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Abstract : Shigella sp, Micrococcus sp, Salmonella sp and Staphylococcus sp was the dominant bacteria during the microbial, physiochemical and proximate analysis of tilapia fishes sold at Itu and Uyo market in Akwa Ibom State, Nigeria. In tilapia fish samples from Itu market, moisture content was highest with it ranging from (40.0-37.7) and lower in Uyo with (17.4-37.8). Crude protein was low in samples from Itu with (34.30-35.0) and highest in Uyo with (34.78-40.0); ash content for Itu is (43.40-44.80) and (43.40-59.30) for Uyo. Crude fibre was higher in Uyo with (44.50-55.33) and Itu with (35.33-40.33) while lipid content was highest in samples from Itu with (76.20-79.00) and Uyo with (69.70-75.10). It also showed the total heterotrophic count, total coliform count and total fungal count of the isolates obtained from fish samples from Itu market was greater than that from Uyo market. Samples from Uyo market have the total heterotrophic count which ranged from 9.0 x 107 cfu/g to 1.10 x 109 cfu/g, total coliform count 5.0x107 cfu/g to 1.1x108 cfu/g while the total fungal count from 7.0 x 106 cfu/g to 1.2 x 107 cfu/g. The total heterophic count of the samples from Itu market ranged from 1.5 x 108 cfu/g to 8.0 x 108 cfu/g, the total coliform count ranged from 6.5 x 107 cfu/g to 1.0 x 108 cfu/g while the total fungal count from 5.0 x 106 cfu/g to 9.0 x 106 cfu/g. Among the bacteria isolated from tilapia fish, Shigella sp [4(30.8%)] was the most prevalent. This was followed by Micrococcus sp [3(23.1%)], Salmonella sp [2(15.4%)], and Staphylococcus sp [2(15.4%)] while Pseudomonas sp and Escherichia coli was the least prevalent [1(7.7%). Of the fungal isolates identified Mucor sp and Rhizopus sp were the most predominant having 33.3% each. This was followed by Aspergillus sp and Penicillium sp (16.7%). The findings of this study showed that the samples of tilapia fish from Itu and Uyo market were contaminated with potential pathogenic microorganisms. Thus, tilapia fish should be cooked properly before consumption.
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1. Introduction 

The term ‘Fish’ encompasses all sea foods including crustaceans with a chitinous exoskeleton such as lobsters, crabs, shrimps and mollusks such as mussles cockles, clams and oysters (Adams and Moss, 1995). Fish are aquatic Vertebrate that is typically cold. There are more kinds of fishes than all other kinds of water and land Vertebrates put together and this various kind of fish differ so greatly in shape, colour and sizes (Ayres, 1993). 
Fish as earlier defined are generally vertebrates that use gills to obtain oxygen from water and have fins with variable number of skeletal elements called fin rays (Zapata et al 1996). The physiochemical levels of these fishes found in Habitats that have already being polluted by industrial discharge and waste disposal may either kill these fishes or render them inedible which if not taken note of might cause a great deal of harm to man and his environment.
Fish is a very perishable, high-protein food that typically contains a high level of free amino acids. Microbes metabolize these amino acids, producing ammonia, biogenic amines such as putrescine, histamine, and cadaverine, organic acids, ketones, and sulfur compounds (Emborg et al., 2005; Olafsdottir et al., 2005; Baixas-Nogueras et al., 2005; Dalgaard et al., 2006; Doyle, 2007). Degradation of lipids in fatty fish produces rancid odors (Haugen and Undeland, 2003; Doyle, 2007). In addition, marine fish and some freshwater fish contain trimethylamine oxide that is degraded by several spoilage bacteria to trimethylamine (TMA), the compound responsible for fishy off odors. Iron is a limiting nutrient in fish, and this favors growth of bacteria such as pseudomonads that produce siderophores that bind iron (Gram and Dalgaard, 2002; Doyle, 2007).
Tilapia are ranked as the second most widely farmed fish in the world. They are farmed in at least 85 countries, with most production coming from Asia and Latin America (Eknath et al., 2007; Liu et al., 2010). In 2007, tilapia production of China reached 1,210,000 tons, approximately up to 49% of the global yield (Li and Cai, 2008; Liu et al., 2010). The majority (approximately 66.7%) of tilapia production in China is sold alive in domestic market and the remaining are frozen for exportation or used for further processing (Li and Cai, 2008; Liu et al., 2010).

