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Water quality and carcass proximate composition of 

Clarias gariepinus (Burchell 1822) juveniles fed blood 

meal graded diets 

 
Mbagwu Chioma B, Keke Ibeawuchi R and Okorie Peter U 

 
Abstract 
The water quality and carcass proximate composition of the juveniles of Clarias gariepinus, fed varying 

inclusion levels of blood meal in concrete ponds was investigated for a period of 270 days. Five Iso-

nitrogenous (40% crude protein) diets were formulated with blood meal replacing fish meal diets at 0%, 

25%, 50%, 75% and 100%. Three hundred (300) Clarias gariepinus juveniles of initial average weight 

and length of (11.45±0.25g and 9.00cm) were stocked at 20 fish per pond of five treatments diets in 

triplicate in a completely randomized design (CRD). The fishes were hand-fed at 8.00am and 4.00pm at 

5% body weight daily. The data obtained from water quality parameters and carcass composition (initial 

and final) were analyzed using one way analysis of variance (ANOVA). The water samples analyzed for 

various physico-chemical parameters like temperature (26.79-27.130c), pH (5.92-6.34), dissolve oxygen 

(5.82 - 6.05mg/l), transparency (15.84 – 16.70mg/l) and ammonia (0.13 – 0.24mg/l) and were within the 

recommended range for Clarias gariepinus culture. The body composition of the experimental fish 

carcasses showed that, there were significant difference in the nutrients contents of crude protein (68.00 - 

69.50%), lipid (10.25–10.46%), NFE (13.33 – 13.88%), ash (8.07–8.29%) and lower fibre (8.51– 9.45%) 

contents at p>0.05 over the initial fish sample. This study concludes that, inclusion of blood meal at 25% 

as a replacement for fish meal in the diet of Clarias gariepinus does improve the nutritional composition 

of the whole fish produced and had no adverse effect on the water quality observed during culture. 
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Introduction 

Fish has always been reported as a cheap source of rich protein food for human consumption 

containing high quality vitamins (Vitamin A and D), minerals and other micro-nutrients (e.g. 

iron, zinc, calcium, magnesium and phosphorus. etc) that are very important, accounting for 

approximately 40% of Nigerians protein need [1, 2]. The African catfish, Clarias gariepinus 

(Burchell, 1822) belong to the family Clariidae and a major fish species for aquaculture in 

African countries [3]. It is cultured broadly in Nigeria under intensive or semi-intensive system 

because of its resistance to stress and disease ability, rapid growth rate, flesh tastiness, 

hardiness, good adaptability to environments, feed on large variety of agricultural by-products 

and highly commercial value [4, 3, 1.]. Provision of a culture environment at its optimum level 

determines the success of the growth performance and survival rate of Clarias gariepinus. Fish 

ponds are man-made structure which is between 1cm2 and 2ha (5acres or 20,000 m2) in area 

that holds water for months or years, thus creating an ecosystems that is often rich with diverse 

microbial life [5]. Growth and wellbeing of fishes are affected directly or indirectly by the 

quality of water in which they inhabit which include physical, biological and chemical factors 

as opined by [6]. Whereas water quality becomes poor, disease outbreak, poor growth, poor 

feed conversion efficiency and perhaps death may be inevitable. That is to say, fish must 

necessarily interact with water environment for the food chain to be complete [7, 8]. Hlavac et 

al. [9], reports that the physio-chemical constituents of water changes with changes in 

management techniques such as composition of stock and supplemented feed. The effect of 

such supplemented feeding on the water quality depends also on the constituents of the feed, 

its digestibility, palatability and technique employed during feeding [9]. Fish species of varying 

chemical composition require diverse nutritional make-up thus, in other to maximize carcass 

productivity, a good knowledge of fish composition is necessary. 
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To achieve proximate composition of fish, crude protein, 

lipid, moisture, nitrogen free extract and ash content must be 

analyzed so as to establish the required nutritional content for 

the benefit of consumers [1, 10, 11]. Under culture conditions, it 

provides specific information and knowledge on its evaluation 

of fish health, body development, feed conversion efficiency 

and physiological state when influenced by feed composition, 

acceptability, utilization, culture environment, size, age and 

species (Shearer, 1994). According to [12, 13], individual fish 

carcass composition can also differ, however, the carcass of 

Clarias gariepinus is composed of ash (10.5%), nitrogen free 

excrete (10.20%), crude protein (52.20%), lipid (27.10%) 

moisture (75.00%). Blood meal, a common animal protein 

source with sustainable high protein contents of (85%), rich in 

lysine (7-9%), valine, leucine, phenylalanine and low in 

methionine [14] and heme-iron [15,14,1]. It has been recognized 

as one of the most competently good substitute for fish meal. 

