St. Johns River Water 

Management District, Palatka, Florida. 

CAN, O. P. 2010. Evaluation of the microbiological, chemical and sensory quality of carp 

 processed by the sous vide method. Int. J. Agricul. and Biol. Sci., 1 (2): 99-104. 

CANLI, M. AND G. ATIL. 2003. The relationships between heavy metal (Cd, Cr, Cu, 

 Fe, Pb, Zn) levels and the size of six Mediterranean fish species. Environ. Pollut., 

 121: 129-136. 

CANLI, M. AND M. KALAY, 1998. Levels of heavy metals (Cd, Pb, Cu, Cr and Ni) in 

tissue of Cyprinus carpio, Barbus carpio and Chondrostoma regium from the 

Seyhan River, Turkey. Turkish J. Zool., 22: 149-157. 



172 
 

CAPPELN, G., J. NIELSEN AND F. JESSEN. 1999. J. Sci. Food and Agri.,  

79(8):1099-1104. 

CENTER FOR DISEASE CONTROL AND PREVENTION (CDC). 2005. Escherichia 

 coli. Available at:http/www.cdc.gov/ncidod/dbmd/diseaseinfoescherichiacolig.htm. 

CENTERS FOR DISEASE CONTROL AND PREVENTION (CDC). 2009. Preliminary 

 Food Net data on the  incidence of infection with pathogens transmitted 

 commonly through food. United States, 2009. MMWR, 59 (14): 418-22. 

CENTERS FOR DISEASE CONTROL AND PREVENTION. Surveillance for 

 Foodborne Disease Outbreaks: United States, 2006. MMWR, 2009. Jun 12;  

 58 (22): 609-615. 

CHANDRA SEKHAR, K., N. S. CHARY, C. T. KAMAL, D. S. SUMAN RAJ AND 

 A. SRINIVAS RAO. 2004. Fractional studies and bioaccumulation of sediment 

 bound heavy metals in Kolleru Lake by edible fish. Environ. Int. 29 (7): 

 1001-1008. 

CHATTOPADHYAY, B., A. CHATTERJEE AND S.K. MUKHOPAHYAY, 2002. 

Bioaccumulation of metals in the East Calcutta wetland ecosystem. Aquat. 

Ecosys. Health Manag., 5(2): 191-203. 

CHEN, H., Y. HUANG, H. HSU, C. LIN, W. CHEN, C. LIN AND Y. TSAI, 2010. 

 Determination of histamine and biogenic amines in fish cubes (Tetrapturus 

 angustirostris) implicated in a foodborne poisoning. Food Control., 12: 13-18. 

CHONG, C.Y., F. ABU BAKAR, A.R. RUSSLY, B. JAMILAH AND N.A. 

 MAHYUDIN, 2011. The effect of food processing on biogenic amines formation. 

 Int. Food Res. J., 18 (3): 867-876. 

CHOUDHURY, M., M. KUMAR SAHU, K. SIVAKUMAR, T. THANGARADJOU 

 AND L. KANNAN. 2008. Inhibition of Actinomycetes to histamine producing 



173 
 

 bacteria associated with Indian Mackerel fish (Rastrellinger kanagurata Cuvier, 

 1816). J. Fisher. and Aqu. Sci., 3 (2): 126-136. 

CIESLIK I. AND W. MIGDA. 2011. Biogenic amines in food. Bromat Chem Toksykol, 

 44: 1087-1096. 

COHEN, J. AND H. I. SHUVAL. 1973. Coliform, fecal coliform and fecal streptococci 

 as indicators of water pollution. Water Soil Pollution, 2: 85-95.  

COHEN, M. D., J. T. ZELIKOFF, L.C. CHEN AND R. B. SCHLESINGER. 1998. 

 Immunotoxicologic effects of inhaled chromium: Role of particle solubility and  

 co-exposure to ozone. Toxicolo. App. Pharmaco., 152: 30-40. 

CONACHER, H. B., B. D. PAGE AND J. J. RYAN. 1993. Industrial chemical 

 contamination of foods, (Review). Food Addit. Contam. 10 (10):129-143. 

CYPRIAN, O. O., K. SVEINSDOTTIR, H. MAGNUSSON AND E. 

 MARTINSDOTTIR.  2008. Application of Quality Index Method (QIM) Scheme 

 and Effects of Short-Time Temperature Abuse in Shelf Life Study of Fresh 

 Water Arctic Char (Salvelinus alpinus). J. Aquatic Food Product Technol., 17 (3): 

 303-321. 

DALGAARD, P., H. L. MADSEN, N. SAMIEIAN AND J. EMBORG. 2006. Biogenic 

 Amine formation and microbial spoilage in chilled garfish (Belone belone) effect 

 of modified atmosphere packaging and previous frozen storage. J. Applied 

 Microbiol.,101: 80-95. 

DARAMOLA, J. A., F. O. ALAO, S. A. OSEFERO AND O. O. WEMIMO. 2014. 

 Assessment of the Microbial and Sensory Qualities of Smoked African Catfish 

 (Clarias gariepinus). J. Agri. and EnviroN. Sci., 3 (1): 11-22.  

DAS, M. F., HAFIZ, M. K. AHMED AND S. PARVEEN. 2007. Microbiological 

 analysis of some raw fish samples. Bangladesh. J. Microbiol., 24 (1): 67-69. 



174 
 

 DELGADO, C. L., N. WADA, M. W. ROSEGRANT, S. MEIJER AND M. AHMED. 

 2003. The future of fish issues and trends to 2020. International Food Policy 

 Research Institute, Washington DC, USA. 

DHANAPAL, K., K. SRAVANI, A. BALASUBRAMANIAN AND G.V.S. REDDY. 

 2013. Quality determination of rohu (Labeo rohita) during ice storage. Tamil J. 

 Vet. and Ani. Sci., 9(2): 146-152. 

DIRILGEN, N. 2001. Accumulation of heavy metals in freshwater: Assessment of toxic 

 interactions. Turk. J. Chem. 25(3):173-179. 

DURAL, M., M. Z. L. GOKSU AND A. A. OZAK, 2007. Investigation of heavy metal 

levels in economically important fish species captured from the Tuzla Lagoon. 

Food Chem., 102: 415-421. 

EBRAHIMI, M. AND M. TAHERIANFARD. 2011. The effects of heavy metals 

 exposure on reproductive systems of cyprinid fish from Kor River. Iran J Fish 

 Sci., 10: 13-24. 

ECONOMOU V., M. BRETT, C. PAPADOPOULOU, S. FRILLINGOS, T. NICHOLS. 

 2007. Changes in histamine and microbiological analyses in fresh and frozen tuna 

 muscle during temperature abuse. Food Additives Contam, 24: 820-832. 

EITENMILLER, R., J. ORR AND W. WALLIS. 1982. Histamine formation in fish: 

 microbiological and biochemical conditions. In: Chemistry and biochemistry of 

 marine food products. MARTIN, R., FLICK, G., HEBARD, C. AND WARD, D. 

 AVI publishing, Westport, CT.1982; pp: 39-50. 

ELDER, J. F. AND J. J. COLLINS. 1991. Freshwater molluscs as indicators of 

bioavailability and toxicity of metals in surface systems. Rev. Environ. Contam. 

Toxicol. 122: 37-79. 



175 
 

EL-SHAFAI, S. A., H. J. GIJZEN, F. A. NASR AND F. A. EL- GOHARY. 2004. 

 Microbial quality of Tilapia reared in fecal-contaminated ponds. Environ. Res., 

 95: 231-238. 

EMBORG, J. AND P. DALGAARD. 2006. Formation of histamine and biogenic amines 

 in cold-smoked Tuna: An Investigation of psychrotolerant bacteria from samples 

 implicated in cases of histamine fish  poisoning. J. Food Prot., 69: 897-906. 

EMBORG, J., B. G. LAURSEN AND P. DALGAARD. 2005. Significant histamine 

 formation in tuna (Thunnus albacares) at 2
o
C: Effect of vacuum and modified 

 atmosphere packaging on psychrotolerant bacteria. Int. J. Food Microbiol., 101: 

 263-279. 

ERIKSON, U., A. R. BEYER AND T. SIGHOLT. 1997. Muscle High-Energy 

 Phosphates and Stress Affect K-Values during Ice Storage of Atlantic Salmon 

 (Salmo salar) J. Food Sci., 62 (1): 43-47. 

ESPE, M., K. RUOHONEN, M. BJØRNEVIK, L. FRØYLAND, R. NORTVEDT AND 

 A. KIESSLING. 2004. Interactions between ice storage time, collagen 

 composition, gaping and textural properties in farmed salmon muscle harvested at 

 different times of the year. Aqua., 240 (1-4): 489-504. 

ESTELLA, C. C. N., C. C. P. EMILIO AND S. M. HÉCTOR. 2012. Characterization of 

 the Nutritional Quality of the Meat in Some Species of Catfish: A Review Revista 

 Facultad Nacional de Agronomía - Medellín, 65(2): 6805-6815. 

EUROPEAN COMMISSION (EC). 2001. Commission Regulation (EC) No 466/2001 of 

8 March 2001. Official Journal of European Communities 1.77/1. 

EUROPEAN COMMISSION (EC). 2005. Commission Regulation (EC) No 78/2005 of 

January 2005 amending Regulation (EC) No 466/2001 as regards heavy metals,  

L 16/43-45. 



176 
 

EUROPEAN COMMISSION REGULATION EU NO 1019/2013. Amending annex I to 

 regulation EC No 2073/2005 as regards histamine in fishery products. OJ. L 282. 

 46-47. 

EUROPEAN UNION (EU). 2005. Causes of detentions and rejections in international 

 fish trade, 2
nd

 ed. European Union, Blackwell Scienti. Pub., p. 152-163.  

FABRIS, G., N. J. TUROCZY AND F. STAGNITTI. 2006. Rapid communication: Trace 

metal concentrations in edible tissue of snapper, flathead, lobster, and abalone 

from coastal waters of Victoria, Australia. Ecotoxicol. and Environ. Safety,  

63:286-292. 

FALCO, G., J. M. LIOBET, A. BOCIO, J. L. DOMINGO. 2006. Daily intake of arsenic, 

cadmium, mercury, and lead by consumption of edible marine species. J. Agric. 

