


GROWTH PERFORMANCE OF AFRICAN MUD CATFISH Clarias gariepinus (BURCHELL, 1822) FED FISH OIL-BASED DIETS


ABSTRACT
Fish oil in appropriate variation in the diet of Clarias gariepinus has not been fully exploited. This study evaluated growth performance of Clarias gariepinus fed fish oil-based diets for 10 weeks (70 days). Four diets containing 40 % crude protein were formulated to contain 0 % fish oil (0%FO) control, 3% fish oil  (3%FO), 6 % fish oil  (6%FO) and 9 % fish oil  (9%FO) respectively. Feeding of the fish was done twice in a day at 5 % body weight. The feeding ration was adjusted bi-weekly based on the weight gain. The growth parameters, such as, total weight gain (g), mean weight gain (g), specific growth rate (%), were considered and calculated using standard methods. Data obtained were subjected to analysis of variance (ANOVA) (P<0.05) using Duncan multiple range test. The results showed that there were significant differences (P <0.05) in the growth parameters of fish fed fish oil-based diets in comparison to the 0%FO fed group. It was recorded that fish fed 3%FO had the highest (325.00±1.15g) final weight gain; followed closely by the 0%FO fed group (310.00±1.15g) and the lowest mean value (237.00±0.001g) was observed in fish fed 9%FO. Water quality parameters recorded no significant (P >0.05) differences in the treatments. The addition of fish oil in fish feed formulation as an alternative for vegetable oil at 3 % inclusion, increased the growth performance of C. gariepinus. Therefore, these findings suggested that fish oil, often considered waste during fish smoking processing, is a valuable resource in fish feed formulation due to its nutritional quality and the sustainable utilization of this product should be encouraged.
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INTRODUCTION	
Aquaculture is an important source of food, nutrition, income and livelihoods for many people around the world (Norman et al., 2019). Aquaculture had notable breakthroughs in the nineteenth and twentieth centuries and they produced relatively both affordable and high-priced species frequently consumed as a fresh product (Von Brandt and Amundson, 2024). And as the world population grows and wild fish stocks become increasingly depleted, aquaculture is expected to play a crucial role in meeting the global need for protein (Troell et al., 2023). However, the high cost of feed ingredients is one of the numerous challenges that this sector face, despite their crucial role in the world's food supply for humans and other animals (Gyan et al., 2019). The sources of components and nutritional composition levels typically influence aqua-feed pricing. Aquaculturists need to understand fish nutrition since a significant amount of the cost of producing fish for commercial use goes toward feeding the fish (Gyan et al., 2019).The necessity to create sufficient but reasonably priced feed formulations from some easily accessible ingredients becomes imperative. Therefore, a variety of useful diets have been developed for African catfish utilizing a variety of unconventional feed ingredients (Aliu et al., 2016).
In Nigeria, the predominant fish species raised for food is the African mud catfish (Clarias gariepinus), because of its capacity to withstand a wide range of environmental conditions, high stocking densities under culture conditions, rapid growth rate, resistance to disease, acceptability of artificial feed, high fecundity, high quality and taste of meat, ease of artificial breeding and high market value (Eyo et al., 2014). Fish oil, is a primary lipid used in fish feed. It is high in fatty acids that are not common in some plant and animal based oils. Fatty acids in fish oil include polyunsaturated fatty acids such as Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA). They are commonly considered to be highly desirable for use in aquaculture and in human nutrition (Aliu et al., 2016). Studies indicates that vegetable oils are good alternative lipid source for fish feed but the global demand for vegetable oil being competed industrially in the manufacturing of soap and other industrial purposes has made them to lose their future competency in the aquaculture industry. Based on this, there is need to look for an alternative that is economically friendly from a product that is considered as a waste during fish smoking processing. Adding different oils to fish diets has been studied by several authors (Marques et al., 2022; Zhang et al., 2023), but the inclusion of fish oil in appropriate variation in the diet of Clarias gariepinus has not been fully exploited. Therefore, this study investigated the effect of varied fish oil-based feeds on the growth performance of African mud catfish (Clarias gariepinus).

