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EFFECTS OF DIETARY OLEA EUROPAEA OIL SUPPLEMENTATION ON GROWTH PERFORMANCE AND HAEMATOLOGICAL INDICES OF CLARIAS GARIEPINUS
 
Abstract 
This study assessed the impacts of Olea europaea oil on the growth performance and haematological parameters of juvenile Clarias gariepinus. One hundred and fifty juveniles were divided into five dietary groups: commercial diet, 0g/kg, 10g/kg, 20g/kg, and 30g/kg of olive oil respectively, (representing LP-1 to LP-5). The Fish were fed the experimental diets for 56 days under controlled conditions. The result indicated that there are significant differences (P < 0.05) among treatments with respect to final weight, mean weight gain, percentage weight gain, specific growth rate, survival rate, and feed conversion ratio. The control group (LP-1) showed the highest growth performance (102±8.62g), while LP-2 (0g/kg olive oil) recorded the lowest values in most parameters. Haematological analysis revealed higher white blood cell counts in LP-2, with mean corpuscular volume and mean corpuscular haemoglobin increasing alongside increase in the olive oil levels, whereas red blood cell counts, haemoglobin, and packed cell volume showed fluctuating patterns. The highest red blood cell count (4.98±0.29×10⁹/L) occurred in LP-1 (control), while the lowest (2.23±0.29×10⁹/L) was in LP-2 (0g/kg olive oil). The highest PCV (25.53±5.78%) was recorded in the group fed 20g/kg olive oil, with the lowest (21.80±6.49%) also recorded in LP-2. Comprehensively, data obtained demonstrate that dietary supplementation of olive oil has effects on growth performance and haematological traits of C. gariepinus with moderate levels of inclusion exhibiting positive physiological outcomes. Olive oil can thus be promising source of natural lipids in aquafeeds and alternative to synthetic growth promoters in aquaculture nutrition.
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Introduction
African catfish (Clarias gariepinus) is among the most significant aquaculture species in an aquarium environment across the world and the African continent because of its high fecundity, fast reproduction rate, and tolerance to varied environmental factors as well as its willingness to feed on a variety of feeds (Bawa, 2024). The species is massively cultivated in Africa, Nigeria notably, where it offers major food security, job opportunities, and income to small and big scale fish farmers (Imade, & Odum, 2024). Its adaptation to low quality of water, high stock density, and diseases make it an ideal species to use in intensive aquaculture systems (Dawood et al., 2022). Nonetheless, sustainability and profitability of C. gariepinus production is highly contingent on the best nutrition and the effective utilization of feeds, which directly corroborate growth performance, health condition, and production efficiency (Tacon & Metian, 2015). Since aquaculture is rapidly growing to keep up with the growing animal protein demand throughout the world, the enhancement of feed quality and nutritional profiles has become a key concern in fish production systems (Liu et al., 2024). In aquaculture, the feed is the highest cost of operation, and it consumes a significant percentage of the cost of production (Food and Agriculture Organization, 2022). Thus, it is critical to create nutritionally balanced and economical nutrition that improves growth performance and sustains fish health with minimum environmental pollution (Naylor et al., 2021). The contemporary focus of aquaculture nutrition lays on the use of functional feeds that supplement the growth aspect in addition to enhancing physiological activities, immune, and resistance to stress and diseases (Onomu & Okuthe, 2024).
Dietary lipids are important to fish nutrition as a significant source of concentrated energy and essential fatty acids needed to support optimal physiological functions (Carr et al., 2023). Lipids also contain energy that is roughly twice as much as a protein and carbohydrate and hence spares dietary protein to be used in growth instead of energy metabolism (Khadim et al., 2025). The essential fatty acids in fish contribute to the preservation of cell membrane structure, metabolic functions, to reproductive performance, and immune activity (Carr et al., 2023). Also, palatability of the feeds is affected by dietary lipids, nutrient uptake and general effectiveness in growth. Lipid sources that are added to fish diets have a pronounced impact on fish health, body composition, and metabolic performance and the choice of lipid sources is a critical aspect in the development of aquaculture feed application (Liu et al., 2025). Plant-based sources of lipids have received growing consideration in aquaculture in the recent years because of the availability, cost-effectiveness and health benefits. Olive oil has become one of the most promising dietary supplements due to its high concentration of monounsaturated fatty acids and especially oleic acid, and the presence of bioactive compounds, including polyphenols and antioxidants (Hazreen-Nita et al., 2022). These bioactive molecules have been reported to have anti-inflammatory, antimicrobial, and antioxidant effects that can be used to boost fish growth, physiological performance, and withstand oxidative stress (Assar et al., 2023). The use of olive-based products in aquafeeds has thus been considered as a viable functional nutritional approach to enhance the health and productivity of fish (Zancan et al. 2025; Balbuena-Pecino et al., 2022). Past research has shown the positive influence of olive based supplements in aquaculture diets. According to Ispir et al. (2024), olive leaf extract diet supplemented with rainbow trout (Oncorhynchus mykiss) enhanced growth rate, hematological characteristics, and tolerance to Yersinia ruckeri, which serves as evidence that olive leaf extract can be used as a functional dietary additive. Likewise, as found by Zemheri-Navruz et al. (2019), the juvenile common carp (Cyprinus carpio) supplemented with olive leaf extract exhibited superior hematological outcomes, such as elevated levels of red blood cells, hemoglobin, and other values indicating the health of the blood. These results indicate that compounds of olive origin could have beneficial impacts on the physiology of fishes by enhancing nutrient exploitation, boosting immune capacity, and enhancing general health.
Although promising outcomes have been observed in other fish species, little information is available on the impact of olive oil supplementation especially on Clarias gariepinus. Considering the economic value of this species and the increased demand in the use of functional dietary lipid feeds, which can stimulate growth and physiological efficacy, there is a need to explore the possible advantages of olive oil as a diet lipid source in African catfish farming. Knowing its impacts on growth performance and hematological reactions could be a good clue in enhancing feed efficiency, improving fish health, as well as enhancing sustainable aquaculture practice. Thus, the purpose of the study is to determine the impacts of olive oil supplementation on the growth and hematological responses of Clarias gariepinus.
Materials and Methods
Acquisition of Experimental Fish
A total of 100 Clarias gariepinus juveniles (Jimoh et al., 2024) of approximately equal body weight (10.22g to 11.78g) were obtained from Labana farm Aleiro, Kebbi state. The juveniles were transported to Federal University of Agriculture Zuru in an open ventilated 25 litres container filled with water. The juveniles were acclimatized for two weeks to allow them to recover from all forms of stress, adapt to their new environment, and ensure that there was no infection from the source (Obaroh & Achionye-N, 2011; Odioko et al., 2016).
Sources of Feed Ingredients
Feed ingredients used in formulating the diets include fish meal (Danish), soy beans, groundnut cake (protein source), maize and wheat bran (energy source), vitamin premix, lysine, methionine and salt (gari as a binder). Olive oil was used as a lipid source. All the ingredients were purchased at Agro-tech Sokoto except olive oil which was purchased at herbal chemist Zuru and was milled into a fine mixture.
Preparation of Experimental Diets
Basal diets of 40% crude protein (Pearson squire method) were prepared using the above ingredients. LP-2 without olive oil, 10g/kg (LP-3), 20g/kg (LP-4) and 30g/kg (LP-5) were added. The appropriate quantities of ingredients in each diet was weighed and mixed thoroughly using a cleaned and washed pounding stick. Each diet was further mixed with warm water. The mixed dough was pelletized using a hand pelletizer with 2mm diameter size. The palliated feeds were sundried and stored until the commencement of the feeding trial
Table 1: Composition of the Experimental Diet (g/kg)
	Ingredients
	0g/kg O. Oil
	10g/kg O. Oil
	20g/kg O. Oil
	30g/kg O. Oil

