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ABSTRACT 

One of the traditional sources of animal protein of the developing world is through livestock 

rearing. Unfortunately, the livestock production is under increasing pressure from the combined 

effects of human population growth, shortage of grazing land and expantion desertification. 

Therefore, it is important to look for fish, which is the cheap source of animal protein and 

an important source of high quality protein as it contains large amounts of essential amino acids. 

In addition, fish contains crude lipids, which supply the body with energy as well as omega-3 fatty 

acids- the healthy fats that playa role in regulating blood cholesterol and supporting proper brain 

functioning. Moreover, fish is rich in iron, zinc, magnesium, and copper. Despite this fact, 

biochemical composition and toxic metal accumulation of different fish species from various 

freshwater ecosystems had gained little emphasis in Ethiopia. Therefore, the present study was 

conducted to evaluate the nutritional quality, health benefits and toxic heavy metal risk assessment 

of selected fish species collected from four freshwater ecos ystems in Ethiopia. 

In this study, a total of 80 (40 females and 40 males) fish samples of two freshwater fish species, 

namely African catfish and Nile tilapia (C gariepinus and 0. niloticus) were collected from four 

freshwater bodies of Alwero River, Abay River, Lake Hawassa and Lake Ziway found in Ethiopia. 

The fish samples were transported to the Center for Food Science and Nutrition, Addis Ababa 

University for further analysis. Proximate analysis of the fish samples was done by Association of 

Official Analytical Chemists (AOAC) method. Minerals in fish samples were determined by 

Atomic Absorption Spectrophotometry (AAS). Heavy metals were determined by inductively 

coupled plasma optical emission spectrometry (ICP-OES) with following a microwave digestion 

procedure. 

The analysis of the proximate composition of both fish species (male and female) from all sampled 

sites for maximum and minimum dry matter content for male and female were respectively 7.96% 

and 11.76% (p < 0.05); 7.06% and 12.00% (p<0.05). Dry matter fish muscles content showed a 

variation among fish species and sites offish collection in lakes and rivers. Even though sex has 

no significant (p>0.05) effect on dry matter content, female fish had higher (7.06 - 12.00% dry 

weight (DW) as compared to male fish (7.96 - 11.76%). The dry matter contents in the gill tissues 

of 0. nilolicus and C gariepinus male fishes were in the range of 6.62 to 10.66% and for female 

fishes were in the range of6.80 to 9.11 % in DW and sex has no significant (p>0.05) effect on dry 

matter content of gill tissues from all sampled sites. 
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The results on the proximate composition of 0. niioticlIs fish muscle from all sampled sites for the 

maximum and minimum protein, fat, ash and carbohydrate contents were 15.22% and 12.44% 

(p < 0.05); 2.76% and 2.15% (p > 0.05); 106% and 0.65% (p > 0.05); 5.47% and 1.55% (p< 0.05). 

For C. gariepinlls maximum and minimum protein, fat, ash and carbohydrate contents were 

20.23% and 10.75% (p< 0.05); 4.62% and 2.11% (p < 0.05); 1.55% and 109% (p > 0.05); 2.53% 

and 0.28% (p< 0.05) , respectively. 

The analysis of the proximate composition revealed that fat and ash content of the fish species 

ranged from 2.69 to 4.60 and 0.65 to 152 g/IOOg wet weight (WW), respectively. The lowest 

moisture was detected in C. gariepinlls from Lake Ziway (71.11 %) with high fat content (4.62 %). 

The protein content ranged from 12.44 - 15.22% and 10.75 - 20.23% for 0. niloticlIs and C. 

gariepinus from all fresh water bodies, respectively. The difference in fat content was the major 

cause for the change in caloric values for C. gariepinus fish tissue ranged from a 6199 -12206 

kcalllOOg (260.36-512.65 kJ) followed by 0. niloticus ranged from 69.75-82.16 kcal 1l00g 

(292.95-345.07 kJ) from all fresh water bodies. Sexes were not significant (P > 0.05) influence in 

terms of the four proximate compositions (protein, fat, ash and caloric values) measured in muscle 

tissues of 0. niloticlIs and C. gariepinus collected from all sample sites. 

Five essential mineral elements Fe, Ni, Cu, Mn, and Zn and seven toxic heavy metals (Hg, Sn, Pb, 

As, B, Cd and Cr) were analyzed for each of the fish species in muscle and gill tissues from four 

different freshwater bodies. Iron, zinc, copper, nickel and manganese contents were in the range 

of33.54 to 122.29 mg/kg, 20.21 to 47.43 mg/kg, 0.75 to 10.87 mg/kg, 0.16 to 1.16 mg/kg and 2.48 

to 69.82 mg/kg DW, respectively. The result showed that iron and z inc were the most abundant 

minerals detected in gill and muscle tissues. 

Toxic heavy metal concentration were assessed in gill and muscle tissues of C. gariepinlls and 0. 

niloticlis collect from Alwero River, Abay River Lake Hawassa and Lake Ziway. In gill tissue, the 

highest accumulated heavy metals were Cd (0.58 mg/kg DW) and Pb (4.56 mg/kg DW) and were 

observed in 0. niloticlIs species in all water bodies. The highest concentrations of Sn (222.89 

mg/kg DW) and Hg (14.52 mg/kg DW) were observed in gills and muscle of 0. niioticlIs from 

Lake Ziway and Alwero River, respectively, while the highest concentrations ofCr (4.95 mg/kg 

DW) and As (30.92 mg/kg DW) were observed in gills and muscle of C. gariepinlls from Lake 

Ziway, respectively. A surprisingly too high As content was 30.92 mg/kg DW in muscle tissue of 
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C. gariepinus from Abay River and Hg content was 14.52 mglkg DW in muscle tissue of 0. 

niloticlIs from Lake Ziway, may be due environmental contaminants from municipal, agricultural 

and industrial sources may enter the food chain, accumulate in fish muscles. Those two fish species 

from Abay River and Lake Ziway are limiting its consumption for infant and pregnant women. 

However, the estimated daily intakes of all metals were below the acceptable daily intake (ADI) 

and oral reference dose (RID) set by international guideline. The target hazardous quotient (THQ) 

and hazard index (HI) values were «1) for all examined metals in both species in all sampled sites. 

There are no risk for consumptions of 0. niloticlIs and C. gariepinlls muscle meat for consumers. 

Therefore muscles of studied both fish species should be safe for utilization in human diet from 

those regions in Ethiopia. 
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CHAPTER - 1 INTRODUCTION 

1.1. Backgl'ound 

The world fish production isaroud 167.2 million tons, out of which 146.3 million tons used for 

human consumption and remaining is used for non-food purpose and discarded as waste 

material (FAO, 2016; Jag Pal et aI, 2018). The demand for high qua lity fish and fis hery 

products are growing significantly ever as they contain plentiful of beneficial hea lthy 

substances (FAO, 1986). Fish isone of the food items in diets of many countries. Itis known 

to be a source of digestable protein rich in essential amino acids. It is also a source of lipids, 

which contains high amount of omtga (n-3) fatty acids (FAs). It isa lso a rich source of minera ls 

and vitamins, (fat-soluble) (Erkan and Bilen, 2009; Pawar and Sonawane, 2013). 

Generally, it is acknowledged as one of the healthiest and cheapest sourcs of protein for low­

income family and it has amino acid compositions that are higher in cysteine thal most other 

sources of protein (Akan et at, 2012). Moreover, it is a high protein food consumed by a large 

percentage of the population because of its high palatability, low cholesterol and tender flesh 

(Onyia et aI, 2010). However, one potential risk of detary fish intake is its content of heavy 

metals . Heavy metals are generally referred to as those metals which possess a specific density 

of more than 5 g/crrr and adversely affect the environment and living organisms. These metals 

are accumulated in the rudy and food chain, exbiting a chronic nature (Jaishankar et aI , 2014). 

Fish is one of the existing organism; in aquatic ecosystems and consumption of fish from 

contaminated water bodies can bea danger for human health (Moiseenko et aI , 2001 ; Castro 

et aI, 2008). In future, it is important to detect the level of heavy metal concentration in fish 

organs in order to increase the awareness of the risk of fish consumption which may raise the 

toxic heavy metals concentration in edible part of fish tissues aillve the permissible level 

(Sivaperumal et aI, 2007; Uysal et aI , 2008). When it comes to estimate the potential risks to 

human health of heavy metals consumption from fish, several ways have been adopted such as 

calculating the carcinogenic effect and nm-carcinogenic effect. Risk assessment is one of the 

fastest methods used to evaluate the impact of the hazards on human health and also needed to 

determine the level of treatment, which is meant to solve the environmental problem that occurs 

in everyday life (Zhang et aI , 2012). These methods are typically based on the Targe Hazard 

Quotients (THQ) assessed the non-carcinogenic health hazards for each individual metal 

through fish consumption, while the hazard index (ill) was estimated as the sum of the THQs 

(Peycheva et aI , 2017). 
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The importance offisheries to the Ethiopian economy until 50 years ago, was insignificant due 

to abundant land based resources and a sparse population density. But, from the 1940s and 

1950s, the rapid population growth, which resulted in shortage of cultivable land and depletion 

of land resources, forced the people to look for other occupations and resources of food from 

water resources at a subsistence level. The rapidly growing demand fo r fish in the capita l city 

by foreigners and modern town dwellers contributed to the start of commercial fishi'l!\ as a new 

practice in Rift Valley Lakes (from the 1950s) and later in Lake Tana (late 1980s) (Yalew, 

2012). 

According to Assefa (2014), the fish catch in Ethiopia was approximately 15,000 tons of fishes, 

74% of this catch originated from the six main lakes and the remaining 26% came from other 

bodies such as rivers, reservoirs, etc As fish potential is estimated at 45,000-51,500 tons per 

year, according to several sources, less fuan 38% of this potential is currently exploited, 

demonstrating considerable room for expansion though proper management. The general view 

seems to be that the lakes in south of Ethiopia are heavily exploited Lake Tana is off-take 

dramatically less than potential (15-20%). The traders in Addis Ababa substantiate this trend 

that fish size from the south is getting smaller and the catch is reduced from these over exploited 

water bodies (Yalew, 2012). In additiolJ to being recognized as a source of direct income of 

the Lake and River side communities in Ethiopia, fish is a very imporant food in the diet of 

individuals for its wealth of nutrients. Vila Nova et al (2005) pointed out that fish has a high 

nutritional value because it has high value protein, low level cholesterol and excellent quality 

of lipids which are characterized by its high content of long chain omega-3 polyunsaturated 

fatty acids (LC 0-3 PUFA) in particular eicosapentaenoic acid (EPA, 20:5n-3) and 

docosahexaenoic acid (DHA, 22:60-3). At the moment Lake Tana fisheries contributeannually 

about 65 million Ethiopian Birr to the economy of the Amhara region and approximately about 

20% of the catch (Gebremedhine et aI., 2013). 

According to WHO (2012), fish and fish products provide the healthiest animal protein, 

however, Ethiopians consume around 10 kg per year (Dsikowitzky et al 2012), which is far 

below the recommended minimum conSJmption of fish, which is 12 kg,year or approximately 

36 g of fish per day. Admittedly, the fish stands out for having in its composition high quality 

protein, retinol, vitamins D and E, iodine and selenium as well as 0-3 FAs. Evidences from 

past studies have increasingly associated fish consumption to brain development, improving 

eye health, protection against CVD and some cancers. The fats and fatty acids of fish are highly 

beneficial and difficult to obtain from other food sources (FAO, 2013). 
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Ethiopians do not consume large quantities of fish , although there is no religious prohibition 

for the Christian and Muslim population Rather, this is a country with a strong tradition of 

livestock rearing and meat consumption. The Ethiopian Orthodox Church observes several 

fasting periods as well as fasting days every week when meat is not consumed. Most Christians 

consider fish acceptable food during those periods though some strict followers do not eat any 

animal products. Especially, Tilapia is the dominantspecies caught and consumed in Ethiopia 

during the fasting periods, although this does not hold for all groups and for all areas. In fish 

production areas, fish consumption patterns refled: the local availability of fish. Relative 

pricing gives some indication of preference and/or abundance. Nile perch is most expensive 

fish spicies followed by Tilapia, catfish and barbus. Tilapia retains its value despite relative 

abundance indicating strong consumer demand (Gordon et aI., 2007). 

Fish consumption was promoted in Ethiopian tradition due to its nutrients, consumers often 

neglect the nutritional importance of different fish species. Moreover, data on biochemical 

composition, risks and benefits associated with fish consumption of O. nita/iclIs and C. 

gariepinlls fish species from Alwero River, Abay River Lake Hawassa and Lake Ziway is 

limited. 

This thesis comprises six chapters. The following is a brief summary of each chapter in this 

thesis. Chapter One presents the introduction, statanent of the problem, justification and 

objectives of the study. Chapter Two contains a literature review of the current scientific 

knowledge on the proposed subject. Chapter Three evaluates the proximatecomposition (such 

as crude protein, crude fat, dry matter, carbohydrate and ash) of two fish species C. gariepinlls 

and O. nita/iclIs) caught from Alwero River, Abay River, Hawassa and Zavay Lakes of 

Ethiopia. Chapter Four determines the essential mineral contents in the muscle and gill tissues 

of C. gariepinus and O. nitaticlIs fish species collected from four different ecosystems in 

Ethiopia and identify the species and tissues with high mineral content, which can be 

recommended for use in altering mineral deficiencies in the country. Chapter Five determines 

the levels of seven heavy metals (8, Cr, Pb, Hg, Sn, As and Cd) in the edible and nORedible 

tissues of C. gariepinlls and O. niia/iclIs fish species caught in Alwero River, Abay Rivers, 

Hawassa and Ziway Lakes and assesses the health risks associated with their consumption 

Chapter Six presents summary of conclusion, limitation of the study and future research 

directions/ recommendations. 
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1.2. Statement of the Problem 

In developing countries, fish is one of the preferred sources of animal protein;. It is easy to 

digest and contains essential nutrients for the maintenance of a healthy body (Fawoleet aI. , 

2007). It is especially important for low and middle-income groups. Due to an ever-increasing 

awareness about healthy foods and acceptability, the demand for fish has increased 

tremendously because of its special nutritional qualities. Land degradation and expansion of 

industrialization in Ethiopia have raised the contamimtion offreshwater fish species. To satisfy 

the need of a continuously increasing population of thecountry, in addition to Lake source of 

fish species, it is wise to take a look at another freshwater bodies minor freshwater bodies like 

Alwero and Abay Rivers (Hussien, et ai, 2010). 

There are several works carried out on Ethiopian freshwater fish species which showed the 

initiation of interest in the studies of biochemical composition of the fishes . Frankly speaking, 

the present study is the first of its kind which was conducted on thefishes found in the Alwero 

and Abay Rivers. In light of the previous studies on the heavy metal pollution, the present study 

mainly focused in risk assessment of heavy metak such as Cd, Hg, Cr, B Pb, Sn, and Asin fish 

species of O. niioliclIs and C. gariepinlls which are considered as sources of contaminated 

heavy metals in Ethiopian and therefore levels of contaminated heavy metals in the;e fishes 

should be detected since their health implications for these regions are still unknown. 

The biochemical composition of fish muscles are greatly variable between and within the 

species depending upon different exogenous and endogenous factors (Kwetegyekaet aL , 

2008). Physiological status and age of fish also affect the nutritional quality of fish (Olssoret 

aI., 2003). Nutritional content decreases in spawning period and is due to mobilization of fat 

related compounds to gametogenesis (Sharer, 1994; Bandarra?1 aI. , 1997; Iverson et aI. , 2002; 

Varlien et aI. , 2003). Patrick (2007) reported a monthly variation in fat content, which was 

mainly due to avai lable diet and high temperature with season and geographical location. 

Studies on the nutritional quality of selected fish species from four different fresh water 

ecosystems in Ethiopia are scarce or nil, hence, diiCourage the traditional fish consumption 

habit which may be due to less motivation in its nutritional quality, consumers often neglect 

the nutritional importance of some fish species (Richard and Marcia, 2004). 
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The nutritional benefits of a discarded fish tissues (head, tail, skin, liver and gill) from fishes 

of Ethiopian freshwater bodies were not adequately reported and hence neglected and 

underutilized specially the gill tissues whichconta in high amount of accessible protein (Rustad, 

2007). All these discarded raw materials that can be edible or inedible are left during the fish 

fillet preparations. The utilization of discarded fish fillet is very rare which might emanate fDm 

lack of knowledge of protein-base for products made from various par1S of these fish species 

(such as fishmeal, fish sauce, fish silage and fertilizer).There is no information on the food/feed 

of gill tissues in protein and fat content of selected fish species from four different regions in 

Ethiopia. 

Fishery sector contributes to food security by providing an accessible and cheap protein source 

for the poor that supplement other locally available food sources (Thorpe, 2005). These fish 

species are very crucial in solving problems arising with malnutrition because of their nutrient 

content (high protein, n-3 FAs, vitamin and mineral content). Furthermore, freshwater fish 

species play prominent role in ensuring fom and nutrition security for a mtion. 

The measurement of proximate composition such as moisture, protein, lipid and ashcontent in 

fish is necessary to ensure that they meet the requirements of food regulations in terms of 

nutritional and commercial specifications (Osibona, 2011). The assessment of the proximate 

composition of the fish not only important in determining its nutritive value, but also for its 

better processing and preservation (Mridhaet aI., 2005). 

Assessment of toxic heavy metals in fish from different freshwater bodies could be extremely 

important from the public health point of view. The presence of heavy metals in the aquatic 

environments leads to severe adverse effects on fish and has been a subject of concern for many 

decades. Since metals are non-biodegradable and cannot be metabolized into harmless forms 

they can easily be accumulated in fish. Consequently, human beings are potentially exposed to 

these contaminants through the food chain with the consumption of fish (Georgi et aI., 2014). 

Considering the above facts, the present study was undertaken to investigate and evaluate tit 

presence of toxic heavy metals in two fish species from four different ecosystem found in 

Ethiopia. 

Therefore, the nutritional quality, health benefits and toxic heavy metal risk assessment ofO. 

niloticus and C. gariepinus fish species in four freshwater ecosystems from Ethiopia were the 
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general theme of this study. The present study therefore was undertaken in an attempt to 

achieve the following objectives: 

1.3. Objectives of the study 

1.3.1. Geneml Objective 

The aim of this study was to evaluate the nutritional quality, health benefits and toxic heavy 

metal risk assessment of O. niloticus and C. gariepinlls fish species in four freshwater 

ecosystems from Ethiopia. 

1.3.2. Specific Objectives 

The specific objectives of this study wel'e: 

1. to analyze the proximate composition in selected tissues of freshwater fish species of 

O. niioticlIs and C. gariepinus from four freshwater ecosystems found in Ethiopia 

2. to assess essential element contents of O. niloticlIs and C. gariepinlls freshwater fish 

spices from different lakes and river ecosystem found in Ethiopia 

3. to determine the accumulation level and human health risk assessment of toxic heavy 

metals in edible tissue of O. niloticus and C. gariepinus spices from different freshwater 

bodies, Ethiopia. 
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CHAPTER -2 Literature review 

2.1. Fish consumption and health 

For the last two decades, many studies have reported the beneficial effects offish consumption 

on the risk of coronary heart disease (CHD) mortality (He et aI., 2004; Whelton et aI., 2004). 

Intake of fish and fish oil were also reported to decrease the risk of other cardiovascular 

diseases (CVD) such as hypertension, stroke and cardiac arrhythmias (Jag Pal et aI., 2018). 

Fish intake also increase insulin sensitivity (Ramel et aI., 2008) and decrease the risk of nOR 

insulin-dependent (type II) diabetes (Kromann and Green, 1980; Nkondjock and Receveur, 

2003). Furthermore, fish consumption has been linked to decreased risk of many other diseases 

such as colorectal cancer (Gonzalez and Riboli, 2006), depression (Sontrop and Campbell, 

2006) and rheumatoid artITitis (Calder, 2006). 

The beneficial health effects offish and fish products consumption have mainly been attributed 

to long chain omega- 3 polyunsaturated fatty acids (LC n-3 PUFA) since these fatty acids (FAs) 

are almost exclusively derived from seaf>od (He and Daviglus, 2005; Ortega, 2006). Less is 

known about the health effects of other constituents in fish such as fish protein, even though 

quantitatively protein is the major nutrient in fish. According to J6nsd6ttir (2008), fish and fish 

products play an important role in the nutritional value because they are rich source of nutrients, 

other than PUF As and concluded, that weight loss is correlated with fish intake. 

2.2. Health benefits of long chain 0-3 polyunsaturated fatty acids 

Fatty acids (FAs) are organic compounds consisting of a hydrocarbon chain and a carboxylic 

group. FA can be saturated, mono or polyunsaturated Omega-3 (n-3) and omega-6 (n-6) FAs 

are polyunsaturated fatty acids (PUF As) which mean that they contain more than aRe 

double bond. They are called n-3 when the first doub le bond from the methyl end of the FA is 

placed at the third carbon atom. Moreover, in n6 the first double bond is 6 carbons away from 

the non-acid end of the molecule. Fish contains long chain omegt-3 polyunsaturated fatty acid 

(LC n-3 PUFA). The two mainLC n-3 PUFAs are eicosapentaenoic acid (EPA, C20:5n-3) and 

docosahexaenoic acid (C22:6n-3 DHA) (Hull et aI, 2011). 
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Figure 2.1- structure ofDHA and EPA adapted from Huber et al. (2001) 

EPA and DHA are the most important n-3 FAs in human nutrition. EPA and DHA are 

components of fish lipids. Fish such as mackerel, salmon, sardine, and tuna are excellent 

sources of EPA and DHA (Ackman, 2008). DHA is the predominant n3 FA found in the brain 

and is linked to many aspects of neural function, including neurotransmission, ion channel 

regulation and gene expression (Sontrop and Campbell, 2006). 

The human health benefits obtained by consuming fish is considered as the main reason for 

global increase of fish and shellfish production (Hoenselaar, 2012). Regarding the health 

benefits, several reliable studies have illustrated that n3 consumption helps to prevent maTo/ 

diseases including mental disorders, asthma, high blood pressure, and some common cancers 

such as breast, colon, and prostate (Rose et aI., 1999) and it can also protect against 

cardiovascular disease (CVD) (Karlssonet al (2017). 

DHA improved visual acuity as well as other indexes of brain development in human 

infants (Innis et aI. , 2001 ; Innis, 2003 ; Lauritzen et aI. , 2004) Moreover meta-analysis 

indicated that by increasing every 20g/day fish intake the CVD risk decreased as muchas 7% 

(He et aI., 2004). 

Recently there has been an increased interest in the remedial and public health communities 

concerning the role of highly unsaturated n-3 PUP As in human health and well beings (Su et 

aI., 2004). This dietary requirement is almost rertainly due to the fact that fish is source ofEP A 

and DHA, but humans, like other animals have limited conversion of these FA from the 

essential precursor's alpha-linolenic acid (ALA, 18:3n-3) (Riediger et aI., 2009). 
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2.3. Health benefit of fish p"otein 

The effects of fish protein on health have beeninvestigated considerably less than n-3 PUFA. 

Human studies on fish protein are few but several animal studies have shown that fish protm 

might have beneficial effect on human health, such as lowering bloal pressure (Boukortt et al. , 

2004: Mateos et al., 2012), TC (Demonty et al. , 2003; Wergedahl et al., 2004), TG (Demonty 

et al., 2003) and increasing insulin sensitivity (Lavigne et al., 2001; Tremblay et al. , 2003). 

Lean fish consumption might therefore dECrease the risk of developing the metabolic syndrome 

and thereby reducing the risk of CYD and type II diabetes. 

Fish protein has high biological value, is easily digestible and is rich in essential amino acids 

(Costa, 2007). The effects that fish proten has on lipid metabolism could in partbe attributed 

to its special amino acid (AA) composition. Fish protein has a low content of isoleucine, 

leucine, phenylalanine and tyrosine but a high content of arginine, alanine, methionine, 

cysteine and glycine, in comparison to casein (Yahia et al., 2005), which might affect clinical 

outcomes. Animal and human studies have also shown promising effects of fish protein on 

weight loss, where these effects might mainly lie in the high content of the amino acid taurine 

in fish (Zhang et al., 2004; Tsuboyama-Kasaoka et al. , 2006). Ample fish consumption might 

therefore be an important component in the battle against obesity. 

The bioactive effects offish protein on fish consuming population have not been investigated 

thoroughly in humans. On the other hanct the beneficial effects of LC n-3 PUF A are, well 

known and nowadays there are various sUlPlements available containing F As, in Brazilian 

Amazon, Scandinavian Japanese, Australia, New Zealand, the USA, China and other 

populations (Philibert et al., 2013). There is some evidence that the health effects offish protein 

might have been underestimated and possibly, there is a basis for the development offunctional 

food made of fish protein. 

2.3.1. Cardiovascula.· diseases 

Animal studies indicate that fish protein may influence cardiovascular risk factors by 

improving lipid metabolism and blood pressure. Fish protein might therefore have beneficial 

effects on cardiovascular risk independent of the intake ofLC n3 PUFA, even though human 

studies are limited. Long term consumption of fish appears to be associated with lower plasma 

LDL-C, therefore decreasing the risk ofCYD (Fekete et al., 2009). 
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2.3.1.1 Blood pl'essure 

Studies in rats have shown blood pressure loweringeffects offish protein, compared to casein 

(Yahia et aI. , 2003a; Boukortt et aI., 2004). These effects can be explained by the high arginine 

content of fish since nitric oxide, the metabolic product of arginine by the enzyme nitric oxide 

synthase, plays a crucial role as a vasorelaxant and lowers blood pressure (Yahia et aI. , 2003a). 

In addition, Yahia et al (2003a) found out that the fish protein dietmodified the composition 

ofliver microsomal total lipids and liver phospholipids essentially by decreasilg the proportion 

of arachidonic acid (ARA, 20:4,rr6), which is attributed principally to a diminution indelta-6 

(tl6) desaturation activity, the first step of arachidonate biosynthesis. This might havebeen 

caused by the low lysine to arginine ratio in fBh protein as compared to casein since a positive 

correlation has been reported between lysine/arginine ratio and liver microsomal tl6 (n-6) 

desaturase activity in rats (Koba and Sugano, 1990). Despite the decreased proportion of ARA, 

which is the precursor of eicosanoids such as prostacyclin (PGI2), the production of the 

vasodilating PGI2 was increased. These conflicting results indicate that other factors influence 

eicosanoids biosynthesis in hypertensive rats independent of the ARA level. Yahia et al (200a) 

suggested that these factors might be vasoconstrictor hormones, including angiotensin II, 

vasopressin and epinephrine that have shown to stimulate PGI2 synthesis in vivo to constitute 

a homeostatic mechanism (Askari and Ferrerib, 2001). 

2.3.1.2 Cholestel'Ol 

Fish protein has been found to reduce plasma total cholesterol levels in animal studies, 

compared to casein (Demonty et aI., 2003; Yahia et aI., 2003b; Wergedahl et aI. , 2004). Zhang 

and Beynen (1993) found that the cholestero~affecting properties of a cod meal could be 

enhanced by the incorporation of higher proportions of fish protein in the diet, indicating a 

dose-dependent relation. Bergeron and Jacques (1989) demonstrated that fish protein diet 

caused fewer atherosclerotic lesions in rabbis, compared to casein diet, due to the cholesterol 

lowering effect. 

Wergedahl et al (2004) found that Acy~CoA cholesterol acyltransferase activity (ACAT) in 

rats significantly decreased by fish protein diet compared to casein diet. ACAT catalyzes the 

intracellular esterification of cholesterol and formation of cholesterol esters, thereby 

participating in accumulating cholesterol esters in macrophages and vascular tissues. By this 

mechanism, increased ACAT activity is thought to playa role in the progression of 
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atherosclerosis (Carr et aI. , 1992) so this finding indicates that fish protein has a cardio 

protective role and is involved in the regulation of plasma cholesterol (Wergedahl et al., 2004). 

In humans, the effects of cod protein on cholesterol metabolism, compared to other animal 

proteins, appear to be different frem those observed in rodents (Demonty et aI. , 2003). Lacaille 

et al (2000), found that fish protein did not affect total plasma cholesterol concentrations in 

men and a study by Gascon et al (1996) on premenopausal women showed the same results. 

Also in animal studies, isolated fish protein used leaving out nearly all possible effects of other 

nutrients, whereas lean fish as a wholeis more often used in human studies, which can interfere 

with the results. Nevertheless, the fish food in young population resuled in a reduction in total 

cholesterol in the lean fish group that was of a similar degree as in the fatty fish group. The 

reduction was though only of borderline significance from the control group receiving no fish 

food when adjusted for weight loss (Gmnarsdo ttir et aI., 2008), indicating that weight loss 

alone might be partly responsible for the cholesterol lowering effect. Unfortunately, the 

cholesterol lowering effect of the cod diet was mainly due to lowering of HDbC rather than 

LDL-C, compared to the other diet groups, which is common in an energ),restricted diet 

containing :::: 30 % from fat (Nordmann et aI. , 2006; Petersen et aI. , 2006). 

2.3.1.3 Tt'iglycerides 

Fish protein might decrease plasma triglyceride (TG) levels in rodents (Hurley et al.,1995; 

Demonty et aI. , 2003 ; Shukla et aI. , 2006) and increase lipoprotein lipase (LPL) activity in 

adipose tissue (Demonty et aI., 1998;Hodson et aI. , 2008) in comparison with casein. However, 

one should bear in mind that the protein-isolates tested in animal or human models are most 

likely not completely free oflipids. Thus, it cannot fully ruled out that some of the effects might 

originate from LC n-3 PUFA, which is possible in this case. Nevertheless, Demonty et al (2003) 

showed for the first time that cod protein lowers the rate ofTGt secretion into the blood in rats, 

compared to casein, probably because of a reduction in hepatic triglyceride synthesis. The 

authors also suggested that the lowering effect of cod protein on TG secretion mightbe related 

in part to its AA composition, since cod, protein contains more arginine and has a lower lysine 

to arginine ratio than casein. However, Bergeron and Jacques (1989) found that serum TG were 

higher in rabbits feeding on fish diet compared to casein diet. 

Human studies have shown that fish protein, compared with other animal proteins, might lower 

plasma VLDL TG in premenopausal women (Gascon et aI. , 1996) but did not affect total 

cholesterolemia and LDL-Apo protein B in postmenopausa l women (Jacques et al. ,1992). The 
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human trial of fish food consumption onadult people revealed interesting results on the effects 

of fish protein on serum TG concentration. The cod diet in that study lowered serum TG to a 

similar degree as the FO diet, a result that has not been seen previously in a human study 

(Gunnarsdottir et aI., 2008). 

Based on studies in rodents, it has also been proposed that cod protein may interact with dietary 

n-6 (Bergeron et aI., 1991) and n-3 (Demonty et aI., 1998) PUFA, mainly through specific 

alterations in hepatic lipid concentrations, to modulate plasma TG and cholesterol 

concentrations (Demonty et al., 2003). Therefore LC PUFA and fish protein might interact 

whi le improving cardiovascular health. 

2.3.2. Obesity 

According to WHO overweight and obesity are defined as "abnormal or excessIve fat 

accumulation that may impair health" (WHO, 2006). A study by Yahia et al (2005) suggested 

positive effects of fish protein on weight loss in rats since rats fed fish protein diet did not gain 

as much body weight as rats fed casein protein diet despite similar food and energy intake. The 

authors reported that rats fed the fish protein diet had significantly lower total lipids in adipose 

tissue and therefore lower fat deposition, compared to rats fed the c:sein diet (Yahia et aI., 

2005). However, the reduced essential AAs (isoleucine, leucine, phenylalanine, tyrosine, valine 

and histidine) in fish protein, compared with casein, might have been responsible for this low 

growth (Yahia et aI., 2003a). 

Human study found that regular consumption of lean fish (3 x 150 g per week) increased weight 

loss in overweight and obese men during an eigh1;week energy restriction in comparison to an 

isocaloric control diet without seafood (6.5 ± 2.8 kg vs. 5.3 ± 3.0 kg) (Thors!i>ttir et aI., 2007). 

However, a significant effect of lean fish consumption on weight loss not seen in women. 

Testing the weight loss was effects of lean fish eaten more frequently or in higher amounts han 

in fish consumers study is important, as lean fi!h might be an interesting possibility to increase 

weight loss options for overweight or obese individuals. 

2.3.2.1. Weigh t loss 

Particular amino acids (AAs) in fish protein might have beneficial effects on body weight, 

especially the amino acid taurine. Several studies have shown that taurine might promote 

weight loss. An early study by Zhang et al (2004) showed that taurine decreased body weight 

in obese, mainly due to inhibition of excess fat deposition in the body since taurine is highly 
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concentrated in the gastrointestinal wall, influencing lipid metabolism.Tsuboyama-Kasaoka et 

al (2006) reported that dietary sulphur containing AA are important in the metabolism of fats 

to prevent obesity in mice fed high-fat diet by increasing both resting energy expmditure and 

gene expression involved in energy metabolism in white adipose tissue. The researchers 

concluded that obesity causes depletion of the blood taurine concentration, which then 

promotes further obesity, and that dietary taurine supplementation mght interrupt this vicious 

circle and prevent obesity. 

A human study by Zhang et al (2004) also found that sevenweek supplementation with 3 g 

taurine (sulphur-containing AA) per day resu lted in weight loss, possibly due to its beneficial 

effects on lipid metabolism. 

