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ABSTRACT

Unavailability and high cost of conventional feedstuff has led to the exploration of the use of agro-industrial byproducts and less explored feedstuff such as cassava peels and moringa. Growth pattern and correspondence carcass yield are influenced by dietary quality aided by intestinal health. Since the intestinal caecum represents a major site of fermentation of ingesta breakdown and assimilation, histology and morphological development would partly explain the rate of nutrient absorption in rabbits. Forty grower rabbits of mixed sex were used to determine the effect of diets containing cassava-peel-grit-moringa-leaf (CPMLM) blend as replacement for maize on growth performance, carcass yield and caeca health. The rabbits were assigned to four dietary treatments containing 0%, 25%, 50% and 75% of the blend as replacement for maize. Data were collected on feed intake, weight gain and feed conversion ratio. Carcass yield data were collected on bled, dressed and cut-parts while caeca histology data were villi height, crypt depth, villi to crypt depth ratio and muscle thickness for caeca histology. All data were analyzed using ANOVA. Results showed that diets had no significant difference (P>0.05) on the growth performance of rabbits. Those fed diet containing 50% of the blend recorded superior (p<0.05) dressed, fore limb and head weights. Villi height, crypt depth and muscle thickness of rabbits had no significant (p>0.05) variation with diets. However, caecum tissues showed destroyed villi of rabbits fed diet containing 75% of the blend. The study concluded that the inclusion of cassava-peel-grit-moringa-leaf blend as replacement for maize had no effect on the growth and caeca morphology of rabbits. However, a high percentage of blend resulted in the destruction of the caeca. Therefore, 50% of the cassava-peels-grits-moringa-leaf blend is feasible in diet for rabbit production where carcass yield is paramount. 

Introduction 

Rabbit (Oryctolagus cuniculus) is a very productive animal and has been identified as close substitute for poultry. Nistor et al. (2023) reported that rabbit meat has high protein, low fat and is considered healthier than other meats frequently consumed by man. These attributes put rabbit in area of interest for a number of research for quality protein available for human consumption particularly in the developing countries. Nevertheless, supply of feed to meet the needs for monogastric animals in developing countries is a major challenge due to the unavailability and high cost of conventional feedstuff leading to high cost of production. This has led to research in the use of agro-industrial byproducts and underexplored vegetable protein. Utilization of these feedstuffs is often been determined via growth performance and the resultant meat yield of the livestock. Other assessment indicators are the indirect measurements which include gut health and morphology as well as other physiological indicators (Hamedi, 2011). The gut health comprises of the microbiology, morphology, physiology and immunology of the intestinal tract (Bischoff, 2011; Stecher, 2015; Ruan et al., 2020). 

Due to the sensitivity of the gastrointestinal health of rabbits, a balanced diet ensuring provision of adequate nutrients sufficient fiber in particular, is essential. Changes in the intestinal region can have an impact on nutrient absorption (Shang et al., 2018). Rabbits being monogastric, hindgut fermenters are primarily herbivorous with unique digestive physiology including the ‘caecum’ a large organ, which is a site of microbial fermentation, and nutrients absorption, assimilation and transportation. Carcass yield of rabbits as well as other food animals is generally assessed by the amount of consumable meat gotten from various parts such as the loin, fore limbs, hind limbs, etc. Most farmers will always look for cost efficient ways to produce more meat yield from livestock that they are rearing for meat production. 

