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PARTIAL AND TOTAL REPLACEMENT OF SOYA BEAN MEAL WITH Rhynchophorus phoenicis (AFRICAN PALM WEEVIL) LARVAE MEAL IN THE DIET OF Oreochromis niloticus


ABSTRACT
Growth efficiency of fingerlings of Oreochromis niloticus fed different replacement levels of soybean meal with larvae of African palm weevil Rhynchophorus phoenicis (RP) meal was assessed in the present study. Oreochromis niloticus of the initial weight of 6.0 ± 0.05g was evaluated over 74 days. Five different inclusion levels of Rhynchophorus phoenicis meal RP1 – RP5 were combined to formulate five experimental diets: 0% (control), 25%, 50%, 75%, and 100%, where RP1 is the control. All diets were iso-nitrogenous, and there were three replicates of each treatment.
At the end of the feeding trials and statistical analyses, it was concluded that O. niloticus fed with 100 % inclusion of RP performed best in the growth indices. They consumed the most feed, gained the most weight, and had the best feed conversion ratio. The blood parameters of O. niloticus were not adversely affected by the addition of RP to their diet. Red blood cells increased as the RP meal increased, indicating that the RP meal had no detrimental effects on red blood cells, while white blood cells decreased as the RP meal increased, which might be due to experimental stress. In the carcass composition, crude protein was highest in the fish fed with 100% inclusion of RP meal. It was also concluded that there was no adverse effect on the culture media and water parameters when O. niloticus was fed an RP meal. Therefore, the present study suggests that Rhynchophorus phoenicis meal may serve as a 100% substitute for soybean meal in the diet of O. niloticus fingerlings to increase the growth performance.
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1. INTRODUCTION
Nowadays, tilapias are referred to as "aquatic chicken" because of their low trophic level feeding, quick growth rates, ability to adapt to a variety of environmental conditions, and ability to develop and reproduce in captivity, because of this, tilapia is a great aquaculture species, particularly in tropical and subtropical climates (El-sayed, 2006). The Nile tilapia (Oreochromis niloticus), a freshwater cichlid, is native to Lake Chad in the Southern West Middle East, the Niger, Benue, Volta, and Senegal rivers, as well as the Nile River basin. (Trewavas, 1983; Daget et al., 1991). It was introduced to more than 50 nations on every continent except Antarctica, mostly for agricultural aquaculture uses, and it is currently present in almost all tropical countries. (Pullin et al.,1997).  They are brownish or grayish, often with indistinct banding on the body and a vertically striped tail. They can reach a maximum length of 60 centimeters (Froese et al., 2015), can weigh more than 5 kg, and survive for more than ten years. As a typical male Oreochromis niloticus, it grows larger and faster than females. (FAO, 2009). 	Comment by Manuel Mendoza Carranza: It is out on the paragraph context. I suggest to delete or change to other part of paper.
Oreochromis niloticus is an important aquaculture species cultured in various regions worldwide. According to Fagbenro (2004), it is the second largest species that is commonly cultivated in Nigeria in reservoirs, cages, and earthen/concrete ponds. The rapid growth rate, competent utilization of natural aquatic food, inclination to eat a range of supplemental feeds, high rates of reproduction, even in captivity, omnivorous eating habits, and tolerance to a variety of environmental conditions make O. niloticus an ideal aquaculture species that require less technology in their farming systems (El-Sayed, 2006, and Nguyen et al., 2009).
The largest industry in the world for producing animal feed is aquaculture. Tilapias make up 4% of the world's aquaculture production, making them the world's third-most-farmed fish, after salmonids and carps (FAO, 2010). In many developing nations, aquaculture is seen as a way to promote economic growth, reduce poverty, and ensure protein security (NEPAD, 2005).
[bookmark: bbib18]According to Orire & Ricketts (2013), fish farmers' capacity to create well-balanced meals that will satisfy the dietary needs of their cultivated species at a reduced cost is crucial to aquaculture's success. In aquaculture, the provision of high-quality fish feed is essential for assuring food consumption, growth efficiency, and high-quality flesh (Iheanacho et al., 2018). Different fish species have different nutritional needs, so fish farmers need to understand the nutritional background of the aquaculture species they want to use to provide a diet that is balanced and will promote the best possible growth (Craig & Helfrich, 2009). The biggest issue facing local fish farmers is the high cost of various conventional feed items (Abowei & Ekubo, 2011). According to Ogunlade (2007), human consumption and other industries' increasing demand for traditional feed components led to these conventional feed ingredients' expensive and competitive nature. 	Comment by Manuel Mendoza Carranza: I suggest a reduction of this part.
In contrast to other fish, like salmon, which need diets rich in lipids and protein from more expensive sources like fish meal, tilapias are inexpensive to feed because they are omnivores and have a low trophic level. Tilapias are similar to African catfish (Clarias gariepinus) as more food fiber and carbohydrate concentrations are tolerated by them than the majority of farmed fish. A healthy Tilapia culture requires a prepared diet that is well-balanced in order to guarantee rapid growth and good production at a very low cost (Mjoun et al, 2010). 