2.4. Other effects of fish consumption on weight loss 

2.4.1 P"otein intake, fish consumption and satiety 

Macronutrients have different effects on satiety independent of their caloric value. Studies 

demonstrated that dietary protein is the most satiating macro nutrient compared with iso 

energetic ingestion of carbohydrate or fat in both human subjects and animal models (Bensaid, 

2002; Leidy et aI., 2007). An additional mechanism that might explain the positive influence 

of fish protein on body weight is therefore its possible effect on satiety. Previous studieshave 

indicated that fish protein might have stronger satiating effect when compared with beef and 

chicken protein (Borzoei et aI., 2006). 

However, in human study results indicated that lean fish consumption does not increase satiety 

compared to isocaloric diets of the same macro nutrient composition including fatty fish,fish 

oil (FO) or control diet without seafood (Arnarson, 2007). 

Furthermore, cod consumption even increased hunger scores measured on visual analogue 

scales (VAS) compared to the other diet groups. The researchers suggested that LC n-3 PUF A 

in the two other seafood groups had favorable effects on appetite by increasing satiey feelings 

(Arnarson, 2007; Parra et aI., 2008). Another possible mechanism might be that the cod diet 

increased metabolic rate to a greater degree than the other diets (Arnarson, 2007) since fishAA 

has been shown to increase resting metabolic expenditure in mice (Tsuboyama-Kasaoka et al., 

2006). 
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2.4.2 High-protein diets 

Protein plays a key role in body weight regulation not only by increasing satiety but also by 

increasing thermogenesis and having favorable effect on body composition through 

maintenance or accretion of fat free mass (Paddon-Jones et aI., 2008). Nutritional guidelines 

nowadays recommend that 10-20 % of the calorie content of the diet come from protein. 

However, in many popular diets, such as the Atkins Diet, 3040 % of the calorie content comes 

from protein, at the expense of carbohydrates (Astrup, 2005). The higllprotein content in the 

aforementioned diets may actually be the reason for their partial success in inducing weight 

loss (Astrup et aI. , 2004). 

However, high·protein/low carbohydrate diets may suppress food intake, which causes the 

weight loss effects, due to producing ketosis. Ketosis results from the depletion of glycogen 

stores in the body, induced by a severe restriction of carbohydrates, causing acidosis that can 

have life threatening consequences (Herrin, 2003). High protein intake has also been associated 

with progression of renal diseases, increased calcium losses and possible harmful effects on 

bone mass, and the risk of adiposity in children and juvenile diabetes (Fried mn, 2004; NNR, 

2004). Tremblay et al (2007) reported that high-protein intake could have detrimental effects 

on glucose homeostasis by promoting insulin resistance and increasing gluconeogenesis. 

Emphasizing the quality rather than the quantity of protein has shown to modulate insulin 

resistance and revealed that protein derived from fish might have the most desirable effects on 

insulin sensitivity (Tremblay et aI., 2007). Therefore further research is needed in the quantity 

of high protein intake with abmrmallipid profile in the human lipid profile. 

2.5 Othel' majol' composition of fish tissues 

2.5.1 Water 

The main constituent offish flesh is water, which usually accounts for about 80% of the weight 

of fresh white fish fillets (Huss, 1995; FAO, 2005, 201~ . Whereas the average water content 

of the flesh of fatty fish is about 70%. Individual specimens of certain species may at times be 

found with water content anywhere between the extremes ofJO% and 90 %. In the living fish , 

the water content usually increased and the protein content decreased as spawning time 

approaches. Thus is possible with cod for example to estimate the condition of the fish by 

measuring the water content of muscle. In cod, the water content of the muscle is slightly higher 

at the tail than at the head; this slight but consistent increase from head to tailis balanced by a 

slight reduction in protein content. 
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2.5.2 Pl'otein 

Proteins are the second most important fish constituent. These comprise structural protein, 

sarcoplasmic proteins and connectives tissue protein. Fish protein contains all the essential 

AAs and like milk, egg and mammalian meat proteins, have a very high biological value. In 

addition, fish proteins are excellent sources of lysine, methionine and cysteine. The amount m 
protein in fish muscle is usually between 15% and 20%, but values lower than 15% or high as 

28% occasionally found in some species (FAO, 2005). 

Amino acids 

Fish is known to be a source of protein rich in essential AAs (lysine, methionine, cysteine, 

threonine, and tryptophan) (Zygmunt, Joanna and Maria, 2008), minerals, vitamins and LC R 

3 PUF A that, amongst other benefits, have a hypo cholesterolemic effect (ant arteriosclerosis) 

(Fernandez and Venkatrammann, 1993; Ismail, 2005). 

Amino acids (AAs) playa central role as the building blocks of proteins and as intermediates 

in metabolism and further help to maintain health and vitality. There are 20 AAs found in the 

human body, 18 of which are important in human nutrition. Eight AAs cannot be synthesized 

de novo by humans and other mammals and hence mustbe supplied in the diet; therefore, they 

are called essential AAs. The essential AAs are one is absent fuilure to obtain enough of even 

one of the essential AAs results in the degradation of the muscle prdeins in the body (Zygmunt, 

Joanna and Maria, 2008). 

Moreover, there is a group of amino acids which are not normally required in the diet but which 

must exogenously supplied to specific populations under special conditions, such as intensive 

growth, stress, or in some disease states. Such AAs have been classified as semi-essential. The 

remaining amino acids synthesized by the organism in sufficient amounts and henceare 

classified as nonessential amino acids. In addition, cystine and tyrosineare regarded by some 

authors (Boisen, Hvelplund and Weisbjerg, 2000) as semiessential AAs as they are 

synthesized from methionine and phenylalanine, respectively. Therefore, the total AA 

requirements should include the sum of methionine + cystine (sulphUfcontaining AAs) and 

phenylalanine + tyrosine (aromatic AAs) . Fulfilling the requirements as above, equivalent to 

the summed quantities alone may not be sufficient because methionine and phenylalanine 

cannot be synthesized from cystine and tyrosine, respectively (Boiien et aI., 2000). 

The nutritive quality of any food protein is determine by the following factors: 
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• The content of essential and nonessential AAs 

• Should be similar to that found in the proteins of the body 

• The energy supplied, which is essential for protein synthesis in the body 

• The digestibility of the protein (Zygmunt, Joanna and Maria, 2008). 

The quality of the proteins can be determined in relation to the composition of a standard 

protein, which is recognized as the most relevant for the assessment of tre protein quality in 

the nutrition of all populations. The AA composition of a WHO standard protein has been 

modified by the Joint Expert Committee of the FAO in 1991 (FAOIWHO, 1991), with 

relevance to the present knowledge. The evaluation of protein quaIty is carried out based on 

the amounts of limiting amino acids. These are the essential amino acids found in foodstuffs in 

the smallest quantities in comparison with a standard protein. The limiting AA content 

profoundly affects the net protein utilizatiol"\ which is the ratio of the mass of AAs converted 

to proteins against that of AAs supplied. Therefore, foodstuffs that have different deficiencies 

in their essential AA profiles in comparison with a standard protein should be mixed for 

consumption. For example, the proteins of cereal products are characterized by a low content 

of lysine and hence should be supplemented with proteins rich in this AA so as to optimize the 

utilization of the proteins supplied in the diet. 

According to Zygmunt et al (2008) fish products are particularly good sources of lysine, which 

is severely restricted in cereals, the most important staple food in the world. Reduced lysine in 

the diet may lead to mental and physical handicaps because it isan important precursor for the 

synthesis of glutamate, the most significant neurotransmitter in the mammalian central nervous 

system. Furthermore, the sulphur-containing essential AAs in fish products can supplement the 

corresponding deficiency in plant proteins. Thus, the proteins in a mixel diet can be utilized 

optimally for a healthy body constitution (Papes et a!., 2001). 

Therefore, a low consumption of fish and fish products in Ethiopia compared to that in other 

countries are due to inadequate promotion and a lack of sufficientinformation regarding their 

nutritional qualities. 

2.5.3 Fat 

The fat content of fish varies depending on the species as well as the season but, in general, 

fish have less fat than red meats. The fat content ranges from 0.2% to 25%. However, fats from 

fish contain LC n-3 PUFAs namely EPA and DHA, which are essential for proper growth of 

children and are not associated with the occurrence of CVD such as CHD (Elvevoll and James, 
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2002). In pregnant women, the presence of LC n3 PUFA in their diets has been asscciated 

with proper brain development in unborn babies. In other studies, A3 FAs have also been 

associated with reduced risk of preterm delivery and low birth weight (Elvevoll and James, 

2002). Fat also contributes to energy supplies and assists in the pnper absorption offat-soluble 

vitamins namely A, D, E and K (FAO, 2011). Taking all species into account, the fat content 

of fish can vary very much more widely than the water, protein or mineral content. Whilst the 

ratio of the highest to the lowest valueofprotein or water content encountered is not more than 

three to one, the ratio between highest and lowest fat values is more than three to one. There is 

usually considerable seasonal variation in the fat content of fatty fish. For example, a starved 

herring may have as little as 0.5% fat, whereas one that has been feeding heavily to replenish 

tissue may have a fat content of over 20%. Sardines, sprats and mackerel also exhibit this 

seasonal variation in fat content. As the fat content rises, so the watercontent falls , and vice 

versa; the sum of water and fat in a fatty fish is constant at about 80%. The fatis not always 

uniformly distributed throughout the flesh of a fatty fish. For example, in Pacific salmon there 

may be nearly twice as much fat in mus;le from around the head as there is in the tail muscle. 

In white fish of the cod family, the fat content of the muscle is always low, usually below 1 % 

and seasonal fluctuations in fat content are noticeable mainly in the liver where the bulk of the 

fat is stored. Fish lipids contrast greatly from mammalian lipids in that they include up to 40% 

of long chain F As that are unsaturated and contain five or six double bonds. This difference 

has both health (ant~thrombotic activity ofPUFAs) and technological (npid development of 

rancidity) implications (Elvevoll and James, 2002). 

2.6 Other nntritional components of fish 

2.6.1 Cal'bohydl'3tes 

The amount of carbohydrate in white fish muscle is generally too small to be of any significance 

in the diet; hence, no wlues are given in the tables. In white fish, the amount is usually less 

than 1 %, but in the dark muscle of some fatty species, it may occasionally be up to 2%. Some 

mollusks, however, contain up to 5% of the carbohydrate glycogen (FAO, 2011). 

2.6.2 Minerals and vitamins 

Humans require a suite of mineral elements in varying amounts for proper growth, health 

maintenance and general wellbeing (NRC, 1989; WHO, 1998). Fish based foods are an 
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excellent source of most of the minerals which the body needs to de-elop properly and perform 

its functions. Calcium and phosphorus occur in fish fillets at about the same quantities as beef 

round (FAO, 2009). Although fish is very unlikely to be the only source of an essential mineral 

in the diet, fish does provide a wen-balanced supply of minerals in a readily usable form. The 

table of mineral constituents of fish muscle gives values averaged from a large number of 

species and is intended to serve only as a rough guide. It would be impracticable in this short 

note, and of limited value, to give a detailed analysis for individual species. Composition tables 

for fish often include a value for total ash. Since ash consists largely of a number of different 

minerals, and the total rarely exceeds 1-2% of the edible portion, this figure has also omitted, 

except from the table of fish products (Watanae et aL, 1997). 

Vitamins can divided into two groups, those that are soluble in fat, such as vitamins A, D, E 

and K, and those that are soluble in water, such as vitamins Band C Pl.l the vitamins necessary 

for good health in humans and domestic animals are present to some extent in fish, but the 

amounts vary widely from species to species, and throughout the year. The vitamin content of 

individual fish of the same species, and evenofdifferent parts of the same fish, can also vary 

considerably. Often the parts of a fish thatare not normally eaten, such as the liver and the gut, 

contain much greater quantities of oi~soluble vitamins than the flesh. The livers of cod and 

halibut for example contain almost all of the vitamins A and D present in those species. In 

contrast, the same two vitamins in eels, for example, are present mainly in the flesh. Watef 

soluble vitamins in fish, although present in the skin, the liver and gut, are more uniformly 

distributed, and the flesh usually contains more than half the total amount present inthe fish 

(FAO, 2009). In general, the vitamin content of white fish muscle is similar to that of lean 

meat and, with the exception of vitamin C, can usually make a significant contribution to the 

total vitamin intake of man and domestic animals. 

However, it is difficult to generalize and to establish the mean mineral value because they 

depend on several factors such as species, sex, biological cycle, the portion of ash analyzed 

and ecological factors, such as season, place of development, nutrient availalility, temperature 

and salinity of the water (Huss, 1995). Minerals classified based body function and used and it 

is important to note that not all metals are hazardous and toxic to fish and humans. They form 

part of a larger group of elements, some of which are essential to human health (Mertz, 

1993). These can therefore classified as essential, nonessential or toxic. 
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2.6.3 Essential and Non-essential minel'als 

Minerals are inorganic compounds including macro-elements and microelements. The macro 

elements such as calcium, magnesium, sodium, potassium, and phosphorus are essential to 

human health (Joanna et aI , 2009). Microelements such as zinc, iron, nickel, copper, and 

manganese, which occur in physiological concentrations play key rol6 in living processes and 

either an excess or deficit can disturb biochemical functions in humans (.\1ann and Trustwell, 

2007; Joanna et aI , 2009). 

Some minerals are essential, non-essential or toxic to human health (Mertz, 1993). Essential 

elements which playa specific role in body metabolism include iron (Fe), copper (Cu), zinc 

(Zn), Nickel (Ni) and manganese (Mn). Non-essential elements are elements that have no 

known specific function in the body, but are also not considered toxic in any significant 

amount. Lastly toxic elements such as cobalt (Co), tin (Sn), chromium (Cr), cadmium (Cd), 

mercury (Hg), arsenic (As) and lead (Pb) are generally related to pollution and can have 

harmful effects on living organisms when exceeding certain concentrations fromthe natural 

occurring (Bosch et aI, 2015). However, anthropogenic releases including industrial and 

domestic effluents, atmospheric sources and dumping of sewage sludge can give rise to higher 

concentrations of the metals relative to the normal background values (Zarazua et aI, 2006; 

Cicchella et aI , 2008). 

2.6.3.1 Essential elements 

Iron 

Iron (Fe) carries oxygen to the cells and is necessary for the production of energy, the synthesis 

of collagen, and the functioning of the immune system. Fe deficierey is common only among 

children and pre-menopausal women. Great care must taken not to take too much iron, as 

excess amounts are stored in the body's tissues and adversely affect the body's immune 

function, cell growth and heart health (Tzonou, 1998). Feabsorption can be blocked by calcium 

(Ca), magnesium (Mg), Mn, Zn, ant~acids and tetracycline, common antibiotic) (Rebouche et 

aI , 1999). Deficiency of Fe results in anemia, which is recognized by its symptom such as low 

blood iron level, small red blood cells and low blood hemoglobin values (Tortora, 1997). Fe 

toxicity usually results from a generic disorder calledhaemochromatosis. This disease causes 

over absorption and accumulation of Fe, which can result in severe liver and heart damage 

(Wardlaw & lnsel, 1996). 
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Zinc 

Zinc (Zn) is an essential element found in the tissue of animals and plants even at normal 

ambient concentrations. However, if plants and animals exposed to large concentrations of 

bioavailable Zn, significant bioaccumulations can esult with possible toxic effects (Wardlaw 

& Inse!, 1996). Zn is the most ubiquitous of a ll trace elements involved in human metabolism. 

More than one hundred specific enzymes require Zn for their catalytic function. If Znis 

removed from the catalytic si1e, activity is lost; replacement of zinc restores activity. Zn 

participates in all major biochemical pathways and plays multiple roles in the perpetuation of 

genetic material, including transcription of DNA, translation of RNA, and ultimately cell 

division When the supply of dietary Zn is insufficient to support these functions, biochemical 

abnormalities and clinical signs may develop. Studies in individuals with acrodermatitis 

enteropathica, a genetic disorder with Zn ma~absorption resulting in severe dtficiency, have 

provided much insight into the functional outcomes of Zn deficiency. These include 

impairments of dermal, gastrointestinal, neurologic and immunologic systems (ASTDR, 1995). 

Manganese 

Manganese (Mn) is an essential element to both plants an:! animals. It is necessary for normal 

bone metabolism and important enzyme reactions. It also helps to maintain normal nerve, brain 

and thyroid function (Rebouche et aI. , 1999). While a deficiency of this mineral is uncommon, 

it is often lost in processed foods (Kimura & Itokawa, 1990: Craig, 1994). A deficiency ofMn 

may affect brain health, glucose tolerance, normal reproduction, and skeletal and cartilage 

formation. Aquatic food products are the best food sources of Mn and toxicity from Mn is 

uncommon (Keen et aI. , 1999). Exposure to high level of Mn can cause both mental and 

emotional disturbance, along with increased slowness and clumsiness of the body movements. 

The disease known as Mn is due to the accumulation ofMn in the brain form a permanent bran 

injury (ATSDR, 2001). 

Nickel 

No sign of nickel (Ni) deficiency has described for humans. Nonetheless, the presence of Ni 

enzymes in lower forms of life and the response of circumstantial evidence that Ni is essential 

for humans. Of course, the potential importance of Ni in human nutrition is not limited to 

deficiency. Like other mineral elements, nickel ingested in high amounts can have adverse 

effects. However, because of excellent homeostatic regulation, lifethreatening toxicity of Ni 
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through oral intake is unlikely. Generally, greater than 250 J.lg/g of diet are required to produce 

signs ofNi toxicity (such as depressed growth and anemia) in animals ; by weight extrapolation, 

this indicates that ingestion of over 250 mg of soluble Ni daily could producetoxic symptoms 

in humans. However, the generality excessive amounts of Ni intake cause a mildly toxic and 

long term exposure can causes decreased body weight, heart and liver damage and skin 

irritation (Rajeswari and Sailaja, 2014). 

Coppel' 

The essential role of copper (Cu) in maintaining normal health in both animals and humans has 

been recognized for many years. The average daily dietary requirement for Cu has been 

reported by many scholars. Cu is required with iron for synthesis of hemoglobin It works with 

many enzymes such as those involved in protein metabolism and hormone synthesis (Wardlaw 

and Insel, 1996; Tortora, 1997; ATSDR, 2001). Deficiency ofCu causes low white blood cell 

count and poor growth. Excess intake of Cu can cause vomiting nervous system disorder and 

Wi lson's diseases (Wardlaw and Insel, 1996). 

2.6.3.2 Non essen tail elememts 

Al"Senic 

Arsenic (As) is widely distributed in nature due t> environmental sources (Goyer and 

Clarkson, 2001 ; WHO, 2011) and anthropogenic pollution which is largely due to smelting 

activities, glass manufacturing, manufacture and use of arsenic pesticides, herbicides, 

fungicides and wood preservatives (Castro-Gonzaleza & Mendez-Armenta, 2008). As has a 

complex chemistry and can present in several organic (trivalent and pentavalent arsenic) and 

inorganic (elemental, trivalent and pentavalent arsenic) forms which vary in their degree of 

toxicity. Inorganic As is seen as the most toxic form as it is stable and soluble and therefore 

absorbed by the digestive tract, abdominal cavity and muscles in the human body (WHO, 

2011) , whilst organic As does not accumulate in the human body due to rapid excretion (WHO, 

2011). Inorganic As is often found in high levels in drinking water whereas organic As is 

primarily found in fish and meat (Castro-Gonzalez & Mendez-Armenta, 2008). Fish and fish 

product can contain several times the amount of As than other foods and is therefore the main 

source of dietary intake in humans (Ysart et ai., 2000; Llobet et ai., 200). Although high 

concentrations of As (up to 100 ppm) have been found in certain edible marine species 

(WHO, 2011; Burger et ai., 2014), in most of these cases it is the total As concentrations 
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that are measured instead of the toxic inorganc form (arsenite). Up to 90% of As in fish 

muscle is present in the non-toxic arsenobetain form (Goyer and Clarkson, 2001). 

Cadmium 

Cadmium (Cd) is a metal contaminant which is introduced into the environment through both 

natural processes (volcanic emissions and weathering of rocks) and anthropogenic activ ities 

such as the smelting of other metals, burning of fossil fuels, incineration of waste materials and 

the use of certain fertilizers (EFSA, 2009). In fish muscle most of the Cd present tends to bid 

to proteins (EFSA, 2009). Cd absorbed into the fish body thereforeis eliminated at a very slow 

rate, causing bioaccumulation in the body. Cd can enter fish by passive diffusion across the 

gills or by entering the marine food chain at the plankton and nicroorganism's level and 

thereby entering fish through the diet (Erasmus et aI., 2004). 

However, fish is still considered a major source of Cd (CastrGGonzitlez & Mendez-Armenta, 

2008), which has frequently been found to exceed maximum allowable limits ina number of 

commonly consumed fish species. Cd is highly toxic to humans and has a long biological half 

life preventing the reduction of the accumulated body burden (Erasmus et aI., 2004; EFSA, 

2009). Effects on human health include hypertension and cardovascular function, neurological 

disorders, carcinogenic effects and skeletal weakness and defects (Goyer and Clarkson, 2001). 

Cd exposure in humans is predominantly through food ingestion (CastreGonzitlez and 

Mendez-Armenta, 2008) where fish, meat contan 1 to 50 ~g . kg-' Cd (Goyer and Clarkson, 

2001). The European Commission has set a provisional tolerance weekly intake (PTWI) of7 

~glkg.bw (EC, 2006). The Food and Agriculture Organization of the United Nations presents 

species-specific maximum limits for Cd in fish from 0.05 mg· kg 1 fresh weight in fishery 

products to 1.0 mg· kg-I fresh weight in bivalves and cephalopods (FAD, :n03). 

Lead 

Lead (Pb) is one of the primary contaminant metal, which is present in the environment (Castrs 

Gonzitlez and Mendez-Armenta, 2008). Pb naturally occurs in rocks, soils and in the 

hydrosphere (Buljac et aI., 2014). However, Pb is also the most wdely used metal and 

industrial Pb contributes a considerable quantity to that found in the natural environment 

(Harlavan et aI., 2010). Large amounts of Pb tetraethyl can completely be converted to 

aerosols through the combustion of gasoline, sub:equently contributing to atmospheric Pb 

(Von Storch et aI., 2003). The atmosphere in turn is the main source ofPb deposition in the 

marine environment, therefore acting as a Pb pathway from the terrestrial to the marine 
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environment. Since it became evidmt that leaded petrol was the predominant source of 

atmospheric Pb (Reuer and Weiss, 2002), regulations were adopted on the allowable gasoline 

lead content (Von Storch et aI., 2003). This reduction in anthropogenic Pb pollution was 

evident in a reduction in seawater Pb concentrations (Reuer and Weiss, 2002) form a direct 

link from terrestrial sources to effects in the marine environment. Once in the marine 

environment, Pb is easily absorbed into the fish's bloodstream and accumulated in the body 

tissues, bones, gills, kidneys, liver and scales (Nussey et aI., 2000). It can thus enter the human 

body through the diet and can accumulate, especially when fish food is consumed regularly. 

The toxicity of Pb is dependent on its chemical form (Erasmus, 2004) wherethe organolead 

compounds are more toxic than the inorganic Pb form (Muno2;Olivas and Camara, 2001). Pb 

is mostly found in its dissolved form in the ocean, of which a large proportion (5Q70%) is 

organic compounds (Reuer & Weiss, 2002). As shown by a serie; of studies by Sanchez-Marin 

et al (2007), the bioavailability of Pb in the environment as organic compounds can 

significantly increase by the presence of dissolved organic matter (DOM). The more methyl or 

ethyl carbon groups linked to the Pb molecule, de higher its toxic effect (MunocOlivas & 

Camara, 2001). The marine environment is therefore a significant source of toxic Pb exposure 

in fish and humans due to consumption. In certain communities fish consumption is the main 

source of Pb exposure (Rubio Ei aI., 2005) where excess exposure can result in neurological 

problems, haematological effects, renal failure, hypertension and cancer (Goyer and Clarkson, 

2001; Munoz-Olivas and Camara, 2001). A PTWT of 50 ~glkg BW first set by the JECFA, 

which was replaced in 1993 by a new provisional tolerance weekly intake(PTWI) of25 ~glkg 

BW for all age groups (JECFA, 2011). 

Chl'omium 

Chromium (Cr) exists in three main forms: metallic state, trivalent and hexavalent forms. While 

hexavalent Cr recognized as an industrial toxin linked to lung cancer, trivalent Cr is 

acknowledged as an essential nutrient. The latter is known to improve insulin sensitivtiy and, 

therefore, to influence carbohydrate, fat and protein metabolism. Diabetes and CHD are 

associated with low Cr concentration in human tissue (Santos et al., 2004). 

Cobalt 

The only known animal requirement for cobalt (Co) is as a constituent of via min Bl2, which 

has 4% cobalt in its chemical structure. This means that a cobalt deficiency is really a vitamin 

B 12 deficiency Co deficiency symptoms include a loss of appetite, emaciation, weakness, 

PhD Dissertation :n 



anemia, and decreased production. Excessive amounts of Co produce cardiomyopathy with a 

high mortality risk. No RDA (Relative Dietary Allowance) or Estimated Safe and Adequate 

Daily Dietary Intake has been set for Co (Santos et aI. , 2004). 

Tin 

Tin (Sn) occurs naturally in the Earth's crust, it has not been shown to be nutritionally essential 

for humans (EFSA, 2005). Sn compounds are found in various environmental media in both 

inorganic and organic forms (WHO, 2005). Sn may be released to the atmosphere from both 

natural and anthropogenic sources and it is a component of many soils and released in dusts 

from windstorms, roads, and agricultural activities (WHO, 2005). In a survey of lakes and 

rivers, nearly 80% of samples were found to contain inorganic Sn at concentrations below 1 Ilg 

/liter; higher levels of up to 37 Ilg/liter were reported near pollution sources. Inorganic Sn 

concentrations ranging from 0.001 to 0.01 Ilg/liter have been reported for coastal waters, with 

levels of up to 8 Ilg/liter near pollution sources. Inorganic Sn concentrations in sediment rllged 

up to 8 mg/kg dry weight in coastal areas and up to 15.5 mg/kg in rivers and lakes (WHO, 

2005). Sn has no known biochemical function. However, it could have a signs of chronic 

exposure to excessive intake of inorganic Sn include growth depression andattack the central 

nervous system (Ibrahim et aI., 2006). For the general population, the diet is the main source 

of exposure to inorganic Sn. JECFA (2001) recently concluded that mean Sn intakes in seven 

countries ranged from <1 up to 15 mg/day per pes on, but maxi-mum daily intakes could reach 

50-60 mg for certain individuals who routinely consume canned fruits, vegetables, and juices 

from un lacquered cans. Data presented in ATSDR (2003) indicate that organic Sn accounts for 

only a small fraction oftctal tin in most foods. On that basis, in this section, Sn figures are total 

Sn, but essentially represent inorganic Sn. 

Mel'cul'Y 

Mercury (Hg) is a metal that is liquid at ambient temperature and pressure and canbe present 

in several different chemical forms and compounds in the environment. It is the metal that 

presents the most concern about seafood consumption and human health (Marcotrigiano and 

Storelli, 2003). Fish is considered the primary source of Hg in humals (Falco et aI., 2006). 

There are numerous reports of high levels of Hg in fish muscle, exceeding the allowable 

maximum limits. Due to anthropogenic input from various activities, freshwater, sediments 

and biota near cities, harbours and industrial areas tend to have higher Hg concentrations 

compared to rural locations (Costa et aI. , 2012). 
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A number of marine based studies have corroborated such claims where blackmouthed 

dogfish, carp spp. and catfish had overall higher Hg concentration when sampled from 

industrialized and developed sites compared to those areas considered rural or less developed 

(Horvat et ai. , 2003). Rivers also carry metal contaminants from inland industrial and 

agricultural sources towards the ocean, affecting marine fish in estuariesand near river mouths 

(Oosthuizen and Ehrlich, 2001). 

In the current review the term 'mercury' (Hg) will refer to total Hg (tHg) which is the sum of 

the inorganic Hg (iHg), MeHg, EthHg and any other Hg forms present. Due to the significant 

role of diet in Hg accumulation (Mason et ai., 2000), fish at higher trophic levels are more 

likely to be exposed to and accumulate higher levels of Hg than those at lower trophic levels 

(Das et ai. , 2000; Costa et ai., 2012). Thi; process of Hg accumulation in the food chain is 

referred to as bioaccumulation (Boening, 2000; Burger & Gochfeld, 2004). Additionally, Hg 

can be biomagnified within a single species with olderllarger individuals having higher levels 

of concentrated Hg (Boening, 2000). Methylmercury has a lorger half-life than inorganic Hg 

resulting in a strong correlation between the percentage of total Hg present as MeHg and the 

total Hg levels (Forsyth et ai. , 2004), therefore, the percentage of total Hg present as MeHg 

tends to approach 100% with increasirg total Hg burden and fish size/age (Forsyth et ai. , 2004). 

The fish and seafood industry is still in need of time and cost effective, accurate way of 

determining levels of toxic MeHg for a true measurement of food safety for human 

consumption. The ratio of the total Hg burden present as MeHg can vary with more than 30% 

within one species and average ratios vary from approximately 50100% (Forsyth et ai. , 2004). 

It is therefore clear that a fixed conversion factor will not provide accurate estimates of toXii 

Hg concentrations in health assessments. There are, however, significant correlations between 

the percentage of total Hg present as MeHg and the total Hg concentrations as well as between 

total Hg concentrations and fish size/age (Forsyth et ai. , 2004). Further research should 

therefore explore these relationships for the possibility of setting up a model for calculating 

toxic MeHg levels from total Hg measurements. 

2,7 Possible hal'mfnl effects of fish intake 

Despite numerous benefits, fish may be a pathway of exposure to heavy metal pollution. 

Concern has arisen over potential toxicity long-term persistence, bioaccumnlation, and bio­

magnification at various trophic levels present in some fish species. These c(Jltaminants are 

present in low levels in water bodies, but are concentrated in fish by bioaccumulation and bio 
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magnification (Sidhu, 2003). Heavy metals have received considerable attention due to their 

toxicity, long-term persistence, bioaccumulation, and bio-magnification at various trophic 

levels (Ololade et aI. , 2008). 

Toxic elemental contaminants are transferred into human metabolism through consumption of 

contaminated fish that leads to serious deterioration of human health status (Alinnor and Obiji, 

2010) and highly tox ic for consumers when exceeding the recommended safety concentrations 

(Basiony, 2014). 

2.7.1 Toxic Heavy metal in fish tissues 

Fish is one of the cheapest and available sources of animal protein and is an important dietary 

constituent. About 148 million tons of fish were supplied by the capture and aquaculture 

sector to the world population in 2010, of which about 128 million tons was utilized 

as food for people (FAO, 2012). The lack of sufficient protein is one of the most widespread 

nutritional deficiencies in many tropical countries (Ozkan, 2005). The content of minerals and 

all amino acids in fish tissues has an important role in human metabolism (Ozden, 2010). The 

levels of contaminants, especially toxic trace minerals in fish tissue are of particular interest 

because of potential risk to human (Canli and Atli, 2003). 

Fish are often exposed to highly contaminated water, which leads to different changes ranging 

from biochemical modifications from single cells up to changes in the entire population (Bernet 

et a!., 1999). Extents of bioaccumulation and biomarker responses in fish fi·om contaminated 

sites provide information that can contribute to environmental monitoring programs planned 

for various aspects of environmental hazard assessment (Van der Oost et aI., 2003). 

Heavy metals are among biosphere pollutants of global concern due to their environmental 

persistence, ability to bio accumulate and magnify in the food chain and chronic toxicity to 

wildlife and humans (Papagiannis et aI., 2004). In aquatic systems, fish are exposed to these 

environmental pollutants either from water via gills orland from the det. Henceforth, fish are 

the most suitable indicators for the load of aqwtic pollution observed since they concentrate 

pollutants in different tissues (Fisk et aI. , 2001). Thus, bioaccumulation of pollutants canbe 

considered as an index of environmental pollutants in the aquatic bodies. Studies carried out in 

Ethiopian Rift Valley Lakes have revealed the presence of heavy metals in water and sediment 

samples. The studies by Zinabu and Desta (2002) on the chemical composition of the effluent 

from Hawassa textile factory and its effects on aquatic biota with a focus on phytoplankton and 
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fried fish clearly showed high concentration of heavy metals and indicated the effect of 

pollutants due to effluent from factories . 

A recent study in Lake Hawassa revealed significant differences of heavy metals level among 

three fish species (Yohannes et aI. , 2013). Ataro et al (2003) investigated heavy metal 

concentration of some lake waters of Ethiopia Since the past few years, anthropogenic 

pollution of lakes has become a serious concern because of the building of different factories, 

floriculture and hospitals in Hawassa. Studies indicate possible contamination of the lake 

water. Toxic heavy metals identified in the effluent of textile factory include As, Cr, Cu, Hg, 

and Pb that are poisonous for human and aquatic life (Zinabu and Desta, 2002; Yohannes, 

2014). Fisheries must be sustainable for lake side and rive side communities as nutrition and 

creating income opportunities. These have bilateral benefit, one by keepingour ecosystem and 

health from pollution. Previously the industrial and domestic wastes disposal in to the lakes 

and rivers are highly affecting the ecosystem and the people living around the lake and 

riversides. However, no studies carried are out on gill and muscle tissues of selected fish 

species found in different (lakes and rivers) ecosystem from Ethiopia to address the level of 

toxic elements and indicators of heavy metal exposure for human heath according to 

FAO/WHO (2011). 

2.7.2 Methyl mercury 

Among metals, methyl mercury (MeHg) is the compound of most concern (Costa, 2007). 