Diet composition, nutrients and supplements therefore impact on growth and meat yield without prejudice to breed, health and physiological interplay. Meanwhile, rabbits require quality diet that is high in fiber and therefore cannot be reared on only concentrate diets (Bhatt and Sharma, 2001). And as feed pose a great challenge to monogatric production in particular, alternative quality feedstuffs as replacement for the conventional expensive is begging for attention. Such alternative is cassava (Manihot esculenta) peels. Cassava, a perennial woody undergrowth roots is a staple food in the humid tropics with its products from industrial processing including garri, chips and industrial starch. Nigeria, the world’s largest producer of cassava produces about 60 million tones; 20% of global production (FAOSTAT, 2019). According to Nwokoro et al., (2002) and Kormawa et al., (2003), close to 84% of domestic cassava production is available for consumption and more than 95% of its uses require peeling which generates up to 14 million MT of waste annually of which only a little amount is put to use due to challenges related to processing especially drying. Utilization of cassava peels (5-15% of tuber weight) in monogastric feeding has been advocated as it has direct benefit in reducing feeding cost and solving the problem of the peels disposal (Oloruntola et al., 2016). 

In the same vein, Moringa is an alternative vegetative protein source. The leaf is rich in proteins, minerals and vitamins (Pandey et al., 2012). The positive effect of moringa leaves in the form of leaf meal has been previously demonstrated on the growth performance of rabbits (Nuhu, 2010; Dougnon, 2012, Valdivié-Navarro et al. 2020). When cassava-peel and moringa is blended, the resultant product could be explored as replacement for maize due to its competitive domestic and industrial uses and the ensuing high cost. There is dearth of information on the effect of cassava-peel-grit-moringa-leaf (CPMLM) blend as a replacement for maize and this, therefore, necessitated this study.

Material and Methods
This study was conducted at the rabbit unit of the Institute of Food Security, Environmental Resources and Agricultural Research (IFSERAR), Federal University of Agriculture, Abeokuta. The location falls within the savannah vegetation zone of the South West Nigeria with mean annual rainfall of 1100mm and temperature 34.7°C, latitude 7.231644°N and  longitude 3.391989°E (Google earth, 2024).

Experimental materials

Fresh moringa leaves were harvested from the Directorate of University Farms (DUFARMS), Federal University of Agriculture, Abeokuta (FUNAAB) and air dried until a constant weight was achieved. High quality cassava peel grits (HQCP) was purchased from cassava processing plant of the International Livestock Research Institute (ILRI), Ibadan, Oyo State, Nigeria. The HQCP and moringa leaf blend was formed. The blend was made of HQCP and dried moringa leaves which was milled and mixed in ratio 3:1 using Pearson correlation square.

Experimental animals and arrangement

Forty (40) grower crossbred of mixed sex rabbits were used for the study. They were allotted into four dietary treatments in a complete randomized design arrangement. Each treatment having ten replicates and each replicate was housed in a separate hutch. The hutch was a raised floor. The animals were provided with a feeder and drinker in each hutch.

Experimental diets

Four experimental diets were formulated as shown in Table 1. The blend was used to replace maize at 0, 25, 50 and 75%. The diets were isocalaric and isonitrogenous.
Table 1: Experimental diets composition
	Ingredient
	DIET 1
	DIET 2
DIET 3
DIET 4

	
	
	BLEND  REPLACEMENT FOR MAIZE (%)

