
 Growth Performance, biochemical parameters, and cost-benefit analysis of the African catfish (Clarias gariepinus) juveniles fed diets with varying levels of orange fleshed sweet potato (Ipomoea batatas) peels
 
Abstract
The current high cost of conventional energy feedstuffs used in fish feeding due to its global scarcity and fierce human vs. animal competition calls for united effort towards finding alternatives, cost-effective and sustainable aquaculture feed. The experiment was conducted for 16 weeks to examine the effect of the supplementation of orange fleshed sweet potato peels in Clarias gariepinus juveniles' diet. There were 6 treatments ([Control; 0%], 20%, 40%, 60%, 80%, 100% inclusion) with 3 replicates each, for a total of 18 tanks. All tanks were stocked with 10 fish (initial mean weight of 6.64 ± 0.01g).to study the effect of dietary inclusion of orange fleshed sweet potato peels on growth performance and biochemical profiles of C. gariepinus juveniles. Fish were fed 5% of their body weight twice daily, and water quality was analyzed by standard procedure. Results indicated a significant difference in growth performance, feed utilization and biochemical profiles between the control and treatment groups (P<0.05). Control diet (D1) recorded the highest mean weight gain (MWG) (169.80±2.21) and specific growth rate (SGR) (1.19±0.00), and the diet with 100% orange fleshed Ipomea batatas peels (D6) recorded the lowest mean weight gain MWG (112.34±0.48) and SGR (1.05±0.00). Biochemical analysis indicated there is significant differences(P<0.05) among treatment groups and control. Serum glucose and creatinine increased with increasing percentage of inclusion of orange fleshed Ipomea batatas peel, but globulin, albumin, total protein, and electrolytes (potassium and sodium) decreased. Economic study indicated that feed cost was significantly reduced with inclusion of orange fleshed Ipomea batatas peel in the feed, and 100% orange fleshed Ipomea batatas peel diet showed highest margin of profit. This study concludes that, inclusion of orange fleshed Ipomea batatas peel in Clarias gariepinus juveniles’ diet is cost-effective, especially at levels of moderate inclusion (20 to 40%). However, higher inclusion levels (80%–100%) are detrimental to growth performance and certain biochemical parameters, although, the growth of fish decreased with increase in the level of inclusion of orange fleshed sweet potato (Ipomea batatas) peels, the cost of producing a kilogram of the diets decreased with increased in the level of inclusion. Also, there is no significant difference in the survival of the fish. Therefore, sweet potato (Ipomea batatas) which is free of charge, is a good alternative energy source to maize which is currently very expensive and should be included in Clarias gariepinus juveniles’ diet at 20 % inclusion level for healthy appearance and growth performance.
Keywords: Orange fleshed Ipomea batatas peel, Clarias gariepinus, juveniles, Growth, Biochemical parameters.
Introduction
One of the biggest challenges of global food security is the nutritional requirement of a growing population, which is projected to be 10 billion by 2050 (FAO, 2017). Sustainable Development Goal 2, ending hunger and malnutrition by 2030, can be achieved only through dietary changes, particularly in low- and middle-income countries (Karolina et al., 2020). With the growth of population, there is an immediate need for enhancement in food production systems, especially in developing countries, to ensure a uniform and sustainable supply of food. Fish has been a critical animal protein source for long, particularly in nations where it is part of the staple diet. Fish contributes significantly to animal protein consumption in some parts of the Global South, and it is crucial to the nutritional well-being of the vulnerable population (FAO, 2022). Fish such as Clarias gariepinus (African catfish) contributes good protein, omega-3 fatty acids, and minerals like calcium, iron, and zinc, all of which are required in human development where other proteins may be inaccessible (Neumann et al., 2014). Aquaculture is a key part of world food supply, but expensive feed is a key problem, especially where access to conventional fish feed ingredients is impractical (FAO, 2022). Fish feed in in Nigeria accounts for up to 60% of the cost of fish production (Igoche et al., 2019).  The main sources of energy for fish diets are maize and other grains, however they are currently very expensive. The search for substitute energy sources for feeding fish has become necessary due to the shortage and high cost of cereal grains, particularly maize. In order to boost productivity and lower the cost of producing farmed fish, this study will provide very cheap energy feedstuffs for compounding fish meals Orange fleshed sweet potatoes are rapidly taking center stage in tropical tuber harvests and are likely to become a staple in the consumer food chain as a means of addressing vitamin A deficiency. The tubers are inexpensive sources of energy and are rich in minerals, carbohydrates, sugars, and vitamin A in the form of β-carotene (Mitra, 2012). The crop is grown in large quantity in several part of Nigeria and therefore could form a cost-effective alternative energy feed ingredient for aquaculture as the peels are free and constitute environmental nuisance.  There is no evidence on the use of its peel in the diet of fish. Therefore, the aim of this study was to determine the growth performance and biochemical parameters of Clarias gariepinus juveniles fed diets with varying levels of orange fleshed Ipomea batatas peel.

