


Contribution to the studyEvaluation of the effects of replacing fish meal with chicken by-product meal on the zootechnical parameters and biochemical composition of the flesh of Nile tilapia (Oreochromis niloticus) fry


Abstract:
 This study investigated the possibility of partially or completely or partially replacing fish meal with chicken by-product meal in the diet of Nile tilapia fry. Two hundred and twenty-five (225) mixed fry were divided into five treatment groups, with three replicates each contained of 15 fry each, placed in 15 plastic tanks for six weeks. The levels of chicken by-product meal incorporated into the feed at 25% (R1), 50% (R2), 75% (R3), and 100% (G4) of fish meal were compared to the control fish meal-based feed (100% fish meal, R0). The results indicated that the   Final mean weight (FMW), absolute mean weight gain (AMWG), specific growth rate (SGR), and FCR varied significantly between fish fed diets R0, R1, R2, and R3 and those fed diet R4 (P > 0.05). FMW, AMWAG, SGR, and FCR were improved in fish fed diets containing chicken by-product meal and were lower in fish fed the diet containing 100% chicken by-product meal (R4). Fish survival rates were 100% for all groups, thanks to favorable environmental conditions. The body composition of the fish was also improved, especially the fat content, which increased in line with the increase in chicken by-product meal in the feed. Overall, replacing fish meal with poultry by- product meal had a positive impact on the feeding of tilapia fry. 	Comment by start: Compare with control diets 	Comment by start: Explain the best replacement rate	Comment by start: Unification of the Product name
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Introduction:
Tilapia is the most widely farmed species in the world, due to its high adaptability to a wide range of physical and environmental conditions, its reproductive capacity, its relative resistance to stress and pathogens compared to other farmed fish species, the quality of its flesh, and its excellent growth rate on a wide variety of natural and artificial diets. It is currently farmed in virtually all types of production systems, in both freshwater and saltwater, as well as in tropical, subtropical, and temperate climates (Welker et al., 2011). Aquaculture is currently on track to become the leading fish-based food production sector (FAO, 2021). The search for protein sources suitable for aquaculture feed, as an alternative to fishmeal, is therefore necessary to improve the environmental and economic sustainability of this sector. Fishmeal has traditionally been one of the main sources of protein in aquatic animal feed due to its high protein quality, relatively balanced fatty acid and amino acid profile, high vitamin and mineral content, and good palatability. However, with the decline in global capture fisheries, aquaculture now provides a growing share of fish for food, accounting for 49% (1.226 billion tons) of the total in 2020, and is the fastest-growing food sector in terms of production (FAO, 2022). Thus, given the expected food requirements associated with increased aquaculture production, fishmeal is clearly insufficient to meet demand. Its use in animal feed will therefore have to be reduced (Shukla et al., 2019). The search for new sources of protein to replace fishmeal has therefore become a priority for global research (Galkanda-Arachchige et al., 2020). Plant proteins have remained the main sources of protein due to their high production and relatively low price (Daniel, 2018). However, their use in fish feed is limited by a number of endogenous anti-nutritional factors, the absence of certain essential amino acids, and reduced protein digestibility (Daniel, 2018; Taher et al., 2017). In this context, animal protein sources, such as animal by-product meals, are considered substitutes for fish meal in feed (Foysal et al., 2019; Psofakis et al., 2021). Poultry by-product meal, a solid by-product of the poultry industry, is widely available worldwide and less expensive than fish meal (Wu et al., 2017). flour Powder from poultry by-products, alone or in combination with other animal protein sources such as viscera, blood, bone, and insect meal, has been shown to serve as the main protein source in fish diets due to its high protein content (between 58 and 65%) and lipids (between 12 and 15%), as well as its essential amino acid profile, which is similar to that of fish meal but deficient in methionine and lysine (James et al., 2018). It has been reported that chicken by-product meal can replace fish meal to a certain extent in various freshwater and marine aquatic species (Hatlen et al., 2015; Shapawi et al., 2007). 
Therefore, this study therefore aims to examine the effect of replacing fish meal with chicken by-product meal as a protein source in the diet of Nile tilapia (Oreochromis niloticus) fry. More specifically, it aims to: 
· Study the effects of chicken by-product meal on zootechnical performance and feed efficiency;	Comment by start: Make it one sentence
· Evaluate the effects on the biochemical composition of fish flesh.
 Materials and Methods
 Feed formulation and production of Five isoproteic diets were formulated using the Pearson-square method. The five diets were based on ingredients of animal and plant origin, and fish meal was partially and then completely replaced by chicken by-product meal (Table 1).	Comment by start: Explain the protein and energy content of the feed as a general average into the text.
 Table 1: Centesimal composition of the different feeds
	Ingrédients 
	R0 (0%  CPM )
	R1 (25%  CPM )
	R2 (50%  CPM )
	R3 (75%  CPM )
	R4 (100%  CPM )