Quality fish feed production is critical in aquaculture, ensuring growth efficiency, quality flesh, and food utilization. The main issue local fish farmers deal with is the high cost of various conventional feed items. Conventional feed ingredients are costly and highly competitive due to the strong demand for them from other industries and human consumption. Fish need nutrition to grow, develop, reproduce, and maintain normal body functions (Ejidike, 2004). Ingredients for fish meals are chosen depending on the cost of nutrient content, availability, and fish acceptability (Eyo, 1997). Feed is the most significant percentage of the operating input in fish culture. Current research in animal nutrition is focused on using alternative, cheaper energy resources that could replace cereals and supply the required nutrients in appropriate amounts (Adejumo, 2005). This is because certain feed ingredients have become more expensive, such as fish meal, which appears to be reducing the economic relevance of fish cultivation.
According to Dyer et al. (2015), certain insects belonging to the orders Coleoptera, Diptera, and Hymenoptera have been discovered in the digestive tracts of both carnivorous and omnivorous fish. When compared to other traditional protein sources, insects' amino acid, lipids, vitamins, and mineral contents have been shown to justify their usage as an alternative protein source for animal feeding (Henry et al., 2015). A member of the Curculionidae family of insects, the African palm weevil (Rhychophorus phoenicis) is also referred to as the edible worm. The dietary makeup of African palm weevil larvae is generally quite diverse (Daniel & Onilude, 2017). Research on its nutritional content reveals that the protein content ranges from 32% to 66% (Okoli et al., 2019). According to a review by Siddiqui et al. (2024), the ash content ranges from 0.60% (Mba et al., 2018) to 5.76% (Weru et al., 2021), whereas fat content ranges from 5.97% (Quaye et al., 2018) to 65.35% (Anankware et al., 2021). Also, moisture content ranges from 60.75% (Anankware et al., 2021) to 70.5% (Mba et al., 2018), making it a good source of fish feed and an excellent substitute for soya bean meal in the Oreochromis niloticus diet
Fish haematology would help assess the suitability of feeds or feed mixtures, evaluate fish conditions, determine the toxic effects of substances, and diagnose disease (Akinrotimi et al., 2007). The hematological parameters of fish are frequently used to determine their overall health. Hematological examinations can provide significant knowledge to assess the health and condition of both wild and cultivated fish. Clinical haematology can assess normal variation from internal or external variables or disorders that impact blood cells and numbers. Fish leucocytes participate in the defense system and offer protection from infections, just like those of other vertebrates (Oshode et al., 2008). This study aimed to evaluate the carcass composition, growth performance, and hematological parameters of Oreochromis niloticus after supplementing soya bean meal with Rhynchophorus phoenicis meal under intensive monitoring for 74 days.
[image: C:\Users\Ayomide\Pictures\tilapia.jpg] 
Image 1: Lateral view of O. niloticus. Source: Field work
[image: C:\Users\Ayomide\Pictures\weavil.jpg]
Image 2: African palm weevil larvae, Rhynchophorus phoenicis. Source: Field work
2. MATERIALS AND METHODS
2.1 Experimental Site
The study was conducted at the Fisheries and Aquaculture Technology Department of the Federal University of Technology Teaching and Research Farm in Akure, Ondo State, Nigeria.
2.2 African Palm Tree Weevil Larvae Preparation and Experimental Fish
Rhynchophorus phoenicis (African palm tree weevil larvae) were bought from a local market in Ijebu-Imushin, Ogun State. The larvae were cleaned, oven dried, and then air dried before being ground into powder form with a blender.	Comment by Manuel Mendoza Carranza: to improve paper, authors could talk about this weevil larvae is an agricultural pest.
A trustworthy fish farm in Akure, Ondo state, provided the Oreochromis niloticus fingerlings, which were acclimated for seven days. A total of two hundred and twenty-five Oreochromis niloticus fingerlings weighing an average of 6.0 ±0.05g were chosen at random and placed in 15 plastic aquariums (70 liters) that were each 70 cm by 45 cm by 45 cm. Each tank had 15 fish in triplicate.
2.3 Experimental Diets Preparation
The experimental diet's feed components were bought from K2 Feed Mill, Lafe, Akure, Ondo State, Nigeria. Dietary ingredients include yellow maize, rice bran, soybean meal, fishmeal, fish oil, vitamin and mineral premixes, and starch. Five diets (35 % crude protein) were formulated to include the test ingredients (Rhynchophorus phoenicis) at (0, 25, 50, 75, and 100%) and assigned as RP1 – RP5, where RP1 is the control without the test ingredient. To weigh the ingredients, an electronic weighing balance (Model PB3002) was used. The powdered palm kernel weevil was carefully combined with the remaining ingredients. A 2mm die opening was used to pellet the dough using a Horbat A-200T mixing and pelleting machine. The machine was cleaned and washed after pelleting one diet before continuing with the next diet. Diets were sun-dried for three to four days at 30 to 40 degrees Celsius. They were then sealed, labeled with the treatments, and placed in polythene bags. Before being used, they were kept in a container at 4 degrees Celsius in a cool, dry location.
2.4 Experimental design
The experiment was completely randomized in its design, with the inclusion of Rhynchophorus phoenicis as the only source of variation. The experiment was conducted indoors using 15 plastic tanks (70 litres) 3 tanks by experimental diets with, 15 fish per tank, each measuring 70 cm by 45 cm by 45 cm in triplicate. 
Table 1: GROSS EXPERIMENTAL DIET COMPOSITIONS (g/kg) FOR O. Niloticus
	Ingredients(g)
	RP1
	RP2
	RP3
	RP4
	RP5