Several studies have been reported on the potential use of 

blood meal as a replacement for fish meal component; in 

Oreochromis niloticus [20, 21] Gilthead sea bream [18], mudfish 

fingerlings [19] and Clarias gariepinus [20, 21] with vary degree 

of successes in their fish diets. In addition, blood meal 

according to Otubusin et al. [15] efficiently replaces fish meal 

of Clarias gariepinus with no adverse effects on growth rate, 

survival and feed conversion ratio. Although blood meal has 

been recognized as a rich protein source and good substitute 

of fishmeal with regards to growth, survival and yield of fish, 

its cumulative interaction in water can affect the general 

wellbeing of the fish. This study therefore evaluates the body 

composition and the corresponding water physio-chemical 

parameters of Clarias gariepinus juveniles fed graded levels 

of blood replaces diet during the period of culture.  

 

Materials and methods 

Study Area 

The research was conducted at Amas fish farm located at 

Ezihe in Isiala-Mbano, Local Government Area of Imo State 

within Latitude 50 400 4’ N and Longitude of 70 120 2’ E. The 

fish ponds are made of concrete and designed in rectangular 

form with the main source of water at the farm being bore-

hole water. 

 

Experimental design 
The experiment was designed as a completely randomized 

experiment (CRD) of five (5) treatments in triplicate. Fifteen 

concrete ponds of (4 m×4 m×1.5 m) were used for the 

experiment. Three hundred (300) juveniles of Clarias 

gariepinus of average standard length (11.45±0.25g) and 

length (9.21±0.91cm) were stocked at a density of 20 

juveniles per pound and the experiment lasted for a period of 

270days. 

 

Experimental Fish 

Three hundred (300) juveniles of Clarias gariepinus were 

purchased from kings’ livestock enterprises (fish farm) in 

Owerri, Imo State. Fishes were conveyed to the site of the 

study in a fifty (50) liter plastic bucket filed with water to 

reduce stress. The initial length and initial body weight of the 

fishes were taken with a calibrated measuring board (to the 

nearest 0.1cm) and electronic weighing balance (Ohaus-

30064419 scout pro, to the nearest 0.01gram) in order to 

establish the mean individual weight and length at the 

beginning of the experiment. The fishes were acclimatized for 

seven (7) days before they were distributed to various 

treatment ponds.  

 

Experimental Diets 

Commercial (vital) feed used as the control diet for the 

experiment was purchased from a commercial shop in Owerri, 

Imo State, Nigeria. Experimental feed was locally formulated 

using the Pearson square method for feed formulation with 

blood meal replacing fish meal component at 0%, 25%, 50%, 

75% and 100% inclusion level respectively. Raw cow blood 

used was collected from the slaughter house, boiled for 30 

minutes to reduce the water content and congeal the blood and 

then oven-dried at a temperature of 1050C. The dried blood 

was then finely grounded using Victorian hand grinding 

machine. Other locally available feed ingredients were 

fishmeal, soybean meal, maize, palm kernel cake, white 

maize, fish premix, salt, palm oil, starch and bone meal were 

purchased from a fish feed shop in Owerri, Imo State. All 

ingredients were bought in solid and dry form exception of 

palm oil. Prior to processing, the ingredients were milled 

individually to a fined powder, weighed according to the 

required percentage composition (table 1), manually mixed 

together and moistened thoroughly using the method 

described by [22]. The mixed diets were pelleted using 

electrical pelletizing machine set at 2mm, 4mm and 6mm, 

sun-dried for 4days to remove moisture, packaged into 

separate bags, labeled and stored in a cool dry place. The 

formulated experimental feed (table 2) were analyzed in 

triplicate for the proximate composition to confirm the 

formulation using standard method of Association of Official 

Analytical Chemists [23] at Dry and Wet Laboratory of the 

Department of Fisheries and Aquaculture, Federal University 

of Technology Owerri, Imo State. The proximate composition 

of the commercial feed used was that of the manufacturing 

company. 