	Fish meal
	35
	26,25
	17,5
	8,75
	0

	Chicken by-product meal	Comment by start: Replace with abbreviation
	0
	8,75
	17,5
	26,25
	35

	Peanut meal
	15
	17,5
	20
	22,5
	25

	Rice pollished
	7
	7
	7
	7
	7

	Wheat flour
	7
	7
	7
	7
	7

	Corn flour
	15
	12,5
	10
	7,5
	5

	Brewery waste
	8
	8
	8
	8
	8

	Brewer's yeast 
	4
	4
	4
	4
	4

	Sterculia gum 
	3
	3
	3
	3
	3

	Animal + Vegetable Oil 
	4
	4
	4
	4
	4

	Premix vitaminsa   
	1
	1
	1
	1
	1

	Premix mineralsb  
	1
	1
	1
	1
	1

	Protein content (%)
	35,78
	35,77
	35,76
	35,75
	35,74

	Lipid content (%)	Comment by start: The lipid content is high 
	11,45
	12,41
	13,38
	14,34
	15,30


 CPM=Chicken by-product meal
a=vit A 250000 UI; vit D3 250000UI; vit E 5000mg; vit B1 100mg; vit B2 400mg; vit B3(pp) 1000mg; vit B5 pantode Ca2000mg; vit B6 300mg; vit K3 1000g; vit C 5000mg; H biotin 15mg; choline 100g; anti-oxydant (BHT), crushed and calcined attapulgite qs 1000mg; 
b=phosphorus 7%; calcium 17%; sodium 1,5%; potassium 4,6%; magnesium 7,5%; manganese 738mg; zinc 3000mg; iron 4000mg; copper 750mg; iodine 5mg; cobalt 208mg; calcined and ground attapulgite qs 1000g; fluorine 1.5% (approximately), 

Feed production
The raw materials obtained from the local market were initially ground into small fine particles using a hammer mill, thenand then passed through a 250 μm mesh sieve. After achieving homogeneity by mixing all the dry ingredients, fish oil and peanut oil were added. Next, water (approximately 40% of the dry weight) was added to create a wet paste. This paste was then extruded through a 3.0 mm diameter die to produce pellets. The pellets were dried in a dry air oven at 60°C and then stored in bags. 	Comment by start: This pellet are big than fish mouth or cruched the pellet
Rearing conditions
 The experiment was conducted at Pr Omar Thiom Thiaw aquaculture station of the University Institute of Fisheries and Aquaculture (IUPA) over a period of 60 days. A total of 225 fry with an average weight of 1.21 g of O. niloticus were distributed in 15 50-liter tanks, with a density of 15 individuals/tank. The tanks were filled to two-thirds (2/3) of their volume. Physicochemical parameters were measured twice a day (at 8 a.m. and 4:30 p.m.). The fish were fed twice a day at a ratio of 10, 8, 6, and 4% of their body weight. A control catch was carried out every 15 days to assess the growth of the fish. 	Comment by start: Clarification of the periods during which the fish were fed at each ratio
Growth parameters
To estimate fish growth during the experiment and characterize the efficiency of the feed tested, the following zootechnical parameters and indices were calculated: 
 Average absolute weight gain (g) = Final weight (g) – Initial weight (g); 
 Average relative weight gain (%) = (Final weight (g) – Initial weight (g)) *100/ Initial weight (g); 
 SCR (% pc/day) = [ln (final weight) – ln (initial weight)] x 100 / Duration;
  FCR = Amount of dry feed ingested / Average absolute weight gain; 
 Survival (%) = Final number of fish x 100 / Initial number of fish.
 Statistical Analysis 
A one-way analysis of variance (ANOVA) was performed to examine differences in final mean weight (FMW), absolute mean weight gain (AMWG), relative mean weight gain (RMWG), specific growth rate (SGR), and feed conversion ratio (FCR) between the five treatments. Duncan's test was used to compare the differences between treatments. The significance level was set at P < 0.05.  All statistical analyses were performed using SAS software for Windows (V9.3, SAS Institute, Cary, NC, USA). 
Flesh analysis 
 At the end of the experiment, fish samples per tank from each diet were analyzed at the ENSA Bromatology Laboratory in Thiès, Senegal, according to the AOAC (1995) method. The samples were dried at a constant temperature of 105°C to determine moisture content. Crude protein (calculated as total nitrogen multiplied by 6.25) was determined using the micro Kjeldahl method (Tecator kjeltec system 1002 distillation unit in Hoeganes, Sweden). Crude fat content was determined using the Soxhlet method, and ash content was determined by incinerating the samples in a muffle furnace at 550°C for 6 hours. 
Results and Discussion
 The physicochemical parameters were recorded daily, and the averages obtained were processed using SAS software and recorded in Table 2 below.
Table 2: Results of physicochemical parameters
	Parameters
	R0 (0%  CPM)
	R1 (25%  CPM)
	R2 (50%  CPM)
	 R3 (75%  CPM)
	R4 (100%  CPM)