Fish spoilage is a complex process in which physical, chemical and microbiological mechanisms are implicated (Hozbor et al., 2006). Some reports on the storage quality of frozen/chilled tilapia were still not comprehensive on spoilage mechanism and quality assessment (Arannilewa et al., 2005; Yanar et al., 2006; Sil et al., 2008; Liu et al., 2010).

In this study, the type and species of fish was narrowed down to the tilapia fish and the study aimed at determining the microbial level of these fish (Tilapia) from the different markets, isolating, characterizing and identifying microorganisms in the fish samples and determining its physiochemical level and proximate compositions.

2. Materials and Methods
2.1. Collection and processing of samples

The samples of fresh tilapia fish were collected from Itu and retail market in Uyo into sterile container and transported immediately to the laboratory for microbial and physiochemical analysis. Tilapia fish samples were aseptically removed from the container. Using a sterile, the different fishes were dissected to remove the intestine, gills, skin and also the fins respectively. Each sample was blended separately for homogenicity and about 10g taken for microbiological analysis. 
2.2. Skin: 

Samples of raw tilapia fish from different locations were collected, of which the skin of raw fish was taken by rubbing the sterilized cotton swab over the skin and then inoculating into the nutrient broth.
2.3. Gills: 

The sterilized cotton swab was wiped against the gill filaments by lifting the operculum with the help of a pair forceps. The sample was inoculated in the nutrient broth as well as swabbed on nutrient agar. A part of the gill filament removed aseptically was also placed in a separate (nutrient broth, MacConkey broth and Selinite F broth tubes) in order to isolate all the bacteria present on the gill filaments which might have escaped contact with the swab. The examined gills were taken from raw tilapia fish.
2.4. Intestine and muscles: 

This was done by cutting a part of intestine and muscle after sterilizing with red hot scalped and inoculation in the media (nutrient broth, MacConkey broth and Selinite F broth tubes). The samples included intestines and muscles from raw tilapia fish.
2.5. Fins:

This was done by cutting the fins of tilapia fish samples after sterilizing with red hot scalped and inoculation in the media (nutrient broth, MacConkey broth and Selinite F broth tubes). The samples included fins from raw tilapia fishes.
2.6. Physico-chemical analysis

Samples were analyzed chemically to determine the proximate composition according to the method of the Association of Official Analytical Chemist (AOAC, 1990). The proximate composition was carried out according to the method of AOAC (1990). This includes determination of pH, moisture content, ash content, crude fat, crude fiber, crude protein and carbohydrate. The pH readings were taken according to the method of AOAC (1990) using a pH meter (Meltler Delton 340 pH meter). Samples of tilapia fishes were analyzed for calcium Ca2+, potassium (K+), phosphorous (P2+), iron (Fe2+) according to the methods of AOAC (1990), Fishwick and Wright method of 1977, Osborne and Voogt method of 1978,  Macro Kjeldahl method of Osborne and Voogt, 1978. Sample solution was prepared by homogenizing 10g of the sample in 100ml distilled water to form slurry. 