Food. Chem. 54: 6106-6112. 

FAO (FOOD AND AGRICULTURE ORGANIZATION). 1993. Fishery Statistics. 

Aquaculture production. In Food and Agriculture Organization of the United 

Nations. Rome Italy. p. 213. 

FAO (FOOD AND AGRICULTURE ORGANIZATION). 2009. World review of 

 fisheries and aquaculture. In: The State of World Fisheries and Aquaculture, Food 

 and Agriculture Organization, Rome, Italy. 

FAO (FOOD AND AGRICULTURE ORGANIZATION). 2012. The state of World 

Fisheries and Aquaculture.  

FAO (FOOD AND AGRICULTURE ORGANIZATION). 2014. National Aquaculture 

Sector Overview-Pakistan. 

FAO/WHO REPORT. 2012. Joint FAO/WHO expert meeting on the public health risk of 

 histamine and other biogenic amines from fish and fishery products, pp. 14-83. 



177 
 

FAO/WHO. 2005. Expert committee on food additives, arsenic. Available at 

http/www.inchem.org/documents/jecfa/jecevl/jec159.htm.Accessed 27 August, 

2013.  

FARAG, H. AND M. EL-S. 2006. Incidence of Hemolysin Producing Motile Aeromonas 

 in Some Shellfish and Their Public Health Significance in Port-Said City. J. App. 

 Scienc. Res., 2: 972-979. 

FAROMBI, E. O., O. A. ADELOWO AND Y. R. AJIMOKO. 2007. Biomarkers of 

 Oxidative Stress and Heavy Metal Levels as Indicators of Environmental 

 Pollution in African Cat Fish (Clarias gariepinus) from Nigeria Ogun River. Int. J. 

 Environ. Res. Public Health, 4(2): 158-165. 

FATEMA, K. 2005. Bacteriological and heavy metal analysis of Kachki (Corica 

 soborna) and Mola (Amblypharyngodon mola) fishes. Dept. of Zoology, 

 University of Dhaka. 

FDA (FOOD AND DRUG ADMINISTRATION) NEWS. OCTOBER 6, 2006: 

 http://www.fda.gov/bbs/topics/NEWS/ 2006/NEWS0 1486.html 

FDA (FOOD AND DRUG ADMINISTRATION). 2001. Fish and Fisheries Products 

Hazards and Controls Guidance, third ed. Centre for Food Safety and Applied 

Nutrition, US Food and Drug Administration. 

FEPA (FEDERAL ENVIRONMENTAL PROTECTION AGENCY). 2003. Guidelines 

 and standards for environmental pollution control in Nigeria, pp. 238. 

FERNANDES, C., A. FONTAINHAS-FERNANDES, D. CABRAL, M. A. SALGADO. 

2008. Heavy metals in water, sediment and tissues of Liza saliens from Esmoriz-

Paramos lagoon, Portugal. Environ. Monit. Assess. 136: 267-275. 

http://www.fda.gov/bbs/topics/NEWS/%202006/NEWS0


178 
 

FERNANDEZ, K., E. ASPE AND M. ROECKEL. 2009. "Shelf-life extension on fillets 

 of Atlantic Salmon (Salmo salar) using natural additives, superchilling and 

 modified atmosphere packaging." Food Control, 20 (11): 1036-1042. 

FOCARDI, S., I. CORSI AND E. FRANCHI. 2005. Safety issues and sustainable 

 development of European aquaculture: new tools for environmentally sound 

 aquaculture. 

FOOD AND AGRICULTURAL ORGANIZATION (FAO). 1983. Compilation of legal 

limits for hazardous substances in fish and fishery products. FAO Fishery Circular 

No. 464, 5-100. 

FOOD AND DRUG ADMINISTRATION (FDA). 2011. Fish and Fishery Products 

 Hazards and Controls Guidance, 4
th

 Edn. Washington, DC: Department of Healthe 

 and Human Services, Food and Drug Administration, Center for Food Safety and 

 Applied Nutrition. 

FORAN, J. A, D. O. CARPENTER, M. C. HAMILTON, B. A. KNUTH AND S. J. 

 SCHWAGER. 2005. Risk based consumption advice for farmed Atlantic and wild 

 pacific salmon contaminated with dioxins and dioxin-like compounds. Environ. 

 Health Perspect., 33: 552-556. 

FRAHM, E. AND U. OBST. 2003. Application of the fluorogenic probe technique 

 (TaqMan PCR) to the detection of Enterococcus spp. and Escherichia coli in 

 water samples. J. Microbio. Meth., 52: 123-131.  

FRIBERG L. 1950. Health hazards in the manufacture of alkaline accumulators with 

 special reference to chronic cadmium poisoning. Acta. Med. Scand. Suppl., 240:  

 1-124. 

GALVIN, R. M. 1996. Occurrence of metals in waters: an overview. Water S. A, 22 (1): 

7-18.  



179 
 

GANDOTRA, R. V. GUPTA, M. KOUL AND S. GUPTA. 2013
a
. Impact of ascorbic 

acid and citric acid treatment on the shelf life of Hypophthalmicthys Molitrix 

(Silver Carp) fillets in frozen storage. Int. J. Recent Sci. Res., 4 (7):  

1103-1108. 

GANDOTRA, R., GUPTA, S., KOUL, M. AND GUPTA, V. 2015. Influence of 

 Steaming on the Proximate and Microbial Quality of Frozen Muscles of Cyprinus 

 Carpio (LINN). International J. Res. and Dev. in Pharma. and Life Sci., 4 (3): 

 1533-1539. 

GANDOTRA, R., M. KOUL, S. GUPTA AND S. SHARMA. 2012
a
. Change in 

 proximate composition and microbial count by low temperature preservation in 

 fish muscle of Labeo rohita (Hambuch) J. Pharm. Biolog. Sci., 2: 13-17. 

GANDOTRA, R., S. SHARMA, M. KOUL AND S. GUPTA. 2012
b
. Effect of Chilling 

 and Freezing on Fish Muscle. Journal of Pharmacy and Biological Sciences, 2 (5): 

 05-09. 

GANDOTRA, R., V. GUPTA, M. KOUL AND S. GUPTA. 2013
b
. Impact of ascorbic 

 acid and citric  acid treatment on the shelf life of Hypophthalmicthys Molitrix 

 (Silver Carp) fillets in frozen storage. Int. J. Recent Sci. Res., 4(7): 1103-1108. 

GEETHA, S., B. S. LAKSHMI, Y. KARUNA, V. G. RAO, N. M. KRISHNA, N. R. S. 

 REDDY, K. BHAVANI AND K. R. BABU. 2014. Microbiological examination 

 of three types of common edible marine fishes from Visakhapatnam Fishing 

 Harbour, East Coast of India. World J. Fish and Marine Sci., 6 (5):  471-474. 

GHALY, A. E., D. DAVE, S. BUDGE AND M. S. BROOKS. 2010. Fish Spoilage 

 Mechanism and Preservation Techniques: Review. Amer. J. App. Sci., 7 (7):  

 859-877. 



180 
 

GIOVANNUCCI, D AND M. SATIN. 2000. Food Quality Issues: Understanding 

 HACCP and other quality management techniques. A Guide to Developing 

 Agricultural Markets and Agro-enterprises. 

GONZALEZ-FANDOS, E. 2004. Evaluation of the microbiological safety and sensory 

 quality of rainbow trout (Oncorhynchus mykiss) processed by the sous vide 

 method. Food Microbiol., 21 (2): 193-201.  

GOYER, R. A. AND T. M. CLARKSON. 2001. Toxic effects of metals. In: Klaassen, 

 C.D., ed. Casarett and Doull’s Toxicology. New York: Mc Graw-Hill:  

 pp. 811-868. 

GRAM, L. AND H. H. HUSS. 2000. Fresh and Processed Fish and Shellfish. In: The 

 Microbiological Safety and Quality of Foods, Lund, B.M., A.C. Baird-Parker and 

 G.W. Gould (Eds.). Chapman and Hall London, 10: 472-506. 

GRIFFITHS, F. P. AND J. E. FULLER. 1936. Detection and Significance of Escherichia 

 coli in  Commercial Fish and Fillets. Am. J. Pub. Heal. and the Nation’s Heal. 26: 

 259-264. 

GUEU, S., B. YAO, K. ADOUBY AND G. ADO. 2007. Kinetics and thermodynamics 

 study of lead adsorption on to activated carbons from coconut and seed hull of the 

 palm tree. Int. J. Environ. Sci. Tech., 4 (1): 11-17. 

GUPTA, A., D. K. RAI, R. S. PANDEY AND B. SHARMA. 2009. Analysis of some 

 heavy metals in the riverine water, sediments and fish from Ganges at Allahabad, 

 Environ. Monit Assess. 157 (1-4):449-58. 

GUPTA, M., A. K. UPADHYAY AND N. N. PANDEY. 2013. Comparative organoleptic 

quality of Indian major carps collected form pond and reservoir, J. Environ. 

Biology, 34: 765-769. 



181 
 

HAARD, N. 2002. The role of enzymes in determining seafood color and texture. In A. 

 H. Bremner, Safety and quality issues in food processing (pp. 221-253). Boca 

 Raton  Boston New york Washington, DC: Wood Head Publishing Limited. 

HALASZ, A., A. BARATH, L. SIMON-SARKDI AND W. HOLZAPEL. 1994. 

 Biogenic amines and their production by micro-organisms in food-Review. Trends 

 in Food Sci. and Technol., 5: 42-49. 

HASSAN, M. AND M. JAVED. 2000. Organoleptic quality of fish meat as influenced by 

poultry droppings fertilization of ponds. Pak. J. Agri. Sci., 37(1-2): 47-50. 

HASSAN, M. R., M. M. HASSAN, M. K. SEN, K. AKHTER AND M.M. RAHMAN. 

 2013. Microbiological risk assessment of frozen fishes in relation to their effects 

 of different processing treatments. Int. J. Biosci. 3: 169-176. 

HASSAN, S., T. A. QURESHI AND B. JEHAAN. 2014. The bacterial quality of in 

 major  fish markets of Bhopal. Int. J. Life Sci. Res.,  2 (3): 22-26. 