Materials and Methods
Study Location
This study was conducted at the Aquaculture Laboratory, Fisheries and Aquaculture Unit, Department of Zoology, Faculty of Natural Sciences, University of Jos, Nigeria.
Experimental Diets
Preparation of orange fleshed (Ipomea batatas) peels meal
Fresh orange fleshed Ipomea batatas were collected from local farmers. The peels were washed, sun-dried for two weeks, and then milled into fine powder using a hammer mill. The powdered peels were sieved to remove coarse particles, and a fine uniform powder was produced. The dry orange fleshed Ipomea batatas peel powder was subsequently incorporated into experimental diets at varying inclusion levels.
Formulation of Experimental Diets
Six experimental diets were formulated using fish meal, orange fleshed Ipomea batatas peel meal, soybean cake, maize, cassava flour, palm oil, blood meal, mineral and vitamin mix. The diets included different levels of orange fleshed sweet potato (Ipomea batatas) peel meal: 0%, 20%, 40%, 60%, 80%, and 100% (Table 1).  These diets were prepared by thoroughly mixing the ingredients in a stainless-steel pot and pelleting the mixture using a meat mincer (Omoregie et al., 2009). The pellets were made with a diameter of 2mm to suit the size of the juveniles.


























Table1: Composition (%) of the Experimental Diets with varying levels of orange fleshed sweet potato peels fed to Clarias gariepinus Juveniles

	
	D1
	D2
	D3
	D4
	D5
	D6

	OFFSPP
	0
	1.58
	3.15
	4.73
	6.30
	7.88

	Fish meal 
	34.22
	34.22
	34.22
	34.22
	34.22
	34.22

	Blood meal
	4.00
	4.00
	4.00
	4.00
	4.00
	4.00

	Soya bean meal
	40.21
	40.38
	40.55
	40.74
	40.92
	41.08

	Maize
	7.88
	6.30
	4.73
	3.15
	1.58
	0.00

	Cassava 
	10.04
	9.87
	9.7
	9.51
	9.33
	9.22

	Palm oil
	1.90
	1.90
	1.90
	1.90
	1.90
	1.90

	Bone meal 
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Premix** 
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	Salt 
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Chromic Oxide* 
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	Total 
	100
	100
	100
	100
	100
	100

	%CP
	37.00
	37.00
	37.00
	37.00
	37.00
	37.00

	ME (kcal/kg)
	2817
	2812
	2808
	2804
	2799
	2795



*Added as inert marker for digestibility studies
Legend: OFSPP=Orange Fleshed Sweet Potato Peels
             CP=Crude Protein
Key: D1=0% level of inclusion of orange fleshed sweet potato peels meal
D2=20% level of inclusion of orange fleshed sweet potato peels meal
D3=40% level of inclusion of orange fleshed sweet potato peels meal
D4=60% level of inclusion of orange fleshed sweet potato peels meal
D5=80% level of inclusion of orange fleshed sweet potato peels meal
D6=100% level of inclusion of orange fleshed sweet potato peels meal