 
Table 1: Percentage composition of feed ingredients (g/100g) 

 

Ingredients Control (0%) T1 (25% BM) T2 (50% BM) T3 (75% BM) T4 (100% BM) 

Fish meal 24.0 18.0 12.0 6.0 ---- 

Blood meal ---- 6.0 12.0 18.0 24.0 

S.M.B 24.0 24.0 24.0 24.0 24.0 

Maize flour 40.0 40.0 40.0 40.0 40.0 

Bone meal 2.0 2.0 2.0 2.0 2.0 

P.K.C 5.0 5.0 5.0 5.0 5.0 

Starch (binder) 2.0 2.0 2.0 2.0 2.0 

Salt 0.5 0.5 0.5 0.5 0.5 

Vit/min premix 1.5 1.5 1.5 1.5 1.5 

Palm oil 1.0 1.0 1.0 1.0 1.0 

Total 100.0 100.0 100.0 100.0 100.0 
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Fish Feeding and Tank Management 

The fishes were hand-fed two times daily between 8.00am 

and 4.00pm at 5% body weight as described by [24]. 

Subsequent weight and total length measurements were taken 

every two weeks to determine the fish growth rate using an 

Ohaus. The ration was adjusted when new weights of the 

juveniles for the various experimental ponds were determined. 

Leftover feeds and feaces were siphoned out every two days 

and replaced with fresh water as described by [25] and [26]. 

Water quality parameters were monitored weekly using 

digital multi-parameter water meter. The amount of feed 

consumed, survival and mortality of fish in each treatment 

pond were monitored by counting the fish in the pond and 

recorded accordingly. 

 

Laboratory Analysis 

Proximate composition analysis of experimental diets and 

experimental fish 

Proximate composition of experimental diets and fish (initial 

and finial) were carried out according to the procedures of the 

Association of Analytical Chemist (AOAC, 2005) [23] at 

Laboratory of Fisheries and Aquaculture, Federal University 

of Technology, Owerri, Imo State. The moisture and dry 

matter contents were determined by oven-drying the sample 

for 4hrs at 1050c until a constant weight was obtained. Crude 

protein (N×6.25) was determined using the routine semi-

Kjeldahl method. Crude fat was determined by Soxhlet 

extraction method using petroleum ether extractor whereas 

crude fiber was quantified by acid digestion followed by 

ashing the dry residue at 5500c in a muffle furnace for 4 

hours. Nitrogen free extracts content was determined by 

subtracting the percentage of moisture, crude protein, ash and 

fat from 100. 

 

Water Quality Analysis 

 Sample collection 

Water samples were collected aseptically from different 

concrete ponds per replicate using sterile plastic bottles (1000 

ml), tightly sealed and labeled. The water samples were 

transported to the Dry and wet laboratory of the Department 

of fisheries and Aquaculture, Federal University of 

Technology Owerri, Imo State. 

 

Physico-chemical analysis of pond water samples 

Water samples were analyzed for physical and chemical 

quality parameters as described by APHA et al., (2005) [27]. 

Parameter such as temperature was measured using a mercury 

filled Celsius thermometer [28], pH and dissolve oxygen 

measured using digital multipurpose meter (Hanna H12210). 

Water transparency was measured using secchi disk according 

to Anyanwale et al. [29], turbidity determined using 

Nephelometic method using turbid meter (Hanna H188703) 

and alkalinity, water hardness, phosphate, nitrate and 

ammonia were determined in the laboratory using standard 

laboratory techniques [27]. 

 

Statistical analysis 

Data obtained were subjected to One-way Analysis of 

Variance (ANOVA) as described by [30]. Significant 

differences between mean were determined using Duncan’s 

multiple range tests (p<0.05) with the aid of Statistical 

Package for Social Sciences (SPSS) version 20.  

 

Results 

The proximate composition of the experimental diets (table 2) 

shows that Crude protein was highest in control diet (40.00%) 

followed closely by T2 (38.84) and lowest in diet 3 (38.25%). 

Crude fiber in T3 was 5.33% which superseded that of the 

control (5.33%) and recorded its lowest value in T2 (5.14%). 

Ash content in T1 (8.17%) was highest, T2 (7.85%), T4 

(7.62%), with only T3 (7.40%) being greater than control 

(7.50%). Lipid, Dry matter and caloric value recorded their 

highest value in the control diet at 12.20%, 93.16% and 

10.44% respectively. NFE was highest in T4 (29.35%) but 

had T1 (27.08%) and T3 (27.12%) being less than the control 

diet (27.32%). 

 

Table 2: Proximate Composition of the Experimental Diets. 
 

