


EFFECTS OF PELLETIZED CASSAVA PEEL ON SERUM BIOCHEMISTRY OF GROWING RABBITS	Comment by Ishaya Gadzama: Use "g/dL" for albumin, "mg/dL" for creatinine, "IU/L" for enzymes. Ensure consistency (e.g., "g/l" or "g/L"). 	Comment by Ishaya Gadzama: The manuscript is well-structured but would benefit from minor grammatical refinements and technical corrections. Great work overall! 



ABSTRACT 
In recent years, there has been a growing interest in exploring the potential use of cassava peels as a dietary component for livestock, particularly in rabbits. The objective of this study was to examine how different levels of pelletized cassava peel in the diets of growing rabbits affect their serum parameters. The research followed a completely randomized design, with twenty rabbits distributed randomly into four dietary groups, each consisting of five replicates. The dietary groups included a control diet with no cassava peel (0%), as well as diets with 10%, 20%, and 30% cassava peel inclusion, while maize remained the primary source of energy. The study spanned eight weeks, during which serum samples were collected and subjected to analysis for various biochemical parameters. The results revealed significant differences (p < 0.05) in serum indices among the different dietary treatments. Particularly noteworthy was that rabbits fed diets containing 10% and 20% cassava peel exhibited higher levels of albumin, with values ranging from 38.50 g/dl to 34.50 g/dl, compared to those on the control diet. Total protein values ranged from 76.50 g/l (control) to 79.50 g/l (30% cassava peel inclusion). Creatinine levels varied from 66.60 mg/dl (20% 20% inclusion) to 79.60 mg/dl (30% 30% inclusion). Furthermore, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) values also displayed significant differences, with the highest AST level (10.50 IU/l) observed in the 30% cassava peel group and the lowest ALT level (6.50 IU/l) in the 10% inclusion group. Blood glucose levels ranged from 4.20 (30% cassava peel) to 5.80 (control), and chloride levels ranged from 98.50 (20% cassava peel) to 104.50 (10% cassava peel). In conclusion, incorporating cassava peel at inclusion levels of 10% to 20% in rabbit diets can have a positive impact on serum parameters without any adverse effects.	Comment by Ishaya Gadzama: How was the data analyzed? Which software was used, or which statistical tool? Mention that here, and the year of the software
Keywords: Cassava peel, Rabbit feed, Serum indices	Comment by Ishaya Gadzama: Add more key words. Do not use words from the title
INTRODUCTION
Rabbit farming is a significant aspect of small-scale animal husbandry, providing a valuable source of protein-rich meat and other products in many regions around the world (Dalle Zotte 2014). As with any livestock production, ensuring optimal growth and health of rabbits is crucial to maximizing productivity and economic returns (Gadde et al., 2017). Nutrition plays a pivotal role in the growth and well-being of these animals, and innovative strategies for utilizing locally available feed resources can enhance the sustainability and efficiency of rabbit farming (Cunha, 2012). 
Cassava (Manihot esculenta) is a widely cultivated tuberous root crop known for its high carbohydrate content and adaptability to diverse agro-ecological conditions. The cassava plant serves not only as a staple food source for millions of people but also a potential feed ingredient for livestock due to its abundance in some regions (Ngiki et al., 2014). However, cassava roots contain cyanogenic glycosides, which can release toxic cyanide upon enzymatic degradation, making them unsuitable for direct consumption in significant quantities by most animals, including rabbits (Apata and Babalola, 2012). The utilization of cassava peels as a feed ingredient for rabbits carries the potential for economic and environmental sustainability. With abundant availability in many cassava-producing regions, cassava peel holds promise as a cost-effective and sustainable feed resource. Cassava peels are a rich source of energy, fiber, and certain nutrients, including vitamins and minerals. By incorporating cassava peels into rabbit diets, we may effectively reduce feed costs for rabbit farmers, thereby enhancing the economic viability of rabbit production while also aligning with the broader goal of achieving sustainable livestock farming practices. 	Comment by Ishaya Gadzama: Be consistent. Follow the journal formatting requirements
However, they also contain anti-nutritional factors, such as cyanogenic glycosides (Bayata, 2019), which need to be addressed to make cassava peels a suitable feed ingredient for rabbits. By conducting serum biochemistry analyses, we can evaluate how pelletized cassava peel affects nutrient utilization and overall health of growing rabbits. Understanding the effects of cassava peel on serum biochemistry can provide valuable information about its impact on rabbit health. For instance, assessing parameters like serum glucose, lipid profiles, and liver enzymes can indicate how well rabbits are digesting and utilizing the nutrients from cassava peel-based diets. This knowledge can help optimize dietary formulations to promote the growth and well-being of rabbits (Folorunso et al., 2017). This study was therefore designed to determine the effects of pelletized cassava peel on serum biochemistry of growing rabbits	Comment by Ishaya Gadzama: Removed redundant "the"	Comment by Ishaya Gadzama: Be consistent. Follow the journal formatting requirements