	
	0
	25
	50
	75

	Maize
	35.00
	26.25
	17.5
	8.75

	Blend (HQCP+Moringa)
	0.00
	8.75
	17.5
	26.25

	Wheat offal
	40.00
	40.00
	40.00
	40.00

	Palm Kernel Cake
	13.00
	13.00
	13.00
	13.00

	Bone
	6.00
	6.00
	6.00
	6.00

	Dicalcium
	3.00
	3.00
	3.00
	3.00

	Salt
	2.50
	2.50
	2.50
	2.50

	*Premix
	0.15
	0.15
	0.15
	0.15

	Lysine
	0.15
	0.15
	0.15
	0.15

	Methionine
	0.2
	0.2
	0.2
	0.2

	Total
	100
	100
	100
	100


Proximate Analysis (%)
Metabolisable energy (Kcal/kg)
2424.50
2424.50
2424.50
2424.50
Protein
12.77
12.77
12.77
12.77
Fat
3.38
3.38
3.38
3.38
Fibre 
6.53
6.67
6.73
6.80
Calcium
2.68
2.68
2.68
2.68
Phosphorus
0.87
0.87
0.87
0.87
Lysine
0.42
0.42
0.42
0.42
Methionine
0.41
0.41
0.41
0.41
*Premix composition per kg diet: Vit A :400000IU, Vit D:80000IU, Vit E:40000ng, Vit k3:800mg, Vit B1:1000MG, Vit B2:6000mg, Vit B6:500mg, VitB12:25mg, Niacin:6000mg, Panthothenic acid:2000mg, Folic acid: 200mg, Biotin:8mg, Manganese:300000g, Iron:8000mg, Zinc:20000g, Cobalt:80mg, Iodine:400mg, Selenium:40mg, Choline:800000g
Management of experimental animals

Prior to stocking, the hutches were thoroughly cleaned and disinfected. The animals were acclimatized for 2 weeks and fed with a commercial grower diet. Feed and water were supplied ad libitum. All other routine management practices were observed.

Data collection
Growth performance data

Growth data were collected by weighing all the animals according to treatment and replicates using the sensitive scale on a weekly basis to evaluate animal consumption rate and determine the weight response of the feed given. Initial weight of the animals was determined at the commencement of the feeding trial and subsequent weight of each animal on treatment and replicate basis was taken. Feed intake was determined as the leftover feed deducted from the feed supplied to the rabbits per week. Also, weight gain was determined as difference between the final body and initial body weights per week while the final weight was gotten as the difference between the initial weight at the beginning and the final weight at the end of the feeding trial (8th week).
Carcass yield and caeca data collection 

At week 7 of the study, three animals per treatment, of three replicates were randomly selected for carcass yield and caecum morphology and histology. Animals were starved for 12 hours to empty their gut. After determining the live weight, they were slaughtered using cervical severe and bled, then singed and eviscerated. The carcass yield was assessed by cutting the dressed into various cut-parts: prime cuts (hind limbs, fore limbs and loin); other cuts (head, neck); offals and organs were also determined. The caecum was carefully excised and emptied. They were put in a bottle containing 10% formalin and taken to the College of Veterinary Medicine Laboratory for visualization and measurement. Parameters determined included villi length, crypt depth, villi height to crypt depth ratio, muscular thickness and caecum histology.

Data Analysis

All data collected were analyzed in a completely randomization design (CRD) using SAS (2002). Significant means were separated using Duncan Multiple Range Test (DMRT) of the same statistical package.

Results and discussion

Growth performance

Table 2 shows the effect of CPMLM blend on weight gain, total feed intake, and feed conversion ratio of rabbit. CPMLM blend in diet of rabbits up to 75% replacement for maize had no significant difference (P>0.05) on the growth performance of the animals.

Table 2: Effect of cassava-peel-grit-moringa-leaf blend diets on growth performance of Rabbits

	Parameter
	Blend replacement of maize (%)
	SEM
	P-value

	
	0
	25
	50
	75
	
	

	Initial weight (kg)
	1.49
	1.43
	1.59
	1.60
	0.05
	0.10

	Final weight (kg)
	2.33
	2.20
	2.30
	2.22
	0.07
	0.52

	Weight gain (kg)
	0.84
	0.78
	0.71
	0.63
	0.08
	0.30

	Total feed intake (kg)
	4.12
	4.66
	4.85
	4.80
	0.33
	0.42

	Feed conversion ratio (FCR)
	5.21
	6.45
	7.57
	9.02
	1.26
	0.25


SEM: Standard Error of Mean

The results of the carcass yield of rabbits presented in Table 3 shows that CPMLM blend had significant (P<0.05) influence on live weight, dressed weight, fore limbs, loin, head and lungs. Rabbits fed diet containing 50% of the blend had superior (p<0.05) live, dressed, forelimb and head weights while least carcass yield except lungs was recorded in rabbits fed the control diet (0% CPMLM Blend).
Table 3: Effects of high quality cassava peel (HQCP) and moringa blend as replacement for maize on the carcass yield of rabbits
	Parameter
	Blend replacement of maize (%)
	SEM
	P-Value