HAS-SCHON, E., I., BOGUT, G. KRALIK, S. BOGUT AND J. HORVATIC. 2008. 

 Heavy metal concentration in fish tissues inhabiting waters of “Busko Blato” 

 reservoir (Bosnia and Herzegovina). Environ. Monit. Assess., 144: 15-22. 

HAYAT, S., M. JAVED AND S. RAZZAQ. 2007. Growth performance of metal stressed 

major carps viz. catla catla, labeo rohita and cirrhina mrigala reared under semi-

intensive culture system. Pak. Vet. J., 27 (1): 8-12. 

HEALEY, N. 2009. Lead toxicity, vulnerable subpopulations and emergency 

preparedness. Rad. Prot. Dosim., 13:143-151. 

HENSON, S., O. MASAKURE AND D. BOSELIE. 2005. Private food safety and 

 quality standards for fresh produce exporters: the case of Hortico Agrisystems, 

 Zimbabwe. Food Policy. 30 (4): 371-384. 



182 
 

HERRERA, F.C., J. A. SANTOS, A. OTERO AND M. L. GARCIA-LOPEZ. 2006. 

 Occurrence of foodborne pathogenic bacteria in retail prepackaged portions of 

 marine fish in Spain. J. App. Microbiol., 100 (3): 527-536. 

HOBBS, J. E., A. FEARNE AND J. SPRIGGS. 2002. Incentive structure for food safety 

 and quality assurance: an international comparison. Food Control. 13 (2): 77-81. 

HONG, Y., X. CHEN, J. GUO, Z. XU, M. XU AND G. SUN. 2007. Effects of electron 

 donors and acceptors on anaerobic reduction of azo dyes by Shewanella 

 decolorationis S12. App. Microbiol. and Biotech., 74 (1): 230-238. 

HOSSAIN, M. M., M. N. HASSAN, U. J. LITHI AND A. A. K. M. NOWSAD. 2012. 

 Quality deterioration of wet fish caught in Mymensingh farm in different steps of 

 distribution channel towards Dhaka, J. Bangladesh Agril. Univ., 10 (2):  

 331-337. 

HOSSAIN, M.S., M. M. HASAN, M. G. SARWER AND S. BHOWMIK. 2015. 

 Comparative analysis  of microbiological status between raw and ready-to-eat 

 product of black tiger  shrimp (Penaeus monodon). Int. J. Biosci. 6 (8): 43-49. 

HOSSEINI, S. V., A. HAMZEH, M. MOSLEMI, A. B. LASHKAN, A. IGLESIAS, AND 

 X. FEAS. 2013. Effect of delayed icing on biogenic amines formation and 

 bacterial contribution of iced common carp (Cyprinus carpio). Molecules,  

 18:15464-15473. 

HUANG, Y. R., K. J. LIU, H. S. HSIEH, C. H. HSIEJ, D. F. HWANG AND Y. H. TSAI. 

 2010. Histamine level and histamine-forming bacteria in dried fish products 

 sold in Penghu Island of Taiwan. Food Control, 21: 1234-1239.  

HUANG, Z., M. SUN, S. LI AND G. HUANG. 2006. Pharmacokinetics of 

 chloramphenicol in carp (Cyprinus carpio L.) after drug administration. Aqua. 

 Res., 37 (15): 1540-1545. 



183 
 

HUSS, H. H. 1988. Fresh fish-quality and quality changes. A training manual prepared 

 for the FAO/DANIDA Training Programme on Fish Technology and quality 

 Control. Rome, Italy: FAO of the United Nations Danish International 

 Development Agency. 

HUSS, H. H. 1994. Assurance of seafood Quality. Rome: FAO Fisheries Technical 

 Paper, No.334. 

HUSS, H. H. 1995. Quality and quality changes in fresh fish. Food and Agriculture 

 Organization of the United Nations, Rome. FAO Fisheries Technical paper. No. 

 348: 1-195. 

HUSS, H. H., M. JAKOBSEN AND J. LISTON. 1992. Quality Assurance in the fish 

 industry. Denmark: FMF Lyngby. 

HUSS, H. H., L. ABABOUCH AND L. GRAM. 2004. Assessment and management of 

 seafood safety and quality. Rome Italy: FAO Fisheries technical paper No.444. 

ICMSF. 2005. Micro-organisms in food 6: Microbiological ecology of food commodities. 

 Second edition. Plenum Publishers, New York. 734 p. 

IKEM, A., N. O. EGIEBOR AND K. NYAVOR. 2003. Trace elements in water, fish and 

sediments from Tuskegee lake, Southeastern USA. Water Air Soil. Pollut.,  

149: 51-75. 

IKPI, G. AND B. OFFEM. 2011. Bacterial infection of mudfish Clarias gariepinus 

 (Siluriformes clariidae) fingerlings in tropical nursery ponds. Rev., Biol., Trop., 

 59: 751-759. 

INTERNATIONAL ASSOCIATION OF MICROBIOLOGICAL SOCIETIES (IAMS), 

1962. (www.microbial standard. com)  

INTERNATIONAL COMMISSION ON MICROBIAL SPECIFICATIONS FOR 

 FOODS (ICMSF). 1986. Sampling plans for fish and shellfish. In: 



184 
 

 Microorganisms in Foods. Sampling for Microbiological Analysis: Principles and 

 Scientific Applications, 2(2) University of  Toronto Press, Toronto, Canada: 

 181-196. 

ISLAM, M. T., S. AHMED, A. SULTANA, A.S. TUMPA AND F.A. FLOWRA. 2013. 

 Nutritional and Food Quality Assessment of Fried Fishes in Singra Upazila under 

 Natore District of Bangladesh. Trends in Fish. Res., 2(1): 14-17. 

JABEEN, G., M. JAVED AND H. AZMAT. 2012. Assessment of Heavy Metals in the 

 Fish Collected from the River Ravi, Pakistan. Pak. Vet. J. 32 (1):107-111. 

JAFARI, S.M. AND S.  SOBHANARDAKANI. 2014. Determination of Heavy Metal 

 (Cu, Pb and Zn) Concentrations in Muscle Tissue of Hypophthalmichthys molitrix, 

 Cyprinus carpio and Ctenopharyngodon idella Caught from Zarivar Wetland, 

 western Iran. Current World Environ., 9 (3): 923-931. 

JAN, A., Z. HASAN, H. SHAH, R. ULLAH, I. AHMAD AND M. YOUNAS. 2014. An 

 Investigation of the Bacterial Flora Causing Spoilage of Fishes at Board Fish 

 Market, Peshawar, Pakistan. Pak. J. Zool., 46: 1371-1375. 

JARUP L, M. BERGLUND, CG. ELINDER, G. NORDBERG AND M. VAHTER. 1998. 

 Health  effects of cadmium exposure: A review of the literature and a risk 

 estimate. Scand J Work Environ. Health, 24 (Suppl 1): 1-51.  

JARUP, L. 2003. Hazards of heavy metal contamination. British Med. Bull., 68: 167-182. 

JAVED, A., M. JAVED, S. ABDULLAH AND Z. ALI. 2007. Bio-accumulation of Lead 

 in the Bodies of Major Carps (Catla catla, Labeo rohita and Cirrhinus 

 mrigala) during 96-h LC50 Exposure. Int. J. Agri. Biol., 9 (6): 909-912.  

JAVED, M. 2005. Heavy metal contamination of freshwater fish and bed sediments in the 

 river Ravi stretch and related tributaries. Pakistan J. Biol. Sci., 8 (10): 1337-1341. 



185 
 

JAVED, M. AND S. HAYAT, 1996. Planktonic productivity of river water as a bio-

indicator of freshwater contamination by metals. Proc. Pak. Cong. Zool.,  

16: 383-298. 

JAY, J. M. 1992. Indicators of food microbial quality and safety. Modern Food 

 Microbiology, 4
th

 edn. Chapman & Hall, New Yark, pp. 413-433. 

JEYARAJ, N., A. SUHAILA, L. DIVYA, P. S. KUMAR, L. KUMARAN AND  

 S. RAVIKUMAR. 2015. Heavy Metal Concentration in Fishes from the Coastal 

 Waters of Kasaragod, Northwest Part of Kerala, India. Int. J. Curr. Res. Biosci. 

 Plant Biol., 2 (6): 14-20. 

JEYASANTA, K. I., E. M. ASWATHI, K. SARITHA AND J. PATTERSON. 2015. 

 Histamine content in local consumers demanded fishes of Tuticorin. Int.  Arch. 

 Integr. Med., 2 (1): 50-61. 

JEYASANTA, K. I., V. AIYAMPERUMAL AND J. PATTERSON. 2012. Prevalence of 

 Antibiotic Resistant Escherichia coli in Seafoods of Tuticorin Coast, Southeastern 

 India. Adv. Biologi. Res., 6: 70-77. 

JEYASEKARAN, G. AND S. AYYAPPAN. 2003. Microbial quality of farm-reared 

freshwater fish, Rohu (Labeo rohita). Indian J. Fish., 50(4): 455-459. 

JEYASEKARAN, G., P. GANESAN, K. MAHESWARI, R. JEYA-SHAKILA AND D. 

SUKUMAR. 2004. Effect of delayed icing on the microbial. quality of tropical 

fish: Barracudas (Sphyraena barracuda). J. Food Sci., 69: 197-200. 

JEZIERSKA, B. AND M. WITESKA. 2006. The metal uptake and accumulation in fish 

living in polluted waters, soil and water. Pollu. Monit. Protec. Remedia.,  

69: 107-114. 



186 
 

JIANADASA, B. K. K. K., P. H. GINIGADDARAGE AND S. ARIYAWANSA. 2014. 

 A comparative quality Assessment of five types of selected fishes collected from 

 retailers market in Sri Lanka. American J. Food Sci. and Techno., 2 (1): 21-27. 

JITAR, O., C. TEODOSIU, A. OROS, G. PLAVAN AND M. NICOARA. 2014. 

 Bioaccumulation of heavy metals in marine organisms from the Romanian sector 

 of the Black Sea. N. Biotechnol. 2014 Dec 9. pii: S1871-6784(14)02197-9. doi: 

 10.1016/j. nbt.2014.11.004. 

JOHN A.C., G. Y. FOUND, P. STEPHEN, T. MAHA, A. O. SAID AND J. M. FRANK. 