2.7. Enumeration, isolation and identification isolates

A ten fold serial dilution was made and appropriate dilutions were used for microbial enumeration using standard pour plate method. The pour plates were made using Nutrient agar (NA), MacConkey agar (MCA), and Sabouraud Dextrose agar (SDA) for total heterotrophic bacterial counts, total coliform counts, and total fungal counts respectively. The plates were incubated at 37OC for 24-48h except for fungal plates which were incubated at room temperature (28+2 OC) for 3-7 days. Discrete colonies were sub-cultured into fresh agar plates aseptically to obtain pure cultures of the isolates. Colonies identifiable as discrete were carefully examined macroscopically for cultural characteristics. All isolates were Gram stained to determine their gram reaction. The isolates were identified by comparing their characteristics with those of known taxa, as described by Jolt et al. (1994) and Oyeleke and Manga (2008). Fungal isolates were subcultured on SDA and identified based on their morphological and cultural characteristics.
2.8. Statistical Analysis
The data obtained were subjected to analysis of variance (ANOVA) using Graph Pad Prism Software, version 5.01. Significant difference between means were determined at p<0.05.

3. Results Analysis
Table 1 showed the presence of the physical, chemical and nutritional composition of the fish sample which is moisture content, Ash content, crude protein, calcium, potassium etc. In samples gotten from Itu market moisture content was highest with it ranging from (40.0-37.7) and lower in Uyo with (17.4-37.8). Crude protein was low in samples from Itu with (34.30-35.0) and highest in Uyo with (34.78-40.0); ash content for Itu is (43.40-44.80) and (43.40-59.30) for Uyo. Crude fibre was higher in Uyo with (44.50-55.33) and Itu with (35.33-40.33) while lipid content was highest in samples from Itu with (76.20-79.00) and Uyo with (69.70-75.10) as shown in Table 1.
Table 1: Physico-chemical and nutritional composition of Tilapia fish samples

	
	ITU MARKET
	UYO MARKET

	
	Sample 1
	Sample 2
	Sample 1
	Sample 2

	pH
	8.88
	9.00
	7.23
	7.35

	Moisture content
	37.30
	40.00
	37.80
	37.40

	Ash content
	43.40
	44.80
	43.40
	50.30

	Crude protein
	34.00
	35.27
	34.80
	40.10

	Crude fibre
	35.32
	40.33
	55.33
	44.50

	Lipid content
	79.00
	78.20
	69.70
	75.10

	Total Carbohydrate 
	80.00
	81.20
	85.35
	76.10

	Ca2+
	1540.40
	3018.52
	5086.42
	4032.40

	K+
	  620.40          
	750.70
	870.90
	920.70

	P2+
	536.80
	640.70
	570.70
	610.10

	Fe2+
	552.20        
	579.0
	620.0                     
	588.0


Table 2 showed the total heterotrophic count, total coliform count and total fungal count of the isolates obtained from fish samples from Itu market was greater than that from Uyo market. Samples from Uyo market have the total heterotrophic count which ranged from 9.0 x 107 cfu/g to 1.10 x 109 cfu/g, total coliform count 5.0x107 cfu/g to 1.1x108 cfu/g while the total fungal count from 7.0 x 106 cfu/g to 1.2 x 107 cfu/g. The total heterophic count of the samples from Itu market ranged from 1.5 x 108 cfu/g to 8.0 x 108 cfu/g, the total coliform count ranged from 6.5 x 107 cfu/g to 1.0 x 108 cfu/g while the total fungal count from 5.0 x 106 cfu/g to 9.0 x 106 cfu/g (Table 2).
Table 2: Total viable count for Bacterial and fungal isolates

	Samples
	Total Heterotrophic Count (Cfu/g)
	Total Coliform Count (Cfu/g)
	Total Fungal Count (Cfu/g)