	
	0
	25
	50
	75
	
	

	Live weight (kg)
	2.00b
	2.12b
	2.44a
	2.06b
	0.11
	0.01

	Dressed weight (kg)
	1.25b
	1.30b
	1.50a
	1.20b
	0.49
	0.02

	Dress %
	62.25
	61.31
	61.63
	58.26
	7.03
	0.21

	Prima cuts

	Hind limbs (g)
	461.67
	485.00
	545.00
	480.00
	2907.78
	0.34

	Fore limbs (g)
	215.00b
	241.50b
	270.00a
	240.00b
	1223.58
	0.01

	Chest (g)
	243.33
	244.50
	270.00
	195.00
	1979.95
	0.19

	Loin (g)
	255.00b
	279.17b
	280.00b
	310.00a
	1215.49
	0.04

	Other cuts

	Head (g)
	175.00b
	190.00b
	205.00a
	180.00b
	400.83
	0.01

	Neck (g)
	38.33
	39.17
	35.00
	40.00
	9.93
	0.88

	Tail (g)
	25.00
	17.50
	20.00
	20.00
	29.38
	0.36

	Offals (g)
	313.33
	314.33
	310.00
	320.00
	34.92
	0.99

	Organs

	Heart (g)
	5.00
	22.00
	5.00
	5.00
	202.30
	0.45

	Kidney (g)
	20.00
	15.17
	15.00
	10.00
	40.69
	0.28

	Liver (g) 
	60.00 
	60.00
	50.00
	50.00
	80.00
	0.23

	Lungs (g)
	15.00a
	12.67ab
	10.00ab
	5.00b
	43.14
	0.00


ab Means within row with different superscript differs significantly (P<0.05)

Effect of diet containing cassava-peel-grit-moringa-leaf blend as replacement for maize on caeca morphology of rabbits
Morphological characteristics (villi height, crypt depth and ratio of crypt depth to villi height) of the caeca of rabbits fed diets containing cassava-peel-grit-moringa-leaf blend as replacement for maize is as shown in Table 4. All the parameters of the caeca morphology measured were not influenced (P>0.05) by dietary treatment. 
Table 4: Effect of diets containing cassava-peel-grit-moringa-leaf blend as replacement for maize on caeca morphology of rabbits
	Parameter
	Blend replacement of maize (%)
	SEM
	P-value

	
	0
	25
	50
	75
	
	

	Villi Height (μm)
	0.17
	0.01
	0.00
	0.00
	0.02
	0.17

	Villi Width (μm)
	0.11
	0.05
	0.00
	0.00
	0.01
	0.31

	Cryptal Depth (μm)
	0.13
	0.06
	0.05
	0.02
	0.01
	0.31

	Cryptal Width (μm)
	0.19
	0.05
	0.03
	0.00
	0.02
	0.36

	Villi to Crypt Ratio
	1.31
	0.17
	0.00
	0.00
	2.00
	0.55

	Muscle Thickness (μm)
	0.12
	0.24
	0.13
	0.27
	0.12
	0.77

	Caecum Histology
	1.00
	1.00
	0.66
	2.00
	1.00
	0.24


SEM: Standard Error of Mean

Effect of diet containing cassava-peel-grit-moringa-leaf blend as replacement for maize on caecum histology of rabbits
Plates 1, 2, 3, and 4 indicated the histology of caecum tissues of rabbits fed diets containing different levels of inclusion of cassava-peels-grits-moringa leaves blend as a replacement for maize under haematoxylin and eosin (H&E) stain. Plates 1 and 2 showed mild sloughing of the villi of rabbits fed diets containing 0% (control) and 25% of the blend. Rabbits fed 50% blend inclusion level indicated no observable lesion in villous features (Plate 3) while the investigations of caecum of rabbits fed diet containing 75% the blend as replacement for maize revealed destruction to the villi (Plate 4).