 2003. Estimating the incidence of typhoid fever and other febrile illness in 

 developing countries. Emerg. Infec. Diseas., 9 (5): 539-544. 

JOSHI, P. A. AND V. S. BHOIR. 2011. Study of Histamine Forming Bacteria in 

 Commercial fish samples of Kalyan city. Int. J. Curr. Res., 1 (2): 39-42. 

JUBERG, DR. C. F. KLEIMAN AND S. C. SKWON. 1997. Position paper of the 

American Council on Science and Health: lead and human health. Ecotoxicol. 

Environ. Saf., 38:162-180. 

KAHTTAK, M. I. AND M. I. KHATTAK. 2013. Evaluation of heavy metals (AS and 

Cd) contamination in the Edible fish along Karachi-Makran Coast. Pakistan J. 

Zool., 45 (1): 219-226. 

KALAY, M. AND M. CANLI. 2000. Elimination of essential (Cu, Zn) and nonessential 

(Cd, Pb) metals from tissues of a freshwater fish tilapia zillii following an uptake 

protocol. Turk. J.  Zool., 24: 429-436. 

KALAY, M., P. AY AND M. CANIL. 1999. Heavy metal concentration in fish tissues 

 from the northeast Mediterranean Sea. Bull Environ. Contam. Toxicol, 63: 

 673-671. 



187 
 

KALYONCU, L., H. KALYONCU G. AND ARSLAN. 2012. Determination of heavy 

 metals and metals levels in five fish species from Isikh Dam Lake and Karacaoren 

 Dam Lake (Turkey). Environ Monit Assess., 184 (4): 2231-2235. 

KAR, D., P. SUR, S. K. MANDAL, T. SAHA AND R. K. KOLE. 2008. Assessment of 

 heavy metal pollution in surface water., Int. J. Environ. Sci. Tech., 5 (1): 119-124. 

KARADEDE, H. AND E. UNLU. 2000. Concentration of some heavy metals in water, 

 sediment and dish species from the Ataturk dam lake (Euphrates), Turkey. 

 Chemosph., 41: 1371-1376. 

KARADEDE, H. I., S. A. OYMAK AND E. ACENLA. 2004. Heavy metals in mullet, 

Liza abu and catfish, Silurus triostegus, from the Atatark Dam Lake (Euphrates), 

Turkey, Environ. Inter., 30: 183-188. 

KARADEDE-AKIN, H. AND E. UNLU, 2007. Heavy metal concentration in water, 

sediments, fish and some benthic organisms from Tigris river, Turkey. Environ. 

Monit. Assess., 131: 323-337. 

KARGIN, F. 1996. Seasonal changes in levels of heavy metals in tissues of Mullus 

 barbatus and Sparus aurata collected from Iskenderum Gulf (Turkey). Water, Air 

 Soil Pollut., 90: 557-562. 

KARMI, M. 2014. Determination of Histamine and Tyramine Levels in Canned Salted 

 Fish by using HPLC. Global Veterin., 12 (2): 264-269. 

KAROVICOVA, J. AND Z. KOHAJDOVA.  2005. Biogenic amines in food. Chem. 

 Pap., 59: 70-79. 

KAUR, S. AND P. MEHRA. 2012. Assessment of heavy metals in summer & winter 

seasons in river Yamuna segment flowing through India. J. Environ. & Ecolo.,  

3 (1): 149-165. 



188 
 

KENNICUTT, M. C., T. L. WADE AND B. J. PRESLEY. 1992. Texas A&M University. 

Assessment of Sediment Contamination in Casco Bay. Casco Bay Estuary Project. 

p:113. 

KHALIFA, K. M., A. M. HAMIL. A Q. A. AL-HOUNI. AND M.A. ACKACHA. 2010. 

 Determination of heavy metals in fish species of the Mediterranean Sea (Libyan 

 coastline) Using Atomic Absorption Spectrometry. International J. Pharm. 

 Tech.  Res., 2 (2): 1350-1354. 

KHAN M. N. A., M. N. ISLAM AND M. S. REZA. 2009. Investigation on the nitrofuran 

 and their metabolites and chemicals used in shrimp feeds and feed ingredients: 

 Final report for Bangladesh quality support program (BQSP)-fisheries, UNIDO, 

 Project No: EE/BGD/05/B02, pp. 5-6.  

KHAN, B., H. KHAN, S. MUHAMMAD AND T. KHAN. 2005. Heavy Metals 

 Concentration Trends in Three Fish Species From Shah Alam River (Khyber 

 Pakhtunkhwa Province, Pakistan). Pakistan J. Biolog. Sci., 8 (10):  1337-1341. 

KHAN, B., H. KHAN, S. MUHAMMAD AND T. KHAN. 2012a. Heavy metals 

 concentration  trends in three fish species from Shah Alam River (Khyber 

 Pakhtunkhwa  Province, Pakistan). J. Nat. Environ. Sci., 3 (1): 1-8. 

KHAN, M. N. AND A. M. CHATTA. 2015. Aquaculture Handbook: Fish Farming and 

 Nutrition in Pakistan. SoyPak (ASA/WISHH), Karachi, pp. 1-17. 

KHAN, N. S., M. R. ISLAM, M. B. HOSSAIN, M. A. QUAIYUM, M. SHAMSUDDIN 

 AND J. K. KARMAKER. 2012b. Comparative analysis of microbial status of raw 

 and frozen freshwater prawn (Macrobrachium rosenbergii). Middle-East J.

 Scient. Res., 12 (7): 1026-1030.  



189 
 

KHAN, N., N. A. QURESHI, M. NASIR, F. RASOOL AND K. J. IQBAL. 2011. Effect 

 of artificial diet and culture systems on sensory quality of fried fish flesh of Indian 

 major carps. Pakistan J. Zool., 43 (6): 1177-1182. 

KHIDHIR, Z. K. B. M. A. JAFF AND H. H. SALEH. 2014. Assessment of the microbial 

 quality of five types of Iraqi fresh fish in Sulaimania market. J. Zankoy 

 Sulaimani- Part A, Special Issue, 16: 250-260. 

KHILLARE, K. K., Y. K. KHILLARE AND U. WAGH. 2015. Bioaccumulation of 

 Heavy Metals in Freshwater Fishes from Aurangabad District, Maharashtra. 

 World J. Pharma. and Pharmace. Sci., 4 (9): 511-520. 

KIM, M. K., J. H. MAH AND H. J. HWANG. 2009. Biogenic amine formation and 

 bacterial contribution in fish, squid and shellfish. Food Chem., 116: 87-95. 

KIME, D. E., M. EBRAHIMI, K. NYSTEN, I. ROELANTS AND E. RURANGWA. 

 1996. Use of computer assisted sperm analysis (CASA) for monitoring the effects 

 of pollution on sperm quality of fish; application to the effects of heavy metals. 

 Aquat. Toxicol., 36: 223-237. 

KLAASSEN, C.D. 1995. Heavy metals. In: Hardman J. and Limbird L. (ed) Goodman 

and Gilman’s Pharmacological Basis of Therapeutics 9
th

 ed. McGraw Hill. New 

York. pp. 1049-1073. 

KRISTOFFERSEN, S., T. TOBIASSEN., M. ESAIASSEN., G. B. OLSSON. L.A. 

 GODVIK., M. A. SEPPOLA AND R. L. OLSEN. 2006. Aqua. Res., 37 (15): 

 1556-1564. 

KUMAR, B.G., K. K. DATTA, G. V. S. REDDY AND M. MENON. 2010. Marketing 

 system and efficiency of Indian major carps in India. Agricu. Econ. Res. Rev., 

 23: 105-113. 



190 
 

KUMAR, H.S., A. PARVATHI, I. KARUNASAGAR AND I. KARUNASAGAR. 2004. 

 Prevalence and antibiotic resistance in Escherichia coli in tropical seafood. World 

 J. Micro. & Biotechnol., 21 (5): 619-623.    

LAKSHMANAN, R., K. KESAVAN, P. VIJAYANAND, V. RAJARAM AND S. 

RAJAGOPAL. 2009. Heavy metals accumulation in five commercially important 

fishes of Parangipettai, Southeast Coast of India. Advan. J. Food Sci. and 

Technol., 1(1): 63-65. 

LAUZON, H. L., B. MARGEIRSSON, K. SVEINSDOTTIR, M. GUOJONSDOTTIR, 

 M. G. KARLSDOTTIR AND E. MARTINSDOTTIR. 2010. Overview on fish 

 quality research. Impact of fish handling, processing, storage and logistics on fish 

 quality deterioration. Iceland: Matis Report, 39-10.  

LAVILLA, I., P. VILAS AND C. BENDICHO. 2008. Fast determination of arsenic, 

 selenium, nickel and vanadium in fish and shellfish by electrothermal atomic 

 absorption spectrometry following ultrasound-assisted extraction. Fd. Chem., 106: 

 403-409. 

LAWRIE, R. A. 1998. The storage and preservation of meat II. Moisture control. In: 

 Lawrie’s Meat Sci., 6
th

 Edn.: 191-194. 

LAXMI PRIYA, S., B. SENTHILKUMAR., G. HARIHARAN, A. PANEER SELVAM, 

 R. PURVAJA AND R. RAMESH. 2011. Bioaccumulation of heavy metals in 

 mullet (Mugil cephalus) and Oyster (Crassostrea madrasensis) from Pulicat lake, 

 south east cost of India, Toxicol. Ind. Health, 27 (2):117-126. 

LEE, C. L., X. D. LI, G. ZHANG, J. LI, A. J. DING AND T. WANG. 2007. Heavy 

 metals and Pb isotopic composition of aerosols in urban and suburban areas of 

 Hong Kong and Guangzhou, South China Evidence of the long-range transport of 

 air contaminants. Environ. Pollut., 41(2): 432-447. 



191 
 

LEONG, K. H., T. L. L. BENJAMIN AND M. A. MUSTAFA. 2007. Contamination 

 levels of selected organochlorine and organophosphate pesticides in the Selangor 

 river, Malaysia between 2002 to 2003. Chemosphere, 66: 1153-1159. 

LEUNG, C., Y. HUANG AND O. PANCORBO. 1990. Bacterial flora associated with 

 Nigerian freshwater fish culture. J. Aqua. in the Tropics, 5: 87-90.  