	Fish Meal
	287
	287
	287
	287

	Soybean meal 
	287
	287
	287
	287

	Groundnut
	191
	191
	191
	191

	Maize
	105
	100
	95
	90

	Wheat bran
	105
	100
	95
	90

	Olive oil
	0
	10
	20
	30

	Premix 
	5
	5
	5
	5

	Methionine 
	5
	5
	5
	5

	Lysine 
	5
	5
	5
	5

	Salt 
	10
	10
	10
	10

	Total
	1000g
	1000g
	1000g
	1000g


Key: O.= Olive
Experimental Design
Out of one hundred and sixty (160) juveniles acclimatized, one hundred and fifty (150) juveniles of C. gariepinus were stocked into fifteen (15) plastic bowls of 60 litres each (10 juveniles per bowl). The experiment consisted of five treatments with three replicates per treatment. Treatment 1: the control fed with a commercial diet (LP-1), treatment 2: fed a diet without olive oil (LP-2), treatment 3: with 10g/kg of olive oil (LP-3), treatment 4: with 20g/kg of olive oil (LP-4) and treatment 5: with 30g/kg for eight (8) weeks. Experimental fish were fed twice daily at 9:00am and 5:00pm as described by Obaroh & Nzeh (2013);Omitoyin (2010). The water in the bowls was changed regularly to maintain water quality and ensure the well-being of the fish (Okomoda, 2016).
Determination of Growth Performance
The body weights were recorded on weekly basis by weighing some of the fish in each of the five (5) experimental groups. Fish were randomly selected and placed on a field weighing balance. Weights were taken in triplicate. The growth performance parameters were calculated using the formulas described by Rahman & Arifuzzaman (2021).
	Weight Gained   Mean weight gain (g) = Final mean weight – Initial mean weight (g)
	Percentage Weight Gained
		PWG = Final weight – Initial mean weight × 100
				Initial body weight
Specific Growth Rate (SGR)
		SGR (%day−1) = ln (W2​) − ln (W1​)​×100
					t