	Itu Market

	A
	1.5x108
	8.0x107 
	5.0x106 

	B
	1.7x108
	9.0x107 
	7.0x106 

	C
	1.13x108
	7.5x107 
	9.0x106 

	D
	1.6x108  
	1.0x108 
	8.0x106 

	E
	8.0x108
	6.5x107 
	6.0x106 

	Uyo Market

	A
	9.0x107 
	5.0x107 
	7.0x106 

	B
	1.5x108 
	1.2x107 
	1.0x107 

	C
	1.3x108 
	1.1x108 
	1.1x107 

	D
	1.2x108 
	1.0x108 
	9.0x106 

	E
	1.1x109
	8.0x107 
	1.2x107 


The 13(100.0%) bacterial isolates obtained from Tilapia fish sold in Uyo and Itu markets were identified as Pseudomonas sp, Micrococcus sp, Salmonella sp, Eschericha coli, Bacillus sp, Staphylococcus sp, and Shigella sp. as shown in Table 3. Table 3 showed the bacterial isolates obtained from the fish samples and their percentage of occurrence with Shigella sp [4(30.8%)] having the highest frequency of occurrence. This was followed by Micrococcus sp [3(23.1%)], Salmonella sp [2(15.4%)], Staphylococcus sp [2(15.4%)]. Pseudomonas sp and Escherichia coli was the least occurring microorganisms having [1(7.7%) each.
Table 3:  Percentage frequency of occurrence of bacterial isolates

	Isolates 
	No. (%)

	Escherichia coli
	1(7.7)

	Micrococcus sp
	3(23.1)

	Pseudomonas sp
	1(7.7)

	Salmonella sp
	2(15.4)

	Shigella sp
	4(30.8)

	Staphylococcus sp
	2(15.4)

	Total 
	13(100.0)


From the result obtained, Table 4 showed the presence of 6(100.0%) fungal isolates from the fish samples which were identified as Aspergillus sp, Rhizopus sp, Mucor sp and Penicillium sp. These organisms contributed to spoilage of the fish samples. The frequency of occurrence showed that Mucor sp and Rhizopus sp were the most predominant fungal isolates having 33.3% (n=2) each. This was followed by Aspergillus sp and Penicillium sp each having 16.7% (n=1).
Table 4:  Percentage frequency of occurrence of fungal isolates

	Fungal isolates
	No. (%)

	Aspergillus  sp
	1 (16.7)

	Mucor sp
	2 (33.3)

	Penicillium sp
	1 (16.7)

	Rhizopus sp
	2 (33.3)

	Total 
	6(100.0)


4. DISCUSSION

From the result of the microbiological and physiochemical analysis of tilapia fish sold in Itu and Uyo market in Akwa-Ibom State, it can be deduced that many potential pathogenic bacteria were isolated from the fish samples which are Pseudomonas sp, Micrococcus sp, Salmonella sp, Escherichia coli, Bacillus sp, Staphylococcus sp, Enterococcus sp and Shigella sp.  Also, the fugal isolated obtained from the samples also include Aspergillus sp, Rhizopus sp, Mucor sp and Penicillium sp. The microorganisms reported in this study are similar to what has been reportedly isolated in other studies in Nigeria (Okonko et al., 2008, 2009; Adebayo-Tayo et al., 2012a,b). In a study by Yagoub (2009), Enterobacteriaceae were isolated from gills, skin, muscles and the intestine of randomly collected fishes. Thampuran et al. (2005) reported that the microbial quality of the tilapia indicated that all tissue samples except muscle tissues were contaminated with fecal coliform where Escherichia coli was the most common contaminant and is often encountered in high numbers. This is also in accordance with what was previously reported by Koutsoumanis and Nychas (2000), Jeyasekaran et al. (2006), Yagoub (2009) and Adebayo-Tayo et al. (2012a,b) who identified pseudomonads as a good spoilage index.