LIBERMAN, H., 1941, Chrome Ulcerations of the Nose and Throat, New England 

 J. Medi., 225, 132–133. 

LINBO, T. L., D. H. BALDWIN., J. MCINTYRE. AND N. L. SCHOLZ. 2009. Effects of 

 water hardness, alkalinity, and dissolved organic carbon on the toxicity of copper 

 to the lateral line of developing fish. Environ Toxicol Chem., 28: 1455-1461. 

LISTON, J. 1980. Microbiology in Fisheries Science. In: Connell JJ, editor. Advances in 

 Fish Science and Technology. Farnham, Surrey, U.K: Fishing News Books. 1980: 

 138.157. 

LOPES, P. R. M. AND BIDOIA, E. D. 2009. Evaluation of the biodegradation of 

 different types of lubricant oils in liquid medium. Brazi. Arch. of Bio. and 

 Technol., 52 (5): 1285-1290. 

LU, X. W., C. YANG, AND Z. DANG. 2009. Preliminary investigation of 

 chloramphenicol in fish, water and sediment from freshwater aquaculture pond. 

 Intern. J. Env. Sci., 6(4): 597-604. 

LUNESTAD, B. T., L. NESSE, J. LASSEN, B. SVIHUS AND T. NESBAKKEN, ET 

 AL. 2007. Salmonella in fish feed; occurrence and implications for fish and 

 human health in Norway. Aqua., 265: 1-8. 

MACKIE, M. AND J. FERNANDEZ. 1977. Histidine metabolism in fish. Urocanic acid 

 in mackerel (Scombe scombrus). J. Sci. Food Agri., 28: 935-940. 



192 
 

MAITI, P. AND S. BANERJEE. 2011. Accumulation of Cu, Pb, Zn and Cd in three 

 benthic fish from the Kolkata wetlands. J. Curr. Sci. 16 (1): 79-86. 

MALIK, N., A. K. BIWAS, T. A. QURESHI, AND K. BORANA. 2010. 

 Bioaccumulation of heavy metals in fish tissues of a freshwater lake of Bhopal. 

 Environ. Monit. Assess. 160:267-276. 

MALIK, R. N. AND N. ZEB. 2009. Assessment of environmental contamination using 

 feathers of Bubulcus ibis as bio-monitor of heavy metal pollution Pakistan. 

 Ecotoxical., 8: 522-536. 

MANDAL, S. C., M. HASAN, M. S. RAHMAN, M. H. MANIK, Z. H. MAHMUD AND 

 S. ISLAM. 2009. Coliform bacteria in Nile Tilapia, Oreochromis niloticus of 

 shrimp-gher, pond and fish market. World J. Fish and Marine Sci., 1 (3): 160-166. 

MANSOUR, S. A. AND M. M. SIDKY, 2002. Ecotoxicological studies. 3: Heavy metals 

contaminating water and fish from Fayoum Governorate, Egypt. Food Chem., 78: 

15-22. 

MASTAN, S. A. 2014. Heavy metals concentration in various tissues of two freshwater 

fishes, Labeo rohita and Channa striatus. Afr. J. Environ. Sci. and Technol., 8 (2): 

166-170. 

MATURIN, L. J. AND J. T. PEELER. 1998. Aerobic plate count. Ch. 3. In Food and 

 Drug Administration Bacteriological Analytical Manual, 8
th

 ed. (revision A), (CD-

 ROM version). R.L. Merker (Ed.). AOAC International, Gaithersburg, MD.  

MCLAUCHLIN J., C. L. LITTLE, K. A. GRANT AND V. MITHANI. 2005. 

 Scombrotoxic fish poisoning. J Public Health, 28: 61-62. 

MEENAKSHI, K., R. GANDOTRA, S. GUPTA AND V. GUPTA. 2015. Studies on the 

 effect of vacuum packaging on some quality changes in Labeo rohita during 

 frozen storage period. Int J. App Bio and Pharma. Tech., 6 (2): 78-84. 



193 
 

MEENAKSHI, V., K. R. NARAYANAN AND R. VENKATARAMAN. 2010. 

 Evaluation of organoleptic and biochemical status of the Fish, Cyprinus carpio at 

 different storage temperatures. J. Biomed. Sci. and Res., 2 (4): 254-257. 

MOHAMMED, I. M. A. AND S. H. A. HAMID. 2011. Effect of chilling on microbial 

 load of two fish species (Oreochromis niloticus and Clarias lazera). Am. J. Food 

 Nutr. 1: 109-113. 

MOINI, S., R. TAHERGORABI, S. V. HOSSEINI, M. RABBANI, Z. TAHERGORABI, 

 X. FEAS AND F. AFLAKI. 2009. Effect of Gamma Radiation on the Quality and 

 Shelf Life of Refrigerated Rainbow Trout (Oncorhynchus mykiss) Fillets. J. Food 

 Protec., 72, 1419-1426. 

MOL, S. AND S. Y. TOSUN. 2011. The quality of fish from retail market in Istanbul, 

 Turkey. J. Fisher. Sci.com, 5 (1): 16-25. 

MONSFERAD, F., N. J. IMANPOUR. AND S. HEIDARY. 2012. Concentration of 

 heavy and toxic metals Cu, Zn, Cd, Pb and Hg in liver and muscles of Rutilus 

 frisii kutum during spawning season with respect to growth parameters. Iranian 

 J. Fisher. Sci., 11 (4): 825-839.  

MORTAZAVI, A. M.  HATAMIKIA, M. BAHMANI AND H. HASSANZADAZAR. 

 2016. Heavy metals (mercury, lead and Cadmium) determination in 17 species 

 of fish marketed in Khorramabad City, West of Iran. J. Chem. Health Risks,  

 6 (1): 41-48. 

MOSSEL D. A. A., 1982. Microbiology of Food. University of Utrecht. Faculty of 

 Veterinary Medicine, Bittschact 172, Utrecht, the Netherlands. 

MOSSEL, D. A. A., E. L. C. JANET, B. S. CORRY AND M. B. ROSAMUND. 1995. 

 Essentials of the Microbiology of Foods: A Textbook of Advanced Studies. 

 London, John Wiley  & Sons, 1995.   



194 
 

MOSSEL, D.A., B. MORENO AND C. B. STRUIJK. 2003. Food Microbiology. Second 

 edition. Ed. Acribia, Zaragoza. P. 375. 

MOTALEBI A. A., R. A. HASANZATI, A. A. KHANIPOUR AND M. SOLTANI. 

 2010. Impacts of whey protein edible coating on chemical and microbial factors of 

 gutted kilka during frozen storage. Iranian J. Fish Sci., 9(2): 255-264. 

MOURTAJA, M. 2008. Evaluation of microble and heavy metals contamination on fresh 

fish in Gaza Strip shore in Food Science and Technology, Al-Azhar: Gaza. p. 100. 

NAEEM, M., A. SALAM, S. S. TAHIR AND N. RAUF. 2010. Assessment of the 

Essential Element and Toxic Heavy Metals in Hatchery Reared Oncorhynchus 

mykiss. Int. J. Agric. Biol., 12: 935-938. 

NAEEM, M., A. SALAM, M. Y. KHOKHAR, M. F. NASIR, M. F. NAUMAN, A. 

 ISHTIAQ AND R. ALLAH-YAR.  2011. Evaluation of metal contents in  female 

 Oreochromis niliticus with emphasis on potential risk of consumption and  relation 

 to some biological aspects. Afr. J. Biotechnol. 10 (53): 11054-11057.  

NETTLETON, J. A. 1995.  Omega-3 Fatty Acids and Health, New York: Chapman & 

 Hall. 

NEWMAN, M.C. AND M. A. UNGER. 2003. Fundamentals of ecotoxicology. CRC 

 press, p. 485. 

NEY, J. J. AND J. H. VANHASSEL. 1983. Sources of variability and accumulation of 

 heavy metals by fish in a roadside stream. Arch. Envi. 12: 701-706. 

NIELSEN, J. AND F. JESSEN. 2007. Quality of Frozen Fish. In: Handbook of Meat, 

Poultry and Seafood Quality. Nollet, L. M. L. (Ed.) Blackwell Publishing, Iowa: 

577-586. 

NNAJI, J. C., A. UZAIRU, G. F. S. HARRISON AND M. L. BALARABE. 2007. 

 Evaluation of cadmium, chromium, copper, lead and zink concentrations in the 



195 
 

 fish head/viscera of Oreochromis niloticus and Syndontis schall of river Galma, 

 Zaria, Nigeria. Electronic J. Environ. Agri. and Food Chem., 6: 2420-2426. 

NOGA, E. J. 2000. Fish disease diagnosis and treatment. Iowa State University, Iowa, 

 USA.  

OBASOHAN E. E. AND I. O. EGUAVOEN. 2008. Seasonal variations of 

bioaccumulation of heavy metals in a freshwater fish (Erpetoichthys calabricus) 

from Ogba River, Benin City, Nigeria. Afr. J. Gen. Agri., 4 (3): 153-156. 

OBASOHAN, E. E., J. A. O. ORONSAYE AND O. I. EGUAVOEN. 2008. A 

comparative assessment of the heavy metal loads in the tissues of a common 

catfish (Clarias gariepinus) from Ikpoba and Ogba Rivers in Benin City, Nigeria, 

African Scient., 9 (1): 13-23.  

OBEMEATA, O., F. P. NNENNA AND N. CHRISTOPHER. 2011. Microbiological 

 assessment of  stored Tilapia guineesis. Afric. J. Food Sci., 5(4): 242-247. 

OBIAJURU, I. O. C. AND J. N. OGBULIE. 2006. Bacteriological quality of some fishes 

and crab from rivers within IMO River Basin. J. Aqut. Sci., 21(1): 9-14. 

OFFICE OF SCIENCE AND TECHNOLOGY OFFICE OF WATER U. S. 

ENVIRONMENTAL PROTECTION AGENCY (OSTOW). 2003. Technical 

summary of information available on the Bioaccumulation of Arsenic in Aquatic 

Organisms, Washington DC. 

OGUNDIRAN, M. A., S. O. ADEWOYE, T.A. AYANDIRAN. AND S. O. 