Larger, longer-living predators (e.g. tuna, swordfish and shark) have higher tissue 

concentrations of MeHg (as high as l. 0 mg/kg (Costa, 2007» compared to smaller or shorter 

lived species (Mozaffarian and Rimm, 2006). MeHg in fish is bound to proteins in muscles so 

cooking and removal of skin does therefore not signficantly reduce its concentration (Costa, 

2007). MeHg is a highly reactive compound and promotes the formation of free radicals. It 

may also inactivate the antioxidant properties of glutathione and induce lipid peroxidation 

(Costa, 2007). Health effects of very high mercury exposure are paresthesias, ataxia and 

sensory abnormalities in adults, and delayed cognitive and neuromuscular development in 

fetuses . However, the health risks with chronic low exposure of MeHg, such as with fish 

consumption over time, are not as well documented (Mozaffarian and Rimm, 2006). It hasbeen 

suggested that MeHg may increase the risk of CVD by promoting atherosc lerosis (Costa, 

2007). The health risk and benefit of fish consumption was in challenging between MeHg and 
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LC n-3 PUFAs, due to fish is a primer sources for both compounds. The cardio protective 

effects ofLC n-3 PUFAs greatly outweigh the possible harm by MeHg so the net effect offish 

consumption is still beneficial. Fish oil capsules contain little to no mercury and berefore 

considered safe in moderate amounts (Foran et aI., 2003). Among other metals, fish may also 

contain arsenic, cadmium and lead, which are not thought to be as harmful as MeHg (Costa, 

2007). 

2.8 Nut.-itional value of Ethiopian fish species a review 

2.8.1. Ovel'View of Ethiopian Fishel,), 

Ethiopia is Africa's I cfh largest country with a surface area of approximately I, 13 million 

square kilometer (Anon, 1994 cited by Wudneh, 1998). It is located in the northeastern part of 

the continent, or the horn of Africa, lying between 3-18° North and 33-48° East. It is bordered 

by Kenya in the South, Somalia in the East and Southeast in the East, Eritrea in the North and 

Sudan in the West and North-West. Ethiopia is the most populous landlocked country in the 

world, as well as the second-most populous nation on the African continent after Nigeria. 

Standing water bodies cover approximately 7 400 km and there are 7185 km of rivers (Aragaw, 

2010). Ethiopia is a federal republic with nine regional states and two clarter cities. Ethiopia's 

fishery is inland and artisanal, with landings made at many dispersed sites where records are 

not kept very well. In 2010 total production was 18, 058 tons valued at approximately USD 

$600000 (CSA 2012 cited by Aragaw, 2012). 

According to a Central Statistics Agency (CSA) report in 2010, export quantity amounted to 

849 tons, while import amounted to 421 tons. The fisheries sector provides regular employment 

for thousands of poor people and seasonal or parHime employment for many more. The 

primary sector employs an estimated 13, 200 people of which 4 052 are fulltime fishers and 

the secondary sector is believed to employ an estimated 20,000 people (CSA, 2010). This work 

is closely linked to other activities such as farming, livesta::k rearing, and fuel wood collection. 

Ethiopia water bodies support a diverse aquatic life including more than 180 fish species, of 

which about 40 are endemic. Many artificial water bodies are also stocked with fish for fishery 

activities. Regulation of the sector is inefficient across a range of authorities specifically 

regarding management and data collection on fisheries in Ethiopia (Aragaw, 2011). Empirical 

modeling suggests that current total fish production potential is around 50 000 tons annually, 

although assessments in the mid-I 990s, when landing were less than 10 000 tons, suggested 

that several lakes were already fully or over exploited. The empirical models generally do not 
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take into account the effect of unsuitable management or fishing practiu:ts and have criticized 

for consequently grossly overstating the maximum sustainable yield (Aragaw, 1998). 

2.8.2 Nutritional value of Ethiopian fish species 

Fish is the main food source for the Neged weyto people or Iminor ethnic group living around 

Lake Tana and other poor people living on the islands and surrounding of the Lake. According 

to Abebe (20001) fish is the only food source Dr these group of people who have long tradition 

in eating fish and hippopotamus meat by hunting and subsistence fishingactivity because of 

lack of access to farmland. They can't afford to use other food sources. Fish is a reserve of 

food against drought and hunger in areas around the lake and rivers it is the only and an 

important source of animal protein especially for he poor who cannot afford buying other 

animal protein sources. Animal protein is the most deficient or undersupplied nutrient in most 

rural communitie's diet (Aragaw 1998). 

Fish is an impottant source of long chain omega-3 polyunsaturated fatty acids (LC n-3 PUFA) 

and also a good source of protein. Ethiopian lakes harbor a rich fish biodiversity which 

vary in their nutrient composition. This review was examining data on the proximate and 

fatty acid content of six fish species from various Ethiopian Lakes. The fish species include the 

Nile tilapia (Oreochromis niloticus), Afi"ican sharp tooth catfish (Clarias gariepinus) , Nile 

perch (Lates niloticus), Barbs (Barbus sp.) , Redbelly tilapia (Tilapia zillii) and Conunon carp 

(Cyprinus cmpio). Species were selected based on their CWTent commercial importance as well 

as their potential for nutrition. The content of protein, fat, moisture and ash ranged from 13.30 

to 18.50%,0.40 to 2.45%, 77.24 to 80.80% and 0.81 to 1.20%, respectively. 

The fatty acid content of the fish ranged liotn 6.42 to 25.01 mg.g't dry weight (DW) for 

saturated fatty acids (SFA), 2.02 to 24.62 mg.g't DW for monounsatmated fatty acids (MUFA) 

and 7.88 to 24.12 mg.g,t DW for PUFA. Among the SFA, pahnitic acid was the main fatty acid 

while oleic acid and docosahexaenoic acid (DHA) were the main MUFA and PUFA 

respectively. The highest content of eicosapentaenoic acid (4.74 mg.g'l DW) was found in 

Barbs from Lake Langeno while the highest docosapentaenoic acid (3.99 mg.g't DW), DHA 

(11 .53 mg.g'l DW) and totaln-3 PUFA (20.61 mg.g'l DW) were found in Nile tilapia from Lake 

Haiq. The n-3/n-6 ratios ranged from 1.39 to 5.86 mg.g'l DW, with the highest ratio coming 

from Nile tilapia collected from Lake Haiq and the lowest fi'om Redbelly tilapia from Lake 

Ziway. 
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Table 2.1 summarized nutritional value some fisb species studied literature reviews in Etbiopia 

Yeor, Authur, dept and University/research ct!ntn Tille R.c!sults Iimitatiun 

2014, Asmare et 0.1. Biutochnology Research inslilUle, Extmctioll ,ll1d A1Ialysis ufOillFat and Fatty Acids Content Lobeobo.,"bus spp. showed tht highest oil/lipid content aud the Different fuctors including fish sp":cles, sex, seaSOIl 

Collc!;c of Medicwe aud Health Sciences and School uf from Different Indigenous Fish form Lake Tana Source, hi!;hest tatty acidS.followt:d by Clorius gariepillus and Oreocllromis ,od sites of collection wac considt'fed fur the: 

Food and Chemical Engineering. Bahir Dar Univenity Northwc:st Ethiopia lIi lo/jellS showed the least in oil conlent. Sex bas no signific-.ml effect differences in oil/lipid lX)ntc:nt form samples I main.ly 

containing body muscles) 

2013, Alcmu et al. Food Scicnce and Nutrition program, Effc\;! of Endogenous Factors on Proximate Composition The moisture and rat contents increased with increase in age or fish The effect or sex on body composition can't decide 

Addis Ababa University OrNile Tilapia (O"f!Qch,.of71is lIi/oricIIS L.) Fillet ( only one from 4 to 5 years. Convcrsely, the contents of crude protein, ash and as insignificant because one species !'rom ant.' place 

species observed From lake Ziway Ethiopia gross energ)' decreased with increase in age or fish rrom 4 to 5 years. can't confirmed ror conclusion 

Sex has no significant effect on proximate composition. 

2007 , Mekonnen, Chemical engineering lfuod Efle\;t of low Temperature Preservation on The T he inl1uence days interval on ti lapia fish Ji llets stored lor up to 911 The natural antioxidant conlcnt of fi sh ;, no! 

cngtncering) Addi~ Ababa Univt!n,ity PhYllicochemical and Microbiolugical Qualilie~ of days un pruximale \;oOlpu~ ition and microbiulugical qualities of expressed nor i~ any W"J.Y of adding manUfacturing 

Selel:ted Fi.~h Species (only one fi~h species) From lake fresh anliox idant~ 

ZiW".t.y Ethiopia 

2014, Assefu. ,Zcway Fisheries Resources Rescarl,;h Center Review Fish Production, Cons·umptiooand Managemenl in Domestic markellor tish is small Fishery prodm;tion is overexploited Rivers arc 001 in this review, because rivers account 

Ethiopia from Tana, Ardibo and LUb'U, ZiWllY, laogao clue to inappropriate fishing pract ice the potential of fish wa .. around 40'1. of fish sources ami managcmelll is 

Abijata, Shalla, Ha\\"J.ssa, Abay-.t., Chamo and Tw"kana underoc\'cloped and the rnaaagemenl mh: and regulation at federal ecologically balanced and environmentally fricrnlly 

level and reginnalle\"ct to co ntrollhe overcxploitation Was Very poor. 

201 2, Zeno!be f!t ai. Sebeta National Fisheries and Aqulltic Effect of supplemo!ntary feeding of agro-industrial All Sllpp lemenlary feeds nearly doubled the growth ofO. lIilolims in Control C~1nnot used fo r comp..1ring those of rarmed 

Life Ro!search Centre (NFALRC) byproducts on the growth performance of Nile tilapia and ponds. In addition to feed, ingredients, information on digestibility, fi~h, because !he main factors may ea sil)' be 

in concrete ponds palatability and levels of anti-nutritional !rubstanco!s shou ld be identified and g ive a general idea about feeding 

determined under different agra-ecologieal conditio ns 

- -
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Table 2.1 Continue 
Year. Author, dept and Un lverslty/researcb center Title Results limitation 

2012 , Zcnc:be ct 01, Sebeta National FIsheries and Effect of supplementary fceding 01 aw:o-Industrial All ~-upplcmt:ntary feeds nearly doubled the I:\ro .... t h of O. "iJoticus Control cannot used for comparing: those of fu rmed 

A.quat ic Life Research Centre (NFALRC) byproducts on the growth performance of Nile tiJapin and in in ponds. In addition to feed, ingredients. informalion on tish, because the main factors mny easily be identi fied 

concrete ponds digestibility and palatability should be determwed under different and give a gt:tlcrdi iJea about fct:dillg 

agro-ccological condition~ 

20 12, Jacobus " ,I. Leopold Amhura Region The composition offish communities of nine Ethiopian lalees Fish catchments management should be pr"cticed to save the water Rivers are not in this review, because rivers account 

Al,.'Ticultural Re~carch Institute and ZoologiCllI bodies and thei.r tisb communitie~ tor only a some amount of biodiversity 

Sciences Program Unit. Addis Ababa University 

20 12. Kas!i3.hun. Department of Sustainab le Proximate composition o f selected potential feedstuffs for Identified proximate co mpositi on of selected potential feedstuffs Fatt} acid and mineral contents an: also a affected by 

Agricultural Systems, BOKU-Univcrsity small-scale aquaculture in Ethiopia tor sma11-scalc aquaculture in Ethiopia and idcntith:d. as dietary ICed stuffs 

protein and energy source and feedstuffs with low Crude Protein 

and highest Nitrogen -free ExtractS were identified as dietary 

energy source. 

20 I I. Aslaw F<lculty of l ife Sciences. AAU Effect of Feed Quality On Growth Performance And Water The c.1.ge culture experiment CIC not procuce sign! lcant resu ts. It was not possible to determine the dlgestlbl ity and 

Quality in Cage Culture System FoL' Production of Nile Adverse eHcctto the \V'.llcr quality and plankton abundance palato:lbility Ilfthc tested dicls and the presence uf the 

Tilapia Ethiopia essential amino acid in the diets chosen as an 

<lltnnative o f fish feed ingredients. 
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The nutritional composition of freshwater fish was found to differ between geographical 

localities (Zenebe et aI., 1998). The changing biological and environmental conditions are a 

useful tool to the ecologist. Ecologists require information on meat composition to help create 

or maintain dam water atmosphere conducive for rearing a quality fish meat carcass. So far 

there has been research on other eifects on fish, but not much research has been done on the 

nutritional value and heavy metal accumulation of the fish living in different ecosystems. 

In conclusion, all the species collected from different Lakes of Ethiopia may be beneficial to 

human health. However, Nile tilapia from Lake Haiq and Barbs from Lake Langeno are the 

best for consumption due to higher levels of LC 11-3 PUFA. The summary of reviews of 

Ethiopian fish related topics are shown in Table 2. 1 
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CHAPTER -3 

Evaluation of proximate composition in giU and muscle tissues of freshwater 

fish species from four freshwater ecosystems in Ethiopia 

Abst.-act 

Proximate composition of gill and muscle tissues of Nile tilapia (Oreochromis nilolicus) and 

African catfish (C/arias gariepinus) fish species caught from four different freshwater bodies 

(Alwero River, Abay River, Lake Hawassa and Lake Ziway) in Ethiopia were examined. 

Proximate analysis of the fish samples was detennined according to AOAC method. Protein 

content of fishes varied from 12.44 to 15.22 and 10.75 to 20.23 g/100g; fat content from 2.15 to 

2.76 and 2.11 to 4.62% WW; ash content from 0.65 to 1.06 and 1.09 to 1.52 g/100g; and 

carbohydrate content from 1.55 to 5.47 and 0.28 to 2.53 in g/100g WW, respectively for 0 

niloticus and C. gariepinus. Protein content ranged from 12.44 to 15.22 % in muscle tissues of 0 

niloticus and 10.75 to 20.23 % for C. gariepinus. Crude fat content ranged from 2.15 to 2.76 % 

and 2.11 to 4.62 % in muscle tissues of 0 niloticus and C. gariepinus, respectively . Protein content 

was ranged froml1.42 to 17.36 % in gill tissues of 0 niloticus and 10.58 to 20.05% for C. 

gariepinus. Crude fat content ranged fro m 2.91 to 3.47% and 2.69 to 4.60% in gill tissues of 0 

niloticus and C. gariepinus, respectively. In that order, the study points out that both gill and 

muscle tissues of the investigated freshwater fish species contain appreciable amounts of nutrients 

and the discarded fish tissue, such as gill contains significant amount offat and protein, which is 

a valuable source offood for human consumption as well as a good substitute source to extract the 

fish lipid from muscle. Ash contents were significantly high (P<0. 05) in the gills and low in the 

muscles. These fish species have high nutritional values and their consumption will contribute in 

the remedy of health and malnutrition problems among the population. Further research should be 

carried-out on freshwater fish species and their discharged waste body parts and essential amino 

acids should be included. 

Keywords. Fish species. Freshwater. Lakes. Rivers. Muscle. Gill. Proximate composition 
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3.1. Introduction 

Fish has been recognized as an excellent food source for humans for centuries and is preferred 

in the diet not only due to its excellent taste and high digestibility but also due to higher proportions 

of unsaturated fatty acids, essenllal arruno acids and minerals for the to rmation of functional 

and structural proteins (Abdullabi et al. , 2001; Mehboob et al., 2003). 

The fish muscles are mainly composed of proteins, fats and water in maximum percentage along 

with minerals and vitamins, all of which contribute to the overall meat composition (Sanatan, 

2016). Moreover, fish has been the cheapest source of animal protein and a high protein food 

required in human diet particularly in the low and middle-income groups living in tropical 

countries suffering from lack of protein. This area is one of the most widespread nutritional 

deficiencies (Ozkan, 2005). 

However, it is not fully known whether fish and shellfish have consistent nutrient composition due 

to exogenous and endogenous factors such as feeds, sex, temperature, pH, speci es and salinity 

(Inhamuns and Franco, 2008 Fabiola and Martha, 2012). Nutrient composition varies widely from 

species to species and within the same species (Fawole et al., 2007). These endogenous factors 

such as sex, organ location and species govern the majority of principles that determines the 

composition offish (FAO, 2002; Noel et al., 2011). Proximate composition of body muscle of 0. 

niloticus (male and female) analyzed shows that the moisture content was found to be higher in 

male, while protein, fat, ash and carbohydrate contents were higher in female. Moreover, clifferent 

sexes were observed to have varying chemical composition (Alemu et aI., 2013). African catfish 

grow significantly faster and larger than 0. niloticus (Desta et aI., 2007). Proximate composition 

of body muscles of Puntius stigma (male and female) analyzed shows that the moisture content 

was found to be higher in female, while protein, fat, ash, carbohydrate and minerals contents were 

higher in male. Besides, different sexes were observed to have varying proximate composition 

(Biro et al., 2009). 

The crude fat content of the different fish species were significantly higher i n Cgariepinus than 

Cyprinlls carpio, Bagnls docmak, Labeobarbus intennedius and Labeobarbus nedgia species 

(Tsegay et al., 2016). There are, therefore, a number of variables that can affect the overall 

proximate composition of fish tissues. However, there is little information on the effects of 
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different species, tissues location and sex of the individual chemical composition of African catfish 

and 0. nilotic/ls tissues. To determine the overall biochemical composition of the two fish species, 

all the above-mentioned factors of variations need to be investigated. Therefore, in view of this 

fact, the present research was carried out to determine proximate composition of Clarius 

gariepinlls and Oreochromis niioliclis collected from four different freshwater ecosystems: 

Alwero River, Abay River, Lake Hawassa and Lake Ziway of Ethiopia. 

The second objective was to investigate the gill wastes of these fish species, compare their 

nutritional values with muscle tissues. To the best of my knowledge, this is the first study that 

explored the nutritional status of gill tissues of selected freshwater fish species collected from 

Lakes and Rivers in Ethiopia. These data will provide useful information for fish processing 

industries, nutrition and consumer groups. 

3. 2. Materials and Method 

3.2.1. Description of the study areas 

The current study was conduceted in different freshwater bodies/areas found in four different 

regions in Ethiopia. One of the study area is Lake Hawassa which is located at 6°33 ' -7°33 ' N; 

30°22'-38°29 ' E. The second is Lake Ziway which is found at 7°52'-8°8' N; 38°40'-38°56' E. 

The third is Alwero River that is located at 07° 86 'N:340S0'E, and the forth is Abay River (Debere 

Maryam area) which is found at ]]036 '93 .6" N; 037°24 'S3 .8S "E, which are ecologically and 

economically important ecosystems in the Ethiopian (Fig. 3.1). They have an important nature 

value with a diverse avifauna. These freshwater bodies are also crucial for the subsistence of the 

local communities as fishing and they are highly productive. They have rich phytoplankton and 

zooplankton that support large populations of different fish species: Oreochromis niloticlls, 

Clarias gariepin/ls , Barblls intermedills, Barblls pailidinos/ls, Lales niioliclIs, Bagrus docmak, 

Crucian carassills , Garra qlladrimaclliaia and Aplocheilichlhyes antinorii; the first two of which 

are commercially and economically important (Hussien et aI. , 20]0; Golubtsov et ai., 2002, 2004). 

3.2.2. Sampling 

Fresh fish samples of Nile Tilapia (Oreochromis niloticlls) and African Catfish (Clarias 

gariepinlls) were collected with the help of local fishermen on the site area of Lake Ziway, Lake 
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Hawassa, Abay River and Alwero Rivers from February to October 2017. A total of eighty (80) 

samples, 20 samples from each freshwater body were collected (26-40 cm long) . 
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Figure 3.1 Geographical map of Ethiopia showing the location of study Site Rivers and Lakes. In 

the sketches of the four freshwater bodies. 

The samples were collected from four freshwater bodies with different geogra phical location and 

ecosystems (lake and river). The samples were placed in icebox soon after collection to keep them 

fresh and then transported to Addis Ababa University, Center of Food Science and Nutrition 

Laboratory layered with flaked ice using icebox. Sex was identified by examining genital papilla 

located immediately behind the anus. In males, the genital papilla has only one opening (the 

urinary pore of the ureter) through which both milt and urine pass. In females the eggs exit through 

a separate oviduct and only urine passes through the urinary pore. Immediately after sex 

identification, length and weight of the fish were measured to the nearest 0.1 cm and O.Olg 

respectively. 
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3.2.2.1. Sample Pn~paJ'ation 

The fish samples were cut open and immediately a portion was used in moisture content 

determination. The remaining fish samples were dried on oven in 70 • 7S °c overnight (Ali and 

Mozhgan, 2015). The samples were removed from the oven, allowed to cool, and ground ed by a 

clean mortar and pestle. Then the grounded fine powder were stored in a dried plastic container 

with tight fitting lid until used for various analysis. 

3.2.3. PI·oximate Composition Analysis 

The proximate composition (moisture, crude protein, crude fat, ash and carbohydrates) of the two 

fish species were determined using (AOAC, 2000). All chemical analyses were carried out in 

duplicate. Results were expressed as gllOOg dry and used a s wet weight by conversion based on 

fresh moisture content. 

3.2.3.1 Moisture Content Determination 

Principle: This was done based on the differences between the net weight and the weight after 

drying to a constant temperature at 105 °C. Moisture content was determined using AOAC (2000) 

method number 925.05. The sample dish was dried at 10SoC for one hour and placed in a desiccator 

for about 15·20 minutes to cool. This was weighed (MI)-five gram (5g) of the sample was weighed 

into the moisture dish (M2) and dried in an oven at L050C to a constant weight (M3). The percent 

dry matter was determined using the following equation: 

• (M3-Ml) MOIsture content (%) = M2-Ml XI00 •.• (1) 

% Moisture = 100 - % dry matter 

where: 

M, = Weight of dish 

M 2 = Weight of fresh sample and dish 

M3 = Weight of Sample after drying 

3.2.3.2. Cmde protein 

Principle: - Nitrogen is used as an index of the protein and so termed as crude protein because it 

represents all of the nitrogen that is in the form of Non -Protein Nitrogen (NPN) such as nitrates, 

ammonia, urea and single amino acids, as well as the nitrogen present as true protein. The 
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multiplication by a conversion factor of 6.25 is based on the assumption that true protein contains 

16% nitrogen. 

Procedu.-e: - Crude protein contents of samples were determined according to the AOAC standard 

method 979.09 (AOAC, 2000). Briefly, around two gram (2 g) of dried sample was weighed and 

placed in Kjeldahl digestion tube in duplicate. To this, 6 ml of cone. H 2 S04 was added. Then 3.5 

mL hydrogen peroxide followed by 3 g of a mixture of CUS04 and K2S04 (1:15 w/w) was added 

as a catalyst and digested at 370°C until the solution turns to light green color. The digest was 

cooled and placed in an automatic distillation apparatus. During this step, water was first added to 

the solution followed by 35% sodium hydroxide solution to neutralize the system 

When distillation proceeds, the vapor was captured by 2% boric acid solution in another flask. 

This solution was finally titrated by O.IM HCI to determine the total nitrogen content and 

phenolphthalein colorless was used as an indicator. Reagent blanks were also r.un side by side and 

the nitrogen content was subtracted from sample nitrogen. Percent nitrogen (%N) was calculated 

using the following equation: 

%N (Vs-Vb).N. 14.007 *100 
gram of sample 

Where; Vs-Volume of acid consumed by the sample, Vb-Volume acid consumed by the blank, N­

Normality ofHCI. 

Crude protein, percent per weight = 6.25 • total nitrogen 

3.2.3.3 Crude Fat 

Principle: - This is the continuous extraction offat content from a sample using a suitable solvent 

in a soxhlet extractor. 

P"ocedure: - The amount of crude fat was determined by the Soxhlet extraction method according 

to AOAC, 920.39, 2000. Exactly 2.5 g of sample was weighed into an extraction thimble and 

covered with fat free cotton. Then 60 mL of diethyl ether (Sigma- Aldrich, USA) was added to pre 

weighed, cleaned and dried receiving flask and fitted into the apparatus. Water and heater was 

turned on to start extraction for 4 h. Then, the flask was dried in an oven at about 70°C for 30 

minutes to remove the solvent and cooled in a des iccator and weighed. The percent crude fat was 

determined by using the following formula: 
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Crude FatC-B- DM) (Weight of flask and fat extracted-Weight of empty flak) xl00 
100g Wetght of dried sample used 

3.2.3.4 Ash 

PJinciple: - By ashing the sample, all the volatile organic constituents in the sample were burnt 

off leaving behind the non-volatile mineral elements. 

Procedure:-The ash content was determined after the removal of organic matter by dry ashing 

according to (AOAC 923.03, 2000). Accurately weighed sample (MI) (2 g) was placed into a pre­

dried crucible (M2) and charred in hot plate under the hood. The charred sample was placed in 

muffle furnace. The furnace was closed and ignited at 550 °C for 5 h until the sample became 

white/gray. The crucibles were cooled in a desiccator and weighed (MJ). The ash content was 

calculated using the following equation: 

Where: 

M -M M ) = Weight of the dish 
Ash(%) = ' ) xlOO% 

M 2 - M ) M 2 = Weight of fresh sample and dish 

M , = Weight of ash and dish 

3.2.3.5 Dete.mination of Carbohyd"ate (By Difference) 

Available carbohydrates were determined by difference (i.e. subtracting the sum of pro tein, fat, 

ash, fiber and moisture content from 100) and the result was expressed as g1100g DM (FAO, 2003). 

Total ca"bohydmtes [%1 =100- [%Moisture + % Protein+ % Fat + % AshJ 

3.2.3.6 Estimation of the Gross energy value (caloJific value) 

The gross energy value of each samples were expressed as kcal/lOOg, was determined by 

multiplying the percentages of protein (PC) and fat (FC) contents with their respective standard 

factors of 4 and 9 kcal/IOO g of fish samples (FAO, 2003 ; Jabeen and ch audhry, 2011) using the 

following equation: 

CaloJic value = (4PC + 9FC) kcal/l00 g weight. 
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3.2.3.7 Determination of DI'Y MatteI' Content 

The dry matter (DM) content of the representative gill and muscle samples were determined using 

moisture analyzer (HB43-S Halogen) continually measures the weight of the sample put in single 

pan and displays the reduction in moisture. Once drying has been completed, the moisture content 

of fish sample is displayed as the final result. 

3.2.4. Statistical Analy sis 

Data were submitted to SPSS version 20.0-package software and analyzed using analysis of 

variance (ANOV A) to determine significant differences among the fish species. Tukey HSD test 

were performed for the comparison of means of samples. Differences were considered significant 

when p < 0.05. 
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Figure 3.2 Fish sampling area 
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Figure 3.3 Fish sample collection, measurement and sex identification 
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Figure 3.4 Fish sample washing and desiccation 

Figure 3.5 Fish tissues (muscle and gill) moisture determination 
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3.3. Results and discussion 

Biometric data of O. niloticlIs and C gariepinlls species fmm four diffel-ent watel' bodies 

The biometric data measured using standard length of each fish was taken using metre rule, the 

length offish was measured to the nearest 0.1 cm. The weights of the sampled fish were measured 

with weighing scale to the nearest O.Olgram (Ohaus Analytical weighing balance, China). For the 

adult fish, the total length and weight ranged from 26.0 - 31.50 cm, 276.0 - 667.81g and 33.0 - 40 

cm, 252.0 - 693.92 g for 0 niloticus and C. gariepinus, respectively. 

Table 3.1 presents the biometric values of 0 niloticus and C. gariepinus species studied. The total 

weights and lengths of O. niloticus from Alwero River, Abay River, Lake Hawassa and Lake 

Ziway fishes were 587.19±6.98 g, 328.89±14 g, 296. 58±20.12 g, 299.45±18.38 g, 30.08±0.87 cm, 

26.0±0.28 cm, 27.25±2.12 cm and 27.5±2. 12 cm respectively. For C. gariepinus the total weight 

and length of fishes were 605.42±25.76 g, 301.42±27.05 g, 262.28±14.54 g, 320.25±79.19 g, 

36.44±1.55 cm, 35.92±1.98 cm, 35.75±1.41 cm and 35.5±2.12 cm from Alwero River, Abay 

River, Lake Hawassa and Lake Ziway respectively. The maximum and minimum lengths of 0 

niloticlls were 26 cm and 31.50 cm, and for C. gariepinlls were 33 cm and 40 cm, respectively (p 

< 0.05). The maximum and minimum weights for O. niioticlIs were 276 g to 667.81g and for C. 

gariepinlls were 252 g and 693.92 g, respectively (p < 0.05). Based on the results, the C. 

gariepinus fish species had higher weight and length than the 0 niloticlls fish species and also 

River sources of fish species had higher weight and length than Lakes sources in both species (p 

< 0.05). 

The range of values for weight and the length of the two fish species from different freshwater 

bodies with binomial and vernacular nomenclature are presented in Table 3.1. There were a high 

degree of inconsistency in biometric values of weight and length of the two species from the four 

different freshwater bodies, with least length and weight of33.00 to 26.00 cm and 252.00 to 276.00 

g respectively recorded for C. gariepinlls and 0 niloticus from all sampled sites, and falls in the 

range of 28.63 to 42.38 cm and 258.63 to 402.55 g reported for wild C. gariepinus and wild H. 

bidorsalis species from Nigeria, respectively (Onyia et al., 2013). 
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Table 3.1 Biometric data of two fish s[lecies from four ditferent freshwater bodies 
samples Total Length (cm) Total Body weight (g) 

Common Name Scientific Name Fish sources N Range Mean± SD Range Mean± SD 

Nile Tilapia O. niloticus Alwero River 12 29.0-31.50 30.08±0.87' 490.23-667.81 587. I 9±6.98b 

Abay River 10 26.0-28.0 26.83±0.72' 276.0-378.67 328.89±14.00' 

Lake Hawassa 10 26-29 27.25±2.12" 280-309.01 296.58±20.12' 

Lake Ziway 10 26-29 27.5±2.12" 286-312.89 299.45±l8.38" 

African Cat fish C. gariepiflus Alwero River 8 35.0-38.0 36.44±1.55' 535.14-693.92 605.42±25.76' 

Abay River 10 33 .0-40.0 35.92±1.98' 254.0-430.0 301.42±27.05d 

Lake Hawassa 10 35-36 35.75±1.41ab 252-272.56 262.28±l4.54' 

Lake Ziway 10 34-37 35.5±2.12'b 264-376.50 320.25±79.19' 

Total 80 

N- number of fishes sampled. Mean values ± SD, Means with the same superscript in the same column are not signitlcantly different 

(p2:0.05). 
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On the other hand, the weight of fish samples showed direct proportional relationship with length 

and this result is similar to that reported and that length of the freshwater fish species alter 

depending upon the weight of the fish species by Gokhan et al (2010) and Oribhabor et al (2011). 

Proximate Composition 

Table 3.2 and 33 shows the proximate composition of C gariepinus and 0 nita/icus tissues. Sex 

was found to have no significant (P > 0.05) influence in terms of the five proximate components 

(moisture, protein, fat ash and carbohydrate) measured in C gariepinus and 0 nita/icus gill and 

muscle tissue, collected from Alwero River, Abay River, Lake Hawassa and Lake ZiwayThe main 

component offish tissues was moisture. 

Moistul'e Content 

The moisture content in muscle of 0 nitaticlls from all four sampling sites ranged from 76.44 to 

81.43% for male and from 77.37 to 80.62 % for female fish. For C gariepinlls the moisture content 

in muscle ranged from 71.15 to 83.32% for male and from 71.11 to 79.32 % for female. The highest 

moisture content (83.32 %) was recorded from Abay River male of C gariepinlls and the lowest 

(71.11 %) being from Lake Ziway female C gariepinus. The present study found that the moisture 

contents of selected fish species from the same water bodies showed significant difference. For 

example, the moisture contents of fish samples collected from Alwero River were 78.86 % and 

77.37% for male and female of 0 nitaticus, and 71.15% and 71.11% respectively for male and 

female of C gariepinus, which showed significant differences among the fish species although 

they were collected from the same river. 

As showed in Table 3.2 and 3.3, the moisture content of male fish is slightly higher than female 

fish recorded in all sample sites. However, moisture content is nearly the same for both sexes from 

similar freshwater bodies. In agreement to the present study, male fish is reported to have higher 

content of moisture than female fish (Islam and Joadder, 2005; Nargis, 2006; Bhavan et aI., 2010; 

Comelia, 2012). In addition, similar to our study male 0 nita/iclls caught from Lake Zeway seen 

to have higher moisture content than female fish (AI emu et aI., 2013). Moreover, Alemu et al. 

(2013), reported moisture content of 0 nita/iclis was 80.60 and 79.60% for male and female 

respectively. 

PhD Dissertation 45 



The mean average of moisture contents was measured to be the highest in muscles 77.22% and 

lowest values were observed in gills 69.6% from all sampled sites. The moisture contents in muscle 

of the two fish species from all sample sites ranged from 71.11 to 82.32 % and the value is close 

to 750% to 80% reported in previous studies on muscle tissue of different fish species fr om 

Ethiopia (Mekonnen, 2007; Alemu et aI. , 2013; Tsegay et aI., 2016). In line with the present result, 

Nwali et al (2015) and Osibona et al (2009) have also reported that moisture contents of C. 

gariepinlls was (75.65%), which is simi lar to the results, ob tained in C. gariepinlls caught from 

Lake Hawassa. 

Another study by Osibona (2011) reported that a moisture content ofe. gariepinus was ranged 

from 65.64 to 80.17 %. FAO (2010) and USDA (2010) set a limit moisture contents in fish muscle 

ranged from 78-90%, which are in good agreement with the present findings. As reported by 

Yeannes and Almandos (2003) and Wang et al (2005) moisture is a major component of the edible 

portion offish tissues. This is also confirmed by the results of the present study. The finding shows 

that the moisture content is the main component of the tissues of o. niioticlIs and African catfish 

collected from various water bodies in Ethiopia. (Badolato et a1. , 1994). 
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Figure 3.6 Muscle tissues moisture contents (fresh body) of fishes collected from Alwero, Abay, 
Hawassa and Zi way freshwater bodies. 
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The moisture contents obtained from muscles of two different fish species showed a significant 

difference (P<O.OS) and male of 0. niloticlIs was showed the highest moisture content (81.43%) 

and female of e. gariepinlls was the least moisture content (71.11 %) (Figure 3.6). 