Parameters Control** (0%) T1 (25%) T2 (50%) T3 (75%) T4 (100%) 

Crude Protein (%) 40.00 38.29 38.84 38.25 38.42 

Crude Fiber (%) 5.33 5.20 5.14 5.53 5.19 

Lipid (%) 12.20 12.09 11.34 12.10 11.28 

Ash (%) 7.50 8.17 7.85 7.40 7.62 

Moisture (%) 12.17 13.19 11.00 11.54 11.69 

NFE (%) 27.32 27.08 27.64 27.12 29.35 

Dry Matter (%) 93.16 91.33 91.09 91.13 91.38 

Caloric Value (kcal/g) 10.44 10.22 10.34 10.17 10.27 
**Manufacturer’s nutrient specification 

 T1- 4 = Treatments 1-4 

 

The proximate analysis of experimental fish before and after 

the study in (table 3) showed that there was an increase in fish 

carcass in respect to crude protein, lipid, ash, N.F.E, moisture 

content and dry matter, however, fibre content was reduced 

from 10.4±0.35 for the initial analysis to as low as 8.51 ± 0.36 

in T2 at the end of experiment. Control diet (69.50%) 

recorded the highest value and diet T2 (67.50%) the least 

value in the carcass protein content. The carcass lipid content 

was high in control diet (10.46%) and low in T1 (10.25%). 

Ash content recorded increasing values with the increasing 

percentage substitution of blood meal (control 8.11±0.03 and 

T4 8.29±0.25). On the other hand, the moisture content 

reduced as blood meal substitution increased but slightly 

increased in T4 (53.19± 0.08). same was recorded for N.F.E 

carcass content which increased as the blood meal content 

increased, the highest being that of the control diet 

(13.88±0.56) and lowest in diet T4 (13.33±0.19). The carcass 

dry matter of fish fed diet T1 (91.64%) had values than the 

control (91.52±0.36) but progressively reduced in T2, T3 and 

T4 (91.12±0.08, 91.13±0.13 and 89.32±0.24) respectively. 

The whole body carcass showed a significant difference at 

p<0.05 in values except for lipid which was not significant. 
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Table 3: Percentage Body Composition of Experimental fish fed blood meal graded diets. 
 

Parameters Initial 
Final 

Control (0%) T1 (25%) T2 (50%) T3 (75%) T4 (100%) 

C. P. 54.30±0.18 69.50±0.06 69.08±0.11 67.50±0.40 68.30±0.19 68.10±0.32 

Lipid 9.22±0.07 10.46±0.40 10.25±0.13 10.35±0.30 10.26±0.06a 10.43±0.20 

Ash 7.27±0.18 8.11±0.03 8.15±0.13 8.07±0.07 8.23±0.06 8.29±0.25 

Crude fibre 10.40±0.35 9.16±0.10 9.30±0.12 8.51±0.36 9.45±0.27 9.24±0.04 

NFE 10.26±0.14 13.88±0.56 13.59±0.45 13.40±0.24 13.43±0.23 13.33±0.19 

M.C 49.22±0.03 54.19±0.16 53.41±0.33 50.20±0.17 50.20±0.16 53.19±0.08 

Dry matter 80.18±0.11 91.52±0.36 91.64±0.55 91.12±0.08 91.13±0.13 89.32±0.24 

Mean values without superscript are significantly different (p<0.05). NFE= Nitrogen Free Extract, M.C = moisture content, C.P = 

Crude protein. 

 

Table 4 shows the water quality parameter results obtained 

during the experiment. There was no significant difference 

(p>0.05) in the recorded water temperature, Dissolved 

oxygen, pH, turbidity, nitrate, alkalinity and water 

transparency between the treatments. Temperature ranged 

from 26.79±0.890C – 27.13±0.870C, dissolved oxygen ranged 

from 5.81±1.09mg/l – 6.26±0.81mg/l, pH ranged from 

5.92±0.79 – 6.53±0.77, turbidity ranged from 1.34±1.24 NTU 

– 1.94±1.67NTU, alkalinity ranged from 21. 20±1.29mg/l – 

22.08±1.8mg/l, nitrate ranged from 0.49±0.51mg/l – 

0.71±0.88 and water transparency ranged from 15.85± 

1.37cm – 16.70±1.87cm. Significant difference was obtained 

in water hardness, phosphate and ammonia-nitrogen with 

water hardness ranging from 20.74±0.88mg/l – 

28.07±2.41mg/l; phosphate, from 0.41±0.48mg/l – 

1.13±1.18mg/l and ammonia-nitrogen ranging from 

0.09±0.06mg/l – 0.24±0.17mg/l. Analysis revealed that these 

obtained values were quite within the recommended range for 

Clarias gariepinus in concrete pond (Boyd, 1979) [28]. 

 
Table 4: Water Quality Parameters taken during feeding experiment of Clarias gariepinus. 