 DAHUNSI. 2014. Heavy Metal, Proximate and Microbial Profile of Some 

 Selected Commercial Marine Fish Collected from Two  Markets in South Western 

 Nigeria, 13(10): 1147-1153. 

OGWUEGBU, M.O. AND M. IJIOMA. 2003. Effects of certain heavy metals on the 

population due to mineral exploration. In: International conference on scientific 



196 
 

and environmental issues. In: population, environment and sustainable 

development in Nigeria, University of Ado Ekiti, Ekiti State, Nigerian. pp 8-10. 

OLAFSDOTTIR, G., E. MARTINSDOTTIR, J. OEHLENSCHLAGER, P. 

 DALGAARD, B. JENSEN, I. UNDELAND, I. M. MACKIE, G. HENEHAN, J. 

 NIELSEN AND H. NILSEN. 1997. Methods to evaluate fish freshness in research 

 and industry. Trends in Food Sci. & Technol., 8 (8): 258-265. 

OLAIFA, F. E., A. K. OLAIFA, A. A. ADELAJA AND A. G. OWOLABI. 2004. Heavy 

 metal contamination of Clarias gariepinus from a lake and fish farm in Ibadan, 

 Nageria. African J. of Biomed. Res., 7 (3): 145-148. 

OMAR, W. A., Y. S. SALEH AND M. A. S. MARIE. 2014. Integrating multiple fish 

 biomarkers and risk assessment as indicators of metal pollution along the Red Sea 

 coast of Hodeida, Yemen Republic. Ecotoxicol. Environ. Saf., 110: 221-231. 

OMOZOKPIA, J. A., A. I. AJAI., M. M. NDAMISTO, J. O. JACOB, A. AKOMA 

 AND E. TANKO. 2015. Heavy Metals Accumulation in Water, Sediments and 

 Catfish (Clarias garepinus) from Two Fishing Settlements along River Kaduna in 

 Niger State, Nigeria. British J. App. Sci. & Tech., 11 (1): 1- 13. 

ONEN, S. A., F. KUCUKSEZGIN, F. KOCAK AND S. ACIK. 2015. Assessment of 

 heavy metal contamination in Hediste diversicolor (O.F. Muller, 1776), Mugil 

 cephalus (Linnaeus, 1758), and surface sediments of Bafa Lake (Eastern Aegean). 

 Environ Sci Pollut Res, 2015. 

ONYUKA, J. H. O., R.  KAKAI, AND A. V.O. OFULLA. 2014. Bacterial 

 Contamination Dynamics and Fungal Contamination Levels of Fish Rastrineobola 

 argentea and Oreochromis niloticus from Lake Victoria Basin of Kenya. The 

 J. Food Tech. Photon, 106: 179-188. 



197 
 

OZOGUL, Y., E. B. BOGA, B. TOKUR AND F. OZOGUL. 2011. Changes in 

 biochemical, sensory  and microbiological quality indices of common Sole (Solea 

 solea) from the Mediterranean Sea during ice storage. Turkish J. Fisher and 

 Aquat. Sci., 11: 243-251.  

OZOGUL, Y., F. OZOGUL, E. KULEY, A. S. OZKUTUK, C. GOKBULUT AND S. 

 KOSE. 2006. Biochemical, sensory and microbiological attributes of wild turbot 

 (Scophthalmus maximus), from black sea during chilled storage. Food chem., 

 99 (4): 752-758. 

OZTURK, M., G. OZOZEN, O. MINARECI AND E. MINARECI. 2009. Determination 

 of heavy metals in fish, water and sediments of Avsar Dam Lake in Turkey. Iran. 

 J. Environ. Sci. Eng., 6 (2): 73-80. 

PAMUK, S., Z. GURLER, Y. YILDIRIM AND B. SIRIKEN. 2011. Detection of 

 Microbiological quality of common carp (Cyprinus carpio) sold in public bazaar 

 in Afyonkarahisar. J. Ani. and Vet. Adv., 10 (8): 1012-1018. 

PAPAGIANNIS, I., I. KAGALOU, J. LEONARDOS, D. PETRIDIS AND V. 

KALFAKAOU. 2004. Copper and zinc in four freshwater fish species from Lake 

Pamvotis (Greece). Environ. Int., 30: 357-362. 

PAWUL-GRUBA, M., M. MICHALSKI AND J. OSEK. 2014. Determination of 

 histamine in fresh and smoked fish commercially available in Poland. Bull. Vet. 

 Inst. Pulawy, 58: 301-304. 

PAZOS, M., M. J. GONZALEZ, J. GALLARDO, J. TORRES AND I. MEDINA. 2005. 

 Preservation of endogenous antioxidant system of fish muscle by grape 

 polyphenols during frozen storage, Euro Food Res and Tech., 220: 514-519. 

PEDROSA-MENABRITO, A. AND J. M. REGENSTEIN, 1988. Shelf-life extension of 

fresh fish-A review-Part I, Spoilage of fish. J. Food Qual., 11: 117-127. 



198 
 

PELGROM, S. M. G. J., L. P. M. LAMERS, J. A. M. GARRITSEN, B. M. PELS, 

 R. O. C. LOCK, P. H. M. BALM AND S. E. WENDELAAR BONGA. 1994. 

 Interactions between copper and cadmium during single combined exposure in 

 juvenile tilapia, Oreochromis mossambicus: influence of feeding condition on 

 whole body metal accumulation and the effect of the metals  on tissue water and 

 ion content. Aquat. Toxicol., 30: 117-135. 

PERERA, P. A. C. T., P. SURANGA, KODITHUWAKKU, T. V. 

 SUNDARABARATHY AND U. EDIRISINGHE. 2015. Bioaccumulation of 

 Cadmium in Freshwater Fish: An Environmental Perspective. Insight Ecol.,  

 4 (1): 1-12. 

POLAT, F., AKIN, S., YILDIRIM, A. AND DAL, T. 2015. The effects of point 

 pollutants originated heavy metals (lead, copper, iron, and cadmium) on fish 

 living in Yeşilırmak River, Turkey. Toxicol. Ind. Health, 1-12. Toxicol. Ind. 

 Health  January 9, 2015 0748233714565709. 

POPOVIC, N. T., A. B. SKUKAN, P. DZIDARA, R. COZ-RAKOVAC, I. STRUNJAK-

 PEROVIC, L. KOZACINSKI, M. JADAN AND D. BRLEK-GORSKI. 2010. 

 Microbiological quality of fresh and frozen seafood caught off the Adriatic coast 

 of Crocia. Vet. Medicina, 55 (5): 233-241.   

PRASATH, D., P. MARTIN AND T. H. KHAN. 2008. “Impact of Tsunami on heavy 

 metals accumulation in water, sediments and fish at Poompuhar Coast, Southeast 

 Coast of India”. E-J. Chem., 5(1): 16-22 

PUNAKIVI K., M. SMOLANDER, M. NIKU–PAAVOLA, J. MATTINEN, J. 

 BUCHERT. 2006. Enzymatic determination of biogenic amines with 

 transglutaminase. Talanta, 68: 1040-1045. 



199 
 

QADIR, A AND R. N. MALIK. 2011. Heavy Metals in Eight Edible Fish Species from 

 Two Polluted Tributaries (AIK and Palkhu) of the River Chena, Pakistan. Biol. 

 Trace Elem. Res, 143: 1524-1540. 

QUAIYUM, M. A., M. M. RAHMAN, B. S. SARKER, M. M. ALAM, N. S. KHAN, 

 M. S. RAHMAN AND R. SIDDIQUI. 2012. Microbiological Quality 

 assessment of Chapila (Gudusia chapra) and Tengra (Mystus vittatus) in 

 Bangladesh. Stamford J. Micro., 2 (1): 6-9. 

QUAIYUM, M. A., M. SHAMSUDDIN AND J. K. KARMAKER. 2012. Comparative 

 Analysis of Microbial Status of Raw and Frozen Freshwater Prawn 

 (Macrobrachium rosenbergii). MiddleEast J. Sci. Res., 12 (7): 1026-1030. 

RAHMAN, M. M. S. AHMED, M. M. HOSEN AND A. K. TALUKDER. 2012. 

 Detection of formalin and quality characteristics of selected fish from wet markets 

 at Sylhet city  in Bangladesh. Bangladesh Res. Pub. J. 7 (2): 161-169. 

RAJA, P., S. VEERASINGAM, G. SURESH, G. MARICHAMY AND R. 

VENKATACHALAPATHY. 2009. Heavy metals concentration in four 

commercially valuable marine edible fish species from Parangipettai Coast, South 

East Coast of India. International J. Ani. and Vet. Advan., 1 (1):  

10-14. 

RAMOS, M. AND W. J. LYON. 2000. Reduction of endogenous bacteria associated with 

 catfish fillets using the grovac process. J. Food Protec., 63: 1231-1239. 

RAO, S. R. P. R. AND RAO. 2007. Heavy metal concentrations in the sediments from 

 Kolleru Lake, India, Indian J. Environ. Health, 43 (4):148-153. 

RASHID, H. K. AND M. R. CHOWDHURY. 1996. Microbiology aspects of frozen fish 

 irradiation. IFRB, AERE, Saver, Dhaka, Bangladesh J. Micro. 13 (1& 2): 83-88. 



200 
 

RAUF, A., M. JAVED AND M. UBAIDULALH. 2009. Heavy metal levels in three 

 major carps (Catla catla, Labeo rohita and Cirrhina mrigala) from the river Ravi, 

 Pakistan. Pak. Vet. J., 29 (1): 24-26. 

RAWLES, D. D., G. J. FLICK AND R. E. MARTIN. 1996. Biogenic amines in fish and 

 shellfish. Adv. Food Nutr. Res., 39: 329-364. 

RAZAVILAR, V., M. R. KHANI AND A. A. MOTALLEBI. 2013. Bacteriological study 

 of cultured silver carp (Hypophthalmichthys molitrix) in Gilan Province, Iran. 

 Iranian J. Fisher Sci., 12 (3): 689-701. 

REZA, R. AND G. SINGH. 2010. Heavy metal contamination and its indexing approach 

 for river water. Int. J. Environ. Sci. Tech., 7 (4): 785-792. 