Experimental Design
Eighteen 20-liter plastic tanks were used in a completely randomized design, with three tanks per diet treatment. Each tank contained ten fish (initial mean weight of 6.64 ± 0.01g). The fish were fed their respective diets at 5% of their body weight, twice a day. Growth and feed utilization parameters were measured bi-weekly. Water quality indices of temperature, pH, dissolved oxygen, and carbondioxide were monitored, and excess feed and feces were removed daily for water quality maintenance. The experiment lasted for 16 weeks,
Growth and Feed Utilization Assessment
At the end of the feeding trial, fish growth performance was assessed on the basis of the following parameters:
Growth Indices
A. Percentage Weight gain
Weight Gain (g)=Initial weight (g) x 100
                             Initial weight (g) ………… Equation 1
                          			  (Ahmad, 2012).
Specific Growth Rate (SGR)
This the percentage increase in body weight per day over any given time interval. The Specific Growth Rate (SGR) was calculated using the formula below:
SGR= Loge w2-Loge w1 X100 ………………  Equation 2
              T2-T1
Where,
W2= Final weight of fish at time T2
W1- Initial weight of fish at time T1
e= Base of natural logarithm
(Samuel et al., 2021).
Survival rate (SR%) = 100 x (fish No. at the end÷ fish No. stocked at the beginning) Equation 3 
 Food Utilization Parameters
 Food conversion ratio (FCR)
This is a measure of the quantity of feed required for a unit weight gained by the fish. 


Thus, the higher the FCR value the better the feed.
FCR= Weight of food consumed (g)
           Weight gain by the fish…………………………... Equation 4
Where:
  Feed intake (FI) (g) = 5% Body weight × Experimental period
                                              Number of fish stocked   …………………. Equation 5         
                                                     			 (Afe & Omosowone, 2019).
B. Protein efficiency ratio (PER)
        PER= Live weight gain (g) ……………………………. Equation 6
                   Protein fed (g) 					
Where,
Protein fed (g) = Protein (%) in feed x Total weight (g) of diet consumed 	Equation 7	
                                                        100               
Apparent Net Protein Utilization (ANPU)
This indicates the efficiency of transforming the dietary protein into tissue protein by the fish. It was calculated thus:
ANPU (%) = Final carcass protein–Initial Carcass Protein X 100……… Equation 8
	Protein Fed                                  
Survival rate (SR%) = 100 x (fish No. at the end÷ fish No. stocked at the beginning) Equation 9 
Biochemical Analyses of Clarias gariepinus juveniles fed diets with varying levels of orange fleshed Ipomoea batatas peels
Collection, preservation of blood samples and biochemical analyses 
At the end of the trial, fish were starved for 24 hours before blood samples were taken by the process of phlebotomy. Three drops of the commercial clove oil extract dissolved in 10 L of tap water were used to anaesthetize fish (n = 2 per treatment). Blood samples were taken to obtain the serum by centrifuging the blood without heparin at 3500 g for 20 minutes, then stored in a deep freezer (-20° C) until biochemical analysis. Commercial kits (Diagnostic System Laboratories, Inc., USA) was used to determine serum biochemical components: alanine transaminase (ALT), aspartate transaminase (AST), creatinine, total protein (TP), albumin (ALB), and globulin (GLB) were calorimetrically evaluated. TP (g dL-1) and ALB (g dL-1) were measured according to McGowan et al. (1983) whereas serum ALT (U L-1) and AST (U L-1) were assessed according to the methods of Henry (1964). Serum GLB (g dL-1) were calculated using the variations between TP and ALB. 


COST BENEFIT EVALUATION 
The cost benefit analysis was based on the following:
i.  A major assumption was that all other operating costs for production remained the same for all the dietary treatments. Thus, cost of feed was the only expenditure considered in this study. 
ii.  Cost of feed was based on the prevailing market prices of the feed ingredients as at the time of purchase (that is time of commencement of the experiment). 
iii.  Value of fish produced depends on the selling price per kilogramme in the markets in Jos, Plateau State, Nigeria as at the time of this study.
The economic evaluations were calculated employing the methods adopted by Abdurrazzaq, Bolanle and Shuaibu, (2022).
 Feed Cost (N/kg) = Total Cost of ingredients required to produce a kilogram of each diet
 Profit Index = Value of fish (₦) 
                        Cost of feed (₦)

 Incidence Cost = Cost of feed (₦)
                            Weight of fish produced (kg)   
   
 Benefit Cost Ratio =Total cost (₦) 
                                  Total sales (₦)