Dry matte.- Content 

The dry matter content shows the chemical potential of the fresh samples and reflects the true 

biological yield (Teye et aI., 2011). Dry matter content of the two fish species in muscle and gill 

tissues ranged from 706 to 12.00 gllOOg (dry base), and falls in the range ofl4.3S to 7.96 gllOOg 

dry base reported for Govazym and Zeminkan offish species dry matter content, respectively (Ali 

and Mozhgan, 20IS). There were significant differences (P < O.OS) in the dry matter content of in 

all sites of the two fish species. 

Dry mater content of male of 0. niloticlIs species were ranged from 8.03 to 11.76 gil OOg and this 

value was significantly higher than that of the male e. gariepinlls which ranged from 7.96 to 

10.93g1100g. On the other hand, the dry matter content offemale of 0. niloticlIs and e. gariepinlls 

species were insignificantly (P > O.OS) different. The dry matter content in muscle and gill tissue 

was ranged from 7.7S to 12.00gl100g for female O. niloticlIs and from 7.06 to11.22g1100g for 

female ofe. gariepinus. Table 3.2 and 3.3 shows the mean dry matter content of muscle tissue of 

0. niloticlIs and e. gariepinlls. No significant (P>O.OS) difference was observed between male and 

female fish species of all the muscle meat analyzed. But female fish had slightly higher dry matter 

content (7.06 to 12.00glI00g) compared to male fish species (7.96 to I I. 76g1100g) observed in 

both fish species. Similar to the present study, the dry matter content offemale Pun/ills stigma fish 

muscle is higher than male fish (Biro et aI., 2009). 

The gill tissues of fish species showed a significant variation in dry matter. The dry matter content 

in gill tissue of 0. niloticlIs and e. gariepinus ranged from 6.62 to 1O.66g1100g for male fish and 

for female in the range of 6.80 to 9.1Ig1100g, respectively, but sex has no significant (p>O.OS) 

effect on dry matter content of gill tissues of 0. nitotiells and e. gariepinus species observed in all 

sampled sites (Alwero River, Abay River, Lake Hawassa and Lake Ziway). The dry matter content 

of the present study was lower than that reported for Govazym and Zeminkan species (14.3S to 

7.96 %) Ali and Mozhgan (20IS). 
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laDle j.L l'foxllnate com osmon lmean ± ::SV) or mUSCle tissue or two speCIes or Ilsn capmreo ITom rour Olnerem rresnwaler oomes In r.lntOpm 
Parameter Species Alwero River Abay River Lake Haw..,sa Lake ZiwdY FAO,2010 

M F M F M F M F 
Mean±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD 

D. matter CF 10.56±O.47b 9.81±O.52b 10.93±O57' 11.22±O.23' 7.96±O.52d' 8.21±0.42' 8.21 ±0.27' 7.06±O.32d 

NT 8.03±0.43' 7.75±O.O9' 11. 76±O. 74" 12.00±O.13' 8.80±O.31' 8.76±O.45' lO.77±O.21b IO.68±O.32b 
Protein CF 67.27±O.23' 66.79±O.45' 58.07±O.89' 58 .66±O.38d 71. 7S±O. 18'" 72.44±O.44' 70 .82±O.Sl b 70.43±O. ISb 15-28 

NT 67.09±O.15b 6S .91±O.02' 58.66±O.63' 58.4S±O.82' 60.34±0.33' S9.21±O.04d 70.01±O.39' 69.6S±O.02' 
Fa! CF 13.92±O.73' 14.24±O.59b' 11.41±O.1l' 11.42±O.36' 14.48±0.93b IS.OS±O.8I' 15.SS±O.23' 16. 16±0.43' IS-18 

NT 12.8I±O.27b 13.36±O.86' 12.99±O.31 b 12.9S±O.04b 11.20±0.08' 10. I 2±O.37" IO.78±O.40d 11 .03±O.O4' 
Ash CF 6.98±O.63b 7. 14±O.46' 5.91±0.79 ' 7.4I±O.9I' 5.43±0.63' 5.II±O.29' 5.04±O.38' 5.16±O.21' 

NT 4. 15±O.38'b 4.49±0.45' 4.10±0.08b 4.03±O.15b 3.78±O.4lb 4.97±O.52' 3.01±O.22' 3.97±O.15b 

CHO CF 1.27±O.33' 2.02±O.41' 13.68±O.33" 11.29±O.77b O.38±O.34d O.OI±O.19d O.35±O.60d 1.19±O.48' 2-5 
NT 7.92±O.23' 8.49±O.O8' 12.49±O.23d 12.57±O.28d 15.88±O.56b 16.94±O.70' 14.75±O.32' 4.67±O.54f 

Moisture CF 79.37±O.55b 77.07±O.43' 83.32±O.21' 79.32±O.19b 74.76±0.33d 74.48±O.S3d 71.15±O.IS' 71.11±0.12' 78-90 
NT 81.43±O.04' 79.46±O.23' 76.44±O.36' 80.62±O.4l b 79.40±0.82' 78.23±O.84" 78.86±O.39' 77.37±0.50' 

Mean±SD Value in the same TOWS with different superscript letters are significantly different (p<O.05) (Tukey Post Hoc Test) CF=Cat Fish (c. ga,;cpinus), NT Nile Tilapia (0 
nilolic:us) M=male and F= female: Values represent means and SD of duplicate determinations . 

.......... _ ~.~ ... , ......................... u ........... ..., ••• u. u _ .......... V. 5U& u~"' .... .., ........ &HV ~ ........... "' VL L&.,,, .... ~ ...... .., ..... LlU .. U .. ..., ..... ....................... ~ .............. n ......... uv ............. a U ........ ll.I..., ..... 

Parameters Species Alwero River Ab~River Lake Hawassa LakeZi\V~ 

M F M F M F M F 
Mean±SD Mean±SD Mean±SD Mean ±SD Mean±SD Mean±SD Mean±SD Mean ±SD 

D. matter CF 7.36±0.33'b 7.53±O.37b 7.98"'0.42b 8.16"'0.46" 6.37±0. I 8'" 7.72±0.llb 7.ll±O.17d 6.97±O.13d 

NT 6.62±0.05" 6.80±O.37J 9.73±O.l7b 9.06±O.1Ib 7.2I±O.04' 7.17±O.06' 10.66±O.12a 9.11±0.14b 
Protein CF 35.02±O.28' 35.88±0.21' 42.59±O.13' 38.66±O.12d 56.60±O.08b' 57.44±O.IOb, S8.35±0.45a 59.47±0.48" 

NT 38.39±O.I7" 38.53±O.25d 45.47±O.26' 39.39±O.24d 54.25±O.12b 55.18±O.14" 56.08±O.49a 54.80±O.52b 
Fa! CF 12.22±O.39'b 12.53±0.34b IO.43±0.08d 1O.20±0.O2' 12 .2I±O.14'b 12.76±O.16b 13.07±O.19' 13.95±0.22' 

NT 11.II±O.43b 12.26±O.54' II.OO±O.59b IO.86±O.35'b 9.74±O.26" 9.69±0.29' 9.50±O.84d 9.07±O.90d 

Ash CF 22.72±O.25' 22.81 ±0.28" 22 .09±0.42b' 22.74±O.44" 15.88±O.08' 15.46±O.08' 15.26±0.07' 15.25±O.O5' 
NT 17.84±O.32' 18.08±O.18' 12 .27±O.08d 12.53±0.06d 14.0S±O.39' lS.66±O.39b 14.44±O.22' 15.S0±O.28b 

CHO CF 22.68±O.07" 21.25±O.05' 16.91±O.32' 20.24±O.35b 8.94±0.09d 6.62±0.07' 6.21±O.34' 4.36±O.33'-
NT 26.04±O.13' 24.33±O.IOb 21.53±O.O2' 21.53±O.01' 21.96±1.02' 12.30±1.04d 9.32±O.14' II.S2±O.l3d 

Moisture CF 68.65±O.27d 68.15±O.3I' 74.33±O.39' 73.54±0.36b 69.52±O.17' 68.35±O.13d 66.40±O.57' 65 .S4±0.53' 
NT 70.19±O.39' 70.46±O.43' 68.47±0.73' 70.39±0.77' 69 .65±O.27' 69.15±O.3Ib 69.13±O.63' 68.2I±O.66' 

Mean±SD Value in tbe same rows with difterent superscript letters are signiticantly difterent (p<O.05) tTukey Post Hoc Test) CF=Cat Fish (c. gGliepinu~), NT Nile Tilapia (0 
niloticus): M= malt:: and F= femak Values represent means and SO ofduplicatr: dt:terminations. 
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The lower value of moisture content of the present study fish samples is very important for long 

shelf life, unfavorable for microbial growth and oxidative degradation of PUF As (Omolara and 

Omotayo, 2008). On the other hand drying process has a positive influence on the protein, lipids 

and a!;h content of muscle and gill tissues of fishes (Olayemi et aI., 2011). 

Crude protein content 

Muscle of the two fish species (0. niioticlis and C. gariepinus) from all sample sites contain a 

lower amount of crude protein (58.45 to 70.01gl100g OW) compared to the values reported for C. 

gariepinus (91.99 gllOOg OW) and 0. niioticlis (90.81 gllOOg OW) from Nigeria (Adeniyi et aI., 

20 11). The results of crude prote in content in the current study's samples were similar within tbe 

value of 68.4% for C. gariepinlls and 71.46% for 0. niioliclis obtained from Nigeria and Sudan 

respectively (Olayemi et aI., 2011; Egbal et aI., 2017). Similarly, for Govazym and Zeminkan 

species crude protein of 77.44 and 72.49 (giIOOg OW were respectively reported by Ali and 

Mozhgan (2015). 

The protein content of C. gariepinlls collected from Alwero River, Abay River, Lake Hawassa and 

Lake Ziway were 67.03,58.36,72.10 &70.63 (giIOOg OW) and 14.57, 10.81, 18.02 & 20.17 

(giIOOg WW) respectively. The highest and the lowest values of protein obtained from Lakes and 

Rivers respectively falls in the range of 15 to 28g11 OOg WW reported for fish muscles (FAO, 20 I 0; 

USOA, 2010) except for C. gariepinlls from Abay River. The protein content of C. gariepinlls 

from Alwero River is similar with Lake Hashenge in the same fish species was 1 5.44 gllOOg WW 

recorded (Tsegay et aI., 2016). Based on fish protein content stated by Stansby (1982) consider 

low-level protein content fish in muscle, when the fish contains less than 15% and high -level 

protein content, ranging from 15 to 20%. These results show the assertion made by Badolato et aI. 

(1994) that protein is the second component with the highest contribution to the fish muscle. In 

the present study, African catfish fish species caught from Lake Hawassa and Lake Ziway contain 

protein content which ranged from 1802 to 20.18% WW and Naile Tapia contains 15.09% WW 

and as a result both fish species can be classifi ed as rich protein species. 
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According to Cornelia (2012), the proximate composition offish could not undergo any significant 

change between both sexes. Researchers have reported mixed and contradictory findings in this 

area. Some researchers have report ed that protein content of female fish were higher than male 

(Alemu et al., 2013). In contrast, other researchers have reported that male fish contain higher 

protein content than female (Bhavan et aI., 2010; Cornelia, 2012). In the present study, the highest 

values of protein content of C. gariepinlls from Lake Hawassa was 70.01gl100g DW for male and 

72.44g1100g DW for female. For C. gariepinlls from Abay River the highest content of protein 

was 58.07g1100g DW for male and 58.66g1100g DW for female. This showed that female fish 

collected from Lake Hawasa and Abay River contains slightly higher protein contents compared 

to the male fish, but sex has no significant effect on protein content. The result of the present study 

is similar with the work of Alemu et al (20 II) who reported protein content of female fish as 

slightly higher compared to male fish. Regarding C. gariepinlls caught from the two water bodies, 

the male fish contains slightly higher protein content (70.82 gil OOg DW) than female fish (70.43 

gllOOg DW) caught from the Lake Ziway and the male from Alwero River contains protien 67.27 

gllOOg DW and the female fish contains 66.79 gllOOg DW. However, these differences were not 

significant. Bhavan et al. (2010) and Cornelia (2012) have also reported that male fish contains 

higher protein content than female fish. Therefore, the crude protein content in muscles of C. 

gariepinlls species from all sampled sites followed a decreasing order: Lake Hawassa > Lake 

Ziway> Alwero River> Abay River. 

The protein content of muscle tissues of the two species in all sampled sites ranged from 58.07 to 

72.44 gllOOg DW, while in gill tissues were recorded from 35.02 to 59.47 gllOOg DW. Similar 

results for muscles were recorded for C. gariepinlls (68.4 gllOOg DW) and for 0. ni/oticlis 

(71.46g1100g DW) obtained from Nigeria and Sudan respectively (Olayemi et aI., 2011; Egbal et 

aI., 2017). A significant higher protein content obtained in the fish sample of the current study 

indicated that protein nitrogen was not lost during th e drying period of sampled preparation. This 

is in accordance with the findings of Tao and Linchun (2008). 

Both fish species in the present study from Lakes Ziway and Hawassa have an adequate source of 

protein, which makes C. gariepinlls from these lakes an important source of dietary protein similar 

to the result reported from Lake Hashenge (Tsegay et al., 2016). The result of this study showed 
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that all the analyzed fish samples were good sources of protein. The protein content was different 

from one source to another source in similar fish species observed. This may be associated with 

stage of sexual growth and feeding conditions (El-Serafy et aI., 2005) and it depends on the 

difference in fish absorption capability and conversion potentials of essentia I nutrients from their 

diets (Adewoye and Omotosho, 1997). 

The crude protein results of fish muscle in the present study agreed with those reported for Liza 

jalcipins and 0. nilaticus freshwater fish species from Cameroon in the range of (62.80 to 52.47 

gllOOg DW) (Tenyang et al; 2016). According to Ogbonnya and Ibrahim (2009), protein content 

in muscles ofC gariepinlls from Nigeria recorded as 67.21 gllOOg DW. The result of the present 

study was slightly higher than the reported in the above fish specie s but comparable with ~ahin et 

al (2011) reported for Sa/rna trnlta labrax Pallas and Salvelinllsjantinalis Mitchill fish species in 

the rage of73.82 to 69.51 gil 00 g DW from Turkey. 
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Figure 3.7 Protein content in gill and muscle tissues of the two fish specie 

• muscle 

The present study confirmed the difference of protein content of sample fish species in terms of 

certain essential nutrients which are available in the local environment (Hernandez and Elena, 

2012; Onyia et al., 2013). Therefore, protein content in fish muscles showed a significant 
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difference based on the sampled sites. This may be due to the difference in water temperature, 

stage ofhfe and salinity (Fabiola and Martha, 2012) and the diet of the fish (Zenebe, 2010). Thus, 

the different mean percentage of protein for muscle and gill tissues of the two fish spe cies are 

presented in Figure 3. 

Cmde fat content 

The crude fat content of both fish species from all four sites ranged from 10.12 to 16.16 g/IOOg 

DW in muscle tissues and 9.07 to 13.95 g/IOOg DW in gill tissues. This is comparable to the same 

fish species of African catfish from Nigeria that contained around 12.50g/100g DW (Olayemi et 

aI., 2011). 

The fat content of fish from different freshwater bodies of 0. niloticus and C. gariepinus species 

were determined and significant variation was observed as shown in Table 3.2 and 3.3. Analysis 

of results showed that C. gariepinus contain the highest fat as compared to 0. niloficlIs fish species 

(P<0.05 each sites). The fat content of C. gariepinus from all sampled sites ranged from 11.41 to 

16.16g/100g DW whereas for 0. niloticus ranged from 10.12 to 13.36 g/IOOg DW. This result was 

in agreement with that ofOlayemi et al (2011) who reported 12.50% for C. gariepinlls, Oladipo 

and Bankole (2013) 11.02% and 10.13% for C. gariepinlls and 0. niloticlls respectively, and 

Obaroh et al (20 IS) who reported values of 16.87% for C. gariepinlls in DW. Male and female fat 

content of 0. niloticus in gill tissues from Alwero, Abay, Hawassa and Ziway freshwater bodies 

were 11.11% and 12.26%, 11.0% and 10.86%, 9.74% and 9.69%, 9.50% and 9.07% respectively. 

The fat content in gill tissues of C. gariepinlls for male and female from the above fresh water 

bodies were 12.22 and 12.53%, 10.43 and 10.20%, 12.21 and 12.76%, \3.07 and 13.95% DW 

respectively. 

Gill tissues are discarded parts offish. Fish's gills were analyzed and the fat content was compared 

and was similar with muscles of both fish species observed in the present study. The mean average 

value offat was higher in the muscle (15.87% and 11.69 %) than in the gill (13 .51% and 13.09% 

DW) in C. gariepinlls and o.niloticus respectively. The differences were significant (P < 0.05) 

among the fish species and types of tissues. Similar results were reported in the muscle and gill 

of Schilbe mys(us fish species from Nigeria with 15 .25% and 12.39"10 DW recorded (Babangida, 

2009). Therefore, the non -edible part of fish body parts (gill) contain apprecia ble amount offat 

and this tissues have a potential valorization of sub products from fish's muscles processing. 
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The positive and negative correlation between fat and moisture cont ent in Lakes sources fish as 

compared to Rivers may be attributed to the ecological needs, metabolism and degree ofpollution 

in water bodies, as well as salinity and temperature of water (Barwick and Maher, 2003). The 

variation fish length in fat and moisture content may be affected if the fish in state of development 

of gonad and spawning, the fish expends great deal of energy with fat as its principal sources 

(Caponio et aI., 2004). Analysis result of crude fat content showed a difference among the fish 

species with C. gariepinlls having the highest value 4.45% and 4.62% in male and female 

respectively whereas for 0. ni/oticlJs had the lowest (2.76%) in both sexes. 

The differences in fat content between the two species may be due to the feeding style of the 

species. C. gariepinlls which mainly depends on small fish, aquatic insects and mollusks and have 

high fat accumulation in their tissues as compared to Herbivorous fish 0. niloticlJs species mostly 

feed algae plankton (FAO, 2002; Noel et aI., 2011; Dsikowitzky et ai, 2012). 

Sex has no significant (p>0.05) effect on fat content, but female fish had higher fat as compared 

to male. Similar to present study the fat content of female 0. niioliclis was found to have higher 

fat content compared to male fish (Alemu et aI., 2013). The lower moisture content in female fish 

species can be attributed to muscles offemale fish contain more fat and less water than male (Amer 

et aI., 1991). 

Ash content 

The muscle tissues of the two fish species showed significant difference in their ash content with 

a range of minimum ash content for male o.ni/oticlJs (3.01 glIOOg) from Lake Ziway and 

maximum for female C. gariepinlJs (7.41 glIOOg) from Abay River. In gill tissues minimum ash 

content was found in male 0. niioticlJs (1 2.27 gliOOg) from Abay River and maximum found in 

female C. gariepinlls (22.81 gliOOg) from Alwero River. A significant (p<0.05) variation in ash 

content was found between male and female fish. In agreement to the present study, Alemu et aI 

(2013) reported higher ash content in female 0. ni/oticlJs fish than male fish. 

The higher ash content in female fish as compared to male fish may be due to increased minerals 

contents to correct ionic balance during starvation. Between the two fish species significant 

differences (p< 0.05) were found and the ash content of o.ni/oticlJs (4.06%) is the lowest ash 

content as compared to C. gariepinlls species (6.02%). Fish sample collected from river sources 

were higher in ash content as compared to lake sources of similar fish species. In present study, 
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the higher ash content were found in gill tissues as compared to muscle tissues. This result may be 

associated with higher amount of skeleton in the tissues and species (Antony, 2013). The ash 

content in our study was comparable with those reported by Oladipo and Bankole (2013) for C. 

gariepinus (3.85% DW) and by Babangida (2009) for muscle (6.71 %) and gill (20.23%) of Sehilbe 

mystus species. Emmanuel et al (2011) also reported similar result in C. gariepinlls (12.79 to 

17.64%). On the other hand, the ash content obtained from the present study were lower than those 

reported by Oladipo and Bankole (2013) for 0. nila/iells (20.02%) and C.gariepinlls (17.69%). 

Cal'bohydrate content 

The content of carbohydrate in the present study was low across all samples of fish species. 

Carbohydrate values ranged between 1.27 to 13.68 % for C. gariepinlls and from 7.92 to 25.71% 

for 0. ni/a/iells. The results showed difference among the fish species. The highest carbohydrate 

content was visible in 0. nilatiells (25.71%) from Lake Hawassa and lowest was observed in the 

muscle of C. gariepinlls (1.27%) from Alwero River. The content of carbohydrate in gill tissue 

sampled fish species ranged from 16.91 to 28.16% DW from both rivers. 

The results showed variation among the fish tissues. The gill tissues contained significantly higher 

(P<0.05) content of carbohydrate than the muscle tissues. Carbohydrate content also varied 

significantly between male and female. The value falls within the range of7.92 to 12.49% DW for 

male and from 8.49 to 12.57% for female in muscles of 0. nilatiells. For C. gariepinlls 

carbohydrate ranged from 1.27 to 13.68% for male and from 2.02 to 11.29% for female found at 

both Rivers. For Lake source offish, species the gills have the highest carbohydrate content which 

ranged from 6.62 to 21.96 % Least carbohydrate recorded in muscle tissues of the two species 

ranged from 0.01 to 16.94% DW. Therefore based on fish tissues significantly (P < 0.05) differ in 

carbohydrate contents observed. 

The higher carbohydrate in gill tissues than muscles at all four site may be due to relatively higher 

protein and fat in females than males (Amer et al., 1991). The highest value of carbohydrate in the 

present study were higher compared to those reported by Olayemi et al (2011) for C . gariepinlls 

(1.80) in Nigeria. Tsegay et al (2016) investigated carbohydrate contents in five freshwater fish 

species and found 2.07% for C. gariepinlls and 3.76% for L. in/ennidills from lake Hashenge, 
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Ethiopia. A species of C. gariepinlls recorded 2.07% of carbohydrate in mu scle tissues (Tsegay et 

aI. , 2016) in good agreement with the present finding in similar speci es from Abay and Hawassa 

sites. 

G.·oss ene."gy content 

The amount of carbohydrate in fish muscle is generally too small to be of any significance in the 

diet (Murray and Burt, 1969). The gross energy contents of gill and muscle tissues were found to 

be in the range of 291.93 to 395.30 KcaillOOg (Table 3.4). The gross energy values reported in 

this study were relatively high compared to those demonstrated by Alemu et al (2013) for 0. 

ni/oliclis (60.2 Kcal/l 00 g). The average values of gross energy for 0. niioticlIs, from four different 

sampled sites between 316.22 - 339.35 kcal perlOOg and for C. gariepinlls which ranged from 

291.93 to 395.30 kcal/IOOg. The caloric value, of o. ni/oticlis from four different sampled sites 

ranged from 316.22 to 339.35 kcal 1100g OW, except getting to the species 0. nitoticlis from Abay 

River was 302.83 kcal and similar species from Lake Ziway which presented the maximum 343.44 

kcalllOOg OW. For C. gariepinlls species a gross energy values was in the range of 299.60 to 

387.27 kcal /l00g OW, except for C. gariepinlls from Abay River which was 291.93 kcal and the 

same species from Lake Ziway, which presented the maximum of395.30 kcal/IOOg. The latter 

being the species with the highest fat content studied. Similar to present study, the caloric value of 

Zeminkan and Govazym fish species were 333 .79 kcal/IOOg and 352.68 kcalllOOg (Ali and 

Mozhgan, 2015). 

According to Jabeen and Chaudhry (2016) the gross energy values of C. carpio , L. rohita and C. 

mriga/a, obtained from River Indus, Pakistan, ranged from 454 to 481.6 kcalll OOg. These values 

were higher than the present study. Gross energy value of C. gariepinlls was higher than 0. 

ni/oticlis in all sampled sites, except from Abay River. The fish species significantly (p< 0.05) 

affected caloric value. In the present study, the higher gross energy found in male and female C. 

gariepinlls 394.36 and 395.32kcalll OOg OW from Alwero River are in agreement with that of 

Onyia et al (20 I 0) who reported similar results from fish species caught in Benue River. 

The whole body p"oximate composition 

The result analysis of the whole body of proximate composition of two sampled fish species 

showed variation among the fish species. There is a significant difference (P<0.05) in moisture, 
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crude fat, crude protein and carbohydrate contents between the fish species. The protein content 

of the 0. nilotic/ls, which was obtained from the four freshwater bodies were lower than 15-28% 

recommended by F AO (2012), while that of C. gariepinus, only from the two Lake Hawassa and 

Lake Ziway fall within this range (Table 3.5). Proteins are the building blocks of AAs and certain 

of them are important in human diet for the maintenance of good living. The fat contents of the 

two fish species ranged from 2.01 to 4.20 gllOO g WW, this result was lower than 15 -18% 

recommended by FAO (2012). The values of the fat contents obtained in the two fish species from 

all sample sites were higher than 0.70±0.02 gllOOg WW reported by Alemu et al (2013) but lower 

than 5.74±0.27 gllOOg WW reported by Tsegay et al (2016). 

Table 3.4 Mean ± SD gross energy content in kcal 1100 g of 0. niloticus and C. gariepinus tissues 
from four freshwater bodies {DW) 

Gross energy content in kcal 1100 g Meall 

Fish source Sex Body Parts 0. niloticlis C. gariepinlls Difference (MD) 

Alwero River Male Muscle 383.65 ± 0.81' 394.36 ± 0.26b 10.71** 
Gill 253.55 ± 0.36' 250.06 ± 0.29' 3.49* 
Average 318.60±1.l6 322.21±1.82 

Female Muscle 383.88 ± 0.23' 395.32 ± 0.31 b 11.44** 
Gill 264.46 ± 0.14' 256.29 ± 0.38' 8.17** 
Average 324.17±1.43 325.81±1.86 

Abay River Male Muscle 351.55 ± 0.34b 334.97 ± 0.32' 16.58** 
Gill 280.88 ± 0.22' 264.23 ± 0.19' 16.65** 
Average 316.22±1.08 299.60±0.82 

Female Muscle 350.35 ± 0.62b 337.42 ± 0.26' 12.93** 
Gill 255.3 ± 0.36' 246.44 ± 05lf 8.86** 
Average 302.83±0.99 291.93±2.01 

Lake Hawassa Male Muscle 342.16 ± 0.27" 417.32±0.63' 75.16** 
Gill 304.66 ± 0.53d 336.29 ± 0 71' 31.63** 
Average 323.4I±O.39 376.8I±O.7 

Female Muscle 327.92 ± 0.92' 425.21 ± 0.33' 97.29'* 
Gill 307. 93 ± 0.25d 344.6 ± 0.30' 36.67** 
Average 317.93±0.33 384.91±1.24 

LakeZiway Male Muscle 377.06 ± 0.37' 423 .5 ± 0.24' 46.44** 
Gill 309.82 ± 0.17" 351.03 ± 0.24' 41.21** 
Average 343.44±0.26 387.27±1.49 

Female Muscle 377.87 ± 0.66' 427.16±0.18' 49.29** 
Gill 300.83 ± 0.91d 363.43 ± 0.22' 62.60** 
Averae.e 339.35±O.29 395.30±0.98 

At each level of parameter, values with different superscripts ill the same column are significantly different 
(p< 0.05). **= Statistically Significant at Ps 0.05 when compared between the two sites; * = Not 
Statistically Significant at Ps 0.05. 
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The highest values of the carbohydrate contents (5. 47% WW) obtained in present study from 0. 

niloliclis species higher than 3.76±0.22 percentage WW reported by Tsegay et al (2016). For C 

gariepinlls from the four sample sources, the higher value (2.44%) was lower than 2.07±0.08 

percentage reported in similar species by Tsegay et al (20 16). 

According to FAO (2012), the composition of a particular species often appears to vary from one 

fish species to another, and from male to female, but the basic causes of changes in composition 

are usually variation in the amount and quantity of food that t he fish eats and the amount of 

movement it takes. Proteins are the building blocks of amino acids and certain types of them are 

important in human diet for the maintenance of good living. 

The fat contents of the two fish species ranged from 2.01 to 4.20 g/IOOg WW, and this result was 

lower than 15-18% recommended by FAO (2012). The values of the fat contents obtained in the 

two fish species from all sample sites were higher than 0.70±0.02 g/lOOg WW reported by Alemu 

et al (2013) and lower than 5.74±0.27 gllOOg WW reported by Tsegay et al (2016). The highest 

values of carbohydrate content (5.47% WW) obtained in 0. niloticlis species from all sample sites 

were however higher than 3.76±0.22% WW reported by Tsegay et al (2016). 

The proximate composition of the present study vary from one fish species to another and in male 

and female similar fish species. This may be due to water, temperature difference, stage of life, 

environmental salinity and (Fabiola & Martha, 2012) the diet of the fish (Zenebe, 2010). 

In wet weight (WW) the gross energy contents of 0. niloticlis muscle ranged from 72.78 to 82.16 

kcalilOOg and for C gariepinus were ranged from 61. 99 to 122.06 kcalll OOg and these are in 

agreement with that of Porto et al (2016) which reported caloric valu e for seven fish species 

(ranged from 87 to 136 kcalllOOg) from Itapecuru River in BraziL Tsegay et al (2016) reported 

for the species C gariepinus, in lake Hashenge, Ethiopia, gross energy value of around 133.42 

kcal / lOOg and it is higher than the present study of C gariepinlls (121.52 kcalilOOg in WW). 

Higher gross energy value found in female as compared to male fish may be attributed to relatively 

higher protein and fat in females than males (Amer et al. , 1991 ; Alemu et al., 2013). 
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The values of crude fat were higher in C. gariepinlls than 0. nito/iclIs species collected from all 

freshwater bodies. This may be due to the diet composition of the fish (Zenebe, 2010). The amount 

of protein and fat in this study for both whole and fillets of the C. gariepinlls was found to be 

higher than previously reported studies for 0. nitoticlIs species (AI emu et aI., 2013), whereas very 

closer than previously reported study for 0. nitoticlIs and B. docmak (Mekonnen, 2007:Tsegay et 

al. , 2016). 

Tsegay et al (2016) reported that C. gariepinus contained 5.74% crude fat from Lake Hashenge, 

Ethiopia. Beyza and Akif (2009) reported that C. gariepinus contained 5.02% crude fat and 

according to Rosa et at (2007), the mean crude fat content of C. gariepinus was 5.70%, which was 

higher than the present study. Samy et at (2012) have reported that feed composition has a major 

influence on the proximate composition of salmonids. Based on the fat content, both fish species 

categorized as lean fish as fat contents of these fishes were lower than 5% by weight content 

(Bennion and Scheule, 2003) . 

Table 3.5 Mean average of the whole body in gllOOg WW of the proximate composition of fishes 
analyzed. 
Parameters Species Alwero River Abay River Lake Hawassa Lake Ziway 

Mean ±SD Mean ±SD Mean ±SD Mean ±SD 

Moisture (%) NT 75.39 ' 7.16 73.99" 6.44 74. 11 Ix 6.66 73.4000 35.68 

CF 73.31 b 6.95 77.63' 5.23 71. 78" 4.02 68.56d 3.65 

Protein (%) NT 10.29 " 4.95 10.74" 2.85 12.18b 0.89 13.63' 2.55 

CF 1l.l4 ' 5.58 9.17d 3.14 16.1 b 2.67 18.51 ' 2.07 

Fat (%) NT 2.43 ' 0.62 2.55' 0.73 2.17' 0.34 2.20' 0.58 

CF 2.88 b 0.61 2.01b 0.39 341' 0.81 4.20' 0.84 

Ash (%) NT 309' 9.65 2.33' 5.90 2.74b 7.41 2.73b 8.12 

CF 4.37 ' Il.ll 3.54b 1l.l4 3.10b 7.36 3.33b 7.18 

CHO(%) NT 4.55 b 12.01 5.12' 8.71 5.30' 3.79 3.35' 3.79 

CF 3.65 ' 14.37 3.58 ' 4.31 2.19b 5.36 2.10b 3.19 

Mean ±SD Value in the same rows with different superscript letters are significantly different 
(p<O.OS) (Tukey Post Hoc Test) CF=Cat Fish (c. gariepinlls) , NT Nile Tilapia (0. nito/iclIs): 
Values represent means and SD of duplicate determinations. 
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Conclusion 

This study showed a variation in proximate composition of the fish species. The result obtained 

indicated that muscle and gill tissues of the investigated freshwater fish species were found to be 

good in their protein, fat, gross energy and ash composition. The fat content tends to increase with 

decrease in moisture content The crude protein and fat content ofC. gariepinus from Lakes Zeway 

and Hawassa are superior. While the two sampled sites, Alwero and Abay fish species are good 

source of ash and moisture contents. The discarded gills contain appreciable amount of fat and 

protein contents, may have a potential solution to fill the gap between demand and supply of fish 

sauces, fish meal, and fish silage and, also specifically a viable alternative to substitute fish oil 

sources extract from fish muscles in supply offish oil to aquaculture sectors. 