MATERIALS AND METHODS
Experimental site
This research was conducted at the University Farm of Olusegun Agagu University of Science and Technology (OAUSTECH), Okitipupa, Ondo State, with a temperature of 27oC and humidity of 56 mmHg.
Experimental materials
Selected fresh cassava peel of good quality and maize used in formulating the diet were purchased from Okitipupa Local Government in Ondo State within the school premises and other conventional feed ingredients such as wheat offal, bone meal and palm kernel cake were sourced from a reputable feed mill industry. The milling of the experimental diet was carried out in a reputable feed mill in Ijebu-Ode Ogun, State. During the process of grinding, the peel was passed into the hammer mill and was ground to a particle size of 3mm
Experimental diets
Experimental diets were formulated for the growing rabbits to meet their nutritional requirements. Four diets were formulated in which pelletized cassava peel was used to replace maize at various inclusion levels. The diets were diet 1, maize as the main energy source, diet 2 contains 20% cassava peel, diet 3 contains 30% cassava peel, and diet 4 contains 40% cassava peel as the main energy source. All were prepared by mixing the ingredients in Table I at the feed mill in Ijebu-ode Ogun State.
Experimental animals and management
A total of 20 growing rabbits with an average weight of 500g -600g were purchased from the Federal College of Education Osiele, Abeokuta Ogun, State. Before their arrival and to the commencement of the experiment, the rabbit cages were thoroughly washed and efficiently disinfected with Izal to prevent any contamination and infection. The feeding and watering troughs were washed, disinfected and fixed on the cages. Also, the cage stands were inserted into a concentrated solution of engine oil to prevent the interference of crawling insects, termites, soldier ants and snakes. The rabbits on their arrival were made to undergo a week adaptation period to allow them to adjust to the new environment. Also, they were administered coccidiostat and antibiotics to prevent them from coccidiosis and bacterial infections. The rabbits were then intensively managed in individual compartments in the cage with a size (45cm x 40cm x 45cm) and were introduced to their experimental diets according to their treatments after the adaptation period.	Comment by Ishaya Gadzama: What is the manufacturer of Izal and what is it?
Experimental design
Following weighting balancing the rabbits were randomly distributed into four treatments and five replicates per treatment. The experimental design was a completely randomized design. Feed and water were offered daily to them ad libitum during the 8-week experimental period, and all the rabbits were kept under the same hygienic and environmental conditions.
Serum collection
Three milliliters (3.0 mL) of blood was collected from the external ear vein of each rabbit using a sterilized disposable syringe and needle between 7.00 and 7.45 am into a labelled sterile sample bottle without anticoagulant and used to determine the serum biochemical components. The blood samples were taken to the laboratory for biochemical analysis.	Comment by Ishaya Gadzama: Where are the references for this blood collection? Why 3 ml and not 5ml?
Proximate Analysis of Experimental Diets
The experimental diet underwent proximate analysis, including the determination of dry matter, nitrogen, ash, crude fiber, ether extract, and nitrogen-free extract (NFE) using AOAC (2002) procedures. Key steps involved in the analysis included moisture content determination through oven-drying, crude protein determination through digestion, distillation, and titration, determination of crude fiber through a sequential process of boiling with H2SO4 and NaOH, determination of ether extract involving extraction with n-hexane, and determination of ash through muffle furnace treatment.
Serum Biochemistry Analyses
The serum biochemistry analyses included ALT, AST, total protein, and albumin, each with specific principles and procedures outlined for accurate measurements.
Alanine Aminotransferase (ALT)
ALT levels were determined following the principles outlined by Reitman and Frankel (1957) using the procedure provided by RANDOX. The assay involved the catalysis of amino group transfer from L-alanine to alpha-oxoglutarate, leading to the formation of pyruvate, and subsequent measurement of the concentration of pyruvate hydrazone.
Asapartate Aminotransferase (AST)
AST levels were determined based on the procedure by Reitman and Frankel (1957) with the method provided by RANDOX. The assay monitored the concentration of oxaloacetate hydrazone formed with 2,4-dinitrophenylhydrazine.
Total Protein
The total protein content was determined by the interaction of copper ions with proteins, producing an intense violet-blue complex color in an alkaline medium. The intensity of the color was proportional to the amount of protein present in the sample.
Albumin
Albumin concentration was measured through quantitative binding to the bremocresol green (BCG) indicator. The absorbance of the albumin-BCG complex was read at 578 nm, and the concentration of albumin in the sample was directly proportional to the absorbance.
Statistical Analysis
All data collected were subjected to one-way analysis of variance (ANOVA). Where there was significance, Duncan’s Multiple Range Test (DMRT) was employed to separate the means. 