	Yellow maize
	428
	428
	428
	428
	428

	Rice bran
	428
	428
	428
	428
	428

	Soybean meal
	629.2
	471.8
	314.6
	157.4
	0

	African palm weevil meal	Comment by Manuel Mendoza Carranza: I suggest put this line in the first line of table following for soy content. Since this information is the first looking during paper reading.
	0
	157.4
	314.6
	471.8
	629.2

	Fishmeal
	314.6
	314.6
	314.6
	314.6
	314.6

	Fish oil(g/vol)
	60
	60
	60
	60
	60

	Vitamin/mineral premixes
	100
	100
	100
	100
	100

	Starch
	40
	40
	40
	40
	40



2.5 Experimental fish and feeding trial
The fish were batch-weighted after acclimation before stocking using a Model PB 3002 electronic balance, and the mean weight was recorded. This continued every two weeks throughout the feeding experiments until the experiment's conclusion. For 74 days, the fish were fed two times a day, from 8:00 am to 9:00 am and from 4:00 pm to 5:00 pm, until they appeared to be satiated. In order to prevent the buildup of excess ammonia and the degradation of the water quality, residual feed and feces were siphoned daily, while 75% of the water in each experimental tank was replaced twice a week at an early hour (8 am). Weekly assessments of water quality were conducted. The YSI-DO 550 U.S.A. thermometer was used to measure the temperature, and the Hanna H198106 model pH meter was used to measure the pH. At the same time, a dissolved oxygen test kit (JPP-607 type) was used to measure the dissolved oxygen. 
2.6 Growth performance evaluation
At the end of the experiment, the fish were weighed and counted. The feed utilization indices and growth parameters were computed. The performance and nutrient utilization indices were calculated according to Takeuchi (1988) and Tacon (1990).
2.7 Proximate Analyses
Using the Horwitz & Latimer (2010) methodology, proximate analysis was performed on the experimental fish and the prepared diet. The following parameters were determined: nitrogen-free extract (NFE), moisture content, ash, crude protein, crude fat, and crude fiber. The fish samples were weighed, and their moisture content was determined by drying them in the oven for 24 hours at 105 °C. A muffle furnace was used to measure the amount of ash at 350°C for 24 hours, until a whitish-grey ash was obtained. The crude fiber was calculated as a loss as a result of the ignition of dry lipid-free residue after digestion with 1.25% H2SO4 and 1.25% NaOH. The micro-Kjeldahl distillation process was followed to analyze the crude protein content, and the Soxhlet apparatus was used to determine the lipid content. The amount of protein, moisture, fat, and ash was deducted from 100 to determine the nitrogen-free extract (NFE).
2.8 Haematological Examination
Haematological parameters were carried out on the blood of O. niloticus. Samples of blood were drawn utilizing a disposable 5 ml syringe from the cardiac puncture. Blood analysis was conducted applying the technique outlined by Svobodova et al. (1991). White blood cells were identified using an Olympus BX 50 Microscope (Olympus UK). In contrast, red blood cells (erythrocytes) were counted in a Neubauer-haemocytometer counting chamber using an Olympus BX 50 microscope (Olympus UK). Haemoglobin concentration was examined using a haemoglobin meter (Sigma England). 
The micro-haematocrit reader was used to measure the pack cell volume (PCV) and expressed as a percentage. Concurrently, the haemoglobin value (HB) in gl-1 and the haematocrit value (PCV) were used to compute the Mean Corpuscular Haemoglobin Concentration (MCHC). The hemoglobin value (Hb) and the red blood cell (RBC) were used to compute the mean corpuscular hemoglobin (MCH). Red blood cells (RBC) and Pack Cell Volume (PCV) were used to compute the mean cell volume (MCV).
2.9 Statistical Analyses
All generated data were subjected to a one-way analysis of variance (ANOVA) after test for assumptions (normality and variance homogeneity) , as described by Steel & Torrie (1980), using the Statistical Package for Social Science (SPSS) version 22. The means were then compared using Duncan's new multiple range test (Duncan, 1955).
3. RESULTS 
3.1 Proximate analysis of African palm weevil (Rhynchophorus phoenicis)
Table 2 below shows the nutritional composition of the Rhynchophorus phoenicis larvae meal utilized in the experiment.
Table 2: Proximate analyses (%) of African palm weevil (Rhynchophorus phoenicis)
	Parameters
	Percentage Composition

	Moisture
	5.65

	Fat content
	22.24

	Crude fibre content
	5.30

	Protein Content
	30.46

	Ash content
	7.64

	Carbohydrate
	38.5


   
3.2 Proximate analyses of experimental diets
Table 3 below reveals the experimental diet's proximate composition. The moisture content level varied from 9.85% to 10.88%. RP3 and RP4 percentage moisture content showed no significant variations (p>0.05) compared with RP1, RP2, and RP5. The ash content level varied from approximately 7.95% to 8.71%, with RP1 having the highest ash content level, while RP5 had the lowest ash content. When RP1 was compared to RP2, RP3, and RP4, the percentage ash content measured showed significant differences (p<0.05); however, RP1 and RP5 did not show any significant differences. The crude protein level also varied from 38.03 % in RP2 to 38.98 % in RP5. The percentage of crude protein recorded differed significantly (p<0.05) between treatments RP1 (control) and other treatments, but not between RP3 and RP4. The nitrogen-free extract level varied from 26.00 % in RP5 to 27.77 % in RP4. Comparing RP1 to RP4 and RP5 revealed differences that are significant (p<0.05) in the nitrogen-free extract level; RP2 and RP3 did not differ significantly. The lipid content level varied from approximately 10.71 % to 11.85 %, with RP3 being the lowest while RP5 having the highest. Significant variations (p<0.05) were noted between RP1 and other diets, but none between RP2 and RP4. Furthermore, crude fibre level varied from 4.30 % in RP5 to 4.87 % in RP3. 
Table 3: Proximate analyses (%) of experimental diets   
	Parameters 
	RP1(Control)
	RP2
	RP3
	RP4
	RP5

	Moisture content
	10.84±0.00 b
	11.03±0.00 b
	9.85±0.00a
	10.18±0.33 a
	10.88±0.00 b

	Ash content
	8.71±0.00 b
	8.50±0.00 b
	8.70±0.00 b
	8.43±0.26 b
	7.95±0.00 a

	Lipid content
	11.00±0.00 b
	10.82±0.00 ab
	10.71±0.00 a
	10.83±0.12 ab
	11.85±0.00 c