Fish discarded gill tissue can also be used for food product development of various value added 

products such as protein and fat These fish protein and fat can be used as a functional ingredient 

in bakery substitutes, soups and infant formulas. The protein present in the fish gill can be utilized 

in animal feed in the form of fishmeal and sauce or can be used in the production offertilizers. 
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CHAPTER-4 

Concentration of essential metals in selected tissues of two fish species from 

different freshwater ecosystem found in Ethiopia 

Abstract 

Fish are rich sources of essential micronutrients and can contribute in combating malnutrition 

caused by micronutrient deficiency. The objective of this study was to determine the essential 

mineral contents in gill and muscle tissues of 0 ni/oliclis and C. gariepinlls freshwater fish species 

collected from four freshwater bodies (Lake Ziway, Lake Hawassa, Alwareo and Abay Rivers) in 

Ethiopia. A total of eighty (80) fish samples, 20 samples from each freshwater body were collected 

from February to October 2017. Atomic Absorption Spectrometry (AAS) was used for mineral 

analysis. Five mineral elements namely, copper (Cu), iron (Fe), manganese (Mn), nickel (Ni) and 

zinc (Zn) were analyzed in muscle and gill tissues of both fish species from each sample sites. Iron 

and Zinc were the most abundant minerals detected in gill and muscle tissues of both species. The 

values of Zn obtained was significantly higher (p<O.OS) in muscle tissue of 0 ni/oliclis (27.07 

mg/kg DW) and C. gariepinlls (30.76 mg/kg DW) from Lake Ziway. Nickel showed the highest 

level (1.86 mg/kg) in C. gariepinlls collected from Ziway Lake while the lowest level was in 0 

ni/oticlIs (0.74 mg/kg) from Lake Hawassa. Concentration of Cu in muscle of selected fish 

species are in the range of 0.74 to 7.92 mg/kg DW, the highest found in muscle tissues of C. 

gariepinus and the lowest 0.74 mg/kg in O. niloticus muscle . There was significant (p<O.OS) 

difference in the content ofCu between fish species in all sample sites. Concentrations ofMn in 

the fish samples of the four freshwaters varied from 3.20-16.9 mg/kg in muscle and 2.48-69.82 

mg/kg in gill tissues on DW (P<O.OS at Alwero river). The highest concentrations of metals in the 

muscles observed in the order of accumulation are Fe > Zn > Mn > Cu > Ni and Fe > Zn > Mn > 

Ni> Cu for C. gariepinlls and 0 ni/oliclIs species. The levels of essential elements in muscle 

tissues of 0 ni/oliclIs and C. gariepinlls from all sample sites did not exceed the permissible limits 

set for minerals by ATSDR, FAO and WHO. 

Keywords: Lake. River. Muscle. Gill. Mineral content. Freshwater. Fish species 
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4.1. Introduction 

The freshwater fish species are nutritionally precious sources of various mine rals, which the body 

needs to develop properly and perform its functions. Cu, Zn, Mn, Ni and Fe are essential elements, 

only required in trace amount and carefully regulated by physiological mechanisms in most 

organisms (Grusak and Cakmak, 2005). The main roles of these elements can be described as 

functional and structural because of their important roles in the biological system (Skonberg and 

Perkins, 2002; USDA, 2003; Fallah et al., 2011). These metals playa catalyzing role in the 

enzymatic systems by binding their ions to substrates, especially during oxidation -reduction 

reactions. Structurally, they stand out for their role as integrators ofthe body's organic compounds 

(Mendil et al., 2010). The content of these metals in fish body is important with respect to both 

nature management and human consumption of fish (Papagiannis et aL, 2004). 

Minerals are chemical constituents used by the body in many ways; they are yield no energy, but 

have important roles to play in many activities in the body (Malhot ra, 1998). Every form of living 

matter requires these inorganic elements or minerals for their normal life processes (Ozcan, 2004). 

When these elements were not adequately provided to the body, the individual may suffer from 

mineral deficiency diseases for example goiter, stunted growth anaemia, osteoporosis and genetic 

disorders (Bhandari and Banjara, 2014; Fumio et al., 2012; Hsieh et aL, 2011). 

Micronutrient deficiencies are widespread in populations of developing countries and the 

deficiency in one of the micronutrients has important implications for the pathogenesis of diseases, 

for morbidity and severity (Hemell and Lonnerdal, 1996; Kawarazuka and Bene, 2011). The WHO 

reported that about 2 billion of the world's population is sutfering /Tom mineral and vitamin 

deficiencies and the majority of these are in the third world countries (FAOIWHO, 2001). 

According to CSA and ICF International (2016) among pre-school children, 38% are stunted, 10% 

are wasted, 29% are underweight and 2% are overweight in Ethiopia. Fishery is an important sector 

for fight against poverty and nutritional deficiencies (Ozkan, 2005; Tsegay et al., 2016). Fish is 

commonly situated at the top of the food chain and they can accumulate large amounts of some 

essential minerals (AI-Yousuf et aI., 2000; Jaric et aI., 2011). These fish are used as sources of 
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essential nutrients required for fulfilling the gap of lack of mineral and vitamin deficiencies infants 

and adults diet (Abdullahi et ai. , 2001). 

The minerals composition of C. gariepinlls and 0. ni/OliclIs tissue have been extensively 

investigated in various parts of the world (Tariku et ai., 2015; Sayad et al. , 2016; Tenyang et ai. , 

2016; Tsegay et al. , 2016; Abelti, 2017). According to Tsegay et al (2016) the mineral content of 

different species widely vary from the same water bodies C. gariepinlls has high content of Fe and 

Zn than the other four freshwater fish species from Lake Hashenge and this species has a great 

importance due to the beneficial effect on human health. In view of the importance of various 

minerals, composition of many freshwater fish species has been partially described. In general the 

distribution of metals in fish body varies between fish species, depending on sex, age development, 

environmental factors, temperature and other physiological factors (Lidwin-Kazmierkiwicz et aI., 

2009: Yilmaz et al. , 2010: Fallah et ai., 2011). Findings from temperate lake studies show that the 

variability of mineral composition greatly affected both within and between species (Effiong and 

Fakunle, 2013). 

There are, therefore, a number of variables that can affect the overall mineral content of fish organ. 

Nonetheless, there is little information on the effects of environmental factors and fish organ 

location on the individual elements of C. gariepinlls and 0. niloliclIs. Hence, this study aimed at 

determining the mineral composition in tissues of selected fish species, both aforementioned 

factors of gaps need to be investigated. Therefore, in view of this fact, the present researc h was 

carried out to determine the concentration of essential elements in muscle and gill tissues of 

selected economic importance freshwater fish species from different ecosystem: Alwero River, 

Abay River, Lake Hawassa and Lake Ziway found in Ethiopia. 

The focus of this particular research was to - (i) identify the species and tissues (gill and muscle) 

with high minerals content which can be recommended for use in fighting mineral deficiencies in 

the country (ii) compare with international guideline and other world literatures and (iii) estimating 

the daily intake of those fish species by the local community from Alwero River, Abay River, Lake 

Hawassa and Lake Ziway fish collected. 
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4.2. Material and methods 

4.2.1. Sample Prepal'3tion 

The ash obtained after dry ashing at 525°C until the colour of the ash became white/gray and the 

ash was treated with 7 mI of 6N HCI to wet it completely. 15 ml of 3N HCI was added and the 

dish was heated on the hot plate until the solution just boils. Th en, it has been cooled and filtered. 

10 mI of 3N HCI was add to the dish and heated until the solution just boils. Finally, cooled and 

filtered into 50ml volumetric flask. Blank digestion was also carried out. 

4.2.2. Minel'31 Determination by Atomic Absol' ption SpectJ'ophotometel1' (AAS) 

Procedure: The digested sample was analyzed for mineral contents by AAS (AA· 7000 Shimadzu, 

Japan). Different cathode lamps were used for each mineral. The equipment was run for standard 

solutions of each mineral before and during determination to check that it was working properly. 

The concentration of Fe, Zn, Mn, Cu and Ni were determined using the method described by 

AOAC (2005). The concentrations of minerals recorded in terms of "ppm" were used as milligrams 

of the minerals per kilogram of dry matter (mglkg DM) of the minerals by using the formula below: 

mg Conc(ppm) • Dilution Volume. Dilution factor 
Conc(- DM) = --:-:-:-:'. '-'---:----:--:-:--=-------

kg WeIght of sample (g) • Dry matter content 

4.3 Statistical Analyses 

Data analyses were performed using mM Statistical 23 software. Significance of differences in 

the average contents of manganese, zinc, copper, nickel and iron in the muscle and gills of two 

selected fish species were statistically analyzed using Tukey's test. In this case, a significance of 

differences in the concentration of metals (between all sampling sites within a single tissue) was 

calculated by Univariate analysis of variance (ANOVA) and there was significant difference at 

P:S0.05. 
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4.4. Result and Discussion 

The two fish species of C. gariepinlls and 0. ni/oticlIs were investigated in the present study are 

the most preferred market fish for consumers of rural and urban areas of Ethiopia (Hussien et aI., 

2010). The nutritional quality of these selected fish species assessed based on their essential 

mineral profile in muscle and gill tissues as compared to those of the standard set for minerals by 

FAO (1983), FAOIWHO (2001) and ATSDR (2005). 

Concentration of the selected essential elements in the fish samples 

Among the studied minerals, Fe and Zn are the most abundant elements in both tissues followed 

by other metals in all sampled sites. Iron is an essential element for most life on globe, including 

human and needed for a number of highly multipart processes that constantly take plac e on a 

molecular level and that is crucial to human life, transportation of oxygen around human body 

(Gupta, 2014). The concentration of Fe was the highest in the studied tissues of fish sampled. In 

the fishes analyzed Fe content the maximum in both the ti ssues and the highest value was 122.29 

mg/kg DW, observed in gill of 0. niioticlis from Abay River were significantly (P<0.05) higher 

than the rest of three freshwater sampled fish tissues considered in the present study. 

Content of Fe was 95.87 mg/kg DW recorded in gill of C. gariepinlls from Lake Hawassa. The 

concentration of Fe in C. gariepinlls ranged between 41.08-89.04 mg/kg DW in muscle tissue 

while it ranges between 49.77 and 55.35 mg/kg DW from all sample sites of 0. nitoticlis. In Lake 

Hawassa and Abay River, the highest Fe concentration was detected in C. gariepinlls and 0. 

ni/oticlIs, respectively. Varying concentration of Fe was observed in all the fish samples but 0. 

niioticlis from Lake Hawassa has the lowest mean concentration (Table 4.1). In both fish species 

from all four sampled sites, Fe, Zn and Mn were detected high in the muscle tissues (Figure 4.1 

and 4.2). 

The rank of mean elements concentration for C. gariepinlls fish species collected from Alwero 

River was Fe > Zn > Cu > Mn > Ni in muscle tissue and > Zn > Mn > Cu > Ni in gill tissues 

respectively. For fish caught from Abay River the concentration of essential minerals were ranked 

as Fe > Zn > Mn > Cu > Ni and in the gill was Fe > Zn > Mn > Ni > Cu respectively. For fish 

collected from Lake Hawassa the rank of mean element contents in the muscle was 

Fe>Zn>Mn>Cu>Ni and whereass in gill tissues were ranked as Fe>Zn>Mn>Ni>Cu. For fish 
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caught from Lake Ziway the ranking in the muscle was Fe>Zn>Mn>Ni>Cu and in gill was 

Fe>Zn>Mn>Ni>Cu respectively. 

The rank of mean elements concentration for 0. niloticlIs fish species collected from Alwero River 

was Fe > Zn > Cu > Mn > Ni in muscle tissues and Mn > Fe > Zn > Cu > Ni in gill tissues 

respectively. For fish caught from Abay River, the ranking in the muscle was Fe > Zn > Mn > Cu 

> Ni and in gill the rank was Fe > Zn > Mn > Cu> Ni respectively. For fish collected from Lake 

Hawassa the rank of mean elements contents in the muscle was Fe > Zn > Mn > Cu > Ni and in 

gill tissue the rank was Fe > Zn > Mn > Cu > Ni. For fish caught from Lake Ziway the rank in the 

muscle was Fe > Zn > Mn > Ni > Cu and in gill the rank was Fe > Zn > Mn > Cu > Ni respectively. 

The mean Fe concentration range (51.66 to 89.04mg.kg-'DW) in muscle part fishes of this study 

was higher than values reported for 0. niloticlIs (18.7 to 53.9 mglkg DW) but lower in gill tissues 

(120 to 196 mglkg DW) from Lakes Hawassa and Ziway (Kebede and Wondimu, 2004). My result 

was also higher than other fish species from Lake Hashenge which ranged from 16.04 to 25.89 

mglkg DW (Tsegay et al., 2016) and also similar with Tariku et al (2015) which reported Fe 

content of 0. niloticus and Bagrns docmac as 105.94 ± 135 mglkg and 115.61 ± 1.68 mglkg DW 

collected from Lake Abaya, respectively. 

Fe content in gill tissues of the studied fish samples were higher than muscle tissues. Similar to 

present study, the gill tissues of Channa punctatus and Labeo rohita species, higher Fe content 

observed than muscle tissues (Javed and Usmani, 2011). The Fe content of different fish species 

from different sampled sites were different and the highest Fe was found from Lake Hawassa while 

the least from Lake Ziway. 

The gill shows high concentration of iron than muscle. Consequently, it can be selected as bio 

amplifier tissue to assess the level of iron in hydrobiology of the lakes. All the mean concentrations 

of Fe are below the ATSDR, (2004; 2005) limit of 1 OOmglkg DW for consumable fish muscle, but 

Fe can be bioaccumulate in human body over years of continues consumption of fish . 
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Figure 4.1 Essential minerals concentrations in the muscles of 0. nilo/iells species. 

25.00 

20.00 

~ 
! 15.00 

" ~ :c 
" ~ 10.00 .. 
:s 
~ 

u 
5.00 

0.00 ~ IL 
Fe Zn Mn Cu Ni 

Figure 4.2 Essential minerals concentrations in the muscles of C. gariepinlls species. 
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Whereas, the recommended nutrient intake of Fe for female adults between the ages 19 -55 years 

is 24 mg/day. The muscle tissues of O. niloticlIs and C. gariepinus from all sampled sites can 

provide 37% of the daily requirement for women if 100 g offish is consumed. 
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Zinc (Zn) metal was the second highest detected mineral in the present study at all sampled sites. 

Zinc is involved in most metabolic pathways in humans and Zn deficiency can lead to loss of 

appetite, growth-retardation, skin change and immunological abnormalities (Malakootian et aI., 

2011; Ozden, 2013). Zn distribution in tissue of 0 niloticus and C gariepinus from all sampled 

sites ranged from 20.21-30.76 mg/kg in muscle and 21.47-47.13 mglkg OW in gill tissues. The 

highest concentration of Zn in this study was recorded in gill tissue of 0 niloticus (47.13 mglkg 

OW) from Abay river site and the lowest recorded in muscle tissue of 0 niloticus (20.21 mglkg 

OW) from Alwero river Fish takes up Zn directly from water, especially via mucous and a gill, as 

this study confirms, the higher accumulation ofZn in gill tissues as compared with muscles tissues. 

Therefore, the values of Zn obtained in present study was significantly higher (p<0.05) in gi ll 

tissues of selected fish species. 

The content of Zn in muscle tissue of C gariepinus was higher (30.76 mglkg) from Lake Ziway, 

and is significantly higher (p < 0.05) than the other water bodies of similar fish sampled. The 

muscle concentration ofZn in 0 niloticus was found to be (27.07 mglkg OW) from Lake Ziway. 

From the above points, Zn content of the two fish species from similar water body have a 

significant difference (P<0.05). The higher Zn content found in C gariepinus than 0 niloticus 

happened in the present study may be due to C gariepinus feeds mainly on fish, aquatic insects 

and mollusks. Therefore, feeding habits and trophic level of fish species are one factor for 

differences in mineral content btween C gariepinus and 0 niloticus (Oesta et aI., 2006). 

The highest Zn concentration in present study was lower than values obtained by Akpanyung et al 

(2014) reported in C nigrodigitatus species from Ibaka and Ifiayong Rivers, Nigeria. Ermias et al 

(2015) reported 2111 mglkg OW from Lake Hawassa and Tariku et al (2015) reported 14.02 

mglkg in muscle of O. niloticlls. John et al (2010) found highest Zn content in muscle (10.80 

mglkg) in C gariepinlls from Nigeria: Tenyang et al (2016) obtained 113mglkg in Tilapia fish 

species in Lake Maga, Cameroon. However, the result of Zn content of 0 niloticus from Lake 

Hawassa (25.99 mglkg OW) agreed with the reported content of 0 niloticlls which ranged from 

27 to 30.92 mglkg OW (Ataro et aI., 2003). 

The FAD (1983) set a limit of daily human intake for Zn ofJO mglkg, and therefore, Lake Zeway 

provides 100% daily intake ofZn metal which can satisfy the consumption of the two fish species. 
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According to Tenyang et al (2016) Zn recommended dietary allowance for adult is 8 to II mg per 

day, if consumed the highest concentration of Zn in both muscles of fish species from the present 

study can provide 38 % of the requirement in 100 g offish, making the m a good source ofZn. 

This species can be beneficial to populations who suffer from malnutrition. 

Manganese (Mn) in human nutrition acts as co -enzyme and recognized as essential element for 

human (Ozden et aI., 2010). Concentrations ofMn in the fish tissues from all sampled sites varied 

from 3.20 to 16.9 mg/kg in muscle and also for gill tissue ranged from 2.48 to 69.82 mg/kg DW. 

The highest Mn content was found in muscle tissues ofe gariepinus from Abay River (16.9 mg/kg 

DW) followed by 0 niloticus from Abay River (10.11 mg/kg DW). Whilst, 0 nilolicus from Lake 

Ziway sample had the least Mn content represented 3.20 mg/kg DW followed by e gariepinus 

from Lake Ziway sample (3.48mg/kg DW). 

The Manganese content of the selected fish species varies significantly (p<0.05) in both tissues for 

each sampled sites. Similar to present study, the Mn content of gill tissue of e gariepinlls and 

Barbus intermedius fishes are higher than muscles (Asefa and Beranu, 2015). 

In the present study, the muscle mean range content of Mn (3.20 -10.11 mg/kg DW) was higher 

than 0 niloticus (3.20 - 10.11 mg/kg DW) (Kebede and Wondimu, 2004), e gariepinlls (1.76-

2.49 mg/kg DW) (Ataro et al., 2003), 0.10 mg/kg in Tilapia (Abraha et aI., 2012) as well as in 

five fish species (0.16 - 0.52 mg/kg DW) from Lake Hashenge (Tsegay et al., 2016). Values were 

documented for others fish species of P. maclareni and e maclareni in Cameroon (88.0 mg/kg) 

and (66.8 mg/kg DW), commercial fish species in Littoral region of Cameroon (10.2-46.6 mg/kg 

DW) (Nkwelle, 2012; Tenyang et al., 2014). While lower than the present study Mn content 

reported in range muscle of 0 niloticlls (4 - 5 mg/kg) by Tariku et al (2015) and Asefa, (2015) 

from Abaya Lake and Tendaho Reservoir, respec lively. According to Pirestani et al (2009), the 

recommended dietary allowance for Mn is 3.8 mg per day, but 100g of e gariepinlls from Abay 

can contribute to 45% of the daily requirement. The Mn concentration levels in the two fish species 

from all sampled sites excced the WHO (1984) limit ofMn (2.50 mg/kg) for fish and fish products, 

but in WW the content ofMn in present study was within the range ofRDA and hence fish tissue 

can be considered a good source of this mineral. 
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As Fe and Zn, Cu is also part of many enzymes but occur in very low levels in food. It is also 

involved in stimulating the body defense system and required for antibody development (Burke 

and Miller, 2006). The recommended daily requirement of Cu in human nutrition ranges from 1.5-

2.5 mg/IOOg (Widman and Medeiros, 2000). 

Concentration of Cu in muscle of selected fish species from this work ranged from 0.74 to 8.28 

mg/kg OW. This result was much lower than the recommended daily intake, assuming a single 

serving of 100g fish per day, but this is not a concern because Cu deficiencies are rare. The highest 

Cu concentration was 8.28 mg/kg DW in muscle of C. gariepinus from Alwero River, while the 

least 0.74 mg/kg in 0 niloticus from Lake Ziway. There is significant (p<O.OS) difference in the 

concentration of Cu between the two fish species and sampled sites observed in this study. 

Copper contents were found to be significantly (P:S:0.05) higher in the gill tissue of 0 niloticus 

which ranged from (0.66 tol0.87 mg/kg OW) than C. gariepinus which ranged (0.66 to 8.28 mg/kg 

OW) at all sampled sites. Cu revealed its maximum accumulation in the gill tissue of 0 niloticus 

fish species than muscles tissue, and the present study was comparable to 0 nilolicus (Kebede and 

Wondimu, 2004; Javed and Usmani, 20 II). 

The Cu content in muscles of the study fish species (0.74 -8.28 mg/kg OW) was in agreement with 

that reported (7.10 mg/kg OW) in some common fish species from Cameroon (Tenyang et ai., 

2016). On the other hand, the Cu content of our sample was lower than the three freshwater fish 

species (3 .0 -11.28 mg/kg OW) in Lake Abaya (Tariku et aI. , 2015), in muscle for similar fish 

species from Aligarh, India ranged from 9.0 - IS mg/kg OW (Javed and Usmani, 2011), but higher 

than five freshwater fish species (0.7-3.49 mg/kg OW) from Lake Hashenge, Ethiopia (Tsegay et 

aI., 2016). The permissible limits for Cu set by FAO/ WHO (l989b) is 30 ppm, which exceeds 

the maximum concentration obtained in the presen t study. According to Widman and Medeiros 

(2000) the recommended daily requirement ofCu in human nutrition is ranged from 1.5 -2.5 mg. 

The Cu content of the two fish species in the present study ranged from (0.27 -1.72 mg/kg WW) 

which is much lower than the recommended daily intake, assuming a single serving of 100g of 
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fish per day. Cu content of all fish sampled in the present study did not exceed the maximum level 

(30 mglkg) FAOIWHO (1984). There were significant differences between fish species at all 

sample sites. The Cu content obtained in this work is lower compared to those obtained by Ermias 

et al. (2015) (13.83 mglkg DW) in muscles of o. ni/oliclIs from Hawassa Lake. Similar result 

obtained to the present reported by Ataro et al (2003), Gebrekidan et al (2012), Tsegay et al (2015) 

and Tariku et al (2015). The Cu content in muscle tissues which ranged (0.74 - 8.28 mglkg) in the 

different fish in the present study was far below the recommended daily intake, when assuming 

around 1 OOg of C. gariepinlls from Alwero river contribute 11 % for daily requirement. 

Nickel (Ni) is one of trace elements required in mg/day quantity (Mann and Trustwell, 2007). Ni 

element is classified in probably as an essential element. Very little information is known about 

this element. Ni plays some roles in body functions including enzyme functions in very small 

amounts (Poonkothai and Vijayavathi, 2012). It may be beneficial to activate some enzyme 

systems, but its toxicity at higher levels is more evident. Ni toxicity is not very common in humans 

because Ni absorption is very low (Divrikli et al ., 2006). 

In the present study, lower content ofNi was de tected. C. gariepinlls contained the highest value 

(1.86 mglkg DW) and 0. ni/oticlIs had the lowest (0.74 mglkg DW). The fish species have different 

Ni concentrations from different sampled sites. The Ni content in muscle tissues of 0. ni/oticlIs 

and C. gariepinlls ranged from 0.74±0.01 - 1.86±0.01 mglkg DW. In the muscle tissue, Ni showed 

the highest level (1.86 mglkg) in C. gariepinlls caught from Ziway Lake while the lowest level 

was in 0. ni/oticlIs (0.74 mglkg) from Lake Hawassa. All the mean concentrations ofNi are below 

the FAO (1983) limit of 5.0 mglkg WW for consumable fish, but Ni can be_bioaccumulate in 

human body over years of continues consumption of fish. Therefore, people should be worried of 

its bioaccumulation over time as higher concentrations 0 f Ni can elevate incidences of lung and 

nasal cancer (Duda-Chodak and Blaszczyk, 2008). 

The Ni content obtained in the present study was lower as compared to those of Asefa ' s (2015) 

reported 2. 17 mglkg found in C. gariepinlls from Tendaho Reservoir, Tariku et al. (2015) 8.83 

mglkg found in 0. ni/oticlIs from lake Abaya and Kebede and Wondimu, (2004) ranged from 7.8-

15.9 mglkg DW and 34.8-42.4 mglkg DW respectively found in muscle and gills tissues for 0. 

niioticlIs from Lakes Hawassa and Ziway. However, higher as compared to those obtained by 
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Abraha et al (2012) and Gebrekidan et al (2012) for 0. niiotic1Is 0.04 and 0.041 mglkg from Lake 

Hashenge, respectively. 

The permissible limit set by FAO (1984) for Ni element, the maximum is 5.0 mglkg WW, this data 

was higher than the result in the present study, but Ni toxicity in humans is not very common 

occurrence because the absorption ofNi is very low (Ozden, 2008). The mean concentration ofNi 

found in muscle tissue of all evaluated fish species (0.028 to 0.53 WW) was below the critical 

limits set by (FAO, 1983 and USFDA, 1993), which may not cause severe health effects on fish 

consumers. As of WHO (1993), the concentration ofNi recommended for dietary allows around 

0.1-0.3 mg/day, if around 500g of muscle of the two fish species from those regions can provide 

100% of the requirement in 100g offish muscles. The total dietary intake ofNi ofO.3mg per day 

reported by WHO in 1993 (AI bader, 2008). This value is 10 times lower than the maximum value 

obtained for Ni in the present study, which was (0.028 mg/IOOg WW). 

The present study showed that, regardless of the type offish tissues, the levels of all minerals were 

higher in gill tissues as compared to muscles at all sampled sites. Unfortunately, gill tissues 

discarded parts of fishes; however, the muscle tissue more concerned because WHOIF AO mostly 

recommended dietary allowance in fish tissues mostly based on muscle tissues. Our study showed 

that mineral content in muscle tissue of 0. niloticus was lower than C. gariepin1ls obtained at all 

sampled sites. 

The statistical analysis of the minerals data showed significant differences (p<0.05) between these 

two species in each sites. The muscle tissue of C. gariepin1ls from all sites the maximum minerals 

content for each element was as follows: Fe (89.04 mglkg); Ni (1.86 mglkg); Zn (30.76 mglkg); 

eu (8.28 mglkg) and Mn (16.9 mglkg DW). This result was agreed with Asefa and Beranu (2015) 

reported in investigated three fish species, the highest levels of major metals obtained in C. 

gariepinus as compared to other two fish species of a niiotic1IS and B. intermedi1ls from Tendaho 

Reservoir. This may be due to carnivores feeding mainly on fish, aquatic insects and mollusks. 

This species obtained at the top trophic level and could gain more minerals from water, air and the 

Mollusca (includes snails, slugs and mussels) (Desta et al., 2007). In the present study, C. 

gariepin1ls species contained higher minerals accumulation in their muscles as compared to 0. 

niioticlis. 
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Table 4. 1 Mineral concentrations (mean ± SD, mg/kg DW) 0. nilotic<ls and C. gariepinus fish species muscle and gill tissues in four 
different ecosystem of water bodies 

Source of Water bodies Fish species Tissue Cu Fe Zn Ni Mn 
Alwero River 0. niioticlIs Muscle 5.05±O.Old 51.66±O.OQi 20.2I±O.OI' O.08±O.OOh 3.83±O.Olg 

Gill IO.87±O.OI' 58.38±O.OOh 41.11±O.OO' 1.87±O.OOb 69.82±O.OO" 
average 7.96±4.13' 55.02±4.76i 30.67±14.77 f O.98±1.27 f 36.82±46.67b 

C. gariepinus Muscle 7.92±O.OI' 4 1 .08±O.O I k 26.48±O.O Ii O.99±O.OI r 4.45±O.OI" 
Gill 2.04±O.O lis 80.69±O.O I f 43. 74±O.O I bC 1.55±O.OO' 28 .94±O.OOc 

average 4.98±4.16d 60.89±28.0I b 35.11±12.2d 1.27±O.4'" 16.70±17.32d 
Abay River 0. lIiloticus Muscle 1.57±O.OI g 55 .35±O.OI i 23 .78±O.Olk 1.33±O.Old IO.II±O.OI ' 

Gill 4.39±O.OI' 122.29±O.OI" 47.l3±O.O2' 1.99±O.OO" 37.85±O.Olb 
average 2.98±1.99 f 88.82±87.8dc 35.46±16.52d 1.66±O.47b, 23.98±19.62' 

C. gariepillus Muscle 8.28±O.Olb 54.30±O.OOi 27 .07±O.O I i 1.07±O.OI' 16.90±O.O I d 
Gill O.75±O.03i 33.54±O.O6' 21.47±O. II ' O.92±O.04f 8.4I±O.03f 

average 4.52±5.33' 43 .92±14.68' 24.27±3.96' l.OO±O.11 ,f 12.66±6.0df 

Lake Hawassa 0. lIilotiellS Muscle 1.31±O.03h 49.77±O.04ik 25.99±O.Oli O.74±O.Ol g 3.85±O.Olg 
Gill 1.32±O.OI h 60.37±O.OI gh 44.49±O.OOb O.66±O.OOgh 2.48±O.O li 

average 1.32±O.Olh 55.07±7.50i 35.24±13.08" O.70±O.06g 3.17±O.97h 

C. gariepinus Muscle l.07±O.Oli 89.04±O.O I d 24.39±O.O I' O.83±O.O I f 3.55±OO I h 
Gill O.66±O.Oli 95.87±O.O I b 25.14±O.O Ii' 1.15±O.OI e 3.7I±O.O lh 

average O.87±O.29i 92.46±4.83' 24.77±O.53k O.99±O.23cf 3.63±O.1 1 g 
Lake Ziway O. nilotiells Muscle O.74±O.Oli 52.33±O.Oli 27.07±O.OOi O.82±O.OOf 3.20±O.O I h. 

Gill 1.54±O.Olg 62.02±O.O I h 37.67±O.OI'd O.65±O.OOgh 3.00±O.O I hi 
average 1.14±O.57" 57.18±6.85h 32.37±7.5' O.74±O.12g 3.IO±O.14h 

C. gariepinus Muscle O.89±O.Oli 66.23±O.02sh 30.76±O.OI f 1.86±O.Olb 3.48±O.Olh 
Gill l.30±O.04h 90.46±O.O I d 28.39±O.O I b 1.55±O.Ol c 4.47±O.O I g 

average l.lO±O.29i 78.35±17.13g 29.58±1.68g 1.7I±O.2i'c 3.98±O.70gl' 
Values Means, at eacb column with the same superscript are not significantly different at p<O.05 

PhD Dissertation 73 



Daily Consumption 

COllcentmtions of essential elements in fishes and compalison with intel11ational diet al'y 

standards and guidelines (Wet weight muscle) 

The concentrations of metals in fish were reported on dry basis (DW) as well as wet weight (WW) 

in the literature reported by Cohen et al (2001). Based on WW rather than DW, minerals documents 

in fish muscle and comparison made with international organization literature reports. 

To evaluate the essential mineral content of selected freshwater fish species found in fish samples 

from Alwero River, Abay River, Lakes Hawassa and Ziway and identifY the species and tissues 

with high mineral content which can be recommended for use in combating miner al deficiencies 

in the country, a comparison is made with reference values for fish muscles (Table 4.2). The 

validity of such comparison may appear questionable. However, in the absence of national 

standards and guidelines, a comparison of this kind may pr ovide preliminary idea about minerals 

profile of Ethiopian freshwater fish species. 

European Union (EU, 2006) has summarized dietary standards and guidelines. The guideline sets 

limits for Cu, Mn, Ni and Zn as 0.5, 0.52, 0.5 and 50 mglkg WW, respectively. The maximum 

permissible limits proposed by WHOIF AO (1989a) for Cu 30mglkg, for Mn 9 mglkg, for Ni 80 

mglkg, for Fe I OOmglkg and for Zn 40 mglkg WW. 

Iron contents in the two sp ecies in four sampled sites in the range of 8.93 - 22.26 mglkg WW, and 

significantly higher (p ~ 0.05) in in muscle of C gariepinus from Lake Hawassa. The highest 

concentration was 22.26 mglkg recorded in muscle of C gariepinus from Lake Hawassa, while 

the lowest value of 8.93 mglkg was recorded in C gariepinlls from Alwero River. The highest 

concentration of Fe found in the present study were far below the maximum permissible (MPL) 

100 mglkg of Fe established by (ATSDR, 2004; 2005). 

Manganese was detected in the entire samples studied. The lowest concentration was (0.70 mglkg 

WW) detected in muscle of a. niloticlIs from Lake Ziway, while the highest concentration was 

(3.13 mg/kg WW) detected in muscle of C gariepinus from Abay River. The concentrations of 

PhD Dissertation 74 



Mn in fish sampled from Alwero River, Lakes Hawassa and Ziway sites are below the MPL ofMn 

100 mg/kg established by ATSDR, (2004; 2005). 

Copper is an essential part of several enzymes and it is necessary for the synthesis of hemoglobin 

(Stem, 2010). The present study showed the highest Cu content was (1.72 m g/kg WW) in the 

muscle ofC gariepinus from Alwero River, while the lowest level was (0.23 mg/kg WW) detected 

in the muscle of C gariepinus from Lake Ziway. However, the highest value of Cu in present 

works was below the MPL established by ATSDR and FAO guideline 30 mg/kg. The present study 

concentrations of Cu in all sampled sites of the two species found below the recommended 

guideline ofFAO and ATSDR (FAO, 1983: ATSDR, 2005). 

Zinc toxicity is rare but concentrated in water up to 40 mg/kg, may induce toxicity, characterized 

by symptoms of irritability, muscular stiffness and pain (Iweala et aI., 2014). In the present study, 

the highest concentration of Zn was (8.79 mg/kg WW) found in the muscle of C gariepinlls from 

Lake Ziway, while the lowest was (3.96 mg/kg WW) in the muscle of 0 niloliclIs from Alwero 

River. Therefore the concentration of Zn varied among fish species observed in the present work, 

this may occur due to the chemical form ofZn in the diets and other components such as Calcium, 

Phosphorus and Phytic acid may affect the fish tissues (FAO, 2009). According to FAO (\983), 

guideline the maximum concentration ofZn is 30 mg/kg. The concentrations ofZn in present study 

in all the sampled sites were below the FAO (1983) food guideline. 