Where, Total Cost = Total Fixed Cost (₦) + Total Variable Cost (₦)
Statistical Analysis 
All data obtained were analyzed using Statistical Package for Social Scientists (SPSS 15.0 2006) to determine their significant difference. The differences were checked at p = 0.05 level of significance. A One-way analysis of variance (ANOVA) and Tukey range tests were used to determine significant differences in the parameters tested.
Results
Growth Performance and Feed Utilization
Results
[bookmark: _Hlk193708023]Growth Performance and Feed Utilization: The results indicated significant differences in growth and feed utilization indices between the control diet (D1) and the experimental diets with increasing levels of orange fleshed Ipomea batatas peels (P<0.05). The control group exhibited the highest mean weight gain (MWG) of 169.80±2.21 grams, while the diet with 100% orange fleshed Ipomea batatas peels inclusion (D6) recorded the lowest MWG of 112.34±0.48 grams. Similarly, the specific growth rate (SGR) was highest in D1 (1.19±0.00) and lowest in D6 (1.05±0.00), reflecting poorer growth efficiency as the level of orange fleshed Ipomea batatas peels increased. The feed conversion ratio (FCR), which measures the efficiency with which the fish convert feed into body mass, was significantly affected by orange fleshed Ipomea batatas peels inclusion. D1 had the lowest FCR (2.33±0.00), indicating better feed conversion, while D6 had the highest FCR (2.45±0.11), suggesting that the fish fed the 100% orange fleshed Ipomea batatas peels diet were less efficient at converting feed into body mass. Protein efficiency ratio (PER), another indicator of feed efficiency, also showed significant differences across treatments, with D1 showing the highest PER (1.16) and D6 the lowest (1.12) (Table2). 
























Table 2: Mean Growth Performance and Feed Utilization Indices of Clarias gariepinus Juveniles Fed Diets with Varying Levels of Orange Fleshed Sweet Potato Peels Meal

	Treatments
Indices
	D1 
	D2 
	D3 
	D4 
	D5 
	D6             
	p-value

	Mean Initial Weight (g)

	6.64±0.01a

	6.64±0.01a

	6.64±0.01a

	6.64±0.01a

	6.64±0.01a

	6.64±0.01a      
	0.904

	Mean Final Weight (g)

	176.27±2.04a

	167.08±0.14b

	155.49±2.33c

	149.11±0.02d

	134.03±2.00e

	118.97±0.48f   
	0.000

	Mean Weight Gain (g)

	169.80±2.21a

	160.43±0.14b

	148.95±2.32c

	142.47±0.02d

	127.38±0.96e

	112.34±0.48f   
	0.000

	Mean Feed Intake (g)

	396.36±3.86a

	375.67±0.13b

	349.28±7.99c

	337.76±0.12d

	303.28±2.40e

	274.88±13.57f  
	0.000

	SGR (%/day)

	1.19±0.00a

	1.17±0.00b

	1.14±0.00c

	1.13±0.00d

	1.09±0.00e

	1.05±0.00f      
	0.000

	Feed Conversion Ratio

	2.33±0.00a

	2.34±0.00b

	2.34±0.01b

	2.37±0.00c

	2.38±0.00d

	2.45±0.11e     
	0.217

	Protein Efficiency Ratio

	1.16a

	1.16a

	1.15b

	1.14c

	1.13d

	1.12e                   
	0.000

	ANPU

	0.02a

	0.02a

	0.02a

	0.01b

	0.01b

	0.01b                    
	0.000

	Survival (%)

	100a

	100a

	100a

	100a

	100a

	96.67±4.71b    
	0.571



Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, P ≤ 0.05).
Legend:
SGR= Specific Growth Rate
 ANPU=Apparent Net Protein Utilization
 Biochemical Parameters
The mean biochemical parameters of C. gariepinus juveniles fed diets with varying levels of orange fleshed sweet potato peels revealed that, all serum biochemical parameters in fish in this study differed significantly (P<0.05) between the different treatments. Creatinine ranged from 0.91±0.05 to1.08±0.05 with D2 having the highest and D6 with the lowest and tend to decrease with increase in the level of inclusion of orange fleshed sweet potato peels meal. The glucose level increased with increase in the level of inclusion of orange fleshed sweet potato peels meal and ranged from 52.92±0.40 to 69.41±0.35 with D6 having the highest and D1 with the lowest. Furthermore, total protein decreased with increase in the level of inclusion of orange fleshed sweet potato peels meal and ranged from 2.61±0.03 to 3.21±0.01 with D1 having the highest and D6 with the lowest. Also, Albumin decreased with increase in the level of inclusion of orange fleshed sweet potato peels meal and ranged from 0.49±0.04 to 0.86±0.01 with D1 having the highest and D6 with the lowest.  Globulin decrease with increase in the level of inclusion of orange fleshed sweet potato peels meal and ranged from 2.13±0.06 to 2.35±0.02 with D1 having the highest and D6 with the lowest (Table 3). In addition, sodium decreased with increase in the level of inclusion of orange fleshed sweet potato peels meal and ranged from 35.81±0.34 to 40.09±0.05 with D1 having the highest and D6 with the lowest. Potassium decreased with increase in the level of inclusion of orange fleshed sweet potato peels meal and ranged from 16.41±0.48 to 18.59±0.26 with D1 having the highest and D6 with the lowest (Table 3).