MATERIALS AND METHODS
Experimental site/Study location
[bookmark: _TOC_250015]This research was conducted in the Hatchery Unit of the Department of Animal and Environmental Biology, Faculty of Science, Adekunle Ajasin University, Akungba-Akoko, Ondo State, Nigeria (Latitude 7’28’ north and Longitude 5’44’ east of the Equator) in 12 rectangular plastic tanks (49 cm x33.5 cm x33.5 cm) for a period of 70 days between June, and August, 2024. Each tank has a water holding capacity of 50 litres, but water was maintained at 35litres level throughout the study.

Source of fish oil collection and extraction
A total of 25kg of matured catfish were used for the oil extraction. The matured catfish were raised in an earthen pond with commercial feeds in a reputable fish farm (Ode’s Bam farm), Ayegunle Oka-Akoko, Ondo State, Nigeria). The fishes were dissected and the fat deposits were carefully removed and separated from other visceral after the dissection. The fats deposites were washed thoroughly to remove blood strains. And was put in a beaker, then melted (cooked) using a conventional method with the aid of a heating mantle (model: Electrotherma Cat EM1000/CE MK5) at 400C for 25 minutes. The shafts were pressed; separated and the oil was decanted according to the method reported by Ibrahim and Onwualu, (2005). The extracted oil (decanted oil) was allowed to cool and then put in a sterile bottle prior to use. 

Experimental animal
One hundred and eighty (180) pieces of Clarias gariepinus fingerlings were obtained from the fish hatchery unit of the Department of Animal and Environmental Biology, Faculty of Science, Adekunle Ajasin University, Akungba-Akoko, Ondo State, Nigeria. The average weight of each fish before the experiment was 4.80g and total length 8.80cm.

Experimental diets
Four different diets to include fish oil at 0%, 3%, 6% and 9% respectively were prepared using the following feed ingredients: Fish meal, Soya bean, Groundnut cake, Yellow maize, Rice bran, Bone meals, Vitamin and Mineral premix, Salt, Starch, and fish oil. All the four compounded diets were prepared at 40% Crude Protein (CP) level.

Experimental procedure
180 pieces of Clarias gariepinus fingerlings of known total length and weight were acclimatized for 21days and fed with commercial diet at 5% body weight twice daily. The fish were starved for 24hours in order to empty their stomach and prepare their appetite for the new formulated diets. The rectangular plastic tanks were washed twice in a week to remove uneaten food and faecal matter was also removed with a hose everyday according to Adewole and Awosusi, (2015). Subsequently, total weight and standard length measurement were taken bi-weekly and the ration feed was adjusted according to the fish new weight gain. At the end of the study period, the fish were caught individually with hand net and weighed using weighing balance (model EK5350) and the total length was taken. The growth parameters were measured using the standard methods of Fasakin, et al., (2001) and Tiamiyu, et al., (2013). The fish Condition Factor (K) was calculated according to the method of Anderson et al., (1998).Water quality parameters were measured during each sampling. Temperature and Dissolved Oxygen was measured using compact Dissolved Oxygen meter (TAIWAN REV. 10/5/14-01, EXTECT INSTRUMENTS DO210), and the water pH was measured with the aid of a pen type pH meter (model: PH-009IA).

Statistical analysis
Data obtained were subjected to one-way analysis of variance (ANOVA) followed by Duncan's Multiple Range Test for the means at a significance level (P = 0.05) using SPSS version 2020. The results were presented as mean ± SE (standard error).



Table 1: Percentage composition of experimental diets.
	Ingredients
	Fish Oil (0%FO)
0% Control
	Fish Oil (3%FO)
3%
	Fish Oil (6% FO)
6%
	Fish Oil (9% FO)
9%