Feed conversion Ratio (FCR)
	FCR = feed fed (g)
		Weight gain (g)
Fish Survival Rate
		SR (%) = (Final number of fish / Initial number of fish) ×100
Haematological Analysis
Blood Sample Collection
At the conclusion of the experiment, three fish from each treatment group were randomly selected and blood was collected using 2 ml disposable syringes via cardiac puncture. The needle was inserted at a right angle to the vertebral column, and blood was gently drawn and immediately transferred into tubes containing anticoagulant. Samples were gently mixed to prevent clotting—this procedure follows the cardiac puncture method described by Muhammed et al. (2019) for teleost fish.
Determination of packed cell volume (PCV)
Determination of packed cell volume (PCV) was performed using the microhematocrit centrifuge technique: blood was loaded into approximately two-thirds of heparinized capillary tubes, one end was sealed by flame, and samples were centrifuged at around 12,000 rpm for about 5 minutes. The packed red cell volume was then quantified using a microhematocrit reader, following the protocol described by Witeska et al. (2022).
Determination of hemoglobin (Hb)
The hemoglobin (Hb) concentration was determined using the cyanmethemoglobin method as described by Enyidi & Asuquo (2024). A 0.02 ml volume of blood was added to 5 ml of Drabkin’s reagent, thoroughly mixed, and left to stand for 10 minutes at room temperature to allow the formation of cyanmethemoglobin. The mixture was then transferred to a cuvette and analyzed spectrophotometrically at a wavelength of 540 nm. The absorbance values were used to calculate Hb concentration in g/dl using standard hematology procedures. 
Determination of white (WBC) and red blood cells (RBC)
White blood cell (WBC) and red blood cell (RBC) counts were performed using the Neubauer hemocytometer after diluting blood samples with Hayem’s solution; WBCs were counted in the corner squares, and RBCs in the central squares following the protocol outlined by Bojarski et al. (2022).
Mean Corpuscular Hemoglobin (MCH) 
The mean corpuscular hemoglobin (MCH) is the average amount of hemoglobin present in a single red blood cell, calculated by dividing the total hemoglobin by the total number of red blood cells. It is determined by collecting a blood sample and analyzing it using an automated hematology analyzer, which measures both the hemoglobin concentration and the total number of red blood cells in the sample. The analyzer then automatically calculates the MCH value using the formula: MCH = Total Hemoglobin (g) / Total Red Blood Cells (millions) (Liess, 2025).

Mean Corpuscular Volume (MCV)
The MCV refers to the average volume of a single red blood cell. It is calculated by dividing the total volume of packed red blood cells (PCV) by the total number of red blood cells. To determine MCV, a blood sample is collected and processed using an automated hematology analyzer. The analyzer measures the PCV using the micro-hematocrit centrifuge method and counts the total number of red blood cells. The MCV value is then calculated automatically by the analyzer using the formula: MCV = PCV (%) / Total Red Blood Cells (millions) (Liess, 2025).
Data Analysis
The data were presented in mean and standard deviation of three replications per treatment. One way ANOVA was used to compare the differences between treatments and Duncan Multiple Range test in SPSS software was used to separate significant means at p < 0.05.
Results
Growth Parameters of the Experimental Fish
The growth parameter is presented in Table 2. The highest mean weight gained (91.08±0.29g) was observed in LP-1 (Control), while the least (37.35±0.29g) was in LP-2. The highest percentage weight gain (798.87±0.29%) was observed in LP-1, while the least (327.08±0.29%) was in LP-5. The highest specific growth rate (1.52±0.13% day⁻¹) was observed in LP-1, while the least (0.62±0.29% day⁻¹) was in LP-2. The highest fish survival rate (81.08±0.29) was observed in LP-1, while the least (32.12±0.29) was in LP-3. The highest food conversion ratio (6.86±0.29) was obtained in LP-5, while the least (3.16±0.29) was in LP-1. The result showed no significant difference P > 0.05 on the Initial weight between the control and other treatment groups. However, the results showed significant differences (P<0.05) on Final Weight, Mean Final Weight Gain, Percentage Weight Gain, Specific Growth Rate, Survival Rate and Food Conversion Ratio across all the groups.
Table 2: Growth Parameters of the Experimental Fish
	Parameters 
	LP-1
	LP-2
	LP-3
	LP-4
	LP-5