	Crude protein
	37.68±0.00 a
	38.03±0.00 ab
	38.46±0.00 b
	38.18±0.28 b
	38.98±0.00 c

	Crude fibre
	4.72±0.00 ab
	4.42±0.00 ab
	4.87±0.00 b
	4.58±0.29 ab
	4.30±0.00 a

	Nitrogen-free extract
	27.03±0.00 b
	27.18±0.00 bc
	27.38±0.00 bc
	27.77±0.38 c
	26.00±0.00 a


Means on the same row with different superscripts are significantly different (p<0.05)
3.3 Whole Body Composition of Oreochromis niloticus Fingerlings Fed with Experimental Diets 
The experimental fish's whole-body composition before and after being fed experimental diets is displayed in Table 4 below. The moisture content level varied from approximately 6.86 % to 7.27 %. However, comparing treatments revealed no significant variations in the percentage moisture content (p>0.05). The ash content level varied from approximately 15.88 % to 20.65 %, with RP2 having the highest ash content level while RP1 had the lowest, and a comparison of the treatments revealed the percentage of ash content did not vary significantly (p>0.05). The crude protein level also varied from 49.39% in RP1 to 60.47% in RP5. The percentage of crude protein recorded varied significantly (p<0.05) between RP1 (control) and the other treatments, but not between RP3 and RP4. The nitrogen-free extract level varied from 1.50% in RP1 to 2.85% in RP2.  However, no significant differences (p>0.05) were recorded when the treatments were compared. Also, the crude lipid content level varied from 11.22% to 21.22%, where RP5 and RP1 had the lowest and highest values, respectively. When RP1 was compared with other treatments, significant differences (p<0.05) were recorded, but none between RP4 and RP5.
Table 4: Whole Body composition (%) of Oreochromis niloticus fingerlings fed with experimental diets
	Parameters
	RP1(control)
	RP2
	RP3
	RP4
	RP5

	Moisture content
	7.23±0.37a
	7.41±0.20 a
	6.57±0.31 a
	7.27±0.27 a
	6.86±0.22 a

	Ash content
	20.65±0.00 a
	15.88±2.90 a
	19.82±1.22 a
	19.92±1.01 a
	19.09±0.99 a

	Lipid content
	21.22±1.21 c
	19.13±2.71 bc
	14.89±0.58 ab
	13.28±0.50 a
	11.22±0.10 a

	Crude protein
	49.39±0.46 a
	54.71±0.68 b
	57.07±1.48 bc
	57.34±1.64 bc
	60.47±0.86 c

	Nitrogen-free extract
	1.50±0.75 a
	2.85±0.41 a
	1.62±0.55 a
	2.17±0.06 a
	2.33±0.04 a


Means on the same row with different superscripts are significantly different (p<0.05)
3.4 Growth and nutrient utilization of O. Niloticus fingerlings fed with experimental diets
Table 5 below shows the experimental fish's growth parameters. The initial body weight gain was between 91.33g and 93.60g; the initial body weight of the treatments did not differ significantly (p>0.05). The final body weight ranged between 97.46g and 119.93g, with RP5 having the highest weight and RP1 (control) having the lowest. When RP1 (control) was contrasted with other treatments, the final body weight recorded showed significant differences (p<0.05). The body weight gain ranged from 6.13g in RP1 (control) to 27.47g in RP5, with RP1 showing the lowest growth. The average weight gain ranged from 2.07 in RP1 to 4.98 in RP5, and when RP1 (control) was compared with other treatments, the mean weight gain showed significant differences (p<0.05). In RP1, the feed intake was 76.63g, while in RP5, it was 83.16g. Comparing RP1 (control) to RP4 and RP5 revealed significant differences (p<0.05), but not between RP2 and RP3. In RP5, the feed conversion ratio was 3.03; in RP1 (control), it was 12.50. Comparing RP1 (control) to other treatments revealed significant differences (p<0.05) in the feed conversion ratio. Additionally, there were notable variations (p<0.05) in the feed efficiency ratio between RP1 and the other treatments, ranging from 0.08 in RP1 to 0.33 in RP5. In RP1 and RP5, the specific growth rates were 0.02 and 0.09, respectively. Comparing RP1 (control) to other treatments revealed significant differences (p<0.05), but not in RP2. There were no significant differences in the percentage survival between treatments (p>0.05).
Table 5: Growth and nutrient utilization of O. Niloticus fingerlings fed with experimental diets
	Parameters
	RP1 (control)
	RP2
	RP3
	RP4
	RP5