	Fish meal
	29.66
	29.66
	29.66
	29.66

	Soya bean
	19.16
	19.16
	19.16
	19.16

	GNC
	18.23
	18.23
	18.23
	18.23

	Yellow maize
	12.37
	15.37
	12.37
	9.37

	Rice bran
	9.46
	9.46
	9.46
	9.46

	Vegetable oil
	6.00
	-
	-
	-

	Fish Oil
	0.00	
	3.00
	6.00
	9.00

	Vit/Min Premix
	1.50
	1.50
	1.50
	1.50

	Starch
	2.12
	2.12
	2.12
	2.12

	Salt
	0.50
	0.50
	0.50
	0.50

	Bone Meal
	1.00
	1.00
	1.00
	1.00

	Total
	100
	100
	100
	100





























RESULTS
The growth parameters of Clarias gariepinus fed with varied fish oil-based diets showed that there were significant (P<0.05) differences in the growth parameters of the fish fed the experimental diets (Table 2). It was indicated that the initial weight and length of the experimental fish were the same in all the treatments. However, the final weight gain was significantly (p<0.05) different in all the experimental fed diets; 0% fish oil (0%FO) control, 3% fish oil (3%FO), 6% fish oil (6%FO) and 9% fish oil (9%FO) respectively, The final mean weight gain was highest (325g) in the fish fed 3%FO and lowest (237g) observed in 9%FO fed group. The initial mean standard and total length showed no significant (p>0.05) difference when the experimental diets were compared with the control (0% FO). The final mean standard and total lengths were significantly (p<0.05) different in all the experimental fed diets except in 3%FO and 6%FO in the final total length where no significant (p>0.05) difference was recorded. The highest (253g) total mean weight gain was recorded in the 3% FO fed group while the lowest (165g) value was observed in 9%FO. The mean daily weight gain recorded no significant (p>0.05) difference in the experimental diets. However, while the specific growth rate of the fish fed 0% FO, 3% FO, and 6% FO fed groups recorded no significant (p>0.05) difference, the 9% FO fed group was statistically (p<0.05) different from the other treatments. The highest (3.87%) feed conversion ratio was found in 9% FO while the lowest value (2.52%) was recorded from 3%FO fed group. There was no significant (p>0.05) difference between the survival rate of 3% FO and 6% FO fed groups. However, the lowest (73.33%) survival rate was observed in 9% FO fed group. The condition factor recorded showed no significant (p>0.05) difference in the experimental diets.    
The physico-chemical parameters of water for the C. gariepinus fed the oil-based diets showed no significant (p>0.05) difference for the Dissolved Oxygen, Temperature and pH respectively in all the experimental treatments (Table 3). The highest (8.07g/mL) Dissolved Oxygen was obtained from 3% FO and 6% FO fed groups and the lowest (7.93g/mL) value was recorded from 9%FO fed group. The Temperature had the highest (25.670C) value observed in 9% FO fed diet and the lowest (24.770C) value recorded in the fish fed 0% FO. The highest (8.10g/mL) pH was from fish fed 0% FO and 9% FO diets, while the lowest (8.03g/mL) value was found in 3% FO and 6% FO fed diets respectively. 





















Table 2: Growth performance of Clarias gariepinus fed with fish oil-based diets
	Growth parameter
	Fish Oil (0% FO)
0% (control)
	Fish Oil (3% FO)
3%
	Fish Oil (6% FO)
6%
	Fish Oil (9% FO)
9%
	P value

	Initial weight (cm)
	72.00±1.00a
	72.00±0.58a
	72.00±2.31a
	72.00±1.00a
	1.000

	Final weight (g)
	310.00±1.18c
	325.00±1.15d
	294.00±1.15b
	237.00±0.001a
	0.000

	Initial standard length (cm)
	7.77±0.08a
	7.77±0.08a
	7.77±0.14a
	7.78±0.17a
	0.839

	Final standard length (cm)
	15.98±0.08d
	14.30±1.78a
	15.06±0.23b
	15.49±0.40c
	0.000

	Initial total length (cm)
	8.80±1.15a
	8.79±1.53a
	8.80±1.15a
	8.82±1.46a
	0.998

	Final total length (cm)
	17.31± 0.12b
	16.14±0.12a
	16.67±0.15a
	16.85±0.06c
	0.000

	Total weight gain (g)
	238.00±2.52c
	253.00±1.15d
	222.00±1.53b
	165.00±0.18a
	0.000

	Mean weight gain (g)
	19.83±0.12b
	19.46±0.12b
	15.86±0.12ab
	15.00±0.10a
	0.016

	Mean daily weight gain (g)
	0.28±0.06a
	0.27±1.85a
	0.23±0.15a
	0.21±0.05a
	0.573

	Weekly weight gain (g)
	1.98±0.12b
	1.94±0.12b
	1.59±0.12ab
	1.50±0.10a
	0.016

	Specific growth rate (%)
	0.91±1.15b
	   0.94±1.15b
	0.87±1.73b
	0.74±0.57a
	0.000