In this study, samples of tilapia fish from Uyo market have the total heterotrophic count which ranged from 9.0 x 107 cfu/g to 1.10 x 109 cfu/g, total coliform count 5.0x107 cfu/g to 1.1x108 cfu/g while the total fungal count from 7.0 x 106 cfu/g to 1.2 x 107 cfu/g. The total heterophic count of the samples from Itu market ranged from 1.5 x 108 cfu/g to 8.0 x 108 cfu/g, the total coliform count ranged from 6.5 x 107 cfu/g to 1.0 x 108 cfu/g while the total fungal count from 5.0 x 106 cfu/g to 9.0 x 106 cfu/g Arannilewa et al. (2006) also found that the total coliform count range in fish was between 3.0 x 103 - 7.5 x 106 with increasing values, as the duration of storage increases. Hood et al. (1983) found that fecal coliform levels were above the recommended wholesale level suggested by the National Shellfish Sanitation Program (less than or equal to 230/100 g). This is in agreement with earlier report by Agbu et al. (1998) in Kastina in terms of high viable counts of coliform density in the water ecosystem.
The presence of coliforms from the fish samples such as Escherichia coli, Enterococcus sp. and Salmonella sp. reveals the contaminations of the habitat by faecal matters. It can also be deduced that the tilapia fish samples from Itu market contained high microbial load than the tilapia fish samples from Uyo market. Escherichia coli cause dysentery (Nester et al., 1995). Normal fish and human skin is a complex organ and the bacterial populations associated with it are complex in kind and number. The skin supports the growth of both aerobic and anaerobic bacteria (Nester et al., 1995). 
All the organisms isolated from the samples of tilapia fish have health implication for man except Micrococcus sp., which have not been associated with human infections. Most of these organisms are associated with food poisoning infection and typhoid fever in humans, shigellosis food infection in humans, and the presence of Aspergillus reveals possible production of aflatoxins (Nester et al., 1995; Adebayo-Tayo et al., 2006). Escherichia coli is implicated in newborn meningitis and infantile diarrhea, Salmonella paratyphi is the causative agent of paratyphoid fever in humans, who are the only reservoir of this organism (Nester et al., 1995; Adebayo-Tayo et al., 2006). Enterococcus sp. has been implicated in human infections like pharyngities, scarlet fever and pneumonia (Adebayo-Tayo et al., 2009). 
Staphylococcus aureus, a mesophile have been implicated in food poisoning outbreak of some food material (Adebayo-Tayo et al., 2009). Odunfa (1988) reported that S. aureus levels of 108 ml are considered potential hazardous to consumers. The presence of S. aureus is an indication of contamination by food handlers and 80% of them are being harbored by man as normal micro flora (Adebayo-Tayo et al., 2009). Bacillus sp causes a toxin-medicated disease rather than infection such as diarrhea and emetic illness characterized by nausea and vomiting (Bergdoll, 1981; Adebayo-Tayo et al., 2006, 2009). Pseudomonas sp on the other hand is prevalent among patients with wounds, burns, cystic fibrosis are likely to have introduced into the environment by swimmers and infected individuals who use these waters were the tilapia samples were obtained for recreational purposes (Adebayo – Tayo et al., 2006).

The contamination may be as a result of human activities such as deposition of faecal matters, washing, bathing, discharge of effluents into the rivers were these fish are harvested from. The occurrences of Bacillus sp. can be said to be as a result of prevalence of their spores in the environment (Jay, 1978; Adebayo-Tayo et al., 2009). Bacillus species are spore formers whose spores could survive high temperatures of processing. Bacillus sp. has been isolated from non-alcoholic beverages (Osuntogun and Aboaba, 2004; Amusa et al., 2005). The organisms are present in most raw materials used in food manufacturing at concentration of 103/g or less. The infectious dose has been estimated to be 105/g (Adeleke and Odeola, 1997; Adebayo-Tayo et al., 2009)