	Initial weight(g)
	91.33±0.40a
	93.60±0.46 a
	92.40±1.20 a
	93.00±1.15 a
	92.46±1.34 a

	Final 
Weight(g)
	97.46±1.44 a
	105.20±0.46ab
	107.99±0.37 ab
	110.10±1.27 ab
	119.93±2.77 b

	Weight gain(g)
	6.13±2.31 a
	11.60±0.96 ab
	15.59±1.12 ab
	17.10±1.11 ab
	27.47±3.60 b

	
	
	
	
	
	

	Mean weight gain(g)
	2.07 ±0.66 a
	3.32±0.87 ab
	3.65±0.36 ab
	4.81±1.06 b
	5.83±0.06 b

	Feed intake(g)
	76.63±0.78 a
	77.10±2.16 a
	78.16±0.89 a
	81.56±1.82 b
	83.16±1.53 b

	FCR
	12.50±0.99 a
	6.65±1.36 ab
	5.01±0.99 ab
	4.77±0.97 ab
	3.03±1.37 b

	FER
	0.08±0.02 a
	0.15±0.01 ab
	0.20±0.00 ab
	0.21±0.01 ab
	0.33±0.04 b

	SGR
	0.02±0.01 a
	0.03±0.00 a
	0.04±0.00 ab
	0.04±0.00 ab
	0.09±0.01 b

	
	
	
	
	
	

	Survival (%)
	84.46±9.67 a
	75.53±9.67 a
	75.56±5.88 a
	70.93±4.53 a
	70.56±0.00 a


Means on the same row with different superscripts are significantly differentindicates significant differences (p<0.05)
MWG- Mean weight gain, FI- Feed intake, FCR- Feed conversion ratio, FER- Feed efficiency ratio, SGR- Specific growth rate.
3.5 Haematological Parameters of O. niloticus Fingerlings Fed with Experimental Diet
Table 6 shows the experimental fish's blood parameters. The pack cell volume (PCV) level varied from 24.66 in RP1 (control) to 30.33 in RP5, and there were significant differences (p<0.05) in the pack cell volume when RP1 (control) was contrasted with other treatments; however, no significant differences were recorded between RP3 and RP4. The red blood cell level varied from 2.53 in RP1 (control) to 3.17 in RP5, and there were significant differences (p<0.05) in the red blood cell levels when RP1 (control) was compared with RP3, RP4, and RP5, but none between RP1 and RP2. The haemoglobin concentration level varied from 7.66 in RP1 (control) to 9.84 in RP5. There were significant differences (p<0.05) in the haemoglobin concentration when RP1 was compared with RP3, RP4, and RP5, but none between RP1 and RP2. The white blood cell level varied from 5733.33 in RP5 to 6600 in RP1. However, significant differences (p<0.05) were recorded when RP1 was compared with other treatments. The mean corpuscular haemoglobin level varied from approximately 29.99 in RP2 and 30.97 in RP5, and there was no significant difference (p>0.05) in the mean corpuscular haemoglobin level among the treatments.  The Mean Corpuscular Haemoglobin concentration varied from 30.66 in RP2 and 32.44 in RP5, and no significant differences (p>0.05) in the Mean Corpuscular Haemoglobin concentration level were recorded among the treatments. Also, the mean cell volume varied from 95.45 in RP5 to 97.83 in RP2, and there was no significant difference (p>0.05) in the mean cell volume level among the treatments. 
Table 6: Haematology parameters of O. Niloticus fingerlings fed with experimental diet
	Parameters
(Unit)
	RP1
	RP2
	RP3
	RP4
	RP5