Table I: Gross composition of experimental diets
	Ingredients
	Diet 1
	Diet 2
	Diet 3
	Diet 4

	Maize
	48
	47.5
	45
	41

	Soya bean meal
	18.5
	16.5
	14
	11

	Wheat offal
	30
	22.5
	17.5
	14.5

	Cassava peel
	0
	10
	20
	30

	Bone meal
	2
	2
	2
	2

	Salt
	0.25
	0.25
	0.25
	0.25

	Premixes
	0.25
	0.25
	0.25
	0.25

	Lysine
	0.1
	0.1
	0.1
	0.1

	Methionine
	0.1
	0.1
	0.1
	0.1

	Total	Comment by Ishaya Gadzama: Make all values to two Decimal Places
	99.2
	99.2
	99.2
	99.2























RESULTS
The serum biochemistry parameters as influenced by the experimental diets are presented in Table II. The observed parameters were significantly influenced (P < 0.05) by treatments. Albumin, creatinine, and aspartate aminotransferase values were significantly different (p <  0.05) among treatments with value ranges of 34.50 – 38.50 g/dl, 66.60 – 79.60 mg/dl and 6.50 – 10.50 U/L. Rabbits fed diets 2 and 3 had significantly (p < 0.05) higher (38.50 g/dl) albumin compared to rabbits fed diet 1 (34.50). Rabbit fed diet 4 recorded the highest (79.50) value of total protein, while diet 2 recorded the least value (73.50). Also, Rabbits fed diet 3 had significantly (p < 0.05) higher creatinine values than those of diet 2, but their values were comparable to those of the other diets. Aspartate aminotransferase varied across the treatments, with rabbits fed diet 4 having significantly (p < 0.05) higher value (10.50) than those fed diet 1 (6.50). The highest value (5.80) of blood glucose was recorded for the rabbit fed diet 1, while diet 4 had the least (4.20) value. Highest value (42.50) of globulin was recorded for the rabbit fed diet 1, while diet 2 had the least (33.50) value. Rabbit fed diet 4 recorded the highest value (12.50, 22.50) for alanine aminotransferase and alkaline phosphatase, while rabbit fed diet 2 had the least value (6.50) for alanine aminotransferase and diet 3 (19.50) for alkaline phosphatase. The highest value (4.90) of urea was recorded for the rabbit fed diet 4 while diet 2 had the least (3.40) value. Chloride recorded the highest value (104.50) for rabbit fed diet 2 while diet 1 recorded the least (101.50) value.	Comment by Ishaya Gadzama: Be consistent with the use of P. Use either capital P or small p all through	Comment by Ishaya Gadzama: Check this for proper way of writing it





















Table II:	Effect of the varying inclusion levels of pelletized cassava peel on the serum indices of growing rabbits 	Comment by Ishaya Gadzama: Where is the growth performance table?
	Parameters
	Maize
	10% cassava peel
	20% cassava peel
	30% cassava peel

	Total protein (g/l)
	76.50c ± 0.29   
	73.50d ± 0.29   	Comment by Ishaya Gadzama: Why are all the values similar ±0.29? Are these results correct?
	78.50b ± 0.29   
	79.50a ± 0.29   

	ALT (IU/l)
	9.50b ± 0.29    
	6.50d± 0.29     
	8.50c± 0.29    
	12.50a±0.29   

	AST (IU/l)
	6.50c ± 0.29    
	9.50b ± 0.29    
	9.50b ± 0.29    
	10.50a ± 0.29    

	ALB (g/l)
	34.50b ± 0.29   
	38.50a ± 0.29  
	38.50a ± 0.29  
	37.50a ± 0.29  

	ALP (IU/l)
	21.50b ± 0.29    
	20.50c± 0.29    
	19.50d ± 0.29    
	22.50a ± 0.29    