The presence of highly pathogenic bacterial isolates, like Bacillus sp., Salmonella sp., Shigella sp., E. coli, Pseudomonas sp. and S. aureus are organisms of public health concern. The presence of these microbes is an indication of possible contamination resulting from the use of well water, which is mostly used in local food processing industries are not free from microbial contamination (Potter, 1983; Adebayo-Tayo et al., 2009). S. aureus known for production of heat stable enterotoxin (Stewart, 1974) and potentials for multiple antibiotic resistances when they get into the living tissue (Foster, 1996; Allen and Cowan, 1997; Okuma et al., 2002; Scott, 2002; Klein et al., 2007) makes the product of immense epidemiological danger (Adebayo-Tayo et al., 2009). 
Aspergillus spp. have also been implicated in causing mycetoma in human (Cheesbrough, 2000; Adebayo-Tayo et al., 2009). A. flavus is involved in allergic (aspergillosis (pulmonary aspergillo-sis) and also produces aflatoxin that is highly carcinogenic (Prescott et al., 2005; Adebayo-Tayo et al., 2009). The presence of species of Aspergillus could be attributed to the prevalence of their spores in the atmosphere (Adebayo-Tayo et al., 2009). This organism was easily trapped during the post harvest processing and handling of tilapia fishes. Since most fungal spores are found in the air, the spores must have contaminated the tilapia fishes during storage, transportation and displaying of the fishes at the market. The liberated spore can easily settle on food and ceilings of room and then germinate (Okhuoya and Ayanlola, 1986). Dongo and Ayodele (1997) have shown that Aspergillus occurred highest in the number of colonies identified from air spora of some localities. Ilodu and IIoh (2007) isolated and identified A. flavus and A. niger from sorrel drink.
Penicillium spp. cause visible rots on citrus, pear, and apple fruits and cause enormous losses in these crops (Doyle, 2007). They also spoil other fruits and vegetables, including cereals. Some species can attack refrigerated and processed foods such as jams and margarine (Doyle, 2007). A related genus, Byssochlamys, is the most important organism causing spoilage of pasteurized juices because of the high heat resistance of its spores (Doyle, 2007).
The physiochemical and Nutritional composition of the tilapia fish samples revealed that they serve as food sources of protein and mineral elements (Briggs and Colloway, 1999). From the physiochemical analysis, samples from Itu had the highest moisture content than does from Uyo, these suggest that these fish samples analyzed may not be storable for a long while due to the high water activity. Crude protein was high in Uyo samples Itu which is probably due to favourable environmental conditions. The high level of protein source for the alleviation of Kwashiorkor arising from proteins malnutrition especially in diets meant for children.  The high ash contents of the samples from Uyo compared to Itu may be due to pollution of these aquatic habitats were the fish samples were gotten by crude oil. This also suggests higher level of mineral elements in these samples as against non contaminated areas, since uptake of water, salts and mineral elements are carried out by these fish samples. These samples irrespective of source (i.e. Itu and Uyo markets) cannot therefore be consumed as the sole source of energy to humans.  The low level of energy could be attributed to low levels of crude protein and high levels of moisture in the samples. In order to derive full nutritional potentials of these fish, they should be consumed with fat-giving foods since low energy may lead to low birth weight and increased infant mortality.

5. Conclusion 

The microbiological and physiochemical analysis of Tilapia fish from Uyo and Itu markets revealed that samples from Itu market contain high microbial load but are nutritionally richer than samples from Uyo market. This means that the samples from itu have high contaminants and unacceptable levels of both bacterial and fungal isolates. Considering the public health implications of the poor bacteriological and mycological qualities of these fish samples, particular attentions should be paid to their safety through proper processing, storage and handling procedures as most of these organisms are from the handlers.
From the result obtained in this study, it is therefore recommended that people should be educated on the unhealthy implication of water pollution as this goes a long way in contaminating the aquatic animals. Proper processing, storage, and handling procedures should be cultivated. Adequate processing methods before consumption should be employed. Fish that have shown signs of spoilage should not be sold to the public so as to boost the health standard of the populace. The populace should also be educated on the proper measures to be embarked in sewage and effluents disposal and not to the rivers as this would pollute the water and cause health risk.
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