 

parameters Control (0%) T1 (25%) T2 (50%) T3 (75%) T4 (100%) 

DO (mg/l) 5.82±1.08 5.95±1.11 5.81±1.09 6.26±0.81 6.05±0.89 

pH 6.34±0.73 6.53±0.77 6.30±0.87 6.26±0.81 5.92±0.79 

T(0C) 27.05±0.89 27.13±0.87 26.85±0.79 26.79±0.89 26.80±0.90 

NH3N (mg/l) 0.24±0.17a 0.13±0.11b 0.21±0.08 0.09±0.08c 0.09±0.06d 

PO4 (mg/l) 0.41±0.48 0.93±1.02 1.08±0.98 0.62±0.72a 1.13±1.18 

Alkalinity 21.40±1.41 21.57±1.44 22.08±1.08 21.97±1.45 21.20±1.29 

Hardness 28.07±2.41 23.16±3.06a 20.81±0.89b 21.01±0.83c 20.74±0.88d 

Turbidity 1.60±1.36 1.74±1.65 1.94±1.67 1.76±1.37 1.34±1.24 

Transparency 16.54±2.25 16.18±2.25 16.66±2.05 16.70±1.89 15.84±1.37 

Nitrate 0.71±0.88 0.63±0.71 0.52±0.54 0.52±0.54 0.49±0.51 

Mean values with different superscript are significantly different (p<0.05). DO=Dissolved Oxygen, NH3 N= ammonia-nitrogen, T= 

temperature and PO4= phosphate. 

 

Discussion 

The ideal knowledge of the proximate composition of fish 

feeds (protein, fat, ash, NFE, fibre and moisture) contents are 

very important because it gives a reflection on the dietary and 

health importance of these nutrients in fish and also to finial 

consumers which is man [31, 2]. Fish feeds components play a 

vital role in growth response, body development, 

metabolisms, repairing worn-out tissues and survival of fish. 

Proximate composition of the experimental diets indicated 

that the obtained crude protein values (38.48% - 40.00%) in 

this study were within the protein requirement (30%-40%) as 

recommended for growth performance in Clarias gariepinus 

as reported by [32]. This also agrees with the study of 

Otunbusin et al. [15]. The knowledge of fish proximate 

composition provides a basis for the assessment of the 

nutrient quality that is made available to the consumers. The 

body composition of the experimental fish after the 

experiment revealed increased carcass crude protein, lipid, 

NFE, ash, moisture and lower fibre contents than the initial 

fish sample. These results shows that inclusion of blood meal 

in the diets significantly affect the carcass of fish in a positive 

way and agrees with [33], who Reported that the whole 

proximate composition of Clarias garienpinus fed with blood 

meal substitute, at the end of experiment showed a change in 

value when compared to those of the control values. The 

proximate composition of the fish carcass shows an increase 

in the value of crude protein and lipid over the initial fish 

samples. There was a reduction in its values as feed were 

substituted with blood meal. This agrees with the reports of 
[34, 35, 36] and could be attributed to the crude protein content of 

the experimental diets which was readily converted and 

protein utilized increasing tissue production and real growth. 

The increase in fish carcass lipid indicates an enhanced 

production of lipids in fish without producing an excessive 

fatty carcass which shows a significant different (p<0.05) 

among the treatments. Fafioye et al. [36] observed similar 

increase in lipid content of Clarias gariepinus fed soya-based 

diets. Same was also observed in gilthead bream fingerlings 
[35] where carcass lipid was associated with increased 

metabolism efficiency. The significant difference recorded in 

the percentage ash and fiber content obtained from the carcass 

of the fishes fed experimental diets may be attributed to the 

adequate levels of ash and fiber in the blood meal diet which 

was transferred into the body of fish for optimal growth. The 

values obtained were within the range reported by [37], who 

opined that ash and fibre content of not more than 8-12% is 

needed for optimal fish growth. The fish moisture content 

were significantly different at p<0.05 compared to the initial 

value, but were lower to the values (72%-75%) reported by [38, 

39]. According to Suzanne [40], increasing moisture content 

observed in fish carcass is considered beneficial because it 

helps in the stabilization of fish during locomotion. Dry 

matter and nitrogen free extract shows a significantly different 
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(p<0.05) in fish carcass at the end of the experiment when 

compared with those in the initial values. However, several 

studies on knowledge of the chemical composition of Clarias 

gariepinus [41, 42, 36] helps to ascertain the nutritive value, 

development and physiological state of fish when introduced 

to new formulated feeds and culture environment thereby 

promoting suitable, tasty and edible good fish when 

consumed. Water is an essential habitat of fish and its quality 

component must be present for optimum growth and survival 

of fish in aquaculture sector [43]. Fish completely depends on 

water for feeding, respiration, excretion, growth and 

reproduction, etc. Thus, a successful aquaculture business is 

dependent on good water quality management plus fish 

health. The water quality parameters measured during the 

study period were within the ranges recommended for the 

culture of Clarias gariepinus [44, 45, 48]. This quality parameters 

were not affected by the diet forms as the blood meal 

formulated does not significantly deteriorate the water as the 

diets were formulated correctly and the fish were fed 

optimally. The physcio-chemical parameter results obtained 

agrees with the reports of [28, 43, 45, 46, 47, 48, 49]. Water quality 

directly affects the fish health and survival. The continuous 

water exchange and regulated feeding rate contributed to the 

optimal growth of the catfish as observed by [51, 52]. 