RISHI, K. K. AND M. JAIN. 1998. Effect of toxicity of cadmium on scale morphology in 

 Cyprinus carpio (Cyprinodae). Bulletin Environ. Contami. and Toxicol., 60:  

 323-328. 

ROOPMA, G., V. GUPTA, K. MEENAKSHI AND G. SWETA. 2014. Quality changes 

 in the muscles of Wallago attu during frozen storage (-12±2C) conditions, 

 Pakistan J. Zool. 46 (5): 1371-1375. 

ROOPMA, G., V. GUPTA, K. MEENAKSHI AND G. SWETA. 2013. Quality changes 

 in the muscles of Wallago attu during frozen storage (-12±2ºC) conditions. Res. J. 

 Ani. Vet. and Fisher. Sci., 1(5): 16-20. 

ROSSI, N. G. AND J. L. JAMET. 2008. In situ heavy metals (copper, lead and cadmium) 

in different plankton compartments and suspended particulate matter in two 

coupled Mediterranean coastal ecosystems (Toulon Bay, France). Marin. Pollut. 

Bull. 56: 1862-1870. 

ROSTAMZAD H, B. SHABANPOUR, M. KASHANINEJAD AND A. SHABANI. 

 2010.  Inhibitory impacts of natural antioxidants (ascorbic and citric acid) and 

http://link.springer.com/journal/13762
http://link.springer.com/journal/13762/7/4/page/1


201 
 

 vacuum packaging on lipid oxidation in frozen Persian Sturgeon fillet. Iranian 

 J. Fisher. Sci. 9, 279-292. 

RURANGWA, E., I. ROELANTS, G. HUYSKENS, M. EBRAHIMI AND D. E. KIME.  

 1998. The minimum effective spermatozoa: egg ratio for artificial insemination 

 and the effects of mercury on sperm motility and fertilization ability in Clarias 

 gariepinus. J Fish Biol., 53: 402-413. 

SABULLAH, M. K., S. A. AHMAD, M. Y. SHUKOR, A. J. GANSAU, M. A. SYED, 

 M. R. SULAIMAN AND N. A. SHAMAAN. 2015. Heavy metal biomarker: Fish 

 behavior, cellular alteration, enzymatic reaction and proteomics approaches. 

 Int. Food Res. J., 22 (2): 435-454. 

SALLAM, K. I., 2007. Chemical, sensory and shelf life evaluation of sliced salmon 

treated with salts of organic acids. Food Chem., 101: 592-600.  

SASSI, A., A. ANNABI, K. KESSABI, A. KERKENI AND K. SAID. 2010. Influence 

 of high temperature on cadmium-induced skeletal deformities in juvenile 

 mosquitofish (Gambusia affinis). Fish Physiol. Biochem., 36: 403-409. 

SATHESH PRABU, C. AND A. J. THATHEYUS. 2007. Biodegradation of acrylamide 

 employing free and immobilized cells of Pseudomonas aeruginosa. Int.

 Biodeter. and Biodegra., 60 (2): 69-73. 

SAYED, N. A., A. ZAHANGIR, M. R. KHAN, S. S. NILLA AND G. MUSTAFA. 2013. 

 Biochemical Sensory and Chemical Changes at -20°C in Gamma Irradiated Two 

 Types of Stinging Catfish, Heteropneustes fossilis. World J. Zool. 

 8 (2): 225-233. 

SEHAR AFSHAN, S. ALI., U. S. AMEEN., M. FARID, S. A. BHARWANA, F. 

 HANNAN AND R. AHMAD. 2014. Effect of Different Heavy Metal Pollution 

 on Fish. Res. J. Chem. Environ. Sci., 2 (2): 35-40. 



202 
 

SEIDAL K, N. JORGENSEN, C. G. ELINDER, B. SJOGREN AND M. VAHTER. 1993. 

 Fatal cadmium-induced pneumonitis. Scand J. Work Environ. Health, 19: 429-31. 

SHAKILA, R. J., K. VIJAYALAKSHMI AND G. JEYASEKARAN. 2003. Changesin 

 histamine and volatile amines in six commercially important species of fish of the 

 Thoothukkudi coast of Tamil Nadu, India stored at ambient temperature. Food 

 Chem., 82: 347-352. 

SHALABY A.R. 1996. Significance of biogenic amines to food safety and human health. 

 Food Res. Int., 27: 675-690. 

SHAMSUZZAMAN, M. M., S. K. MAZUMDER, M. A. SIDDIQUE AND M. N. U. 

 MIAH. 2011. Microbial quality of hilsa shad (Tenualosa ilisha) at different stages 

 of Processing. J. Bangladesh Agri. Uni., 9 (2): 339-344. 

SHANKAR, C. M., H. ANWAR, S. R. MOHAMMAD AND R. M. MOFIZUR. 2010. 

 Microbiological quality of Processed Frozen Black Tiger Shrimps in Fish 

 Processing Plant. World J. Fish and Mari. Scie. 2: 124-128. 

SHARMEEN, R., M. Z. KHAN, G. YASMEEN AND S. A. GHALIB. 2014. Levels of 

 heavy metals  (cadmium, chromium, copper and lead) on water and selected 

 tissues of Oreochromis mossambicus from different locations of Malir River, 

 Karachi. Canad. J. Pure & App. Sci., 8(3): 3011-3018. 

SHEWAN, J. 1977. The bacteriology of fish and spoilage fish and biochemical changes 

 induced by bacterial action. In: proceeding of conference on handling, processing, 

 and marketing of tropical fish. Ondon, Tropical Product Institute. pp. 51-66. 

SHIVAKUMAR, C. K., B. THIPPESWAMY, M. V. TEJASWIKUMAR AND S. M. 

 PRASHANTHAKUMARA. 2014. Bioaccumulation of heavy metals and its effect 

 on organs of edible fishes located in Bhadra River, Karnataka. Int. J. Res. in 

 Fisher. and Aqua., 4: 90-98. 



203 
 

SIGHOLT, T., U. ERIKSON, T. RUSTAD, S. JOHANSEN, T. S. NORDTVEDT 

 AND A. SELAND. 1997. J. Food Sci., 62 (4): 898-905. 

SILVA, A. A. L. AND E. HOFER.1993. Resistance to Antibiotics and Heavy Metals in 

 Escherichia coli from Marine Fish. Environ. Toxicol. and Water Quali., 8: 1-11. 

SIRAJ, M., M. SHAHEEN, A. STHANADAR, A., KHAN, D. P. CHIVERS AND A. M. 

 YOUSAFZAI. 2014. A comparative study of bioaccumulation of heavy metals in 

 two freshwater species, Aorichthys seenghala and Ompok bimaculatous at River 

 Kabul, Khyber Pakhtunkhwa, Pakistan. J. Bio. & Env. Sci., 4(3): 40-54.  

SMITH, D. AND P. RIETHMULLER. 1999. Consumer concerns about food safety in 

 Australia and Japan. British Food J. 102 (11): 838-855.  

SOLIDUM, J. M., M. J. D. DE VERA, A. D. C. ABDULLA, J. H. EVANGELISTA 

 AND M. J. A. V. NEROSA. 2013. Quantitative analysis of lead, cadmium and 

 chromium found in selected fish marketed in Metro Manila, Philippines. Int. J. 

 Environ. Sci. Dev., 4 (2): 207-212. 

SRIDHARA, C. N., C. KAMALA, S. SAMUEL AND D. RAJ. 2008. Assessing risk of 

heavy metals from consuming food grown on sewage irrigated soils and food 

chain transfer. Ecotoxicol. Environ. Saf., 69: 513-524. 

STANISKIENE, B., P. MATUSEVICIUS, R. BUDRECKIENE AND K. A. 

SKIBNIEWSKA. 2006. Distribution of heavy metals in tissues of freshwater fish 

in Lithuania. Polish J. of Environ. Stud., 15(4): 585-591.   

STEEL, R. G. D., J. H. TORRIE AND D. A. DINKKEY. 1996. Principles and 

Procedures of Statistics. (2nd Ed) McGraw Hill Books Company, Singapore. 

STOEPPLER, M. 1991. Cadmium. In: Metals and their compounds in the environment. 

(Ed. E. Merian) VCH publisher, Weinheim, Germany. 



204 
 

STRATEV, D., I. VASHIN AND H. DASKALOV. 2015. Microbiological status of fish 

 products on retail markets in the Republic of Bulgaria. International Food  Res. J. 

 22 (1): 64-69. 

SUTHAR, S. AND S. SINGH. 2008. Vermicomposting of domestic waste by using two 

 epigeic earthworms (Perionyx excavatus and Perionyx sansibaricus). Int. J. 

 Environ. Sci. Tech., 5 (1): 99-106. 

TABINDA, A. B., M. HUSSAIN, I. AHMED AND A. YASAR. 2010. Accumulation of 

toxic and essential trace metals in fish and prawns from Keti Bunder Thatta 

District, Sindh, Pakistan J. Zool. 42 (5): 631-638. 

TABINDA, A. B., S. BASHIR, A. YASAR AND M. HUSSAIN. 2013
a
. Metals 

 Concentrations in the Riverine Water, Sediments and Fishes from River Ravi at 

 Balloki Headworks. J. Animal & Plant Sci. 23 (1): 76-84. 

TABINDA, A. B., S. BASHIR, A. YASAR AND S. MUNIR. 2013
b
. Heavy metals 

 concentrations in water, sediments and fish in river Sutlej at Sulemanki 

 headworks. Pakistan J. Zool., 45 (6): 1663-1668. 

TAWARI-FUFEYIN, P. AND S. A. EKAYE. 2007. Fish species diversity as indicator of 

pollution in Ikpoba river, Benin City, Nigeria. Rev. Fish Biol. Fisher.,  

17: 21-30. 

TAYLOR, S., J. STRATTON AND J. NORDLE. 1989. Histamine poisoning (scombroid 

 fish poisoning): an allergy like intoxification. Cli. Toxicol., 27: 225-240. 

TEN BRINK, B., C. DAMINK, H.M.L.J. JOODTEN AND H. J. HUIS IN’T VELD,

 1990. Occurrence and formation of biologically active amines in foods. Int. J. 

 Food  Microbiol., 11: 73-84. 