The major source ofNi for humans is food and uptake from natural sources, trace amounts ofNi 

act as activator of some enzyme systems (Nas -NRC, 1975). The upper tolerable intake level ofNi 

for children (1-3 years old) and males/females (19-70 years old) are 7 mg/day and 40 mg/day, 

respectively (National Academy of Medicine, 2001). In addition, the WHO recommends 0.1 -0.3 

mg of this element for daily intake (WHO, 1996). The Ni concentration detected in the present 

study were ranged from 0.02 to 0.53 mg/kg WW The highest concentration ofNi was (0.53 mg/kg 

WW) detected in the muscle of C gariepinlls from Lake Ziway, while the lowest concentration 

was (0.02 mg/kg WW) in the muscle of 0 niloticusfrom Alwero River. The maximum permissible 

limit ofNi is 10 mg/kg WW established by ATSDR and FAOIWHO. Therefore in the present 
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study Ni was found lower than the maximum permissible limits set by (FAOIWHO, 2009; 

ATSDR, 2004; 2005). 

Table 4.2 shows a comparison between the concentrations of five minerals in the pres ent study 

with concentrations in maximum permissible limits set by different international organization. The 

present study result varied between all sampled sites; this may be due to differences natu ral 

environment of collected fish sampled. This result approve by Bahnasawy et al (2009) reported 

mineral content of fish in tissues differ within metal concentrations and chemical , physical 

characteristics of water bodies from which fish were sampled. 

The concentrations of minerals in two fish species from all sampled sites were acceptable by the 

international guideline limits. But, the highest Cu metal detected in the present work was lower as 

compared to those proposed by US EPA (1983), FAO (1983), WHOIFAO. (l989b), CCC (1994) 

and MAFF (2000) for fish muscles in WW, while higher than maximum permissible limits set by 

FSANZ (2002), EU (2006) and FAOIWHO (2011) (Table 4.2). 

Table 4.2 Mineral concentrations the two fish species in muscle tissue (mglkg WW) 

Fish name and sources Cu Fe Zn Ni Mn 
a. niloticus fromAlwero River 0.99 10. \3 3.96 0.02 0. 75 
a. niloticus from Abay River 0.33 11.78 506 0.28 2.15 
a. niioliclis from Lake Hawassa 0.28 10.59 5.53 0.16 0.82 
a. niioticlis from Lake Ziway 0.16 1138 5.88 0.18 0.70 
C gariepinlls from Alwero River 1.72 8.93 5.76 0.22 0.97 
C gariepinlls from Abay River 1.53 10.06 5.01 0.20 3.13 
C gariepinlls from Lake Hawassa 0.27 22.26 6.10 0.21 0.89 
C gariepinlls from Lake Ziway 0.23 18.92 8.79 0.53 0.99 

In general the concentration of those essential minerals in muscles of selected fish species from 

the present study were far below the maximum permissible limits set by different international 

guidelines, the analyzed fish species may be considered as more benefited for human consumption 

(Table 4.2). The maximum concentration of Fe detected in the present work was lower than that 

proposed by WHOIFAO. (1989b) but higher than FAOIWHO (2011) for Fe in fish muscles. For 

Zn the maximum concentration was lower than those proposed by USEPA (1983), FAO (1983), 
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WHOIFAO (1989b), CCC (1994), MAFF (2000) and FAOfWHO (2011) for the permissible limits 

ofZn in fish muscles, whereas lower than FSANZ (2002) proposed. 

Daily consumption safety 

According to FAO (2011), the average quantity offish consumed per a person (assuming a 70-kg 

person) per day in Ethiopia is 27.49 g/day. Multiplying this value by the average concentration of 

each metal (Cu, Zn, Mn, Ni and Fe) analyzed in fish sampled, the average daily intake 

(consumption) of metals from fish sampled can be est imated. 

The daily consumption ofCu, Fe, Zn, Ni and Mn in the fishes of this study were ranged from 0.006 

to 0.047, 0.25 to 0.61,0.11 to 0.24, 0.0006 to 0.0145 and 0.019 to 0.086 mg per day, respectively 

(Table 4.3). The average daily intake of minerals through fish consump tion can be ordered as 

follows: Fe>Zn> Mn>Cu>Ni. 

Table 4.3.The estimated daily intake (mg/day) of minerals by humans in Alwero River, Abay River 

Lake Hawassa and Lake Ziway from fish muscles 

Fish name and sources Cu Fe Zn Ni Mn 
O. niloticus Alwero River 0.027 0.28 0.11 0.0006 0.021 
O. niloficus Abay River 0.009 0.32 0.14 0.0077 0.059 
O. nilolicus Lake Hawassa 0.008 0.29 0.15 0.0044 0.022 
O. niloliclls Lake Ziway 0.004 0.31 0.16 0.0049 0.019 
C. gariepinus Alwero River 0.047 0.25 0.16 0.0060 0.027 
C. gariepinus Abay River 0.042 0.28 0.14 0.0055 0.086 
C. gariepinus Lake Hawassa 0.007 0.61 0.17 0.0058 0.024 
C. gariepinus Lake Ziway 0.006 0.52 0.24 0.0145 0.027 

The estimated maximum total dietary intakes of the five minerals in these fishes from present study 

were 0.047, 0.61, 0.24, 0.0145 and 0.086 mg per day for Cu, Fe, Zn, Ni and Mn, respectively 

(Table 4.3). For Cu, the maximum value of consumption from fish per day obtained from the 

present study was 0.047 mg which was far below the maximum acceptable daily intake value 

proposed by WHO in 1996, which limited it by 0.25 mg/day for adult (WHO 1996). Based on the 

PhD Dissertation 77 



results from this work, with assumption that 100 g offish muscle is consumed, C. gariepinlls from 

Alwero River can provide over SO% of recommended daily intake of Cu. 

Maximum daily intake of Zn, in the present study was 0.24 mg per day; it was far below as 

comparing with international standards, 1 S mg/day for adult men and 12mg/day for adult women 

IPCS (1991) and 20 mg/day for adults JECFA (1982). It can be concluded that there was no health 

risk by consumption of around SOOg of Zn from the present study. Zn is usually taken to stimulate 

the immune system and human growth. It is a component of many metallo -enzymes, important 

for gene expression (Wood, 2000). 

For Fe, the maximum value of consumption from fish per day obtained from the present study was 

0.61 mg which was far below the maximum acceptable daily intake value proposed by (EFSA, 

2009) and (FAOIWHO, 2001) which sets limited to 10 mg/day for adult men and 1 S mg/day for 

adult female (EFSA, 2009). For male and female 9-S0 years old intakes are ranged from 8 tol8 

mg per day respectively (FAOIWHO, 2001). Therefore, from the present study it be concluded 

that, the highest Fe content in C. gariepinlls muscle tissue was (2.44g/day DW) and by 

consumption of this species, around SOOg can contribute at 81 % of the daily requirement. 

The recommended daily requirement of Cu, Fe, Zn, Ni and M n in human nutrition were set to 2-3 

mg, 9-17 mg, S-20 mg, 0.IS-7 mg and 2-9 mg per day respectively (WHO, 1981 ; JECFAI982; 

WHO, 1985; NAM, 2001; EFSA, 2009). The concentration ofCu, Fe, Zn, Ni and Mn in muscles 

of selected fi sh species from all sampled sites in this study were lower as compared to the 

international recommended daily intake, as assuming a single serving of 100g offish per day. In 

the present study fish species the highest content of minerals could be provide 13% for Cu, 8% for 

Fe, S% for Zn, 10% for Ni and 4% for Mn requirement for men and women 70 kg body weight if 

100 g of fish is consumed. For Ni and Mn, the maximum daily intake values obtained from the 

present study were 0.014S and 0.086 mg per day, respectively. These values were far below the 

maximum TDI values set by EU and WHO, set as O.S and 4 mg per day, respectively (WHO, 1985; 

EU, 2006). Therefore, the daily intake of Fe, Zn, Cu, Mn and Ni for regular consumption (more 

than SOOg per day) of the two fish species from different water bod ies in the present study may 

meet the daily requirement proposed by different international organization and also may not has 

any hazardous effect on human health. 

PhD Dissertation 7H 



RDA (Recommended Daily Allowed) 

To ensure the complete daily nutritional needs of a person, a balanced diet is important and this 

has to bring the right amount of nutrients and energy for health and wellbeing. It is important to 

set nutritional standards that refer to the nutrient amount to be taken by a human being to meet 

daily nutritional needs (F AOfWHO, 200 I) 

The nutritional standard that we took into consideration in this study is the RDA (Recommended 

Daily Allowed) which corresponds to the average daily intake level adequate to meet the needs of 

nearly all the healthy persons in a particular life stage and gender (Table. 4.4). Nutritional standards 

are intended to protect the entire population from the risk of nutritional deficiencies, to provide the 

basis for assessing the nutritional adequacy of the average diet ofa population, for food education 

and food labelling. In this study we take into account the daily intake of mineral salts of an 

average human being (male/female, 30 -55 years) in good health and average weight (70kg). 

The average concentration for each mineral element has been calculate d in 150g of fresh fish, 

which is the average weight of a fish fillet for a normal meal. The table also shows the 

recommended daily values (RDA) for each mineral element expressed by mg/diet. Clearly through 

the values shown on table 4.5 it was then possible to talk about the nutritional value of 0. ni/oliclis 

and C. gariepinlls and also to see in percentage how much these values meet the recommended 

daily nutritional needs (RDA). 

Table 4.4. Recommended Daily Allowance (RDA) of some essential elements 

Element Unit of measure Men 30 - 55 years Women 30 - 55 years Reference 

Fe mg/diet 8 -10 18 - 20 (SCF 1993) 

Zn mg/diet 15 12 (Van Dokkum 1995) 

Mn mg/diet 1-10 1-10 (WHO 1991) 

Cu mg/diet 1 - 2.3 0.9 - 1.8 (Van Dokkum 1995) 

Taking into account the data in table 4.5 it has been calculated the daily intake percentage 

of Fe, Zn, Cu and Mn in a portion of fish fillet (l50g). Table. 4.6 and 4.7 shows the values of 

essential minerals concentrations in 150g of edible portion with the related value ofRDA 

required to meet the needs of a middle age man/woman (35-55 of age). Through this set of data it 
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was possible to identify how much in percentage these fish products, considered here, meet 

the daily needs required to maintain a good health . 

Table 4.5 Daily intake % (mgll50g WW) of some minerals in fish muscle 

Fish name and sources Cu Fe Zn Ni Mn 
0. niioticlis Alwero River 0.15 1.52 0.59 0.003 0.11 

0. niioticlis Abay River 0.05 1.77 0.76 0.04 0.32 
0. niioticlis Lake Hawassa 0.04 1.59 0.83 0.02 0.12 

0. niioticlis Lake Ziway 0.02 I. 71 0.88 0.03 0.11 

C. gariepinlls Alwero River 0.26 134 0.86 0.03 0.15 

C. gariepinlls Abay River 0.23 1.51 0.75 0.03 0.47 

C. gariepinlls Lake Hawassa 0.04 3.34 0.92 0.03 0.13 
C. gariepinlls Lake Ziway 0.03 2.84 132 0.08 0.15 

Table 4.6. Daily percentage intake (for men and women 30-55 yrs) of Fe, Cu, Zn and Mn in 0. 
niioticlis 
Minerals Daily intake % of O. IIi/OtiCIlS contribution 

Alwero River Abay River Lake Hawassa LakeZiway 

Men Women Men Women Men Women Men Women 

Fe 15.2 7.6 17.7 8.9 15.9 8 17.1 8.6 

Zn 3.9 4.9 5.1 6.3 5.5 6.9 5.9 7.3 

Mn 1.1 1.1 3.2 3.2 1.2 1.2 1.1 1.1 

Cu 6.5 8.3 2.2 2.8 1.7 2.2 0.9 1.1 

Table 4.7. Daily percentage intake (for men and women 30-55 yrs) of Fe, Cu, Zn and Mn in C. 
gariepinlls 

Minerals Daily intake % of C gariepillils 
Alwero River Abay River Lake Hawassa LakeZiway 

Men Women Men Women Men Women Men Women 

Fe 13.4 6.7 15.1 7.6 33.4 16.7 28.4 14.2 

Zn 5.7 7.2 5 6.3 6.1 7.7 8.8 11 

Mn 1.5 1.5 4.7 4.7 1.3 13 1.5 1.5 

Cu 11.3 14.4 10 12.8 1.7 2.2 1.3 1.7 

The table 4.6 and 4.7 confirms what we have said previously, iron and copper are the elements 

that give a greater contribution to meet the daily nutritional needs (respectively for Fe: 

33.4% and Cu: 14.4% in C. gariepinus from L Hawassa, and Alwero River ; while for Cu and Fe 
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8.3 and 17.7% in 0 niloliclIs from Lake Ziway and Alwero River). Following in descending order 

was recorded Zn (respectively II % in C gariepinus from Lake Ziway. and 7.3 % in 0 nilolicus 

from Lake Ziway), and finally Mn (4.7 % in C gariepinus and 3.2 % in 0 niloliclIs from Abay 

River. 

Considering the values of Fe the percentages obtained seem to be too high compared to what has 

been obtained in other sources, stating that an average serving of fish provides an average 

daily intake of about 9.2 % or a little bit more (Tsegay et al. 2016). These results suggest the 

possible geographical and environment effect the results increasing to a great extent the recorded 

values (Kebede and Wondimu, 2004; Dsikowitzky et aI., 2012; Ermias et aI., 2015). 

Conclusion 

Significant variation was observed among the fish species and tissues in their mineral content in 

all sample sites. The fish species included in this study are rich in essential minerals and can play 

a great role in combating micronutrient malnutrition. Fe, Zn and Cu are the most abundant 

elements in both tissues followed by other metals in all sampled sites. The rank of mean elements 

concentration for both species were Fe > Zn > Cu > Mn > Ni. Among fish species, C. 

gariepinus from 1. Ziway and 1. Hawassa showed high Zn and Fe content respectively. Hence,150 

gram of fish muscles are consumed, the species of C. gariepinuscanprovideoverl5%ofthe daily 

recommended of Cu, Fe, Zn and Mn ,if fish consumed from Abay River, Lake Hawassa, Lake 

Ziway and Alwero River ,respectively. 
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CHAPTER-5 

Determination of Selected Heavy Metals and Human Health Risk Assessment 

in Fishes from different freshwater ecosystem found in Ethiopia 

Abst.-act 

The objective of this study was to assess the bioaccumulation of heavy metals (Cr, As, B, Hg, Cd, 

Pb, Sn and Co) in the muscle and gill of a. niioticlis and C gariepinlls fish species collected from 

four different regions of freshwater bodies in Ethiopia in order to determine the value daily intake 

of heavy metals by consumption of fish and human health risk assessment. In the present study, 

the highest concentrations of Co (1.16 mglkg), Cd (0.58 mglkg) and Pb (1.91 mglkg DW) were 

observed in the gill ofa. niioticlis. The highest concentrations ofSn (222.89 mglkg) and Hg (14.52 

mglkg DW) were observed in gills and muscle of a. niloticlIs, respectively, while the highest 

concentrations ofCr (4.95 mglkg) and As (30.92 mglkg DW) were observed in gills and muscle 

ofC gariepinlls, respectively. Freshwater a. niioticlis from Lake Ziway different from the other 

three freshwater bodies based on Sn metal concentrations in gills, while C gariepinlls from Abay 

River different from the other three sampled sites based on A s metal concentrations in muscles. 

This indicates that the metal levels detected in tissues seem to reflect the pollution level of sediment 

and planktons rather than the usual pollution state of the water. The most correlations between 

element accumulation and fish sources and tissues from Lake Ziway were recorded in the species 

of a. niioticlis. Although the maximum levels of Hg were above the permissible tolerable limits 

set by FAD (1993) (i.e >0.05 mglkg WW), the estimated daily intakes of all metals were below 

the ADI and RID set by international guideline. The THQ and ill values were «1) for all examined 

metals in both species in all sampled sites. There are no risk for consumptions of a. niioticlis and 

C gariepinlls fillets in reasonable amounts for consumers. Therefor muscles of studied both fish 

species is safe for utilization in human diet from those regions in Ethiopia. 

Keywords: Heavy Metals. Fish. Lake Hawassa. Lake Ziway. River Alwero. River Abay 
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5.1. Introd uc tion 

Environmental pollution is a universal problem. Heavy metals are one of the most vital pollutants 

since industries have a continuous raised emission of pollutants and therefore, contamination of 

aquatic ecosystems, has been receiving increased worldwide attention over the last few decades. 

(Dawoud et aI., 2009). The biological accumulation of toxic heavy metals in existing organisms 

are transfered from one trophic level to another in food chain. Fish is one of the existing organism 

in aquatic ecosystem and consumption of fish from contaminated water bodies can be danger for 

human health (Moiseenko et aI., 2001; Castro et aI., 2008). Hereafter, it is important to detect the 

level of heavy metal concentration in fish organs in order to guarantee that it does n ot expose any 

hazard to the human and maintain contents under permissible level (Sivaperumal et aI., 2007; 

Uysal et aI., 2008). Various species of fish are mostly used as bio -indicators of heavy metals 

contamination (Svobodova et aI. , 2004). Fishes are the most important organisms in the aquatic 

food chain, which are sensitive to heavy metals contamination and destroyed the aquatic life due 

to the impact of human activities that discharge their waste such as heavy metals into the aquatic 

ecosystems (Rashed, 2001). As result of this, fish species are not only indicates the pollution status 

of aquatic ecosystem but has a significant impact on the food web due to fish is one of the main 

sources of long chain n-3 polyunsaturated fatty acids (LC n-3 PUFA) and protein-enriched food 

all over the world (Mansour and Sidky, 2002; Chi et aI., 2007; Racine and Deckelbaum, 2007). 

Heavy metals are natural elements in the environment, and exceeding in certain amount from the 

natural occurring by human activities, such as many industrial and agricultural activities (Bosch et 

aI., 2015). The same fish species from different regions vary with the fish size, weight and 

nutritional values but generally, there are differences in disposal of untreated municipal, 

agricultural and industrial wastes in to lakes and rivers freshwater bodies and obtain in fish species 

muscles, which agree with the food safety and quality control standards (Marushka, 2018). It is 

important to note that not all metals are hazardous and toxic to humans and now, fish meat 

marketing are widely distributed in the Ethiopian lake and river side communities. With changing 

environmental conditions under increasing anthropogenic influences, the nature of the Ethiopian 

freshwater bodies are also changing. Environmental contaminants from municipal, agricultural and 

industrial sources may enter the food chain, accumulate in organisms and affect their survival. 

Hence, the abundance and quality of commercially important fish species, an important ecosystem 
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service of the freshwater bodies, may be at risk (Hussien et aI., 2010 Asmare et aI. , 2016; Meko et 

al., 2017). Furthermore, consumption of contaminated fish is one of the main exposure routes to 

toxic metals for humans (Castro-Gonzitlez and Mendez-Armenta, 2008). 

Alwero River, Abay River at mouth, Lakes Hawassa and Ziway are Ethiopian freshwater bodies, 

which are affected by agricultural fertilizers, pesticides, and anthropogenic pollution, hence risks 

the life offish species as well as human being (Hussien et aI. , 2010 ; Margareta 2015 ; Kiflom and 

Tarekegn, 2015). This information is desirable because Rivers and Lakes, source of fish species 

are important bio indicators of toxic heavy metal contamination. Several researchers have 

evaluated the fish's quality of muscle analysis, because higher and relatively stable concentrations 

would be obtained in fish samples. These, fishes have been proposed as bio indicators to monitor 

a variety of contaminants in the freshwater ecosystem (Kebede and Wondimu, 2004; Dsikowitzky 

et al. , 2012; Ermias et aI. , 2015). 

Heavy metals, which incidentally spread because of human day to day activities, are harmful even 

in small quantity. These heavy metals are non-biodegradable and may result to world 

environmental problems. Even though heavy metals such as (Ni, Sn and Cr) are vital components 

for many genetic activities in the human body, high concentration of them may result in health 

difficulties to human. Similarly, Cd, Hg, As, and Pb have no nutritional importance to human even 

at small level, they are toxic metals may be not lethal to fish species but the concentration of such 

metals in their tissues creates hazards when used as food for human consumption (Saidu et al., 

2018). 

10 recent years risk assessment of heavy metals for the lake and river side communities have been 

of great importance, because of high protein content and minerals are essential for human diet, but 

the contaminated fish represent serious food safety concern across the globe (Tuzen, 2009). 

Sometimes the contaminants exceed the legal limits set by EU (2006), FAOIWHO (20 I 0), 

regulations for food; they did not always represent risk to human health (Copat et aI., 2012; Alipour 

etal., 2014). 

Usually, health benefits and fish consumption are informed through different intern ational 

organizations but rarely is there insight into potential health risks (Antonijevic et al., 2007; Pieniak 

et al., 2010). Consequently, knowledge of toxic heavy concentrations in fish tissues are important 

with respect to human health (Ebrahimpour an d Mushrifah, 20 I 0). There are a number of toxic 

heavy metals that can affect the overall nutritional quality of tissues of different fish species. 
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However, there is little information on the effect of various species, tissues and ecosystems on the 

individual toxic heavy metals of Nile Tilapia (0. niloticlIs) and African Cat fish (Cgariepinus) 

fish tissues. To determine the overall toxic heavy metal accumulation of the two fish species 

tissues, all the aforementioned factors of variations need to be investigated. Therefore, in view of 

this fact, this study: (1) investigates eight heavy metal (Ni, Cr, Pb, Hg, Sn, B, As and Cd) 

concentrations in edible and non-edible parts of 0. niioticlis and C gariepinus from Alwero River, 

Abay River, Lakes Hawassa and Ziway, (2) find out whether the fish species from the sources 

have elevated concentrations of these heavy metals in their tissues that could causes them 

dangerous for human consumption, (3) examine if there were differences in tissue accumulation 

in two fish species (4) estimate the daily intake, comparing it with ADI and calculating the HQ to 

assess the human health risk from consumption of these selected fish species and comparing the 

results generated in the present study with the permissible tolerable daily intake (PTDI) of these 

heavy metals proposed by European Union EU F AO and WHO. 

5.2. Material and Methods 

5.2.1. Reagents 

All reagents and chemicals used in the study were of analytical grade. De -ionized water was used 

to prepare all aqueous solutions. All plastic and glassware used were rinsed and soaked in 10% 

(v/v) HN03 overnight. They were rinsed with de-ionized water and dried prior using. All acids 

(Nitric, HN03; Sulfuric, H2S04 and Hydrochloric, HC!) and oxidants (Hydrogen peroxide, H202) 

were of highest quality from Merck, Germany. 

5.2.2. Microwave Digestion of Fis h Samples 

The microwave digestion technique was widely used as a new alternative for conventional acid 

digestion (Ozparlak et al. , 2012; Zeitoun and Mehana, 2014). Then the dried fish samples are 

crushed and powdered using porcelain mortar and pestle. Acco rding to Bashir et al (2013), the 

dried powder tissues samples of 0.5 g is weighed into Teflon carousels from each fish tissues 

containing 10 ml of 65% nitric acid and added 2 ml of30% H:z02. Then, 4 ml of concentrated nitric 

acid, 2 ml of concentrated sui phuric acid and 1 ml of concentrated hydrochloric acid were slowly 
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added. Then digested at high pressure in a microwave oven (Microwave Accelerated Reaction 

System, with a regulated pressure and temperature). After digestion, the samples are transferred to 

50 ml conical tubes and diluted with 3% nitric acid to the 50 ml mark, further samples are diluted 

to a ratio of 1: 10, 3 % nitric acid for final analysis, and blanks were performed to check for any 

possible contamination. The homogenized samples were digested in a microwave oven digestive 

system using nitric acid (65 % HN03) and hydrogen peroxide (30 % H 202) in Teflon vessels. 

5.2.3. Blank Preparation 

At each step of the digestion processes of the samples acid blanks (laboratory blank) were done 

using an identical procedure to ensure that the samples and chemicals used were not contaminated. 

They contain the same digestion reagents as the real samples with the same acid ratios but without 

fish sample. After digestion, acid blanks were treated as samples and diluted with the same factor. 

They were analyzed by inductively coupled plasma-optical emission spectrometry (ICP-OES) 

before real samples and their values were subtracted to check the equipment to read only the exact 

values of heavy metals in real samples. Each set of digested samples had its own acid blank and 

was corrected by using the blank sample. 

5.2.4. ICP-OES analysis 

All measurements were performed with an ICP-OES (AMETEK). Horticoop Ethiopia 

(Horticulture) PLC Service carries out the ICP-OES spectrometer analysis. The homogenized 

samples digested in microwave oven were used for determination of Hg, Sn, Cd, B, Co, Pb, As 

and Cr in the samples. The concentrations were expressed as mglkg DW. 

5.2.5. Health risk assessment 

Under regular consumption habits, it is important to assess the daily intake of heavy metals from 

fish. The general formulas that are used to calculate the estimated daily intake of each heavy metal 

(EDI) in this work are equations: (1) 

EDI = Cfish X [deli,hl bW] (1) 

Where Cfish is the mean concentration of heavy metals in fish muscle (mglkg WW), dCfish 

and bW are daily per capita consumption of fish (g/day) recorded by the FAO (2011), and average 

body weight of70 kg for an adult person. 
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5.2.5.1 Target hazard quotient (THQ) 

The target hazardous quotient (THQ), target carcinogenic risks (CR) represents a complex 

parameter, which is introduced by the US Environmental Protection Agency (EPA 1989; 2015) 

THQ was calculated (USEPA, 2015) by the following equation (2) 

THQ = EFxEDxFlRxC xl0-3 
RfD xWAB x ATII 

(2) 

Where: EF = exposure frequency (360 days year-I); ED = exposure duration (65 years for 

adults), equivalent to the average lifetime (WHO, 2018); FIR = fish ingestion rate (kg person -I 

day-I), (0.027kg person- I day-I for adults 70kg); C = metal concentration in fish (mg kg-I); RID = 

oral reference dose (mg kg -I day-I); W AB=average body weight (kg), (70 kg for adults); ATn = 

average exposure time for non-carcinogens (365 days year-I xED), for carcinogenic: 70 years x 

365 days. Years-I 

Hazard index (HI) 

In this study, cumulative health risk was evaluated by summing of the individual metal THQ value 

and expressed as total THQ (TTHQ) (called hazard index, ill). A total ill was working by 

summing all the calculated THQ values of heavy metals as described by equation: (3). 

HI= If=l THQ (3) 

When HQ and ill are less than one, there is no obvious risk. If it becomes more than one, the 

consumption of fish might impose health hazard to the consumer, especially to susceptible people 

like children and pregnant women (Cheung et al., 2008). 

5.2.5.2. Cancer risk (CR) 

The cancer risk over a lifetime exposure obtained using cancer slope factor (CSF), is provided by 

USEPA (USEPA, 2000). 

Carcinogenic risk can be evaluated by the following linear equation: (4) 

Cancel' risk = (CDI-RID)*SF (4) 
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cm is chronic daily intake dose of carcinogens (mglkglday). The cm values described by 

equation: (5). 

COl = Cfishx FIR x ED x EF 10-3 
fish 8WxAT (5) 

Where cancer risk is a unit less probability of an individual developing cancer, cm is chronic daily 

intake dose of carcinogens (mglkglday), RID = oral reference dose (mg kg>' day>'); and SF is the 

carcinogenicity slope factor (mglkglday). The slope factor (SF) converts estimated daily intake 

averaged over a lifetime of exposure directly to incremental risk of an individual developing cancer 

(US. EPA, 1989). Slope factors of As for ingestion, was 1.5, mglkglday (Ferreira-Baptista and De 

Miguel, 2005; Lim et aI., 2008) and Pb is (8.5 x 10-3 mglkglday)-I (US. EPA, 2005). 

The cancer risk caused by a variety of carcinogens is the sum of carcinogenic risk of individual 

carcinogens in the possible exposure pathways, which is the total cancer risk (CR). According to 

the US. EPA (2015), the value of cancer risk in the range oflO-6 to 10-4 is an acceptable or tolerable 

risk, a risk ofless than 10-6 can be ignored, and a risk exceeding 10>4 is considered to unacceptable 

(Yaya et aI., 2017). 

5.3. Statistical analysis 

Data analyses were performed using the statistical package SPSS (version 23). Univariate Analysis 

ofYariance, followed by Tukey's lest to assess whether the means of metal concentrations were 

varied significantly among fish species and between sites less than 0.05 were considered 

statistically significant (p < 0.05). 

5.4. Result and Discussion 

Toxic Heavy Metal Analysis 

This study was undertaken to investigate heavy metal concentrations in muscles and gills of two 

commercially important fish species from four different freshwater bodies found in Ethiopia, and 

to detect whether their levels are potentially harmful for human health if include d in the diet. C. 

gariepinus and 0. lIi/oncus were selected because they are the most commonly consumed fish 

species in Ethiopia. The levels of heavy metals were determined in the muscles in each species 

because of their importance for human consumption. I t is well known that it is very difficult to 

compare the metal concentrations even between the same tissues in different species because of 
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the differences in many factors such as, the freshwater environments concerning the type and the 

level of water pollution, feeding habits (whether omnivorous or carnivorous), and level of fish 

presence in water benthic fish. Kamaruzzaman et al (2010) indicated that there was a relationship 

between metal concentration and several intrinsic factors of fish such as organis m size, genetic 

composition and age of fish. Considering all these factors, it was very difficult to compare metal 

concentrations between the same and different fish species from different freshwater sources in 

this study. Consequently, it is normal to have some fluctuations in some heavy metal 

concentrations; different heavy metals present different distribution patterns in the different body 

parts offish such as muscle and gill (Table 5.1). 

Table 5. 1 shows that the havey metals like Hg, Sn and As are maximum in concentration but 

boron (B) is below the limits of detection < 0.019 mg/kg. Since the maximum levels ofthese heavy 

metals found in muscle and gill tissues of fishes are far below the thresholds, the analyzed fish 

species may be considered as safe for human consumption relative to the analyzed metals. This 

pollution of heavy metals may be corne through contributory rivers and many chemicals from the 

large farmland as well as horticulture, domestic and chemical industry found near the towns' 

drainage lines, which is connected with the freshwater bodies and it, would be directly or indirectly 

accumulated in the body of the fish. 

Accumulation of toxic metals by fish species fl'om foul' sites 

Cobalt (Co) is beneficial for humans because it is a part of vitamin BI2 (Ikem and Egiebor, 2005). 

However, exposure to high levels of Co can result in I ung and heart defects and dermatitis. Co is 

used to treat anemia in pregnant women because it stimulates the production of red blood cells. 

An excesses intake of Co may cause overproduction of red blood cells (Kalagbor et al. , 2014). 

Co concentration in fish tissues ranged from 0.07 mg/kg in C gariepinus to 1.16 mg/kg in 0. 

ni/oficlIs as shown in Table 5.1. The maximum concentration of Co found in gills of 0. ni/oficlIs 

from Abay River was 1.16 mg/kg DW; this value was slightly higher than the maximum 

permissible level (EC, 2013). 

According to Ataro et al (2003) the Co concentration as in the range of <0.71 mg/kg in muscle for 

the same fish species from Lake Hawassa and Ziway. This result was higher than the maximum 

value obtained in the present study. 
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Table 5.1 Heavy metal concentrations (mean ± SD, mg/kg DW) selected fish muscle and gill tissues in four different ecosystem ofwater 
bodies. 