Table 3: Mean Biochemical Parameters of Clarias gariepinus Juveniles Fed Diets with Varying Levels of Orange Fleshed Sweet Potato Peels Meal
	Treatments
Parameters
	D1
	D2
	D3
	D4
	D5
	D6
	p-value

	Creatinine
	1.07±0.05a
	1.08±0.05a

	1.01±0.07ab
	0.98±0.03ab
	0.97±0.01ab
	0.91±0.05b      
	0. .013

	Glucose
	52.92±0.40a
	56.29±0.11b
	58.57±0.36b

	62.72±0.49d
	65.57±0.40e
	69.41±0.35f
	0.000

	Total Protein
	3.21±0.01a
	3.10±0.09b
	2.98±0.00bc
	2.91±0.05c
	2.73±0.04d
	2.61±0.03d
	0.000


	Albumin
	0.86±0.01a
	0.75±0.02ab
	0.69±0.07bc
	0.60±0.03c
	0.52±0.01d
	0.49±0.04e
	0.000


	Globulin
	2.35±0.02a
	2.32±0.08a
	2.29±0.06ab
	2.31±0.03a
	2.21±0.05ab
	2.13±0.06b
	0. .014


	Sodium
	40.09±0.05a
	38.57±0.75a
	37.80±0.43ab

	36.39±0.12bc
	36.30±0.15bc

	35.81±0.34c
	0.000

	Potassium
	18.59±0.26a
	18.4±0.343a
	17.84±0.01ab

	17.11±0.43bc
	16.87±0.17bc

	16.41±0.48c

	0.000

	ALT
	30.38±0.03a

	30.00±0.17a

	28.46±0.15b

	27.40±0.28c

	26.43±0.42d

	26.43±0.42d

	0.000

	AST
	49.67±0.06a

	48.66±0.37b

	47.55±0.10c

	47.37±0.26cd

	46.35±0.34de

	45.92±0.14e

	0.000

	ALP
	13.01±0.15a

	12.59±0.27ab

	12.25±0.10bc

	12.19±0.05bc

	12.12±0.01c

	12.00±0.02c 
        
	0.000


Means within a column and effect that lack common superscripts differ significantly 
(Tukey’s multiple comparison test, P<0.05).
Legend:
ALT=Alanine aminotransferase, AST=Aspartate aminotransferase, ALP= Alkaline phosphatase

Economic Analysis
The cost-benefit analysis revealed that the inclusion of orange fleshed Ipomea batatas peels significantly impacted the economic aspects of fish feed. The cost of feed per kilogram was lowest for D6 (₦1,240) and highest for the control diet D1 (₦1,970). This indicates that higher inclusion levels of orange fleshed Ipomea batatas peels reduced the overall cost of feed production. The total input cost was lowest for D6 (₦7,740) and highest for D1 (₦8,470). Interestingly, the net profit increased with the level of orange sweet potato (Ipomea batatas) peels inclusion, with the highest net profit of ₦17,260 observed in D6 (100% orange fleshed Ipomea batatas peels), compared to ₦16,530 in D1 (control diet). The incidence cost, which measures feed efficiency, was lowest for D5 (80% inclusion) and highest for D1, suggesting better feed utilization and efficiency at higher levels of orange sweet potato (Ipomea batatas) peels inclusion. The profit index, which reflects overall economic efficiency, was highest in D6 (20.16) and lowest in D1 (12.69). These results suggest that incorporating orange fleshed Ipomea batatas peels into Clarias gariepinus diets not only reduces feed costs but also improves profitability, especially at higher inclusion levels (Table 4).