 

Conclusion 

This study concluded, that the inclusion of blood meal as a 

substitute for fish meal in the diet of Clarias gariepinus have 

increased effect on the body composition of the fish produced 

and had no adverse effect on water quality parameters. Blood 

meal is an animal waste with a nutrient profile close to that of 

fish thus, good substitute for fish meal which supports the fish 

farming sector. Its usage is hoped to reduce the cost of aqua 

feed production by utilizing the waste by-product for profit 

and sustainable aquaculture. Also water quality should be 

closely monitored to serve as guide for managing a pond to 

avoid adverse conditions that could affect growth and survival 

of catfish. 

 

References 
1. Food and Agriculture Organization (FAO). Food and 

Agricultural Organization of the United Nations on the 

state of the world fisheries and aquaculture part 1: World 

Review of Fisheries and Aquaculture; c2012. 

2. Food and Agriculture Organization (FAO). Assessment 

of freshwater fish seed resources for sustainable 

aquaculture. Rome, Italy: Food and Agricultural 

Organization. Rome; c2007. p. 230. 

3. Teugels G. A systematic revision of the Africa species of 

the genus (Pisces: Claridae). Annals muse Royal de I’ 

Afrique Centrate. 1986;247:1-199.  

4. Adewolu MA, Akintola SL, Akinwunmi OO. Growth 

performance and survival of hybrid African Catfish 

larvae (Clarias gariepinus × Hetetrobranchus bidorsalis) 

fed different diets. Zoologist. 2009;7(1):45-51. 

5. Biggs J, Williams P, Whitfield M, Nicolet P, Weatherly 

A. 15 years of pond assessment in Britain: results and 

lessons learned from the work of pond conservation. 

Aquatic conservation; Marine Freshwater Ecosystem. 

2005;15:693-714. 

6. Mallya YJ. The effects of dissolved oxygen on fish 

growth in aquaculture. Kingolwira National Fish Farming 

Centre, Fisheries Division Ministry of Natural Resources 

and Tourism, Tanzania; c2007. 

7. Das PC, Ayyappan S, Jena J. Comparative change in 

water quality and role of pond soil after application of 

different levels of organic inputs. Aquaculture Research. 

2005;36:785-798. 

8. Jana BB, Sarkar D. Water quality in aquaculture: Impact 

and management, a review. Indian Journal of Animal 

Science. 2005;75(11):1354-1361. 

9. Hlavac D, Edward A, Addass PA, Jesse C. Effects of 

poultry droppings on water quality parameters in Indian 

major carp ponds. Aquaculture International. 

2014;22:299. 

10. Shearer K. Factors affecting the proximate composition 

of cultured fishes with emphasis on salmonids. 

Aquaculture. 199, 63-88. 

11. Adewumi AA. Bovine blood and rumen digest in catfish, 

Clarias gariepinus (Burchell, 1822) diet. European 

Journal Science Research. 2012;83(2):167-172. 

12. Abdullahi SA, Abolude DS. some studies on the biology 

of Bayrus bayad (Digets) in Tiga Dam, Kano State, 

Nigeria. Journal of Arid- Zone Fisheries. 2001;1(1):1-11. 

13. Murray J, Burt JR. The composition of fish. Ministry of 

Technology, Torry Research Station. Torry research note; 

c2001. p. 38. 

14. Heuzé V, Tran G, Kaushik S. Fish meal. Feedipedia, 

FAO. http://www.feedipedia.org.node/208; c2015. 

15. Otubusin SO, Ogunleye FO, Agbebi OT. Feeding trials 

using local protein sources to replace fishmeal in pelleted 

feeds in catfish (Clarias gariepinus Burchell 1822) 

Culture. European Journal of Scientific Research. 

2009;31(1):142-147. 

16. Kirimi JG, Musalia LM, Munguti JM. effects of replacing 

fish meal with blood meal of chemical composition of 

supplement for Nile tilapia (Oreochromis niloticus). East 

African Agricultural and Forestry Journal. 2016;1:1-9:19. 