	IW (g)
FW (g)
MWG (g)
	11.42±0.37a
102.67±8.62e
91.08±0.29e
	10.48±1.06a
48.00±19.08a
37.35±0.29a
	10.83±1.09a
63.00±15.09c
52.00±0.29c
	10.22±0.98a
81.00±8.54d
70.61±0.29d
	11.78±2.28a
50.33±5.51b
38.38±0.29b

	PWG (%)
	798.87±0.29e
	358.02±0.50b
	481.39±0.29c
	692.39±0.29d
	327.08±0.29a

		SGR (% day⁻¹)



	



	1.52±0.13e
	0.62±0.29a
	0.87±0.29c
	1.18±0.29d
	0.64±0.29b

	SR
	81.08±0.29e
	62.33±0.29c
	35.12±0.29a
	64.54±0.29d
	46.89±0.29b

	FCR
	3.16±0.29a
	6.38±0.28c
	4.99±0.29b
	3.62±0.29a
	6.86±0.29c


n=3, values were expressed as mean ± standard deviation. Value with different superscript along the column shows significant difference at P<0.05. Key: IW= Initial Weight, FW= Final Weight, MWG= Mean Weight Gain, PWG= Percentage Weight Gain, SGR= Specific Growth Rate, SR= Survival Rate, FCR= Food Conversion Ratio, LP-1= fish fed with commercial diet, LP-2= fish fed diet without Olive oil, LP-3= fish fed diet with 10g/kg Olive oil, LP-4= fish fed diet with 20g/kg Olive oil, LP-5= fish fed diet with 30g/kg Olive oil.
Haematological Indices of the Experimental Fish
The haematological indices of the experimental fish are presented in Table 3. The highest white blood cell (6.13±2.32x109/L) was observed in LP-2, while the least (4.49±0.57x109/L) was observed in LP-3. The highest red blood cell (4.98±0.29x109/L) was observed in LP-1, while the least (2.23±0.29x109/L) was in LP-2. The highest Haemoglobin (6.90±1.65g/dL) was observed in LP-3, while the least (4.80±1.35g/dL) was in LP-2. The highest packed cell volume (25.35±5.78%) was observed in LP-4, while the least (21.80±6.49%) was in LP-2. The highest mean corpuscular volume (77.90±0.50fL) was observed in LP-5, while the least (73.30±4.65fL) was observed in LP-3.The highest mean corpuscular haemoglobin (28.23±0.96Pg) was observed in LP-5, while the least (23.27±1.56Pg) was observed in LP-1. The results showed no significant differences (P>0.05) on the white blood cell counts, packed cell volume and mean corpuscular volume between the control and other groups. There was significant difference (P<0.05) on the results of red blood cell counts among the groups. There was significant difference (P<0.05) on the result of Haemoglobin between the LP-4 and other treatment groups. However, the results showed significant differences (P<0.05) on mean corpuscular haemoglobin between groups fed with commercial diet and fish fed a diet without olive oil and the other groups fed diets with different olive oil concentrations.





Table 3: Haematological Indices of the Experimental Fish
	Parameters
	LP-1
	LP-2
	LP-3
	LP-4
	LP-5

	WBC(x109/L)
	4.90±0.10
	6.13±2.32
	4.49±0.57
	4.77±0.21
	4.80±0.46

	RBC(x109/L)
	4.98±0.29c
	2.23±0.29a
	4.57±0.29c
	4.74±0.87c
	3.43±0.29b

	Hb (g/dL)
	5.47±0.78a
	4.80±1.35a
	6.90±1.65a
	5.50±1.02b
	5.47±0.71a

	PCV (%)
	22.27±3.04
	21.80±6.49
	24.50±3.06
	25.53±5.78
	23.83±04.98

	MCV (fL)
MCH (Pg)
	74.60±0.50
23.27±1.56a
	75.60±1.11
23.63±0.90a
	73.30±4.65
26.30±0.90b
	76.30±6.42
27.23±1.06b
	77.90±0.50
28.23±0.96b