205 
 

THAI AGRICULTURAL COMMODITY OF FOOD STANDARD (TACFS). 2004 

 Tilapia. Natural Bureau of Agriculture Commodity of Food Standard (ACFS). 

 TACFS 7001-2004. 8P. 

THAKUR, J. AND M. MHATRE. 2015. Bioaccumulation of Heavy Metals in Tilapia 

 Mossambicus Fish from Industrially Polluted Patalganga River, India. 

 International J. of Adv. Res., 3 (2): 486-490. 

TOLE, M. P., J. M. SHITSAMA. 2003. Concentrations of heavy metals in water, fish and 

 sediments of the Winam Gulf, Lake Victoria, Kenya. Aquatic Ecosystem Health 

 and Management Socity, pp: 1-9. 

TORIMIRO, N., P. T. BEBE, F. E. OGUNDIPE, D. M. ESAN AND A.  ADUWO. 2014. 

 The Bacteriology and Physico-chemical Analysis of Freshwater Fish Ponds. Int. 

 Res. J. Microbiol, 5 (3): 28-32. 

TURKISH FOOD CODES (TFC). 2002. Official Gazette, 23 September 2002,  

 No. 24885. 

TURKMEN, M., A. TURKMEN, Y. TEPE, Y. TOORE AND A. ATES. 2009. 

Determination of metals in fish species from Aegean and Mediterranean seas. 

Food Chem., 113, 233-237. 

TUZEN, M. 2003. Determination of heavy metals in fish samples of the Mid Dam Lakee 

Black Sea (Turkey) by graphic furnace atomic absorption spectrometry. Food 

Chem., 80: 119-123. 

UBALUA, A. O., U. C., CHIJIOKE AND O. U. EZERONYE. 2007. Determination and 

assessment of heavy metal content in fish and shellfish in Aba river, Abia State, 

Nigeria, KMITL Sci. Tech. J., 7 (1): 16-23. 



206 
 

UDDIN, N. AND A.H. AL-HARBI. 2012. Bacterial flora of polycultured common carp 

 (Cyprinus carpio) and African catfish (Clarius gariepinus). Int. Aquat. Res., 4 

 (10): 6-9.  

UNEP, (1985). Reference Methods for Marine Pollution Studies, Determination of total 

Hg in marine sediments and suspended solids by cold vapour AAS, 26. 

UNNEVEHR, L. J. 2000. Food safety issues and fresh food product exports from LDCs. 

 Agricul. Econo., 23 (3): 231-240. 

US EPA, US Environmental Protection Agency. 1995. Integrated risk information 

 system. Environmental Protection Agency, Washington, DC. 

UYSAL, K., Y. EMRE AND E. KOSE. 2008. The determination of heavy metal 

 accumulation ratio in muscle, skin and gills of some migratory fish species by 

 inductively coupled plasma-optic emission spectrometry in Beymelek Lagoon, 

 Antalya/Turkey. Microchem. J., 90 (1): 67-70. 

VELEZ, D. AND R. MONTORA. 1998. Arsenic speciation in manufactured seafood 

 products: A review. J. Food Prot., 61 (9): 1240-1245. 

VELU, S., A. F. BAKAR, N. A. MAHYUDIN, N. SAARI AND M. Z. ZAMAN. 2013. 

 Effect of modified atmosphere packaging on microbial flora changes in fishery 

 products. Int. Food Res. J., 20 (1): 17-26. 

VERMA, J. K., L. N. SRIKAR, N. S. SUDHAKARA AND J. SARMA. 1995. Effects of 

frozen storage in lipid freshness parameters and some functional properties of 

oil sardine (Sardinella longiceps) mince. Food Res. Int., 28: 87-90. 

VERMEIREN, L., F. DEVLIEGHERE, V. DE GRAEF AND J. DEBEVERE. 2005. In 

 vitro and in situ growth characteristics and behaviour of spoilage organisms 

 associated with anaerobically stored cooked meat products. J. App. Micro., 98  

 (1): 33-42. 



207 
 

VIJAYAKUMAR, P., R. LAVANYA, N. VEERAPPAN AND T. 

 BALASUBRAMANIAN. 2011. Heavy metal concentrations in three 

 commercial fish species in Cuddalore Coast, Tamil Nadu, India. J.  Experim. Sci., 

 2 (8): 20-23. 

VINODHINI, R. AND M. NARAYANAN. 2008. Bioaccumulation of heavy metals in 

 organs of fresh water fish Cyprinus carpio (Common carp). Int. J. Environ. Sci. 

 Technol. 5 (2): 179-182. 

VISCIANO, P., M. SCHIRONE, R. TOFALO AND G. SUZZI. 2014. Histamine 

 poisoning and control measures in fish and fishery products. Front. in Micro.,  

 5: 1-3. 

WANG, T. 2009. Oxidative deterioration of lipids can directly affect quality 

 characteristics such as colour, flavour, texture, nutritive value and safety. PhD 

 thesis, Faculty of Food Science and Nutrition, School of Health Sciences, 

 University of Iceland, Island.  

WEPENER, V., J. H. J. VAN VUREN AND H. H. DU PREEZ. 2001. Uptake and 

 distribution of copper, iron and zinc mixture in gill, liver and plasma of a 

 freshwater teleost, Tilapia sparmanii. Water S. A., 27 (1): 99-108. 

WHITTLE, K. J. 1997. Opportunities for improving the quality of fisheries product and 

 sea food from producer to consumer, integrated approach to quality proceedings 

 of the  International Seafood Conference on the 25th anniversary of WEFTA, 

 Netherlands, (13-16 November 1995). Elsevier, Amsterdam. pp. 549-560. 

WHO, 1995. Inorganic lead. Environmental health criteria. 165. International program on 

chemical safety. Geneva. Switzerland. www.inchem.org/documents/ehc/ehc165. 

htm.  Accessed 12 June, 2014. 

http://www.inchem.org/documents/ehc/ehc165


208 
 

WHO. 1992. Cadmium Environmental health criteria, 134. International Program on 

 chemical safety. Geneva. Switzerland. www.inchem.org/documents/ehc/ehc/ 

 134.htm. Accessed 12 June 2014.   

WORLD FISH CENTRE. 2008. Reducing poverty and hunger by improving fisheries and 

 aquaculture. The World Fish Centre Annual Report 2007/08.

 http://www.worldfishcenter.org 

WYSE, E. J., S. AZEMARD, AND S. J. MORA. 2003. Report on the World-wide 

Intercomparison Exercise for the Determination of Trace Elements and Methy 

Imercury in Fish Homogenate IAEA-407, IAEA/Al/144(IAEA/MEL/72), IAEA, 

Manaco.  

YAP, C. K. AND B. H. PANG. 2011. Assessment of Cu, Pb and Zn contamination in 

 sediment of north western Peninsular Malaysia by using sediment quality values 

 and different geochemical indice. Environ. Monitor. and Assess., 183 (1-4):  

 23-39. 

YEASMIN, T., M. S. REZA, F. H. SHIKHA, M. N. A. KHAN AND M. KAMAL. 2013. 

 Effect of washing and chilled storage on the retention of formalin and quality of 

 rahu fish (Labeo rohita, Hamilton), Discourse J. Agri. and Food Sci., 1 (6):  

 118-22. 

YEASMIN, T., M. S. REZA, M. N. A. KHAN, F. H. SHIKHA AND M. KAMAL. 

 2010. Present status of marketing of formalin treated fishes in domestic markets 

 at Mymensingh district in Bangladesh. Int. J. Biores., 1: 21-24. 

YI, Y. J AND S. H. ZHANG. 2012. The relationships between fish heavy metal 

concentrations and fish size in the upper and middle reach of Yangtze River. 

Procedia Environ. Sci., 13: 1699-1707. 

http://www.inchem.org/documents/ehc/ehc/
http://www.worldfishcenter.org/


209 
 

YI, Y.J., Z. F. YANG AND S. H. ZHANG. 2011. Ecological risk assessment of heavy 

metals in sediment and human health risk assessment of heavy metals in fishes in 

the middle and lower reaches of the Yangtze River basin. Environ Pollut., 

doi:10.1016/j.envpol.2011.06.011.  

ZEITOUN, M. M. AND E. E. MEHANA. 2014. Impact of water pollution with heavy 

metals on fish health: overview and updates. Global Veterinaria, 12 (2): 219-231. 

ZODAPE, G. V., V. L. DHAWAN, R. R. WAGH AND A. S. SAWANT. 2011. 

 Contamination of heavy metals in seafood marketed from Vile Parle and Dadar 

 markets of suburban areas of Mumbai (west coast of) India. Int. J. Envir. Scie.,1 

 (6): 1177-1185. 

ZOU, E. 1997. Effect of sub-lethal exposure to zinc chloride on the reproduction of the 

 water flea, Moina ir.rasa (Cladocera). Bulletin Environ. Contami. and 

 Toxicol., 58: 437-441. 

 

 

  



210 
 

APPENDICES  
 

Paper-I 

CHATTA, A. M., M. N. KHAN, Z. S. MIRZA, AND A. ALI. 2016. Heavy 

Metals [Cadmium, Lead and Chromium] Contamination in Farmed Fish: A 

Potential Risk to Consumer’s Health, Turk. J. Zool., 40: 248-256.  

 

 

  



211 
 

Paper-II 

 

CHATTA, A. M., M. N. KHAN, Z. S. MIRZA, A. ALI AND A. M. Khan. 

2016. Comparison of Microbial Load and Histamine in Cultured Freshwater 

Carps at Fish Farms and Market, Pakistan J. Zool., Revised and  Resubmitted 

after Peer Review for processing. 

  



212 
 

Paper-III 

 

CHATTA, A. M., M. N. KHAN, Z. S. MIRZA, A. ALI AND S. Y. 

SHELLY. 2016. Microbial Quality of Farmed Fish in Markets of Lahore, 

Pakistan: A Health Concern Pakistan J. Agri. Sci., Revised and Resubmitted 

after  Peer Review for processing. 

  



213 
 

Paper-IV 

 

CHATTA, A. M., M. N. KHAN, A. ALI AND S. A. NAQVI. 2016. Effect 

of Delayed Freezing on Microbial Quality and Shelf Life of Farmed Fish, 

Labeo Rohita, during Frozen Storage, J.Ani. Plant Sci., Submitted. 

 