Table 4: Cost and Benefit Analysis of Experimental Diet with Varying Levels of Orange Fleshed Sweet Potato Peels Meal Fed to Clarias gariepinus Juveniles
	Parameters
	Diets 
	D1
	D2
	D3
	D4
	D5
	D6

	Weight Gain (g)
	
	169.80
	160.43
	148.95
	142.47
	127.38
	112.34

	Cost of Feed (₦)
	
	1970
	1740
	1640
	1470
	1340
	1240

	Cost of Fingerlings (₦)
	
	1500 
	1500
	1500
	1500
	1500
	1500

	Cost of Water (₦)
	
	2000
	2000
	2000
	2000
	2000
	2000

	Cost of Feeding (₦)
	
	3000
	3000
	3000
	3000
	3000
	3000

	Total Input Cost (₦)
	
	8470
	8240
	8140
	7970
	7840
	7740

	Number of Fingerlings
	
	10
	10
	10
	10
	10
	10

	Unit price of Fish/Kg
	
	2500
	2500
	2500
	2500
	2500
	2500

	Total value of Fish (₦)
	
	25000
	25000
	25000
	25000
	25000
	25000

	Net Profit (₦)
	
	16530
	16760
	16860
	17030
	17160
	17260

	Incidence Cost (₦)
	