	Globulin
	42.50a± 0.29    
	33.50c ± 0.29    
	40.50ab ± 0.29    
	42.30a ± 0.29    

	Creatinine
	77.50b± 0.29
	66.60d±0.29     
	79.60a±0.29
	73.90bc±0.29

	Urea
	3.80b±0.29    
	3.40b±0.29     
	4.00ab±0.29    
	4.90a±0.29     

	Chloride
	101.50C ± 0.29   
	104.50a±0.29     
	98.50d±0.29     
	102.50b±0.29     

	Glucose	Comment by Ishaya Gadzama: Where are the units for these?
	5.80a±0.29   
	5.30a±0.29    
	5.40a±0.29     
	4.20b±0.29    


a,b,c = Means in rows with different superscript indicate significant difference (p < 0.05)


















DISCUSSION
Serum biochemical parameters analysis is an important method for evaluating visceral organ damage in rabbits, particularly the liver and kidneys (Jurcik et al., 2007; Melillo, 2007; Jenkins, 2008). The serum levels of total protein, albumin, glucose, creatinine, AST and ALT determined in this study were found to be within the range of reference values reported in previous studies for rabbits (Yazar et al., 2004; Silva et al., 2005; Elmas et al., 2006; Melillo, 2007).  Abnormal serum albumin usually indicates an alteration of normal systematic protein utilization (Apata,1990) and low dietary protein intake (Onifade and Tewe, 1993). Deviation from normal range for specie results in conditions such as low albumin (hypoalbuminemia). This may be caused by liver disease, mal-absorption, malnutrition or chronic blood loss. High albumin (hyperalbuminemia) is caused by dehydration (Rastogi, 2007). The cholesterol values recorded for the rabbits were within the normal range described by Elmas et al. (2006) and Silva et al. (2005) and compared favorably with values reported by Alagbe and Oluwafemi (2019). Creatinine level of rabbits fed 10% inclusion cassava peel diet that was observed to be lower than those fed 20% inclusion cassava peel diet, might be attributed to a poor kidney function in rabbits fed 10% conventional cassava peel diet. Elevated serum creatinine levels are a more sensitive indicator of renal failure (Rastogi, 2002).  Elevated glucose levels in rabbits have been associated with various stress factors (Lepitzki and Woolf, 1991; Melillo, 2007; Jenkins, 2008), and the serum glucose levels determined in this study fell within the normal range reported in some studies (Jurcik et al., 2007; Jenkins, 2008) but were lower than in another (Silva et al., 2005). Chloride is one of the essential electrolytes in the body, playing a crucial role in maintaining proper osmotic balance, acid-base equilibrium, and nerve function. Any significant deviations in chloride levels could potentially disrupt electrolyte balance, leading to adverse health effects (McNulty et al., 2001). Higher chloride in diet 2 could lead to electrolyte imbalance. Electrolyte imbalances can have profound effects on animal health. In rabbits, disturbances in electrolyte balance can lead to conditions such as dehydration, metabolic acidosis, and disturbances in neural and muscular function, which can negatively impact overall health and performance (Aro and Ajao, 2011). Elevated globulin level in diet 4 could due to the potential immunomodulatory effects of cassava peel as reported by Chikwendu et al. (2020) The serum enzymes activities assessed (ALT, AST and ALP) of rabbits fed moringa diets were within the normal range reported by CCAC (1980). This result corroborates with the report of Ewuola et al. (2011). However, in this study, all ALT values fell within the normal range (7 to 56 units per liter (U/L)) reported by Ozkan et al. (2012).	Comment by Ishaya Gadzama: References are old. Look for the latest references and replace	Comment by Ishaya Gadzama: “Systematic"  or "systemic" (use the correct medical term).

CONCLUSION
The results from this study revealed that cassava peel can serve as a suitable alternative feed ingredient that can be processed into different physical forms that are acceptable to rabbits, leading to optimal utilization and productivity. The varying inclusion levels of pelletized cassava peel had a notable impact on the serum indices of growing rabbits. Diet 2 (10% inclusion) and Diet 3 (20% inclusion) showed promising results in terms of maintaining or improving certain serum parameters without adverse effects, while Diet 4 (30% inclusion) had distinct effects, particularly on protein and ALP levels.
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