17. Aladetohun NF, Sogbesan OA. Utilization of blood meal 

as a protein ingredient from animal waste product in the 

diet of Oreochromis niloticus. International Journal of 

Fisheries and Aquaculture. 2013;5:234-237. 

18. Nogueira N, Cordeiro N, Andrade C, Aires T. Inclusion 

of low levels of blood and feather meal in practical diets 

for Gilthead Sea bream (Sparus aurata). Turkish Journal 

of Fisheries and Aquatic Sciences. 2012;12:641-650. 

19. Eyo AA, Olatunde AA. The effect of replacement of soya 

bean meal with blood meal on the growth of mudfish 

(Clarias anguillaris) fingerlings. Paper presented at the 

13th Annual Conference of the Fisheries Society of 

Nigeria (FISON). New Bussa, Nigeria, November; 

c1999. 

20. Agbebi OT, Otubusin SO, Ogunleye FO. Effect of 

different levels of substitution of fishmeal with blood 

meal in pelleted feeds on catfish Clarias gariepinus 

(Burchell, 1822) culture in net cages. European Journal 

Scientific Research. 2009;31:6-10. 

21. Adejoke AA. Bovine blood and ruminant digests in 

catfish Clarias gariepinus diet. European Journal of 

Scientific Research. 2012;83:167-172. 

22. De-Silva SS, Anderson TA. Fish nutrition in 

Aquaculture. Chapman and Hall, London, U.K, 

1195.ISBN 13:97804 1255030. 1995. p. 319. 

23. AOAC. (Association of Official Analytical Chemists. 

Official methods of analysis. 18th Edition. Association of 

Official Analytical Chemists, Washington DC; c2005. p. 

876. 

24. Madu CT, Sogbesan OA, Ibiyo LMO. some non-

https://www.fisheriesjournal.com/


 

~ 61 ~ 

International Journal of Fisheries and Aquatic Studies https://www.fisheriesjournal.com 

conventional fish feed resources in Nigeria. In: Eyo 

A.A.(Ed.), Proceeding of the Joint Fisheries Society of 

Nigeria/National Institute For Freshwater Fisheries 

Research/FAO National Special Programme For Food 

Security National workshop on Fish feed development 

and Feeding Practices in Aquaculture held at National 

Institute for Freshwater Fisheries Research, 15th -19th 

Sept. 2003. New- Bussa; c2003. p. 73-82. 

25. Chaurasia M, Panidey GC, Study of physic-chemical 

characteristics of pond water of Ayodhija-faizabad, India. 

India journal of Environmental Protection. 

2007;27(11):1019-1023. 

26. Njoku DC. Laboratory Manual for Fisheries and 

Aquaculture Practical. Martins Continental Publishers. 

Owerri, Nigeria; 2010;1:108. 

27. APHA. American Public Health Association, Standard 

Methods for the Examination of Water and Waste Water. 

American Public Health Association Washington DC, 

USA; c2005.p. 1368. 

28. Boyd CE. Water quality in Warm water fish ponds, 

Agriculture Experiment Station, Auburn, Alabama; 

c1979. p. 359. 

29. Ayanwale Av, Minnin MA, Olayemi KI. Physico-

chemical properties of selected fish ponds in Nigeria: 

Implication for Artificial fish culture. Webmed Central 

Biology Journal. 2012;3(10):975.  

30. Duncan DB. Multiple ranges and multiple F-tests. 

Biometrics. 1995;11:1-42. 

31. Ogunji JR, Summan Toor C, Schulz WK. Growth 

performance, Nutrient Utilization of Nile tilapia 

(Oreochromis niloticus) fed housefly maggot meal 

(Magmeal) diets. Turkish Journal of Fisheries and 

Aquatic Sciences. 2008;8(1):141-147. 

32. Fagbenro OA, Adeparusi EO, Fapohunda OO, Feedstuff 

and dietary substitution for farmed fish in Nigeria. In: 

Eyo AA. (Ed.), Proceeding of the Joint Fisheries Society 

of Nigeria/National Institute For Freshwater Fisheries 

Research/FAO National Special Programme For Food 

Security National workshop on Fish feed development 

and Feeding Practices in Aquaculture held at National 

Institute for Freshwater Fisheries Research, New- Bussa 

15th -19th Sept. 2008. p. 60-72. 

33. Behrevar R, Faghari-langroudi H. Effect of fishmeal 

replacement by blood meal in fingerling rainbow trout 

(Orchid mykiss) on growth and body/filler quality traits. 

AACL Biofluk. 2015;8(1):34-39. 