	PCV (%)
	24.66±0.33 a
	25.66±0.33 ab
	28.33±0.66 bc
	28.00±1.52 bc
	30.33±0.88 c

	RBC (ml)
	2.53±0.04 a
	2.62±0.02 a
	2.98±0.12 b
	2.93±0.15 b
	3.17±0.06 b

	Hb(g/dl)
	7.66±0.08 a
	7.87±0.10 a
	9.03±0.08 b
	9.00±0.46 b
	9.84±0.37 b

	WBC×103(ml)
	6.60±0.25b
	6.43±0.20ab
	6.33±0.18ab
	6.00±0.15ab
	5.73±0.27a

	MCH
	30.30±0.86 a
	29.99±0.25 a
	30.47±1.33 a
	30.74±0.83 a
	30.97±0.62 a

	MCHC
	31.07±0.74 a
	30.66±0.30 a
	31.89±0.62 a
	32.16±0.49 a
	32.44±0.31 a

	MCV
	97.51±0.43 a
	97.83±0.47 a
	95.02±2.20 a
	95.56±1.23 a
	95.45±1.00 a


Means on the same row with different alphabet superscript are significantly different (p<0.05). PCV- Pack cell volume, RBC- Red blood cell, HB- Haemoglobin concentration, WBC- White blood cell, MCH- Mean corpuscular haemoglobin, MCHC - Mean corpuscular haemoglobin concentration, MCV- Mean cell volume.
3.6 Water quality parameters
Table 7 shows the water quality parameters that were measured in the culture media. The water temperature ranged from 26.42 to 26.47 degrees Celsius, and there were no significant variations (p>0.05) between treatments. The dissolved oxygen range was 4.68 mg/l to 5.22 mg/l, and when RP1 (control) was compared to RP2, RP3, and R55, the dissolved oxygen level varied significantly (p<0.05), but not between RP1 and RP4. The concentration of hydrogen ions (pH) ranged from 6.85 to 6.88, with no significant variation (p>0.05). The reported water quality indicators fall within the values that are advised for the culture of Tilapia.
Table 7: Water quality parameters	Comment by Manuel Mendoza Carranza: I suggest to move at the start go the rustles.
	Parameters
	RP1(control)

	RP2
	RP3
	RP4
	RP5

	Temperature (oC)
	26.47±0.05a
	26.42±0.06 a
	26.45±0.09 a
	26.43±0.02 a
	26.43±0.00 a