[image: image1.jpg]



Plate 1 (Diet 1): Photomicrograph of section of the caecum showing sloughing of the villi. H&E Stain. Scale bar = 200µm
[image: image2.jpg]



Plate 2 (Diet 2): Photomicrograph of section of the caecum showing destruction of the villi and infiltration of the epithelium by inflammatory cells. H&E Stain. Scale bar = 200µm
[image: image3.jpg]



Plate 3 (Diet 3): Photomicrograph of section of the caecum. No observable lesion. H&E Stain. Scale bar = 200µm
[image: image4.jpg]



Plate 4 (Diet 4): Photomicrograph of section of the caecum showing destruction of the villi. H&E Stain. Scale bar = 200µm
Discussion
The nonsignificant growth performance obtained in this study was consistent with that of Adeyemi et al. (2014) who reported no significant different in rabbits on the dietary replacement of maize with fermented cassava peel and leaf meal at 50%.  However, this was contrary to the finding of Shaahu and Tiough (2019) on the effect of replacing maize with cassava root-forage composite meal in the diet of rabbits. This may be due to the addition of sweet potato vine, cassava leaf, moringa and Tridax procumbens leaf meals to the diet used in their study. They were added in varying proportions suggesting varying nutrient composition. 

Similarly, Dairo and Egbeyemi (2012) observed a significant different in weight gain and feed conversion ratio when weaner rabbits were fed diet containing fermented mixtures of cassava peel and dried caged layers manure. The variation in our study compared with Dairo and Egbeyemi (2012) could be due to the protein source. Animal protein from layers have been adjudged superior to plant protein in terms of animo acid content despite that fact that incorporating moringa into rabbit feed at a 3% level reportedly led to enhanced productive performance (Djakalia et al., 2011). Superior Sulphur based  amino acid has been reported to be available in animals protein and less in plant protein as this could be responsible to the result obtained. Similarly, was the animal type. While our study made use of grower rabbits, Dairo and Egbeyemi utilized wearner rabbit. The growth rate differs and as such could be responsible for the variation of the animal performance. 

Rabbits fed diet containing 50% of the blend had superior live, dressed, forelimb and head weights. This could be a synergistic effect of the dietary energy and protein content of CPMLM blend diets as replacement for maize thereby contributing to higher dressed weight. Pla (2004) reported that slaughter yield in rabbits could be influenced by nutrition especially dietary protein and energy due to the synergistic interactive effect of protein and energy level. The CPMLM blend in this study could be said to contain adequate nutrient required for optimum tissue development in rabbit consequently could serve as feedstuff in rabbit production. 
The non-significant (p<0.05) difference in the organs of the rabbits was at variance with the finding of Sakaguchi (2003); Naadam et al. (2012); Smith (2020) who reported that gut characteristics in rabbits were affected by types of forages used. Stylosanthes hamata and Sida acuta are higher in fibre compared to the blend used in our study. The height of villi and crypt depth were not significantly (P>0.05) affected across the treatments. These findings are in agreement with Wilson et al. (2018) who reported similar Villi length and crypt ration of early age-associated ratio changes in broiler chickens. This could be due to similar ages of the animals and sufficient dietary intake by the rabbits probably aided by quality of the feed formulated. The finding of Marion et al. (2002) who reported that inadequate digestible energy intake is the major factor causing shortening of villi height gave credence to this opinion. However, the result of this study was at variance with the work of Gallois et al. (2005) who reported difference in villi height and crypt depth of rabbit weaned at different ages due to transition from liquid feed to solid feed. Solid feed transition and intake have been identified as stressor to rabbits and pigs (Gutiérrez et al., 2002; Marion et al., 2002). 