	Feed conversion ratio (%)
	2.68±0.11b
	2.52±0.11a
	2.88±0.11c
	3.87±0.10d
	0.000

	Number of stocked fish 
	15.00±0.00a
	15.00±0.00a
	15.00±0.00a
	15.00±0.00a
	-

	Number of survived fish 
	12.00±0.00a
	13.00±0.00a
	14.00±0.00a
	11.00±0.00a
	-

	Survival rate (%)
	80.00±0.11ab
	86.67±0.05bc
	93.33±0.05c
	73.33±0.05a
	0.007

	Condition factor (K)
	0.10±0.00a
	0.10±00a
	0.10±0.00a
	0.10±0.00a
	0.000


Values are given in mean ± standard error of three replicates. Figures in the same row having the same superscript are not significantly different (P>0.05).









Table 3: Physico-chemical water parameters of Clarias gariepinus fed with fish oil-based diets
	Water parameters
	Fish Oil (FO)
0%
	Fish Oil (FO1)
3%
	Fish Oil (FO2)
6%
	Fish Oil (FO3)
9%
	P value

	Dissolved Oxygen(mg/L)
	7.97±0.07a
	8.07±0.08a
	8.07±0.08a
	7.93±0.03a
	0.181

	Temperature (oc)
	24.77±0.24a
	25.23±0.42a
	25.07±0.09a
	25.67±0.38a
	0.488

	pH
	8.10±0.10a
	8.03±0.03a
	8.03±0.03a
	8.10±0.06a
	0.596


Values are given in mean ± standard error of three replicates. Figuress in the same row having the same superscript are not significantly different (P>0.05)

DISCUSSION
The result of this study as observed indicated that the fish fed 3%FO group had the highest value recorded. The highest value recorded for 3%FO might have been due to the fact that fish oil has a good profile of fatty acids and that little quantity is needed to be consumed by fish to enhance their growth performance. This observation is in agreement with the study of El-Husseiny et al., (2013) on lipid and protein utilization by gilthead sea bream (Sparus aurata L.). In addition, Peng et al., (2008) studied the effect of replacing dietary fish oil with soybean oil for black sea bream (Acanthopagrus schlegeli) and achieved higher growth rate with fish oil diets. The lowest value recorded for FCR in 3%FO might be due to the ability of the fish in the group to utilize the feed given to them completely as compared to other groups. This result was in conformity with the submission of Omeru and Solomon, (2016) who stated that the higher the SGR, the lower the FCR value, the better the feed quality. Similarly, the result of this study agrees with the observation of Daet (2019) who reported that the lower the FCR, the better the feed utilization by the fish. Furthermore, the values of feed conversion ratio in this study and in all the experimental feed were above the value one (1.00). This is a demonstration of higher feed quality in terms of the amino acids (Uchechukwu et al., 2017). DeSilva and Anderson (1995); Zehra, and Khan, (2012); Ahmed and Maqbool, (2017) reported that protein efficiency ratio is a measurement of how well the protein sources in a diet could provide the essential amino acids requirement of the fish fed. However, the lowest survival rate recorded in 9%FO (73.33±0.05) may be attributed to the large quantity inclusion level (9%FO3) of the fish oil in the diet that interfere with the dissolve oxygen level (7.93±0.03a) during the feeding trial which resulted into their mortality. The physico-chemical parameters of water in this study of which were within the optimum range (temperature of 23-32oC, dissolve oxygen of ≥5mg/l, pH of 6-9,) suggested by Momoh and Solomon (2017) may have contributed to the growth rate and survival percentages in all the treatments.

CONCLUSION
Fish waste (fish oil and visceral) especially from large scale industry during fish smoking process can be utilized in the aquaculture industry. It has been demonstrated in this study that the addition of fish oil in feed formulation as an alternative for other oils like commercial oil (which is currently being competed for industrially in the making of soap and other industrial purposes) at 3 % inclusion, increased the growth performance of C. gariepinus. It is therefore recommended that 3 % FO inclusion in diet of fish is optimal for C. gariepinus without necessarily compromising growth rate. Experiment with the same feed formulations under natural earthen pond condition is recommended for future study to elucidate the growth performance under natural environment. 
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