	pH
	6.85±0.01 a
	6.88±0.01 a
	6.86±0.01 a
	6.87±0.01 a
	6.85±0.01 a

	DO (mg/l)
	4.87±0.02 ab
	5.03±0.21 bc
	4.68±0.06 a
	4.88±0.02 ab
	5.22±0.00 c


Means on the same row with different alphabet superscripts are significantly different (p<0.05)
DO- Dissolved oxygen, pH- Hydrogen ion concentration.
4. Discussion	Comment by Manuel Mendoza Carranza: I suggest to add some discussion about the cost-benefits of the use of African palm weevils in tilapia culture including availability of this new component, cost variation, etc.
In this study, crude protein (CP) of the diet was between 37.68% and 38.98%, which is in line with a report by Mjoun et al. (2010) that tilapia require crude protein between 30-40% CP. The experimental diets' chemical composition values were consistent with those of Agbanimu & Adeparusi (2020), who found that juvenile African catfish (Clarias gariepinus) fed different inclusions of defatted African palm weevils (Rhynchophorus phoenicis) meal had comparable levels of crude protein in their diet. With increasing age and growth, Oreochromis niloticus protein needs decrease; larger tilapia (28–30%) require a lower protein level, while fry (30–56%) and juveniles (30–40%) require a greater dietary crude protein content. (Twibell & Brown 1998; Winfree & Stickney 1981). According to Mjoun et al. (2010). Ten essential amino acids are needed by Oreochromis niloticus and must be provided by the diet. A combination of plant and animal protein can provide essential amino acid requirements, and if needed, synthetic amino acids can be added to the entire feed. 
This study found that there was an increase in the crude protein levels in fish carcasses and a decrease in lipid content, with an increase in the inclusion levels of RP larvae meal. This is a shift from what Cummins et al. (2017) reported, which states that the different feeding levels of dietary BSF larvae did not significantly influence the proximate composition of shrimp carcasses. Zarantoniello et al. (2019) also reported that rearing the zebra fish using BSF larvae meal did not negatively affect the proximate composition of the harvested carcasses.  The optimum dietary lipid concentration of tilapia weighing 2.5g was 5.2%, decreasing to 4.4% for fish up to 7.5g (Winfree & Stickney, 1981). To maximize protein utilization for tilapia up to 25g, the ideal range for the concentration of dietary fat is 8–12% and 6 to 8% for larger fish (Jauncey, 2000), which is in line with the lipid content in the diets that were used for this experimental study.
According to the study's results, Oreochromis niloticus fingerlings fed with experimental diets (RP meal) up to 25% inclusion had a positive effect on their growth. Fish fed RP5, which contains 100% RP meal, performed the best in terms of weight gain, percentage weight gain, SGR, FCR, and FER among fish fed experimental diets and was followed by fish fed RP4 (75% inclusion). O. niloticus containing RP meal showed increased weight gain, suggesting that the high protein content of the insect may have contributed to the experimental fish's capacity to transform feed protein into flesh or body tissue. The findings of this study align with those of Ajonina & Nyambi (2013), who found that fingerlings of Clarias gariepinus fed experimental diets incorporating dried maggot meal outperformed those fed only fish meal in terms of growth performance. In their investigation on the growth performance and nutrient consumption of juvenile African catfish (Clarias gariepinus) fed different inclusions of defatted African palm weevils (Rhynchophorus phoenicis) meal, Agbanimu & Adeparusi (2020) also reported the same findings. According to the evaluated growth and nutrient utilization indices, even at 25%, the African palm weevil meal (Rhynchophorus phoenicis) may effectively replace the whole soybean component of the fish diet. Fish must have water quality characteristics that fall within their ideal range in order to survive. Like other cichlids, Oreochromis niloticus is extremely adaptive and tolerant of harsh environmental conditions (Mustapha, 2018). The stress experienced during regular sampling, dirt, and faeces removal might be the reason for the significant mortality.