n=3, values were expressed as mean ± standard deviation. Value with different superscript along the column shows significant difference at P<0.05. Key: WBC= White Blood Cell, RBC= Red Blood Cell, Hb= Haemoglobin, PCV= Packed Cell Volume, MCV= Mean Corpuscular Volume, MCH= Mean Corpuscular Haemoglobin, LP-1= fish fed with commercial diet, LP-2= fish fed diet without Olive oil, LP-3= fish fed diet with 10g/kg Olive oil, LP-4= fish fed diet with 20g/kg Olive oil, LP-5= fish fed diet with 30g/kg Olive oil.
Discussion
This study revealed significant variation on the growth parameters among the fish fed with varying concentrations of olive oil (LP-1 to LP-5). Initial weight (IW) and final weight (FW) were relatively consistent across the groups, with only slight differences observed. However, mean weight gain (MWG) and percentage weight gain (PWG) demonstrate notable differences across the groups. Fish fed with commercial diets (LP-1) displayed significantly higher MWG and PWG compared to those on olive oil supplemented diets (LP-2 to LP5) (P < 0.05). Similar findings were also reported by Lima et al. (2023), who compared a commercial diet with diets supplemented with different levels of Soybean oil in Nile tilapia (Oreochromis niloticus). However, the current study demonstrated a positive correlation between the concentration of olive oil in the diet and several growth parameters, indicating increased in mean weight gain (MWG), percentage weight gain and specific growth rate (SGR) with higher level of olive oil in the diet as identified in LP-3, LP-4 and LP-5 than in the LP-2 (fish fed diet without olive oil). This finding showed consistency with the finding by Sáez-Royuela et al. (2022) who documented a significant improvement in growth performance and whole-body composition in juvenile tench (tinca tinca) when fish oil was replaced with a blend of vegetable oils. Additionally, Dernekbaşı et al. (2021) found that replacing fish oil with vegetable oils in rainbow trout (Oncorhynchus mykiss) diets led to enhanced growth performance, nutritional quality and fatty acids profiles. Survival rate (SR) and feed conversion ratio (FCR) displayed significant variations across the dietary groups. Fish fed with the commercial diets (LP-1) exhibited the higher survival rate, while the group fed with 20g/kg (LP-3) and the group fed with 30g/kg (LP-5) of olive oil showed the lowest SR and higher FCR (P < 0.05). This indicates that adding moderate olive oil in the diets (as in LP-4) may not have much substantial effect on survival rate of C. gariepinus. This finding is corroborates the report of Dernekbaşı et al. (2021), who reported no substantial effects on survival rate when replacing fish oil with alternative oils in aquaculture diets. The significant variation in the survival rate of LP-3 and LP-5 may be as a result of cannibalism.
The haematological indices noted in this study give support to the physiological effect of olive oil supplementation in Clarias gariepinus. White blood cell (WBC) counts was much higher in the non- LP-2, indicating potential immune stress, while the addition of olive oil (LP-3 to LP-5) was stabilizing the WBC count as in the commercial diet (LP-1) group. This is consistent with the observations of Karimi & Namazikho (2022), who found that the partial substitution of fish oil by plant-based oils enhanced immune related hematological parameters of African catfish. Red blood cell (RBC) counts were highest in the commercial diet and moderate olive oil groups, while LP-2 recorded the lowest, indicating that olive oil at moderate levels may enhance erythropoiesis, consistent with findings by Alami et al. (2024) in rainbow trout. The hemoglobin (Hb) and packed cell volume (PCV) were significantly higher in fish nourished with moderate amounts of olive oil, which is assumed to have increased oxygen demands; this finding is validated by İspir et al. (2024) who reported high indexes of increased hemoglobin and hematocrit in fish fed with diets containing olive leaf extract. Also, the mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) were more likely to increase with the addition of olive oil, indicating a positive impact on red cell size and hemoglobin, which is consistent with Sokooti et al. (2021) who showed that olive-derived supplements positively affected hematological indices in common carp.
Conclusion
The present study has shown that dietary supplementation with the Olea europaea (olive) oil affects the haematological condition and the growth performance of juvenile Clarias gariepinus. It was observed that fish fed the commercial diet had the best growth performance, but that the addition of olive oil in the formulated diets led to increased growth indices and blood parameters relative to the basal diet without olive oil. Specifically, moderate levels of inclusion, 20g/kg in particular, demonstrated better relative feed utilization, survival, and positive haematological responses including increased red blood cell count, haemoglobin level, and packed cell volume that are indicators of good physiological status in fish. This might be as a result of monounsaturated fatty acids and other bioactive compounds in olive oil such as oleic acid and other natural antioxidants which can increase metabolic efficiency, decrease oxidative stress and improve immune activity. Accordingly, olive oil may be regarded as a positive natural lipid supplement in aquafeeds and potentially a sustainable substitute of synthetic growth promoters in aquaculture nutrition.
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