Source of Water bodies 0. niloticflS 

Tissue Co Cr Cd Hg Sn Pb As 

Alwero River Muscle O.O8±O.OO' I.5S±O.O I"' O.O8±O.OO' O.81 ±O.OOf SI.SO±O.OO' O.49±O.OOh NO 
Gill O.6S±O.O I' 3.32±O.OI'" O.4I±O.OI ' 1.46±O.O I' 126.74±O.Olb 3.73±O.OOb 3.3S±O.OQJ 

Average O.37±O.O4' 2.44±1.2S'j O.2S±O.24b 1.13±O,46" 89.12±S3.2' 2. ll±2.29' 1.68±2.37k 

Abay River Muscle O.4I±O.O I' 2.S7±O.OI' O.33.LO.OOb I.S7±O.OI' 6.5S±O.OI· 1.91±O.OI'" 17 .6S±O.O I b 

Gill 1.16±O.O I' 3,40±O.O2' O.S8±O.OI' 2,40±O.O2' 12.18±O.Olf 4.56±O.O2' 11.18±O.O I' 

Average O.79±O.53h 2.99±O.S9" O.46±O.18' 1.99±O.S9'" 9.37±3.39' 3.24±1.87' 14,42±4.S7' 

Lake Hawassa Muscle NO 1.48±O.O I"~ O.16±O.O I' O.74±O.02f O.90±O.OI' NO NO 
Gill NO 1.49±o.oom O.08±O.OI' O.66±O.Olf O.33±O.oo'm NO O.So±o.oom 

Average 1.49±O.OI"' O.12±O.O6' O.70±O.O6"· O.62±O.4I' O.2S±O.03S"~ 

Lake Ziway Muscle NO 2.13±O.Olj O.08±O.OI' 14.S2±O.OI' 1.48±O.OI ' NO NO 
Gill NO 1,46±O.O I' O.08±O.OI' O.6S±O.OI f 222.S9±O.OI' NO 3.32±O.Olj 

average Average 1.80±O.471 O.O8±O.OO' 7.59±9.8Ib IIZ.I9±IS6.6b 1.66±O.OO' 

Fish species C. gariepillus 

Tissue Co Cr Cd Hg Sn Pb As 
Alwero River Muscle O.08±O.OI' 1.73±O.OII O.16±O.OI' I.3Z±O.OI' S.03±O.OI' O.OS±O.OO' O.16±O.OI" 

Gill O.49±O.OO'" 3.II±O.OO'f O.4I±O.OO' 1.72±O.Oo' 7.77±O.OO" 3.02±O.OO' 12.83±O.Olf 
average O.29±O.29' 2.42±O.9&i O.29±O.ISb 1.52±O.2S" 6.40± I. 94'" I.SS±2.0Sf 6.S0±8.96' 

Abay River Muscle O. 16±O.O I" 2.13±O.OI' O.2S±O.OI'" I.S6±O.OI' 4.S9±O.OP O.S2±O.O I' 30.92±O.OI' 
Gill OOS±O.OI' 1.19±O.O3" O.17±O.O3' 1.2S±O.03" 4.66±O.03j O.42±O.03h O.SS±O.03m 

average O.12±O.O6" 1.66±O.66"' O.2I±O.06b' 1.41±O.22" 4.63±O.oSi O.62±O.2S' IS.7S±21.4S' 
Lake Hawassa Muscle NO 2. 73±O.O I gi O.08±O.OI' O.99±O.Olf O.74±O.OI' NO 13.4S±O.O I' 

Gill O.08±O.OI' 4.9S±O.OI' O.16±O.0l' O.S2±O.Olf 3S.12±O.OI' NO O.99±O.Ollm 
Average O.O4±O.O6' 3.84±1.57' O.12±O.6' O.91±O.12f 17.93±24.32df 7.24±8.S3" 

Lake Ziway Muscle NO 4.70±O.OI' O.08±O.OI' O.S7±O.OI' O.S7±O.OII NO NO 
Gill NO 4.72±O.OI' O.16±O.OI' O,41±O.OI" 2.6S±O.OI'" NO NO 
Average 4.7I±O.OI'" O.12±O.O6' O.49±O.llb 1.63±1,49' 

Values followed by different superscript in the same columns are significantly different at a<O.OS'" Comparison is made with the mean value of muscle and gill 
tissue 
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In the same Lakes, the concentration of Co in muscle of a. niloliclIs was recorded as 2.47-3 .59 

mglkg (Kebede and Wondimu, 2004). The Co concentration in present work was lower as 

compared to Tariku et al (2015) who reported the highest concentration of Co (ll.ll mglkg OW) 

in muscles of a. ni/oliclis from Abay Lake, but simi lar with a resul t obtained by Gebrekidan et 

al(2012) in muscle of a. niioticlis recorded as 1.61 mglkg in OW from Lake Hashenge. By 

comparison, the concentration of Co in the present study was lower than those reported in C. 

gariepinlls (Javed and Usmani, 2011) and in Tilapia (Kebede and Wondimu, 2004). 

In the present study, the cobalt levels were in agreement with the values in the above literature. 

The detected concentrations of Co in C. gariepinlls muscle from Abay River (0.16 mglkg OW) is 

similar with a. niloliclIs from Lake Hashenge (0.16 mglkg OW) (Abraha et aI. , 2012) , but is lower 

than in samples from Lake Abaya (11.11 mglkg OW) (Tariku et aI., 2015), and from Lakes Ziway 

and Hawassa (0.7Imglkg OW) (Alrto et aI. , 2003). Co concentrations in a. niloliclIs muscle 

samples from Abay River (0.4 mglkg OW) is lower than in samples from the Lakes Hawassa and 

Ziway (2.47-3 .59 mglkg OW) (Kebede and Wondimu, 2004), and Lake Hashenge samples (1 .61 

mglkg OW) (Gebrekidan et ai , 2012). 

The Co content in different species of the fish shows wide fluctuations, minimum Co content is 

observed in the species C. gariepinlls and a. niioticlIs from Rivers as compared to Lakes. The 

results show that Co is low in both Hawassa and Ziway Lakes, but there is significance difference 

between Alwero and Abay River at (P<0.05). The concentration of Co in muscles ofTilapia from 

Abay River is slightly higher than Co concentration from Alwero River. This may be due to the 

fact that agricultural activities around the Abay River are more dominant than that of Alwero River. 

According to EC (2013), the maximum permissible level of Co in fish muscles was 0.05 mglkg 

WW. Co concentrations in this study fishes ranged from 0.008 to 0.41 mglkg Ow. For comparison 

based on WW the present study ranged from (0.09 to 0.002 mglkg) (Table 5.2); therefore, 

consumption of 100g muscle of a. niloticus and C. gariepinlls fish species from Alwero River, 

Abay River, Hawassa and Ziway Lakes do not pose any potential health risks to human health . In 

the gill tissues ofa. niloticus from Abay River (1 .16 mglkg OW), the Co values are slightly higher 

than the prescribed limits by EC (2013) in WW. 
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Table 5.2 Heavy metal concentrations (mg/kg WW) selected fish muscles from four different 
freshwater ecosystems. 

Sampled of fish species and location Pb Hg Co Cr Cd Sn As 

O. niloticus from Alwero River O.IOb 0.16' 0.02b 0.30f 0.02' 10.10' ND 

C. gariepinus from Alwero River 0.41 ' 0.33 b 0.09' 0.55' 0.07' 1.39b 3.76b 

O. niloticus from Abay River ND 0.16' ND 0.31 f 0.03 ' O.l9 f ND 

C. gariepinus from Abay River ND 3.16' ND 0.46d 0.02' 0.32' ND 

O. niloticus from L. Hawassa 0.02' 0.2900 0.02b 0.38' 0.03' 1.09' 003 d 

C. gariepinus from L. Hawassa 0.15b 0.2900 0.03 b 0.39' 0.05b 0.85 d 5.73' 

O. niloticus from L. Ziway ND 0.25' ND 0.68b 0.02' 0.19 f 3.37' 

C. gariepinus from L. Ziway ND 0.16' ND 1.34' 0.02' 0.16 f ND 

The concentrations of chromium (Cr) in gill and muscle tissues are different with a range ofl.48 -

4.7 mg/kg in muscle and 1.19-4.95 mg/kg in gill tissues of the two fish species. Cr was detected 

in all the fish sampled sites. The concentration of Cr in gill tissues is slightly higher than muscle 

tissues but no significant difference was seen between the two tissues of the fish species sampled 

in all sites. 

The highest muscle concentration ofCr was (4.70 mg/kg DW) in C gariepinlls from Lake Ziway 

and the lowest was (1.148 mg/kg DW) in muscles of O. ni/oticlis from Lake Hawassa. The gill 

tissues ofC gariepinlls from Lakes Hawassa and Ziway have the highest Cr values (4.95 and 4.72 

mg/kg) respectively, while the lowest value was (1.19 mg/kg) found in C gariepinlls from Abay 

river. The results show that there was no significant difference in the concentration of Cr 

between Alwero and Abay sites, but there is significance difference between Ziway and Hawassa 

at (P<0.05) for both fish species 

The concentration ofCr in muscle of 0. ni/oliclis from Lake Ziway was higher than that of Lake 

Hawassa for C gariepinlls muscles. In the present study, gill tissues high accumulation of Cr as 

compared to muscles, this result agrees with that of Negi & Maurya (1015) study which 

investigated in different freshwater fish species from Bhagwanpur pond India. Similar to the 

present study, Tariku et al (2015) reported 6.50 mg/kg; Rosseland et al (2007) reported 3mg/kg in 

DW but lower Cr concentration than that reported by Negi and Maurya (2015) in Cameroon (13.01 
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to 17.63 mg/kg). The present results were lower than that reported by Asefa and Beranu (2015) 

from Tendaho Reservoir (0.76 mg/kg DW); Dsikowitzky et al (2012) from Lakes Hawassa and 

Koka (0.32 and 0.01 mg/kg), respectively; Gebrekidan et al (2012) from Lake Hashenge (0.37 

mg/kgDW 

The proposed limits ofCr set by FAOfWHO (1989b) for edible fish muscles are about 50 mg/kg 

DW Therefore, FAOfWHO (1989b) proposed limits of Cr concentration far above as compared 

with the present study. 

Cadmium (Cd) has a long half-life in humans and it is a carcinogenic element (Jaishankar et al., 

2014). Cd can be accumulated in the kidneys and cause kidney failure and has an adverse effect 

on fertility (NIFES, 2016). In the present study, the concentration of Cd, was significantly lower 

(p<0.05) in the muscle of C. gariepinlls from both lakes as compared to 0. nilatiells from Lake 

Zi way and Alwero river. 

The concentration of Cd was 0.08 mg/kg in muscle ofO. nilatieus from Lake Ziway and Alwero 

River, followed by 0 16, 0.25 and 0.33 mg/kg in C. ganepinlls from Alwero River, in C. ganepinlls 

and 0. nilatiells from Abay, respectively. Whereas, the concentration of Cd in gills was 

significantly higher (p<0.05) in 0. nilatiells from Lake Hawassa (0.08 mg! kg) as compared to 0. 

nitatiells from Abay River (0.58 mg! kg) . 

The results obtained in this study were lower than the values reported by Gebrekidan et al (2012) 

for 0. nilatjells fram Lake Hashenge and Kiflom and Tarekegn (2015) for muscle tissues of C. 

ganepinus and 0. nilatiells (1.45 mg/kg and 1.85 mg/kg DW, respectively) from Lake Hawassa . 

The present study is comparable with the literature reported by Asefa and Beranu (2015) which 

found 0.23-0.31 mg/kg; Kiflom and Tarekegn (2015) found 0.4-0.46 mg/kg; Tariku et al (2015) 

found 0.37 mg/kg and Ataro et al (2003) recorded <0.24 mg/kg dry DW in similar fish species 

from Ethiopian Lakes in the level ofCr in muscle tissue . 

When the two tissues are compared in all fish sampled, the musc Ie had the lowest levels of Cd as 

compared to the gill tissues. This is because of the inactive nature of this tissue, which is 

responsible for its ability to accumulate heavy metals largely (Eneji et aI., 20 II). The proposed 

limits of Cd set by FAOfWHO (1989b) for edible fish muscle is about 0.5 mg/kg. Therefore, the 
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FAOIWHO (1989b) proposed limits show higher concentrations of Cd as compared with the 

present study. 

Lead (Pb) is known to cause hematological, behavioral and reproductive effects at levels above 

the tolerable limit (FAOIWHO, 2011). The concentration ofPb was 0.08 mglkg in the muscle of 

C. gariepinlls, and 0. niloticus from Alwero River followed by 1.91 mglkg DW in muscle of 0. 

niloticus from Abay. Whereas, concentration of Pb in gill tissues were significantly (p<0.05) 

different between C. gariepinus (0.42 mg! kg) and 0. niloticlIs (4.56 mglkg) from Abay River 

respectively. The Pb content of C. gariepinlls in this study was similar to those obtained by Ataro 

et al (2003) in 0. niloticus and C. gariepinus from Lakes Ziway and Hawassa, which were recorded 

around 1.66 mglkg DW. In addition, Kebede and Wondimu (2004) reported in muscle of 0. 

niloliclls (1.89 mglkg) and in gill tissue (20.37 mglkg) from Lakes Hawassa and Ziway 

respecti vely. 

This idea is supported by Barwick and Maher (2003) who suggested that the ability of fish to 

accumulate heavy metals depends on ecological needs, metabolism and degree of pollution in 

sediment, water and food as well as salinity and temperature of water. 

By comparison, the muscle concentration ofPb in the present study was similar with those reported 

by Ataro et al (2003), Kebede and Wondimu (2004), Dsikowitzky et al (2012), Asefa and Beranu 

(2015) and Kiflom and Tarekegn (2015) in 0. niloliclls species, but it different from those 

reported by Cohen et al (2001), Kiflom and Tarekegn (2015) and Negi and Maurya (2015) (Table 

5.3). 

The concentration ofPb in gill tissues in present study was higher as compared with the muscle 

tissues in all sampled sites; gill tissues may be more active to fix metals as compared to muscle 

tissues. This idea agrees with Nussey (2000) who specified that the concentrations of metals in 

gills reflect their concentration in water. High concentration of Pb in the gill tissues agree with 

various authors worked on similar fish species (Kebede and Wondimu 2004; Negi and Maurya, 

2015). According to FAO (1983), acceptable residue limits ofPb in fish species is 0.5 mglkg WW. 

In the present study, Pb concentration in all fish sampled was far below the premisble limit set by 

FAO but 0. nilolicus from Abay and Alwero Rivers whereas C. gariepinlls from Abay River 

exceeds the acceptable residue limits ofPb in fish muscles. 
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Mercury (Hg) is one of the most toxic heavy metals in the environment and naturally occurring 

element, which can be present in foodstuffs by natural causes (Castro -Gonzalez & Mendez­

Armenta, 2008). Fish ingest contaminated mercuric food, which passes through the gastrointestinal 

tract and gets distributed, accumulated or detoxified by the liver (Mieiro et a!. , 2011). 

In the present study, the concentration ofHg in muscles ranged from 0.57 mg/kg in C gariepinlls 

to 14.52 mg! kg in O. niiaticlis from Lake Ziway. Whereas, concentration of Hg in gills was 

significantly higher (p<0.05) in C gariepinlls (0.41 mg! kg) from Lake Ziway as compared to 0. 

niiaticlis (2.40 mg! kg OW) from Abay River. The highest Hg concentration was 14.52 mg/kg OW 

detected in 0. niloticus from Lake Ziway as compared to the other fish samples. This result may 

be attributed to feeding habit and habitat of 0. niiaticlis as it differ when compared with C 

gariepinlls. This result agreed with the finding of Osikowitzky et al (2012) that 0. niia/iclis fish 

species from Lake Hawassa contained Hg in muscle tissues than the muscle tissues of C 

gariepinlls. 

In the present study, the concentration ofHg in muscle tissues of 0. nita/iclis from Alwero River 

was (0.81 mg/kg), in 0. niiaticlis from Hawassa was 0.74 mg/kg, in C gariepinlls from Hawassa 

was (0.99 mg/kg) and in C gariepinlls from Lake Ziway was 0.57 mg/kg OW The results found 

in this study were similar with the work of Osikowitzky et al (2012) who obtained in a range of 

0.3 to 1.25 mg/kg and 0.2 to 1.6 mglkg OW) in muscles of C gariepinus from Lake Hawassa and 

Lake Koka, respectively. Similar to the present study, Margareta (201 5) reported 0.05 mglkg WW 

ofHg concentration in C gariepinlls from Lake Tana, which is higher than the 0.006 mglkg WW 

recorded in 0. nita/iclis from the same area Based on fish tissues, the higher concentration ofHg 

was found in the muscles as compared to the gills obtained in different freshwater fish species 

reported by Osikowitzky et al (2012) from Ethiopian Rift Valley and Maury-Brachet et al (2006) 

from Amazonian Basin. In the present result, the higher concentration of Hg was found in the 

herbivorous (0. ni/aliclIs) fish muscles (14.52 mg!kg) from the Lake Ziway, while the lowest level 

was in predatory fish (C gariepinus) caught in the Lake Ziway. Therefore, the concentrations of 

Hg were, in most cases, higher in the muscle than in the gills but not in all sampled sites observed. 

The difference of this result may be due to its differences in fish species with types of metal 

accumulation in different organs, which are species specific and reflected the respective diets. This 

ideas are supported by Canli and Atli (2003), who reported that levels of heavy metals in fi sh 
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fluctuate in the same species from different aquatic environments and also Mason et a!. (2000) 

observed that inorganic Hg is mostly concentrated in detoxifying organs such as the liver, whereas 

methyl mercury is relatively evenly distributed in freshwater fish tissue. With our data set, the 

principal distribution of total Hg between liver and muscles cannot be assessed. The distribution 

of inorganic and methyl mercury in the two investigated fish species should be investigated in the 

future because the two species are important for human nutrition. The concentration ofHg in the 

muscles of all fish samples were beyond the WHO permissible limits of 0.5 mglkg (WHO, 1990) 

except C. gariepinus from Abay River. 

Arsenic (As) is classified as organic and inorganic. Organic As is not toxic as the inorganic form 

(Castro-Gonzaleza and Mendez-Armenta, 2008). According to Neff (2004) most of total As 

(usually 50 to more than 95%) in fish is in the nontoxic organic forms such as arsenobetaine. 

But inorganic As is very toxic and that poses the greatest threat to human safety (Fabris et 

a!. , 2006). Therefore the guideline values only concern inorganic form of As, and the value of 

10% of total As can be used as an estimate of inorganic As (Cheung et al. , 2008). Inorganic As 

is considered carcinogenic and is related mainly to lung, kidney, bladder, and skin disorders 

(ATSDR, 2003). USEPA guidelines established maximum inorganic As in fish muscle !.5 mglkg 

WW or 6 mglkg DW (Mishra et a!., 2007). 

According to Cheung et al (2008) the concentration of As estimated 10% of the total As level in 

fish. For this work the average inorganic As concentration in muscle and gill tissues of the two 

fish species collected from four different water bodies ranged from 0.016 to 3.12 mglkg and 0.05 

to 1.28 mglkg DW, respectively. Highest mean concentration of As in muscle tissue of C. 

gariepinus was 3.12 mglkg recorded at Abay River whereas the minimum concentration of 0.016 

mglkg was recorded in the same fish species at Alwero River. The highest concentration of As in 

gill tissue of C. gariepinlls was 1.28 mglkg recorded at Alwero River, whereas the minimum 

concentration of 0.05 mglkg was recorded in 0. niloticlIs fish species at Lake Hawassa. Asrsenic 

was not detected in muscle tissues of 0. niloticus fish species collected at Alwero, Lake Hawassa 

and Lake Ziway and was not detected in gill and muscle tissues ofC. gariepinlls from Lake Ziway. 

The maximum values of As indicate that in the muscle tissues of carnivorous fish species caught 

in the Abay River near to Lake Tana was (3.09 mglkg). Arsenic (As) concentrations found in this 

fish species from Abay River was much higher than Lake Hawassa (1.35 mgikg) of the same 
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species. This result showed that muscles of C. gariepinus accumulate As is higher than 0 niloticus 

species observed in the present study. According to Vieira et al (2011), the results of Asarsenic 

concentration is low in most fish, being always the highest concentration found in muscle than gill 

tissues. The present study similarly observed the concentration of As higher in muscle tissues than 

gill tissues, but fish contains higher amounts of As concentration as compared to the oth er edible 

foods staff (ATSDR, 2007). Therefore, due to the guideline values only concern inorganic As, in 

this study, the levels of inorganic As in all samples were lower than the guidelines established by 

the US EPA (Mishra et aI., 2007). So, it is difficu It to judge the potential health risk related to As 

concentration in fish There is no available data on the As levels in fish to compare with Ethiopian 

river source fish species. However, various reports are available from other countries. The highest 

concentration of As (30.92 mg/kg DW) in this work was in C. gariepinlls from Abay River and it 

was higher than that of 6.44 mg/kg DW in muscle tissue of kutum (RlItilus frisii kulum) from the 

southern Caspian Sea (Hosseini et al. (2015),0.2 mg/kg DW in muscl e of 0 niloticus from Lake 

Hawassa (Dsikowitzky et ai, 2012) and 0.01 mg/kg in muscle of S glanis from Bovan Reservoir 

in Serbia (Miloskovic and Simic, 2015), but lower than that of66.75 mg/kg As content recorded 

in muscle of L. poeciloplerus from Malaysia. 

Tin (Sn) is relatively less toxic than the six heavy metals investigated in the present study. The 

concentration ofSn is ranged from 0.74 to 51.5 mg/kg in muscle tissues from all sampled sites. 

The highest concentration of Sn is 51.5 mg/kg in muscl e of 0 niloticlls from Alwero River and 

the lowest is found in C. gariepinlls from Lake Hawassa (0.74 mg/kg) DW. The gill tissues are 

ranged from 0.33 to 222.89 mg/kg. The highest concentration ofSn obtained was (222.89 mg/kg) 

in 0 niloticlls from Lake Ziway and 126.74 mg/kg in C. gariepinus from Alwero River, whereas 

the lowest concentration was recorded in 0 niloticlIs from Lake Hawassa. In the present work, the 

highest Sn concentration obtained, but previously works did not report any obvious content and 

effect with high concentration of Sn metal in any fish species from Ethiopia. Sn mean 

concentrations of the present work was the lowest as compared to Ashraf et al (2012) who reported 

153.45 mg/kg ofSn in T trichopterus fish species from Malaysia. Only limited data are available 

on the toxicological effects of inorganic Sn present in food. Sn has no known biochemical function. 

However, it could have signs of chronic exposure to excessive intake of inorganic Sn which can 

cause headaches and stomach upset leading to diarrhea (Ibrahim et aI., 2006). Based on the result 
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of this study, the concentration of Sn in muscle tiss ues are below the permissible limits set by 

SADOH (2004), which is 50 mglkg WW; therefore, it is safe for humans to consume these fish 

species from all the sampled sites of the study. 

Compa';son of heavy metal concentration f.-om the current study with oth e,' studies 

The comparisons of the present study with the previous studies of the same freshwater bodies as 

well as other freshwater bodies compiled in Table 5.3. 

The comparison was made between the concentrations of metals in the present study with 

concentrations in other studies conducted on the same and different fish species in various 

countries. The variations of heavy metal concentrations in fish from different areas of the world 

may be due to differences in metal concentrations and chemical, physical characteristics of 

freshwater from which fishes were sampled (Bahnasawy et al., 2009). The levels of Cobalt (Co) 

content in analyzed fish were the highest concentrations of Co (0.41 mglkg) and (1.16 mglkg) were 

observed in muscles and gills of 0. niioticlis from Abay River, respectively. Alrto et al (2003) has 

reported that the Co levels were in the range of <0.71 mg/kg in muscles for the same fish species 

from Lake Hawassa and Ziway 

The maximum mean accumulation of Co found by Alrto et al (2003) in 0. niioliclis species 

collected from Hawassa Lake was 0.07 mglkg and from Lake Abaya 11.llmg/kg of Co evaluated 

by Tariku et al (2015). According to Kebede and Wondimu (2004) the mean accumulations of Co 

in 0. niioticlis fish species from Lake Hawassa was 2.47 mglkg although the same author has 

found the mean levels of heavy metal accumulation of Co in 0. niioliclis from Lake Ziway (3.59 

mglkg). The maximum mean accumulation of Co found by Gebrekidan et al (2012) and Abraha et 

al (2012) in o.niioliclis from Lake Hashenge were 1.61 mglkg and 0. 16 mglkg respectively . By 

comparison, the present results were different from those reported by Tariku et al (20 IS), 

Gebrekidan et al (2012) and Kebede and Wondimu (2004) but similar to those of Abraha et al 

(2012) and Alrto et al (2003). 

In the present study, gill tissues accumulate high concentration of Chromium (Cr) than muscles. 

This result agrees with the work ofNegi and Maurya (1015) which reported on different freshwater 

fish species from Bhagwanpur pond India and Cameroon, and found that Cr concentrations were 
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generally higher in the gills than in the muscles. The concentration ofCr was higher than literature 

reported from Cameroon (13.01 to 17.63 mg/kg) (Negi and Maurya, 2015), but lowerthan reported 

from Tendaho Reservoir (0.7 6mg/kg) (Asefa and Beranu, 2015), in Lake Hawassa and Koka (0.32 

and 0.01 mg/kg) (Dsikowitzky et al. , 2012) and in Lake Hashenge (0.37 mg/kg) (Gebrekidan et 

al.,2012). 

The maximum mean accumulation of Cr in the present study was 4.7 mg/kg in C gariepinus from 

Lake Ziway. By comparison, the levels of Cr in our study was higher than those reported in the 

Lake Hawassa and Ziway with the same fish species (AIrto et al., 2003). The results of the present 

were lower than those reported by Negi and Maurya (2015) in Labeo rchita (12.01 mg/kg) from 

Bhagwanpur pond India but higher than those reported by Asefa and Beranu (2015), Abraha et al 

(2012) and Gebrekidan et al (2012) and in similar range to those ofTariku et al (2015) 6.50 mg/kg 

and Rosseland et al (2007) 3 mg/kg DW are comparable with the present study. 

The cadmium (Cd) results obtained in this study were lower than values reported by Gebrekidan 

et al (2012) for Onilaticus from Lake Hashenge. Kitlom and Tarekegn (2015), reported 1.45 

mg/kg and 1.85 mg/kg of Cd concentration in muscle tissues of C gariepinlls and 0 nilaticlls 

from Lake Hawassa respectively . The present study level of Cd in the muscle tissue was 

comparable with literature reported by Asefa and Beranu (2015) 0.23-0.31 mg/kg, Kitlom and 

Tarekegn (2015) 0.4-0.46 mg/kg, Tariku et al (2015) 0.37 mg/kg and Atarc et al (2003) recorded 

<0.24 mg/kg in similar fish species from Ethiopian Lakes. 

The lead (Pb) content of C gariepinus in this study was similar to those obtai ned by Atarc et al 

(2003) in 0 nilaticlIs and C gariepinlls from Lake Ziway and Hawassa (1.66 mg/kg DW). Kebede 

and Wondimu, (2004) also reported in muscle ranging from 1.89 mg/kg to 20.37 mg/kg in gill 

tissues of 0 nilatieus from Hawassa and Ziway Lakes. High concentration ofPb in the gill is in 

agreement with various authors working on similar species to the present study. Higher Pb 

concentrations in the gills compared with the muscles were found in 0 nila/iells from two Lakes 

(Kebede and Wondimu 2004) in Labeo rohila species (Negi and Maurya, 2015). 
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The concentration of Mercury (Hg) in muscle tissues of 0. nilalicus from Alwero River (0.81 

mglkg), 0. niialiclIs from Hawassa (0 .74 mglkg), C gariepinlls from Hawassa ( 0.99 mglkg) and 

Cgariepinlls from Lake Ziway (0.57 mglkg) OW found in this study was similar with the 0.3 to 

125 mglkg and 0.2 to 1.6 mglkg OW ofHg concentration obtained by Osikowitzky et al (2012 ) 

in muscles ofC gariepinlls from Lakes Hawassa and Koka, respectively. According to Margareta 

(2015), higher Hg accumulation was found in C gariepinlls (0.05 mglkg) than in O. niia/iclis 

(0.006 mglkg) WW from Lake Tana, and this result contrasts with a previous study by (Oesta et 

aI., 2006,2007) and Dsikowitzky et al (2012). A higher concentration ofHg was also determined 

in the muscles compared with the gills for different freshwater fish species from Ethiopian Rift 

Valley Region (Dsikowitzky et aI., 2012) and from Amazonian Basin (Maury-Brachet et al., 2006). 

Therefore, the higher concentration ofHg in the herbivorous fish muscles was 14.52 mglkg from 

the Lake Ziway in the present study. 

The maximum mean accumulation of inorganic Arsenic (As) in the present study was 3.092 mglkg 

in C gariepinlls from Abay River. By comparison, the levels of As in the present study was higher 

than reported 0.04mglkg and 0.07mglkg in C gariepinlls species and 0.13 mglkg and 0.05mglkg 

in 0. niloticIIs from Lake Hawassa and Koka respectively (Osikowitzky et al. , 2012). The present 

result is also higher than the 0.01 mglkg in muscle of Cat fish (S glanis) from Serbia Bovan 

reservoir (Miloskovic and Sirnic, 2015) but lower than the reported content of As (6.44 mg/kg 

DW) in muscle tissue ofkutum (RlIlilusfrisii klllllln) from the southern Caspian Sea (Hosseini et 

aI., 2015). It is clear that fish contains higher amounts of As than the other foods. 

Therefore, due to the guideline values only concern inorganic form of As, in this study, the levels 

of As in all samples based on WW were lower than the guidelines established by FAO, (2004) and 

WHO (2004). 

The mean average Sn concentrations of the present work were the lowest as compared to Ashraf 

et al (2012) who reported 153.45 mglkg ofSn in the T lrichaplenls fish species from Malaysia. 

Also based on the result of this study, the maximum concentration of Sn in muscle tissues was 

below the permissible limits set by F AOIWHO (1995), which is 50 mglkg OW Therefore, the 

consumption of the fish species collected from various regi ons in Ethiopia are safe for human. 
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Table 5.3 Comparison of level of metals in Nile Tilapia (0. niloticus) and African cat fish (c. gariepinus) muscle ofpresent study with 
other reported literature values and fishes dietary standards guidelines (mg/Kg DW) 

Fish species Cr Cd Hg Pb As Fish source Reference 

O. lIi/olicus 1.55±0.0 I 0.O8±0.02 0.8I±O.01 OA9±O.01 ND Alwero River Present study 
2.57±0.01 0.33±0.01 1.57±0.01 1.91 ±0.01 17.65±0.01 Abay River Present study 

IA8±0.01 0.16±0.01 0.74±O.02 ND ND Lake Hawassa Present study 
2.13±0.01 0.O8±0.01 14.52±0.01 ND ND Lake Ziway Present study 

<0.24 <1.66 Hawassa and Ziway Alaro et aI., 2003 
0.53 0.23 0.52 Tendaho Reservoir Asera and Beranu, 2015 
6.50 0.37 ND Lake Abaya Tariku et aI., 2015 

1.85 0.08 0.55 Lake Hawassa Killom &Tarekegn, 2015 
0040 0.09 1.86 Lake Ziway Killom & Tarekegn, 2015 

0.4 0.17 0.12 Lake Hashenge Abraha et aI., 2012 
0.54 0.003-0.2 0.05-0.24 0.02-0.3 0.26 Hawassa Dsikowitzky et aI., 2012 
0.19 0.008 0.06-0.07 0.03-0 .054 0.056 Koka Osikowitzky et aI. , 2012 

0.024-0.14 Ziway Tadiso et al.20 II 
1.04 1.89 Hawassa and Ziway Kebede &Wondimu, 2004 

0.37 0.58 1.24 Lake Hashenge Gebrekidan et al., 2012 
C. gariepinus 1.73±0.0 I 0.16±0.01 l.32±O.01 0.08±O.01 0.16±0.01 Alwcro River Present study 

2.13±0.01 0.25±0.01 1.56±0.01 0.82±0.01 30.92±0.01 Abay River Present study 
2.73±0.01 0.08±0.01 0.99±O.01 NO 13A8±0.01 Lake Hawassa Present study 
4.70±0.01 0.08±0.01 0.57±0.01 ND ND LakeZiway Present study 

<0.24 <1.66 Ziway and Hawassa Ataro et aI., 2003 
0.76 0.31 0.73 Tendaho Reservoir Asefa and Beranu, 2015 
0.36 0.004 0.31 0.34 Hawassa Osikowitzky et aI., 2012 
1045 0.01 0.38 0.25 Koka Osikowitzky et aI., 2012 

1045 0.07 3.58 Lake Hawassa Killom &Tarekegn, 2015 
0.46 0.09 3.58 LakeZiway Killom & Tarekegn, 20 IS 

0.35 ND 0.20 0.015 LakeZiway Yohannes,2014 
As=totalarseni 
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Generally, the muscles of 0. nila/jcus and C gariepinus species in the present study gave a 

comparable level comparing with other results. The concentrations of toxic metals (Hg, Sn and 

total As) in muscle tissues of 0. nilaticlls from Lake Ziway and Alwero River and in muscle of C 

gariepinus from Abay River respectively showed higher levels than others reported in the literature 

in Table 5.3. 

The whole body mean average concentration of Cr, Cd, Sn and Hg in fish muscle of selected fish 

species from Lake Ziway was relatively higher than the rest of sampled site fish species. Therefore, 

this result shows Lake Ziway has relatively higher concentration of the heavy metals, and this 

might be due to many reasons, some of which are: the chemical spray of pesticides in vegetable 

farmlands near the Lake and flowering industry effluents discharging through the river found near 

Ziway town (Yohannes, 2014). The presence of high level of As metal in C gariepinlls from Abay 

River might be due the use of As pesticides, herbicides and fungicides in the farmlands around 

Abay River (Jarup, 2003). 

The presence of high level of Sn metal in gill tissues of 0. nilaticus from Lake Ziway is important 

to our knowledge, since no other studies about Tin metal in fish species from Ethiopian water 

bodies were carried out, so there is alack of comparable data for explanation. 

Dietary intake of heavy metals 

Concentmtions of heavy metals in selected fish species and compalison with intemational 

dietary standards and guidelines 

Currently, Ethiopia has set no guideline values on the levels of heavy metals in fish resources. 

With the view to making preliminary evaluation of the safety to the consumer of fishes from 

Alwero River, Abay River, lakes Hawassa and Ziway comparison was made with international 

standards guidelines values. Table 5.4 shows the maximum acceptable concentrations in fish 

muscles of the seven metals described in the present study set by many international organizations 

as WHO (1989b), EC (2013) and FAOIWHO (2011). 

The range of Co was between 0.02 and 0.09 mglkg WW. The maximum average concentration of 

Co in the present study was 0.009 mglg in 0. nita/jclls (Table 5.4). This value exceeded the 
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maximum acceptable limit of Co in fish muscles proposed by EU (2013), which set maximum 

limit of Co in fish muscles by 0.005 mglkg WW. 

The range of Cr was 0.31 to 1.34 mglkg WW found from both fish species in the present study. 

The maximum acceptable limit ofFAOfWHO, which limited the maximum concentration ofCr in 

fish, muscles by 0.5 mglkg. The maximum content of Cr in the p resent fish muscles was lower 

than the limits prescribed by F AOIWHO (1995). 