We assessed the effects of giving tilapia an RP meal on several haematological indicators. This study assessed all haematological parameters, including WBC counts, PCV (fish health status indicators), RBC counts, and hemoglobin (NRC, 2011). The various groups did not significantly differ in terms of differential leucocytes, which are crucial indicators of fish nonspecific immunity. Fish hematological indices are thought to be crucial indicators for assessing the overall health and physiological stress reactions of fish given specially prepared diets (Zhou et al., 2018). Any change or reduction in the level of erythrocytes and hemoglobin would reduce the blood's ability to deliver oxygen, which would have a detrimental effect on fish health. The findings showed that adding RP meal did affect the red blood cells (RBCs); as RP meal was added, the number of RBCs increased. Additionally, an increase in RP meal was associated with a decrease in white blood cells (WBCs), suggesting that the fish may have experienced stress and a weakened immune system (Elashry et al., 2024), or there might be a substance in the RP meal responsible for that. There is currently no scientific proof that Rhynchophorus phoenicis lowers WBCs of Oreochromis niloticus, but more investigation is needed to determine if this decline was brought on by stress during the feeding trial or by a particular component in the RP meal. Tippayadara et al. (2018) investigated the effects of substituting black soldier fly (Hermetia illucens) larvae meal for fish meal on the growth, haematology, and skin mucus immunity of Nile tilapia over a twelve-week period. The results of this study differ a bit from their findings. Red blood cell distribution width, hemoglobin, hematocrit, white blood cell, red blood cell, mean corpuscular volume, mean corpuscular hemoglobin concentration, and platelet values were all found to be unaffected by the consumption of black army fly larvae.
The culture media's water quality parameters were determined to be appropriate for the cultivation of tropical fish species. For fish cultivation in the tropical zone, the water temperature range of 26.42 to 26.47 °C was within the range of Komolafe & Arawomo (2008). The pH range of 6.85 to 6.88 was also within the range of 6.6 to 8.5, which is known for the majority of streams and lakes worldwide (Boyd, 1979), and the range of 7 to 7.69 that is advised for tilapia culture (Burn & Stickney, 1980). According to El-Sayed (2006) and Beveridge & McAndrew (2000), the dissolved oxygen range for tilapia culture was 1 mg/l to 4.99 mg/l, and the oxygen concentrations of 4.68 mg/l to 5.22 mg/l fell within this range.
5. Conclusion
In conclusion, RP (Rhynchophorus phoenicis) meal is thought to be among the best substitutes for soybean meal when it comes to partially replacing it in the diets of Oreochromis niloticus. When fed the right amount of an inclusive RP meal, fish can grow to their full potential without experiencing any negative impacts on their hematological parameters or feed efficiency. The findings indicate that Oreochromis niloticus can have palm weevil larvae in place of or in addition to SBM without affecting their health, feed efficiency, or growth performance. As such, it can be applied to maintain and enhance the nutritional makeup of the fish diet.
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