Understanding the relationship between gut morphology measurements and different inclusions level of cassava-peel-grit-moringa-leaf blend in diet is important because digestion and absorption depends on structure of intestines. The type of diets may affect the gastrointestinal tract size and the morphology of the intestines (Thomas and Ravindran, 2008). The height of intestinal villi and depth crypt of the absorptive small intestinal epithelium play vital roles in the process of digestion, absorption and accommodation of nutrients (Wang and Peng, 2008). Higher villus height may increase the absorptive area and subsequently the transport of the nutrients at the villus surface (Cera et al., 1988). The crypt depth is considered one of the healthiest and functional histomorphometric parameters of the intestinal eminence in chicks (Samanya et al., 2002; Abou-Elnaga and Selim, 2018). Sugiharto et al., (2020) also recorded deeper crypt in comparison with other dietary groups with different inclusion of a fermented mixture of cassava pulp and Moringa oleifera leaf meal on broiler chickens but ratio of VL:CD wasn’t reduced. The crypt depth can be used as a sign of the strength and renewal processes of the intestinal epithelium (Samanya et al., 2002). Higher crypt depth is an indication of increased turnover rate of intestinal mucosa, which in turn increases the maintenance requirement of the gut (Salahuddin et al., 2021). 

The muscular thickness which wasn’t significant does not corroborates with earlier findings of Hadad et al., (2024) who recorded that the muscular layer's and submucosa's thickness increased in different parts of the intestine of rabbits fed with diet containing Moringa oleifera compared to the control group. Rabbits fed diet containing 75% blend inclusion level had similar morphology with those on the control diet. This was at variance with the finding of Abdel-khalek et al., (2011) reported variation in the mucosa thickness. Increase in the thickness of lamina epithelia of the tunica mucosa of intestinal cecum has been reported to have main role in increasing the absorption of microbial products (Abdel-khalek et al., 2011). This opinion is also corroborated by Laudadio et al. (2012), Salahuddin et al. (2021) who reported that histomorphological examination of the small intestine revealed a significant increase in the height of the intestinal villi, depth of crypt and thickness of muscular layer of intestine. This is an indication of an increase in digestion and absorption of nutrients which is in line with the results of Miles et al., (2006) and Sieo et al., (2005). The difference in the trend of development recorded by previous researchers could be due to nature of diet, breed or age of animal used. For example, Salahuddin et al., 2021 worked on chicken while our study was on rabbit. Though they are both monogastric animals, the variation and fibre content of the feed could responsible for the result obtained (Laudadio et al., 2012).
The ratio of crypt depth to villi height showed no significant difference which is in agreement with results from Yadav et al., (2019) which also recorded that inclusion of cassava root chips in diets of broiler chicken had no significant difference in villus to crypt depth ratio. However, many researchers have linked this VH:CD ratio to epithelial turnover and nutrient absorption. Sieo et al. (2005) reported that an increased intestinal villi height and the ratio of villi height to crypt depth is an indication of the vast area for nutrient absorption and higher absorption function. The changes in VH to CD ratio could have an impact on nutrient metabolism and rabbit’s performance. The villi:crypt relationship indicates the capacity of intestinal digestion and an increase in this relationship can lead to possible improvements in digestion and absorption and decreased energy expenditure with cell renewal (Bivolarski & Vachkova 2014).

Plate 4 which shows effect on treatment 4 on caecum is in line with the work of Daudu and Mohamed (2020), who reported slight to severe sloughing of the intestine micro-villi of broiler chicken fed 15% ginger by-product. The sloughing of the intestinal villi is an indication of reduced absorptive surface and limited utilization of digested feed (Ganong, 2005). Damaged villi were also recorded in high dietary fiber fed rabbits but the damage was only slight from a research carried out by Yu et al. (1995).

Conclusion
The result of this study indicates the following:

1. Cassava-peel-grit-moringa-leaf blend had no effect on the morphology of caeca of rabbits.

2. Very high percentage of blend resulted in the destruction of the caeca.

3. Blend should not be included beyond 50%.
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