34. Ochang SN, Fagbenro OA, Adebayo OT. Growth 

performance, body composition, haematology and 

product quality of African catfish (Clarias gariepinus) 

fed diets with palm oil. Pakistan Journal of Nutrition. 

2007;6(5):452-459. 

35. Fountoulaki E, Alexis MN, Nengas L, Venon B. Effects 

of dietary arachidonic acid (20:4n-6) on growth, body 

composition and tissue fatty acid profile of gilthead 

bream fingerlings (Sparus aurata). Aquaculture Journal. 

2003;255:309-323, 

36. Fafioye O, Fagade SO, Adebisi AA, Jenyo-Oni, 

Omoyinmi GAK. Effects of dietary soya beans (Glycine 

max L.) on growth and body composition of Clarias 

gariepinus fingerlings. Turkish Journal of Fisheries and 

Aquatic Science. 2005;5:11-15. 

37. Condey RE. Ingestion-limited growth for aquatic 

animals: the case for Blackman kinetics. Canadian 

Journal of Fishery and Aquatic Resource. 2002;23:112-

120. 

38. Abdullahi SA, Abolude DS. some studies on the biology 

of Bayrus bayad (Digets) in Tiga Dam, Kano State, 

Nigeria. Journal of Arid- Zone Fisheries. 2001;1(1):1-11. 

39. Ochang S, Nnabuchi O. Effects of diets with moringa leaf 

meal on growth, carcass composition and haematology of 

Clarias gariepinus. International Journal of Fisheries and 

Aquatic Studies. 2015;3(2):397-401.  

40. Suzanne SN. Introduction to the chemical analysis of 

fish, (BS publishers and distributors PVT; LTD). New 

Delhi, Bangalore. Pune Cochin. Chennai (India); 

c2002.p. 142. 

41. Robinson EH, Li MH, Manning BB. How a catfish 

reaches commercial weight is key to composition. Catfish 

Journal. 200318(3);12.  

42. Boey PL, Ng WK, Lim PK. Dietary palm oil source 

affects growth performance, protein retention and tissue 

vitamin E concentration of African catfish, (Clarias 

gariepinus). Aquaculture Journal. 2003;202(1):101-112.  

43. Ehiagbonare JE, Ogunrinde YO. Physic-chemical 

analysis of fish pond water in Okada and its environs, 

Nigeria. African Journal of Biotechnology. 

2010;9(36):592-5928. 

44. Ekubo AA, Abowei JFN. Review of some water quality 

management principles in culture fisheries. Research 

Journal of Applied Sciences, Engineering and 

Technology. 2011;3(2):1342-1357. 

45. Bhatnagar A, Jana SN, Garg SK, Patra BC, Singh G, 

Barman UK. Water quality management in aquaculture, 

in: Course Manual of Summer School on development of 

sustainable aquaculture technology in fresh and saline 

waters, CCS Haryana Agricultural, Hisar (India), 2004 

203-210. 

46. Bhatnagar A, Devi P. Water quality guidelines for the 

management of pond fish culture. Intternational Journal 

Environmental Science. 2013;3(6):1980-2009.  

47. Swann LD. A fish farmer’s Guide to Understanding 

Water Quality, Aquaculture Extension Illinois, and 

Purdue University, Indiana Sea Grant Program Fact Sheet 

AS; c2007. p. 503. 

48. Solomon WGO, Olatunde AA, Matur BM. Some physic-

chemical parameters of selected fish ponds in 

Gwagwalada and Kuje Area Councils, Federal Capital, 

Territory, Nigeria. Global Advanced Research Journal of 

Aquaculture Science. 2013;2(1):017-022. 

49. Bhatnagar A, Devi P. Water quality guidelines for the 

management of pond fish culture. Intternational Journal 

Environmental Science. 2013;3(6):1980-2009.  

50. Bhatnagar A, Singh G. Culture fisheries in village ponds; 

a multi-location study in Haryana, India. Agriculture and 

Biology Journal of North America. 2010;1(5):961-968. 

51. Steel RGD, Torrie JH. Principles and Procedures of 

Statistics. A biometrical approach. 2nd edition. McGraw-

Hill, New York, USA; c1980. p. 20-90. 

52. Abdel-Tawwab M, Ali E, Abdelghany AE, Ahmad MH. 

Effects of diet supplementation on water quality, 

phytoplankton community structure and the growth of 

Nile tilapia, common carp and sliver carp, polycultured in 

fertilized earthen ponds. Journal Applied Aquaculture. 

2007;19(1):1-24. 

53. Barszczewski J, Kaca E. Water retention ponds and the 

management of pond fish culture. International Journal of 

Environmental Science. 2012;l (3):6.  

https://www.fisheriesjournal.com/