	Temperature (°C)
	25,.690,.28b
	26,.390,.30a
	26,.380,.39a
	26,.110,.25ab
	26,.270,.46ab

	pH
	7,680,31a
	7,700,03a
	7,680,05a
	7,710,07a
	7,690,03a	Comment by start: Change by (.)

	O2	(mg/l)	Comment by start: Did you not use an air pump in the experiment because the oxygen concentration was low?
	3,800,17a
	3,440,18a
	3,360,60a
	3,650,24a
	3,460,05a



The letters a and b in superscript on the same line indicate that there is a significant difference (P<0.05).
The average temperatures obtained for the different diets ranged from 25.69 to 26.39°C. No significant differences were recorded between diets R1, R2, R3, and R4. However, these diets showed a significant difference compared to the control diet R0.
 The average pH ranged from 7.68 to 7.71. No significant differences were observed between the five regimes. 
The dissolved oxygen level between the different regimes ranged from 3.36 to 3.80 mg/l. 
Growth parameters
 In order to evaluate fish growth, various zootechnical parameters were calculated. The main results obtained are shown in Table 3. 
Table 3: Growth, feed efficiency, and survival parameters


	Parameters
	R0(0%  CPM)
	R1(25%  CPM)
	R2(50%  CPM)
	R3(75%  CPM)
	R4(100%  CPM)

	IMW (g)
	1,210a
	1,210a
	1,210a
	1,210a
	1,210a

	FMW (g)
	8,920,29a
	9,250,60a
	8,980,20a
	8,430,11a
	5,34 1,00b

	AMWG (g)
	7,710,29a
	8,050,58a
	7,780,20a
	7,220,12a
	4,101,00b

	RMWG (%)
	637,9026,15a
	665,2342,92a
	643,3314,50a
	598,4314,61a
	332,8084,27b

	SCR (%/ day)
	4,770,06a
	4,870,11a
	4,770,06a
	4,630,06a
	3,470,46b

	FCR
	1,200b
	1,170,06b
	1,200b
	1,230,06b
	1,830,50a

	SR (%)
	1000a
	1000a
	1000a
	1000a
	1000a


The letters a and b in superscript on the same line indicate that there is a significant difference (P<0.05).

Duncan's test revealed that fish fed the R2 diet (25% chicken by-product meal) showed the highest growth performance (FMW, AMWG, RMWG, and SGR) with 9.25 g, 8.05 g, 665.23%, and 4.87%/day, respectively. However, fish fed this diet did not show any significant difference from those fed the control diet (100% fish meal) and those fed diets R2 and R3 (50 and 75% chicken by-product meal), but differed significantly from those fed diet R4 (100% chicken by product meal).
 The lowest feed conversion ratio (FCR) was obtained with diet R2 (1.17) and did not differ from diets R0, R2, and R3 (1.20, 1.20, and 1.23, respectively). However, the latter showed a significant difference from the feed conversion ratio of diet R4 (1.83). 
The overall survival rate (SR) obtained for the different diets was 100%. Flesh analysis The results of the fish flesh analysis are shown in Table 4. 
Table 4: Biochemical composition of fish flesh
	Paramètres
	R0(0%  CPM)
	R1(25%  CPM)
	R2(50%  CPM)
	R3(75%  CPM)
	R4(100%  CPM)

	Crude Protein (%)
	15,990,61a
	15,040,59b
	14,800,61b
	15,010,06b
	14,160,05b

	Crude Fat (%)
	5,330,03e
	5,830,04d
	7,740,06c
	9,940,06b
	11,020,05a

	Ash (%)
	3,700,28a
	3,420,03b
	3,320,04bc
	3,100,06c
	3,140,05c


The letters a and b in superscript on the same line indicate that there is a significant difference (P<0.05).