For Pb the range was from ND to 0.4 mglkg WW. The maximum acceptable limit ofFAOIWHO 

and EC, which limited the maximum concentration ofPb in fish muscles by 0.3 mglkg. FAO, in 

1983, proposed the maximum acceptable concentration ofPb in fish muscles by 0.4 mglkg (FAO, 

1983). The maximum level of Pb was higher than the permissible tolerable limits set by 

FAOIWHO (2011) and EC (2006), but comparable with the maximum limits identifi ed by WHO 

(1983). 

The range of Cd was 0.02 and 0.07 mglkg WW. The maximum content of Cd in the fish muscles 

of 0. niioliclIs from Abay River was 0.07 mglkg WW This value is nearly 4 times lower than the 

maximum acceptable limit of Cd in fish set by EC (2006) which detected it by 0.3 mglkg and lower 

than the limits prescribed by FAOIWHO (2011) and FAO (1983), which are set maximum limit 

of Cd in fish muscles by 0.1 mglkg and 0.05 mglkg WW respectively. For Hg the range are from 

0.16 mglkg to 3.15 mglkg ww. 
The maximum content ofHg in the fish muscles of 0. niloticus from Lake Ziway was 3.15 mglkg 

WW. This value is nearly 4 to 6 times higher than the maximum acceptable limit ofHg in fish set 

by FAOIWHO (2011) to be 0.5 to I mglkg WW. The maximum cont ent ofHg in the present fish 

muscles was higher than the limits prescribed by FAOIWHO (20 II). 

The range of Sn was 0.19 to 10.10 mglkg WW. The maximum content of Sn in the present fish 

muscles of O. niloticlIs from Alwero River was 10.10 mglkg WW. This value is nearly 5 times 

lower than the maximum acceptable limit ofSn in fish set by FAOIWHO, EU and SADOH, which 

detected it by SO mglkg WW. The maximum content of Sn in the present fish muscles was lower 

than the limits prescribed by FAOIWHO (1995), DOH (2004) and EU (2013). 
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Table 5.4 Comparison of maximum acceptable levels of heavy metals in muscles of two selected 

fi sh species (mglkg WW) with international standards guidelines 

Organization guidelines Pb Hg Cr Cd Sn TAs 

EC,2013 

WHO, 1989 

FAOIWHO, 2011 

WHOIFAO, 1995 

FAO,2004a 

WHO, 1985. 2004a 

SADOH,2004 

FAO, 1983 

EC, 2006 

FSANZ,2000 

Sampled fish species and location 

0. niloticus from Alwero 

0. niioticlIs from Abay 

0. niioticlis from Hawassa 

0. niioticlis from Ziway 

C. gariepinlls from Alwero 

C. gariepinlls from Abay 

C. gariepinus from Hawassa 

so 
0.5 

0.3 0.1 

so 

1.0 so 
0.4 0.5 0.05 

0.3 0.5 0.5 0.03 

Pb Hg Cr Cd Sn 

0.5 

1.5 

2.0 

3.0 

0.01 

As 

0.10 0.16 0.30 0.02 10. \0 000 

0.41 0.33 0.55 0.07 1.39 3.76 

0.00 0.16 0.31 0.03 0.19 0.00 

000 3.16 0.46 0.02 0.32 0.00 

0.02 0.29 0.38 0.03 1.09 0.03 

0.15 0.29 0.39 0.05 0.85 5.73 

000 0.25 0.68 0.02 0.19 3.37 

In As 

0.05 

In As 

0.000 

0.376 

0.000 

0000 

0.003 

0.573 

0.337 

C. gariepinlls fromZiway 0.00 0.16 1.34 0.02 0.16 0.00 0000 

' FAO, 1983, 2004 and WHO, 1985. 2004 (Alunad and AI-Mahaqeri, 2015) 

Total arsenic (TAs) content ranges from 0 to 5.73 mglkg WW, but \0% inorganic Arsenic (lAs) 

from the TAs was 0.03 to 0.57 mglkg. The maximum content ofIAs and TAs in the present fi sh 

muscles of C. gariepinlls from Abay River was 03.15 mglkg and 5.73 mglkg WW respectively. 

The TAs value is nearly 5 times higher than the maximum acceptable limit in fish set by F AO 

(2004) as 1.5 mglkg WW, but lAs value was lower than the limits prescribed by FAOIWHO 

(1995), FAO (1983 , 2004), WHO (1985. 2004) and SADOH (2004) which seting at 0.5 , 1.5, 2 and 

3 mglkg WW respectively. These results were higher for T As but lower than the maximum 
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recommended limit in fish set by F AOfWHO and SADOH. Therefore all results of toxic heavy 

metals concentrations in selected fish species studied showed that Co, Cr, Pb, Hg and T As were 

slightly higher than the maximum recommended limit in fish muscle set by FAO, HWO, SADOH 

and EU and human consumption of high quantities of these metals may lead to various health 

defects depending on the metal and the quantities and frequency of consuming in lake and river 

side communities. 

Recommendations should be taken into consideration and periodical monitoring ofCr, Pb, As and 

Hg level in Lake Ziway, Alwero and Abay Rivers are needful, especially for 0. ni/Olicils and C. 

gariepinlls fish species, which showed the highest concentrations of toxic heavy metals. 

Health risk evaluation fOl' daily consumption safety 

Though Ethiopians are traditionally meat eaters, eating habits have been shifting in favor of fish 

in areas and communities where there is a regular and sufficient supply. In those communities, 

annual fish consumption can exceed 10 kg person ,! (FAO, 2011). To calculate the daily intake of 

fish in the present study, the figure was used. Researcher from Ethiopia (Dsikowitzky et al. , 2012) 

was also used 10 kg person'! fish consumption in similar study from from Awassa and Koka Rift 

Valley Lakes. 

Therfore, this value (0.0274 kg/day or 27.40 g day'!) was used for the calculation of the estimated 

daily intake (EDI), and target hazard quotient (THQ) of heavy metals through fish from Alwero 

River, Abay River Lakes Hawassa and Ziway using equation 1, 2 and 3. Daily intake values of 

heavy metals (Cr, Cd, Hg, Pb, Sn and As) for a 70 kg person (PTDI70) via the consumption of 

two fish species from four regions in Ethiopia are shown in Table 5.4, and the data of PTDI 

suggested by the FAOfWHO (2010), JECFA (2003) and FSANZ (2003) are also listed. 

Carcinogenic risk (CR) and chronic daily intake (CDI) dose of carcinogens (mglkg/day) was 

calculated using equation 4 and 5. 

Even though the concentrations of seven analyzed metals in the tested fish samples did not exceed 

the legal limits set by various agencies, the toxic potency of these analyzed metals depends on 

exposure doses. Thus, combining the determined concentration of contaminant and the estimated 

daily fish consumption limit is considered as a great tool for evaluating the balance between 

benefits and risks (carcinogenic and non-carcinogenic), observed in this study. 

PhD Dissertation r---105 



As a first step of estimation of human health risk, daily intake of every metal through ingestion of 

the fish was estimated using equation one (I) and the daily consumption of Co, Cr, Cd, Hg, Sn, Pb 

and As in all fish species in this study ranged from 7.83xI0-6 to 35.2xI0-6, 1.17xIO-4 to 5.24xIO-

4, 7.83xlo-6 to 27.4xI0-6, 6.26xIO-s to 124xIO-s, 6.26xIO-s to 395xlO-s, O.78xlO-s to 16x10-s and 

1.17xI0-s to 224x10-3 mglday/person, respectively. 

The highest average value ofEDI as observed for TAs (2.24xlO-3 mglpersonfday) consumed from 

muscles of C. gariepinus from Abay River and for Hg 1.24x10-3 mgipersonfday) consumed 

muscles of 0. niloticus collected from Lake Ziway. The lowest average value was for Co, 

(7.83xI0-6mgipersonfday) consumed muscles of 0. niloticus from Alwero River. The EDI results 

were compared with the respective recommended daily dietary intake of individual metal 

suggested by various agencies including Joint FAOfWHO Expert Committee on Foo d Additive 

(JECFA) for Hg (JECFA, 2003), Food and Agriculture Organization and World Health 

Organization for Cd and Pb (FAOfWHO, 2010), National Research Council for Co (NRC, 1989), 

Food Standards Australia New Zealand for Sn and As (FSANZ, 2003). Table 5. 5 showed that the 

EDI values for all the metals were far below the respective recommended levels. From the human 

health point of view, the EDI of each heavy metals was lower than the respective accepted daily 

intake (ADI) and RID guidelines set by the JECF A (2003) and FSANZ (2003), US EPA (2009), 

FAOfWHO (2010) and US EPA (2010). 

Table 5.4 represents the concentration of heavy metals in fish muscle as wet basis and the contents 

were below the corresponding allowable levels, except for Pb, Hg, Cr and As. Th e rate excess for 

Pb was 36.67% in C. gariepinus from Abay River, for Hg was 100% in Tilapia fish from Lake 

Ziway, for Cr was 80% in C. gariepinus from Lake Ziway and for lAs was 14.6% in C. gariepinus 

from Abay River. 

According to our result, even though the levels Hg in 0. niloticus species from Lake Ziway in the 

examined muscles of this fish were above the permissible tolerable limits set by FAO (1993) (i.e 

>0.05 mgfkg) there is no risk for human health from consuming this fish from Lake Ziway, due to 

the EDI of this examined metal was lower than that of respective reference dose and ADI 

prescribed by various agencies. Therefore, consumption of the examined fishes should be 

considered as safe for human health (Table 5. 5). 
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In addition, levels of Co, Cr, Pb, Hg and TAs in the examined muscles offish species from Lake 

Ziway and Abay rivers were above the permissible tolerable limits set by EU and WHOIF AO. 

There are no concern for human health from consuming these fishes. However, fish contamination 

levels should be monitored on a regular basis to detect changes that could become a risk to human 

safety and provide solutions to reduce and control the pollution inputs to Lake Ziway and Abay 

River, because of the increasing amounts of the mentioned metals. The calculation of potential 

health risks (non-carcinogenic and carcinogenic effects) associated with the consumption of fish 

contaminated with (Hg, Pb, As, Co, Sn, Cr and Cd) for an individual adult from different region 

in Ethiopia are presented in Table 5.6. 

Target hazard quotient (THQ) values of the selected heavy metals due to consumption of the 

examined two fish species by average Ethiopian adults shown in Table 5.5. The lAs from TAs, 

only 10% (Giri and Singh, 2013). The present study was used 10% out of the TAs for calculation 

ofIAs. In the non-carcinogenic health risk, all the seven heavy metals (Hg, Pb, As, Co, Sn, Cr and 

Cd) concentrations in the fish tissues have the lowest potential of health risk for fish consumption. 

The value ofTHQ obtained in the present study for consumption of 0. ni/aticus and C. gariepinus 

were <1.00. The higher THQ value obtained for Hg was 2.71E-01 in muscle of O. niloticus from 

Lake Ziway and for TAs 2.62E-Olin C. gariepinus from Abay River while the lowest was for Co 

(2.72E-07
) . The THQ values for individual metals and the THQ or HI values for combined metals 

were lower than one. This implies that no health risks for consumers due to the intake of either 

individual metals or combined metals from these four regions in Ethiopia (Table 5.6). 

This, can suggest that these levels of human exposure to the analyzed metals should not cause any 

deleterious effect during an entire lifetime. Similar to the present study, Copat et al (2013) reported 

that the THQ values for six metals in fish and shellfish from the eastern Mediterranean Sea were 

all below one. That means that there is no risk for developing chronic systemic effects due to the 

intake of the above-analyzed metals. 

In order to reveal such carcinogenic health effects, attempt was made to calculate cancer risk (CR) 

on concentrations of heavy metals such as Pb and As only, due to absence of the value of SF for 

the remaining of fi ve heavy metals. 
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Table 5.5. Estimated daily intakes (EDI) and hazard quotient of metals in muscles of two !ish species from Alwero River, Abay River, 

Lake Hawassa and Lake Ziway, Ethiopia 

Area Metals Co Cr Cd Hg So Pb Tot-As In-As 

ADI(mg kg- Ibw/w)I 0.0217' 0.233 b 0.07' 0.0033d 0.02ge 0.25' 0.009' 3 E""" 

PTWI (mg kg- I bw/w) I 0.ISI9" 1.631 b 0.49' 0.0231 d 0.203e I. 7S' 0.063' 0.021 r 

Alwero ED! (mg kg- Ibw/d)2 (D. nilaticus) 7. 83E"''' 1.17E.()4 7.83E.{)6 6.26E"'" 3.9E"'" 3.9 I E"'" ND ND 

ED!(mgkg-lbw/d)2 (C gariepinus) 7.83E",,6 1.49E.()4 11.7E-<>6 II.4E"''' 42.7E"''' 0.78E"'" 1.17E"'" 1.17E"'" 

Abay ED! (mg kg- Ibw/d)2 (0 nilalicus) 3S.2E""" 2.ISE-04 27.4E.(J6 12.9E"'" 54.4E"'" 16E"'" 147E"'" I 47E"'" 

ED!(mgkg-1 bw/d)2 (C gariepinus) 11.7E-06 1.53E.()4 19.6E.QG 11.4E"''' 33 .3E"'J5 5.87E"'" 224E"'" 224E",,6 

Hawassa ED! (mg kg-Ibw/d)2 (0 nilaticus) ND 1.21E-04 II. 7E"'" 6.26E"'" 7.44E"'" ND ND ND 
ED!(mg kg- lbw/d)2 (C gariepinus) ND 2.66E.()4 7.83E"'" 9.79E"'" 7.44E"'" ND I 32E"'" I 32E",,6 

Ziway ED! (mg kg- Ibw/d)2 (0 nilalicus) ND 1.80E-04 7. 83 E""" I 24E"'" 12.5E"'" ND ND ND 

ED!(mgkg- 1 bw/d)2 (C gariepinus) ND 5.24E-04 7.83E.QG 6.26E"'" 6.26E"'" ND ND ND 
'ADI: Acceptable daily intake, calculated from provisional tolerance weekly intake; PTWI (ADI~ PTWII7); ' ED!: Estimated Daily Intake; TAs~ Total arsenic; 
lAs ~ Inorganic arsenic; ' Nordic Council or Ministers (2015); b Cheung et ai., 2008; ' FAO !WHO, 2010; 'JECFA (2003).; 'FSANZ 2003; 'ANZFA 1999. 

Table 5.6: Estimated THQ and HI (mg kg-1bw/d) of metals due to consumEtion of two fish sEecies from four freshwater in EthioEia. 
Area Metals Co Cr Cd Hg Sn Pb In-A~ HI 

RID (mg kg-I day-I)I O.lg 0.003g O.OOlh 1.6E-<J4h S4.98j 0.004h 3E"'''' 
Alwero THQ (mg kg- I bw/d) (0 nitalicus) 2.74E"'" 1.37E"'" 2. 74E.()4 1.3 7E"'" 2.SE",,6 3.42E"'" ND 1.57E"'" 

THQ (mg kg- Ibw/d) (C gariepinus) 2.74E",,6 1.74E"'" 4.1 IE"""' 2.48E"'" 2.7E",,7 6.85E""; 1.4E"""' 2.nE"'" 
Abay THQ (mg kg- lbw/d) (D. nitolic!ls) 1.23E"'" 2.5 IE"'" 9.S9E"""' 2.83E"'" 3.5E",,7 1.40E"'" 1.7E"'" 5.03E"'" 

THQ (mg kg-Ibw/d) (C gariepinus) 4.1 IE"'" 1.78E"'" 6.85E-04 2.48E"'" 2.1 E",,7 5.14E-04 2.6E"'" 5.40E"'" 
Hawassa THQ (mg kg- Ibw/d) (0 nitalicus) ND 1.42E"'" 4.IIE-04 1.37E"'" 4.7E"'" ND ND 1.55E"'" 

THO (mg kg- Ibw/d) (C gariepinus) ND 3.1 IE"'" 2.74E .... 2.14E"'" 4.7E"'" ND 1.5E"'" 4.02E"'" 
Ziway TTlQ (mg kg- Ibw/d) (0 nitolicus) ND 2.IOE"'" 2.7E .... 2.7E"'" 8E"'" ND ND 2.7E"'" 

THQ (mg kg- Ibw/d) (C gariepinus) ND 6.12E"'" 2.74E"'" 1.37E-02 3.9E""R ND ND 2.0 I E"'" 
TAs- Total arsenic, 'RID: Reference doses for metals;Hosseini et ai., 2015;' Asefa (2015) Reference doses for Cr & Co set byFAO; hUSEPA (2009) Reference 
doses (RID) for Cd, Hg & Pb set by U.S. EPA; 'USEPA (2010) Reference doses (RID) for As; iUSEPA (2000) Reference doses (RID) for Sn set byWHO/FAO 
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Table 5.7 Estimated cancer risk for lifetime fish consumption of two metals from Alwero River, 
Abay River, Lake Hawassa and Lake Ziway, Ethiopia 

Metals Fish species Alwero area Abayarea Hawassa area Ziwayarea 
CD! CR CD! CR CD! CR CD! CR 

Pb 0. niloliclis I. 59E-05 1.35E-07 6.50E-05 5.53E-07 NO NO NO 

C. gariepinlls 3.17E-06 2.69E-O' 2.38E-05 2.02E-07 NO NO NO 

In-As 0. niloficlis NO ND 5.96E-05 8. 94E-05 NO NO ND 

C. gariepinlls 4.76E-01 7.14E-07 9.08E-05 1.36E-04 5.3E-05 8.01E-05 NO 

CD!= chromc dally Intake dose (CD!, mgikglday; CR=cancer fisk (unttless) 

Inorganic Pb and As metals are classified as carcinogenic elements to humans (Vieira et ai. , 2011); 

which tends to accumulate mainly in the liver and kidney of humans. This phenomeno n is 

attributed to the precipitation of protein by Pb, through the interaction of Pb ions with the 

sulfhydryl (-SH) groups of proteins (ATSDR, 2007). According to Azmi et al (2009) As is 

frequently associated with, kidney, lung, skin, and bladder cancer in human bodies. The value of 

slope factors (SF) for As is (1.5 mglkglday)-' and for Pb is (8.5 x 10-3 mglkglday)-' (US.EPA, 

2005). 

Due to absence of the value of SF for Cr, Hg, Cd, Sn and Co heavy metals in present work, such 

comparison was not possible for these heavy metals. However, the risk of cancer due to exposure 

to TAs was a concern since the values ofCR value was 1.36 E -03 in muscle of C. gariepinlls from 

Abay River, which was higher than the acceptable range of 10 -6 to 10-4 The acceptable lifetime 

CR considered by USEPA is 10-4 (risk of developing cancer over a human lifetime is 1 in 10000), 

but the toxic lAs used as 10% and applied in present study was 1.3 6E -04 which was, in the 

acceptable range (Table 5.7). 

Conclusion 

The two fish species of C. gariepinlls and 0. niloliclis from four different freshwater bodies were 

sampled and carried out to provide information on heavy metal concentrations in muscle and gill 

tissues.The heavy metal distribution between the different fish tissues showed statistically 

significant differences. 
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The accumulation ofHg and As are more preferential in the muscle of the two fish species than in 

the gill tissues. Comparison of the heavy metals with the acceptable limits set by international 

guideline showed that the levels of Cd and Sn were below the acceptable limits. However, Pb, Cr, 

As, and Hg level was higher than the permissible limit in wet weight basis. 

The consumption of both fish species from the four freshwater bodies in Ethiopia is not free of 

risks but that the complex THQ and ill parameters used in health risk assessment of heavy metals 

provides a better image than using only a simple parameter like the conte nt of the metals in the 

muscles. 
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CHAPTER-6 

General Conclusion, Limitation and Recommendations 

7.1. Conclusion 

The present study showed that both the muscle and gill tissues of Oreochromis niloticus and 

Clarias gariepinlls have an appreciable amount of gross energy value, crude protein, crude fat, ash 

content, and essential minerals such as Fe, Zn, eu and Mn. As compared to a niloticllS, with the 

C gariepinus fish species in all sample site areas were found to be rich in all nutrients. There was 

a great variability with respect to the crude protein and fat contents between fish species, which 

may be important for the selection offat and protein -rich fishes for aquaculture breeding purpose. 

The superiority of C gariepinlls muscle tissues from Lakes Ziway and Hawassa in crude protein 

and fat content, respectively. While the two sampled sites, Alwero River and Abay River fish 

species are good source of ash and moisture contents. The discarded gills contain appreciable 

amount offat and protein contents, may be have a potential solution to fill the gap between demand 

and supply of fish sauces, fish meal, and fish silage and, also specifically a viable alternative to 

substitute fish oil sources extract from fish muscles in supply of fish oil to aquaculture sectors. 

The fish species included in this study was rich in essential minerals and can playa great role in 

combating micronutrient malnutrition. Fe, Zn and eu are the most abundant elements in both 

tissues followed by other metals in all sampled sites. 

Fe, eu & Zn minerals that give a greater contribution to meet the daily nutritional needs 

(respectively in 150g WW muscles of C gariepinlls from L. Hawassa, Abay river and L. Ziway). 

The superiority of C gariepinus in nutritional value. In contrast higher accumulation of toxic 

heavy metals in gill and muscle tissues observed in C gariepinus than a niioticlis. The 

consumption of both fish species from four freshwater bodies, in Ethiopia is no risk for consumers. 
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7.2 Limitations of the study 

This study was the first in its kind; it came up with strong findings in relation to the effect of 

different ecosystem freshwater bodies on the proximate composition, essential minerals and heavy 

metal contamination on 0. ni/oticlIs and C. gariepinlls fish species collected from Alwero River, 

Abay River, Lake Hawassa and Lake Ziway, Ethiopia. Therefore, it may be used as scientific 

baseline information for subsequent studies and for different organizations engaged in freshwater 

fish oil processing, food fortification and related programs in the co un try. 

The studysummarizes the proximate composition, essential minerals content, the level of toxic 

heave metal concentration in selected fish species. However, the study used different human risk 

assessement for toxic heavy metal contamination fish species . Whereas this study didn 't evaluate 

the total lipid profile of selected fish species and the correlation human plasma phospholipid status 

and freshwater consumption in Ethiopia. 

Fish and human blood samples were collected during the study and All samples were prepared 

in Food Science and Nutrition laboratory of AAU for analysis of fatty acids and human plasma 

phospholipids using a gas chromatography (GC) instrument and thus, the result may be affected 

by GC machine failed technically. 

7.3. Recommendations and future perspectives 

Consumption fishes are associated with several health benefits. However there is a limited 

awareness, the tish demand is only seasonal and inadequate fish intake habit with Ethiopia's 

people. Based on these findings, the following recommendations were forwarded: 

• The research centers require information on nutritional quality of these fish tissues and 

include other discarded body parts (liver and head) on total lipid and fatty acids profile of 

C. gariepinlls and 0. niloticlIs need be study. 

• Fish discarded gill tissue can also be used for food product development of various value 

added products such as protein and fat. These fish species high protein and fat contents can 

be used as a functional ingredient in bakery substitutes, soups and infant formulas. The 

protein present in the fish gill can be utilized in animal feed in the form of fish meal and 

sauce or can be used in the production offertilizers. 
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• Currently, Ethiopia has set no guideline values for dietary recommendations for levels of 

plasma phospholipid LC n-3 PUFA concentrations in men and women, therefore study on 

nutritional benefit associated with fish consumption very important. 

• The quality controlling authority should set guideline values on the leve Is of heavy metals 

in fish resources. 

• High accumulation of As and Hg in the muscle of C. gariepinus and O. niloticus caught 

from Lake Ziway and Abay River are alarming and still, this needs to be further examined 

in future studies 

• The Sher Ethiopia floriculture industry is affecting the ecology (fishes) of Lake Ziway. The 

effluent treatment plants have to be in place before the waste water is discharged to the 

water body to minimize the contamination of fish tissues. 
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ANNEXES 

Annex A-mineral elements concentration (mg/kg dry basis and wet basis) of 
selected fish species from four fresh water bodies 

Element Tissue Fe Cu Zn Ni Mn 

DW WW DW WW DW WW DW WW DW 
Alwero Tilapia muscle 51.66 10.13 5.05 

gill 58.38 11.45 10.87 

average 55.02 10.79 7.96 

Abay Tilapia muscle 55.35 11.78 1.57 

gill 122.29 26.02 4.39 

average 88.82 18.90 2.98 

Hawassa Tialpia muscle 49.77 10.59 1.31 

gill 60.37 12.84 1.32 

average 55.07 11.72 1.32 

Ziway Tilapia muscle 52 .33 11.38 0.74 

gill 62.02 13.48 1.54 

average 57.18 12.43 1.14 

Alwero Cat fish muscle 41.08 8.93 7.92 

gill 80.69 17.54 2.04 

average 60.89 13.24 4.98 

Abay Cat fish muscle 54.30 10.06 8.28 

gill 33.54 6.2 1 0.75 

average 43.92 8.13 4.52 

Hawassa Cat fish muscle 89.04 22.26 107 

gill 95.87 23.97 0.66 

average 92.46 23 .11 0.87 

Ziway cat fish muscle 66.23 18.92 0.89 

gill 90.46 25.85 1.30 

average 78.35 22.38 1.10 

WW= wet weight, DW= dry weight 
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Annex B- Proximate composition muscle tissue (g/lOOg dry basis and wet 
basis) of selected fish species from four fresh water bodies 

Fish species Dry basis Wet basis 

O. nilolicus. Parameters Alwero River Abay River Alwero River Abay River 

male female male female male female male female 

Moisture% 8.03 7.75 1l.76 12 8143 79.46 76.44 80 .62 

Protein% 67.09 65 .91 58.66 58.45 13.15 12.92 12.48 12.44 

Fat % 12.81 13.36 12.99 12.95 2.51 2.62 2.76 2.76 

Ash% 4.15 4.49 4. 1 4.03 0.81 0.88 0.87 0.86 

CHO 7.92 8.49 12.49 12.57 1.55 166 2.66 2.67 

C. gariepinus Moisture% 10.56 9.81 10.93 1122 79.37 77.07 83.32 79.32 

Protein% 67.27 66.79 58.07 58.66 14.62 14.52 10.75 10.86 

Fat% 13.92 14.24 11.41 11.42 3.03 3.10 2. 11 2.11 

Ash% 6.98 7.14 5.91 7.41 1.52 1.55 109 1.37 

CHO 1.27 202 13.68 11.29 0.28 0.44 2.53 2.09 

Dry basis Wet basis 

0. niloliclls. Parameters L. Hawassa L. Ziway L. Hawassa L. Ziway 

male female male female male female male female 

Moisture% 8.8 8.76 10.77 10.68 79.4 78.23 78 .86 77.37 

Protein% 60.34 59.21 70 .01 69.65 12.84 12.60 15 .22 15. 14 

Fat % 11.2 10.12 10.78 11.03 2.38 2.15 2.34 2.40 

Ash% 3.78 4.97 3.01 3.97 0.80 1.06 0.65 0.86 

CHO 24.68 25.7 16.2 15.35 5.25 5.47 3.52 3.34 

C. gariepinlls Moisture% 7.96 8.21 8.21 706 74.76 74.48 71.15 71.1 J 

Protein% 7175 72.44 70.82 70.43 17.94 18. 11 20.23 20. 12 

Fat% 14.48 15 .05 15.58 16. 16 3.62 3.76 4.45 4.62 

Ash% 5.43 5. 11 5.04 5.16 1.36 1.28 144 1.47 

CHO 8.34 7.4 8.54 8.25 2.09 185 2.44 2.36 
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Annex C- Heavy metal concentration (mg/kg dry basis and wet basis) of selected fish species from four fresh 
water bodies 
Source Fish species 

Alwero 0. niloriclts 

C. gariepillus 

Abay 0. niloticus 

C. gariepinus 

Hawassa 0. nilOlicus 

C. gariepinus 

Ziway 0. nilocicus 

C. garicpinus 

Tissue 

Muscle 

Gill 

Average 

Muscle 

Gill 

Average 

Muscle 

Gill 

Average 

Muscle 

Gill 

Average 

Muscle 

Gill 

Average 

Muscle 

Gill 

Average 

Muscle 

Gill 

Average 

Muscle 

Gill 

Co 

d.w 

0.08 

0.65 

0.37 

0.08 

0.49 

0.29 

0.41 

1.16 

0.79 

0.16 

0.08 

0.12 

ND 

ND 

NO 
ND 

0.08 

0.04 

ND 
ND 

ND 
ND 

ND 

w.w 

0.02 

0.13 

0.07 

0.02 

0.11 

0.06 

0.09 

0.25 

0.17 

0.03 

0.01 

0.02 

ND 

ND 
NO 
ND 

0.02 

0.01 

ND 

ND 
NO 
ND 

ND 

Average NO NO 

w.w = wet weight, d.w= dry weight, ND= No detected 
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Cr 

d.w 
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3.11 
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2.99 

2.13 
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2.73 
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0.30 

0.65 

0.48 

0.38 

0.68 

0.53 

0.55 

0.72 

0.64 

0.39 

0.22 

0.31 

0.31 

0.32 

0.32 

0.68 

1.24 

0.96 

0.46 

0.32 

0.39 

1.34 

1.35 

0.08 

0.41 

0.25 

0.16 

0.41 

0.29 

0.33 

0.58 

0.46 

0.25 

0.17 

0.21 

0.16 

0.08 

0.12 

0.08 

0.16 

0.12 

0.08 

0.08 

0.08 

0.08 

0.16 

0.02 

0.08 

0.05 

0.03 

0.09 

0.06 

0.07 

0.12 

0.10 

0.05 

0.03 

0.04 

0.03 

0.02 

0.03 

0.02 

0.04 

0.03 

0.02 

0.02 

0.02 

0.02 

0.05 

1.35 0.12 0.03 

Hg 

d.w 

0.81 

1.46 

1.135 

1.32 

1.72 

1.52 

1.57 

2.4 

1.99 

1.56 

1.25 

1.405 

0.74 

0.66 

0.7 

0.99 

0.82 

0.905 

14.52 

0.65 

7.585 

0.57 

0.41 

0.49 
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w.w 

0.16 

0.29 

0.22 

0.29 

0.37 

0.33 

0.33 

0.51 

0.42 

0.29 

0.23 

0.26 

0.16 

0.14 

0.15 

0.25 

0.21 

0.23 

3.16 

0.14 

1.65 

0.16 

0.12 

0.14 

So 

d.w 
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0.74 
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0.57 
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1.69 
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0.86 
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0.07 

0.13 

0.19 

8.78 

4.48 

0.32 

48.45 

24.39 

0.16 

0.77 

0.46 

Pb 

d.w 

0.49 

3.73 

2.11 

0.08 

3.02 

1.55 

1.91 

4.56 

3.24 

0.82 

0.42 

0.62 

ND 

ND 

NO 
ND 

NO 
NO 
ND 

ND 
NO 
ND 

ND 

NO 

w.w 

0.10 

0.73 

0.41 

0.02 

0.66 

0.34 

0.41 

0.97 

0.69 

0.15 

0.08 

0.11 

ND 
ND 

NO 
ND 

ND 

NO 
ND 

ND 

ND 
ND 

ND 

NO 

As 

d.w 

ND 

3.35 

1.68 

0.16 

12.83 

6.50 

17.65 

11.18 

14.42 

30.92 

0.58 

15.75 

ND 

0.5 

0.25 

13.48 

0.99 

7.235 

ND 
3.32 

1.66 

ND 

ND 

ND 

W.W 

ND 

0.66 

0.33 

0.03 

2.79 

1.41 

3.76 

2.38 

3.07 

5.73 

0.11 

2.92 

ND 

0.11 

0.05 

3.37 

0.25 

1.81 

ND 

0.72 

0.36 

ND 

ND 

NO 



Annex D- Proximate composition gill tissues (g/lOOg wet and dry basis) of 
selected fish species from four fresh water bodies 

Sources Nile Tilapia Protein% Fat% Ash% Carbohydrate% Moisture% 

Sex w.w d.w W.w d.w W.W d.w W,W d.w W.W d.w 

Alwero River male 11.46 38.39 3.32 11.11 5.32 7.84 7.77 604 70.19 6.62 

female 11.37 38.53 3.62 2.26 5.33 8.08 7.18 4.33 70.46 6.80 

Abay River male 14.34 45.47 3.47 11.00 3.87 12.27 6.79 21.53 68.47 9.73 

female 11.65 39.39 3.21 10.86 3.71 12.53 8.33 28.16 70.39 9.06 

Lake Hawassa male 16.49 54.25 2.96 9.74 4.27 14.05 6.67 21.96 69.65 7.21 

female 17.03 55.18 2.99 9.69 4.83 15.66 3.8 19.47 69.15 7.17 

Lake Ziway male 17.31 56.08 2.93 9.50 4.46 14.44 2.88 19.98 69.13 10.66 

female 17.4 54.80 2.88 907 4.92 15.50 3.66 20.63 68.21 9.11 

African cat fish 

A1wero River male 10.98 3502 3.83 2.22 7.12 22.72 7.11 2.68 68.65 7.36 

female 11.43 35.88 3.99 2.53 7.26 22.81 6.77 125 68.15 7.53 

Abay River male 10.92 42.59 2.67 10.43 5.66 22.09 4.34 16.91 74.33 7.98 

female 10.23 38.66 2.7 10.02 602 22.74 5.35 20.24 73.54 8.16 

Lake Hawassa male 17.26 56.60 3.72 12.21 4.84 15.88 2.73 15.31 69.52 6.37 

female 18.18 57.44 4.04 12.76 4.89 15.46 2.09 14.34 68.35 7.72 

LakeZiway male 19.58 58.35 4.39 13.07 5.12 15.26 2.08 13.32 66.40 7.11 

female 20.51 59.47 4.81 13.95 5.26 15.25 1.5 11.33 65.54 6.97 

w. w= wet weight, d. w= dry weight 
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