	11.60
	10.85
	11.01
	10.32
	10.51
	11.04

	Profit Index
	
	12.69
	14.37
	15.24
	17.01
	18.66
	20.16

	Benefit Cost Ratio
	
	0.34
	0.33
	0.33
	0.32
	0.35
	0.34



Discussion
Growth Performance
The significant differences (p<0.05) among treatments in the mean final weight and mean weight gain `(MWG) in this study is consistent with that of Omoregie et al. (2009), who found that fish fed sweet potato peels had slower growth than fish fed a control diet without any sweet potato peels. Nonetheless, there was no growth depression when the quantity of peels in the diet was restricted to 5–20%. The meals containing sweet potato peels had a crude protein content of roughly 31%, which is within the necessary protein range for young herbivorous fish. This result also supported the findings of Lawal et al., (2012), who fed juvenile C. gariepinus with yam peel meal at 0,5,10, and 15%, respectively. According to Adesina et al., (2020), the inclusion of melon (Citrillus lanatus) seed peel meal in the diet of C. gariepinus fingerlings was found to gradually decrease the growth and feed utilization indices.
	 Similarly, Ajiboye et al., (2019) reported poor growth performance in C. gariepinus as the level of dried poultry droppings and dried pig feces increased in the diets of the fish. Furthermore, Isiyaku et al., (2021), reported that the growth performance of Clarias gariepinus decrease as the inclusion of cassava peels increased, nothing that the fish performed optimally on diet containing 10% inclusion of cassava peels with respect to weight gain, specific growth rate, and protein efficiency ratio. similarly, Afe et al., (2021) reported that, the inclusion of O. gratissimum in the diets of H. bidorsalis improve growth performance and nutrient utilization in the treated group over the control and stated that, the recommended level of O. gratissimum in the diet of H.bidorsalis should between 1.5 and 1.65g/100g.
Biochemical Parameters
[bookmark: _Hlk194497511]Creatinine, a byproduct of muscle breakdown, is often used as an indicator to determine kidney function and muscle integrity in aquatic animals (Wang et al., 2014). Higher levels typically suggest renal or muscular degradation, while decreased levels suggest more effective utilization of muscle proteins (Wang et al., 2014). Decrease in creatinine with improved supplementation with sweet potato peels indicates alteration in protein metabolism, possibly due to a difference in dietary composition. High glucose levels show the rise in carbohydrate consumption or metabolic adjustment of (Ribeiro et al., 2010). Sweet potato peel high in starch can elevate the levels of glucose since they are metabolized by the fish into glucose (Ribeiro et al., 2010). Diets of carbohydrate have been found to elevate the fish's blood glucose levels, which is an indication of the possibility of the usage of carbohydrates rather than proteins as the source of energy (Ribeiro et al., 2010). Albumin and total protein are crucial markers of nutritional level, and albumin is also used to maintain osmotic pressure balance and to facilitate the transportation of molecules (Pérez-Sánchez et al., 2014). The reduction of these factors as noted can be attributed to poor protein quality as the proportions of orange fleshed sweet potato peels in the diets. In addition, the high fiber content of sweet potato peels can hinder nutrient absorption, which could result in decreased protein synthesis and albumin levels (Solomon et al., 2015). Globulins are associated with immune function and transport (Lee et al., 2015). Subnormal globulin levels may signify impaired immune function or inability to synthesize immune-related proteins. Diets of poor protein quality, such as sweet potato peels, can prevent globulin synthesis due to inadequate amino acids that provide the foundation for successful immune functions (Nasr et al., 2020). Sodium and potassium are key electrolytes for osmotic equilibrium and neural function (Cao et al., 2016). Deficiency of these electrolytes in this study could be attributed to lower content of minerals contained in sweet potato peels, which could lead to mineral imbalance (Cao et al., 2016). Additionally, the high fiber content in orange fleshed sweet potato peels may delay mineral absorption in the gut, leading to decreased sodium and potassium levels (Cao et al., 2016).   ALT, AST, and ALP activity reduced as percentages of orange fleshed sweet potato peels meal in the diets increased. Reduction in activity of the enzyme can be an indication of impaired functioning of the liver or damage to hepatocyte of fish being fed diets of high percentages of orange fleshed Ipomea batatas peels meal. The altered liver enzyme activity may be an indicator of possible hepatotoxic effect or metabolic disturbances as well documented Abdullahi et al. (2023) that enzyme activities were major parameters which induced C. gariepinus to consume sweet potato peel more effectively. The inclusion of orange fleshed sweet potato peels in the diet of Clarias gariepinus juveniles significantly affected their biochemical parameters, including decreased protein, albumin, and electrolyte levels, while increasing glucose concentrations. These changes suggest that while sweet potato peels provide carbohydrates and fiber, they may not meet the fish's nutritional needs for optimal growth and health when included at high levels.
Economic Feasibility
The lowest cost per kilogram of feed in this study in D6(100%) as compared to the control D1(0%) is an indication that higher level of inclusion of orange fleshed Ipomea batatas peels which is inexpensive, lowers feed expenditure. This is similar to the report of Abioye et al., (2020). Also, the total input costs which were lowest for D6 (100%) and highest for the control diet, further showed that the orange fleshed sweet potato peels meal reduces overall feed production costs which is similar to the report of Nwokoro et al. (2022).  Furthermore, the increased total profit as the level of inclusion increases, suggests that inclusion of orange fleshed sweet potato peels meal can improve profitability of fish diets. This is similar to the report of Bassa et al. (2021) that alternative feed ingredients can enhance profitability in the diets of fish. The incidence cost, which measures feed efficiency, was lowest for D5(80%) and highest in D1(0%) which is an indication of better feed efficiency. This is similar to the report of Ali et al., (2024).  Finally, the profit index, which reflects overall economic efficiency, was highest for the D6(100%) and lowest for the control diet (D1), is also an indication that the 100% orange fleshed sweet potato peels meal diet provides the highest return on investment. This is consistent with the report of Munguti et al., (2021).  In conclusion, the inclusion of orange fleshed sweet potato in the diet of Clarias gariepinus lead to the reduction in feeds and this is similar to the report of Samuel et al. (2022) when they fed African Catfish, Clarias gariepinus (Burchell, 1822) with varying levels of watermelon (Citrullus lanatus) bark.
Conclusion
Inclusion of orange fleshed sweet potato (Ipomea batatas) peel in the diet of Clarias gariepinus juveniles is cost-effective, especially at levels of moderate inclusion (20 to 40%). However, higher inclusion levels (80%–100%) are detrimental to growth performance and certain biochemical parameters, including decreased protein, albumin, and electrolyte levels, while increasing glucose concentrations. These changes suggest that while sweet potato peels provide carbohydrates and fiber, they may not meet the fish's nutritional needs for optimal growth and health when included at high levels. These findings concludes that although, the growth of fish decreased with increase in the level of inclusion of orange fleshed sweet potato (Ipomea batatas) peels, the cost of producing a kilogram of diets decreased with increased in the level of inclusion. Also, there is no significant difference in the survival of the fish at lower levels of inclusion. Therefore, orange fleshed Ipomea batatas peels which is free of charge, is a good alternative energy source to maize which is currently very expensive and should be included in the diet of C. garienpinus juveniles at 20%. More research should be carried out to enhance the nutritional quality of sweet potato peel meal and also to identify its long-term effect on fish health and growth.
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