The results obtained for flesh composition show that the protein content varied from 14.16 to 15.99%. The highest protein content was observed in the control diet (R0), which showed a significant difference from diets R1, R2, R3, and R4. 
The fat content ranged from 5.33 to 11.02%. A significant difference in fat content was observed between diets R4, R3, R2, R1, and R0. The fat content in fish flesh increases as the incorporation rate of poultry meal in the feed increases.
 The ash content was higher in the flesh of fish fed the control diet (3.70%). A significant difference was observed between fish fed the control diet and those fed the other diets (R1, R2, R3, and R4). Fish fed the R1 diet also showed a significant difference from those fed the R2, R3, and R4 diets. However, no significant difference was observed between the R2, R3, and R4 diets. 
Discussion 
Water quality parameters were within acceptable limits for tilapia farming (Boyd, 1982). The temperature ranged from 25.69 to 26.39°C, the pH from 7.68 to 7.71, and the dissolved oxygen content from 3.46 to 3.80 mg/L. Maintaining good water quality promoted fish growth and survival rates. These values fall within the ranges (23 to 26.49°C; 3.86 to 10.6 mg/L) described by Makori et al. (2017), who consider them favorable for tilapia growth without triggering metabolic stress. 
The results of this study show that up to 75% of the fish meal in Nile tilapia feed could be replaced by chicken by-product meal. The highest growth performances (FMW, AMWG, RMWG, and SGR) were recorded in fish fed the R1 diet (25% chicken by-product meal). However, there was no statistically significant difference between these fish and those fed the control diet R0 or diets R2 and R3. These results corroborate the work of Abdel-Warith et al. (2001) and Olvera-Novoa et al. (2002), who showed that partial substitution of fish meal with poultry by products can maintain or even improve fish growth, as long as the incorporation rate does not exceed a critical threshold. However, the results are not consistent with those of Gunben et al. (2014), who reported that fish meal could be replaced 100% by poultry by-product meal in the diet of juvenile tiger grouper (Epinephelus fuscoguttatus), whose growth performance was highest at a replacement level of 50%. 
In contrast, diet R4 (100% substitution) significantly reduced growth and degraded the feed conversion ratio (1.83), probably reflecting an imbalance in essential amino acids and lower digestibility (Hardy, 2010). The results of this study are consistent with those of Shapawi et al. (2007), who reported no significant difference in growth among juvenile humphead wrasse fed diets containing 50% or 75% poultry by-product meal protein. However, they observed reduced growth in juvenile fish fed a diet containing 100% poultry by-product meal protein.
 The varied results concerning the optimal level of replacement of fish meal with poultry by product meal can be explained not only by differences between species, feeding habits, ingredients, and levels of fish meal inclusion in the control diets, but also by the quality of the poultry by-product meal and the amino acid profiles of the experimental diets. It is well known that deficiencies in certain essential amino acids, particularly methionine and lysine, limit the use of poultry by-product meal in fish feed (Galkanda-Arachchige et al., 2020).
[bookmark: _GoBack] The lowest feed conversion ratio (FCR) was recorded with diet R1 (1.17) and showed no significant difference from the control diet R0 (1.20) and diets R2 and R3 (1.20 and 1.23, respectively). This indicates a potentially more efficient use of feed in this group. The results of this study differ from those of Hasan et al. (2024), who observed a trend toward higher FCR (1.37) in fish fed the diet containing poultry by-product meal. 
The survival rate (100% for all diets) shows that the experimental diets had no lethal effect, confirming the relative nutritional and health safety of poultry meal as an alternative ingredient. Nevertheless, the gradual decrease in body protein content (14.16–15.99%) with increasing substitution rate is consistent with the observations of Tacon and Metian (2008), according to which a reduction in the intake of high biological value protein from fish meal often results in a decrease in protein retention in the flesh. 
At the same time, the increase in the lipid content of the flesh (from 5.33 to 11.02%) with the increase in poultry meal reflects a change in energy metabolism. This trend has already been reported by Zhou and Yue (2010), who explain this phenomenon by an increased mobilization of dietary lipids when the proportion of high-quality protein in the diet decreases. Finally, the decrease in ash content, which is particularly marked from R2 onwards, may be linked to the lower bioavailability of minerals in poultry by-products compared to fish meal (NRC, 2011). 
Conclusion
The results of this study showed that the physicochemical parameters (temperature, pH, and O2) were within acceptable ranges for good growth of Oreochromis niloticus. Under these experimental conditions, fish meal in the diet of Nile tilapia could be replaced by up to 75% with poultry by-product meal. However, total substitution compromises both the zootechnical performance and the nutritional value of the fish produced. Poultry by-product meal had a positive impact on the growth and biochemical composition of Nile tilapia flesh. The best level for maintaining good growth and flesh quality in Nile tilapia is to replace 25% to 75% of fish meal with chicken by product meal.
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