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ABSTRACT
[bookmark: _GoBack]The study was conducted at the Usmanu Danfodiyo University Livestock Teaching and Research Farm to evaluation of carcass characteristics of mutton from Uda rams fed diets containing graded levels of Balsam apple (Momodica balsamina). A completely randomized experimental design (CRD) was used in this experiment with number of animals representing replication and graded levels of formulated feeds representing treatments. The data generated were subjected to analysis of variance with graded levels of balsamina as the independent variables(Steel and Torrie, 1980), to determine their effects on other parameters, obtained. The result shows significant difference (P<0.05) in body weight at slaughter, post slaughter weight and dressing percentages. The results shows that rams in treatment 4 had higher (P<0.05) body weight at slaughter and post slaughter weight compared to treatments 1 and 3. It was observed with regards to lean meat and bone proportions the only significant difference (P<0.05) is between rams in treatment 2 and those in treatments 4, with rams in treatment 2 having higher (P<0.05) lean meat compared to treatment 4, the reverse is the case with regards to bone. This study concluded that up to 7.55% Mormodica balsamina can be incorporated in the diet of Uda lambs without any deleterious effect on the carcass of the animals.
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INTRODUCTION
Sheep and goats that are farmed in Nigeria and are generally low-yielding indigenous breeds under traditional management and feeding practices. In traditional breeding systems, the nutritional needs of the animals are not met properly because of grazing low-quality grasslands. This generally results in low production, and farmers are not able to earn a decent income (Ekiz et al., 2013). On the other hand, demand for animal-based protein has increased in Nigeria, parallel with the growth in population. Owing to domestic production being insufficient to meet demand, the importation of meat has become necessary. This situation indicates that meat production needs to increase. Semi-intensive and intensive sheep production systems should be considered, in which the management and nutritional needs of the animals are optimized. In this context, the number of intensive fattening enterprises has started to increase in the recent years, with lambs being fed concentrate-based diets from weaning until they reach slaughter weight (Ekiz et al., 2012). 
Since increased carcass weight is one of the most important targets of the intensive fattening systems, meat-type breeds are usually preferred to indigenous ones. This situation poses a risk of extinction for many indigenous breeds, which are nonetheless well adapted to low quality diets and harsh environmental conditions. Meat from lambs of certain indigenous breeds that are reared in traditional production systems may be viewed as unique, and is consumed with appreciation by consumers around the world. The determination of carcass and meat quality characteristics of lambs from indigenous breeds under intensive fattening systems may contribute to their protection, if they have acceptable meat quality. 
M. balsamina L is commonly known as African pumpkin (or African cucumber), Balsam apple (or balsam pear) and locally called “Garahuni” (Hausa language) (Roger, 2007). It is a very good source of seventeen essential amino acids (Hassan and Umar, 2006). The plant is a perennial herb with soft stems and tendrils that climbs up shrubs, boundary fields and fences.
MATERIALS AND METHODS
Experimental Site
The study was conducted at the Usmanu Danfodiyo University Livestock Teaching and Research Farm. The farm is located within the main campus of the University at about 10km North of Sokoto Metropolis in Wamakko Local Government Area of Sokoto State. Sokoto is located in the Sudano-Sahelian zone in extreme North-Western part of Nigeria. It lies between longitude 408E and 60 54’E and latitudes 1200’N and 13058’N and at altitude of 350m above sea level (Mamman et al., 2000). Maximum temperature of 410C has been reported in April and Minimum of 13.20C in January. The warmest months are February to April, where daytime temperature exceed 420C. The rainy season is from late May to October with mean annual rainfall ranging between 500mm to 1300mm. There are two major seasons in the state namely: wet and dry seasons. The dry season starts from October and last up to April, in some part and may extend to May or June in other part. The wet season on the other hand begins in most part of the state in May and last up to September or October (SSMIYSC, 2010). The harmattan, a dry, cold and fairly dusty wind is experienced in the state between November and February. Heat is more severe in the state in March and April. But the weather in the state is always cold in the mornings and hot in the afternoons except during the harmattan period (SSMIYSC, 2010).
Sources and Processing of Experimental Feeds
The ingredients to be used in the experiments include: M. balsamina L. which were sourced from Sokoto state while the remaining feed materials including maize, rice offal, cowpea husk, cowpea haulms, cotton seed cake and salt were purchased from Sokoto market (Kara).   
Experimental Design and Diet Formula
A completely randomized experimental design (CRD) was used in this experiment with number of animals representing replication and graded levels of formulated feeds representing treatments. Five animals were allocated to each treatment one animal per replication. Each animal was housed in a pen measuring 2m 1m, which was disinfected. Each group was assigned to one of the experimental diets and fed ad libitum in the morning for 24 weeks. Water was offered ad libitum to the animals. Four complete experimental diets were formulated with graded levels of M. balsamina L. at 0, 5, 10, and 15% inclusion levels. The four experimental diets will be used to feed the animals according to the treatments. The diets were designated as treatment 1, 2, 3 and 4 in the experiments. The gross and calculated compositions of the experimental diets are shown in Table 1 below. The experimental diets were isonitrogenous and isocaloric. 
Table 1: Gross composition and calculated chemical analysis of the experimental diets
	Ingredients
	Diet 1
	Diet 2
	Diet 3
	Diet 4

	M. balsama L.
	0.00
	2.50
	5.00
	7.50

	Maize
	17.00
	20.00
	14.00
	15.80

	Cowpea husk
	7.60
	9.60
	9.70
	9.90

	Cowpea haulms
	17.20
	17.70
	17.70
	12.50

	Rice offal
	12.45
	5.45
	5.40
	5.80

	Cotton seed cake
	42.25
	41.25
	44.70
	45.00

	Salt
	0.50
	0.50
	0.50
	0.50

	Premix
	0.50
	0.50
	0.50
	0.50

	Bone meal
	2.50
	2.50
	2.50
	2.50

	Total
	100
	100
	100
	100


Calculated Chemical Analysis
Energy (kcal/kg)			1925		1840		1900		1890
Crude Protein (CP)			17.50		17.40		17.50		17.00
Crude Fibre (CF)			21.00		20.00		21.00		20.00

Experimental Animals and Management 
The Experiment from which the evaluated lambs originate have a total of 20 head of Uda Sheep (16 ewes and 4 rams). When the lambs are born, they stay in these pens with their ewes for seven days, after which time the lambs were placed in another pen. From one week old onwards, the lambs were allowed to nurse twice a day, in the morning and evening. Lambs were be weaned at an average age of 70 days when they were put into growing pens (2.5 M2 for each lamb) according to their, sex and live weight. Within a replicate. The lambs were fed the experimental diet ad libitum until they are slaughtered. 
Slaughter Procedure and Sampling
Lambs were slaughtered according to halal procedure for all replicates. Pre-slaughter live weights of the lambs were recorded immediately before slaughter. Hot carcass weight and weights of non-carcass components such as head, feet, skin, visceral organs (liver, lung, trachea, heart and spleen), and visceral fat removed from the rumen and mesentery fat was recorded shortly after slaughter. The carcasses were numbered, placed in a cold storage room and chilled at 4 °C for 24 hours. Back fat thickness was measured at the section between the last thoracic and first lumbar vertebrae, and 3 cm off the dorsal midline by a digital calliper. 
For the analysis of meat quality, 8–10 cm length and 3–4 cm width muscle samples of Longismus dorsi (LD) was taken from the left side at 24 hours post mortem. These samples will be further aged for 72 h at 4 °C. 
Data Analysis
The data generated were subjected to analysis of variance with graded levels of balsamina as the independent variables (Steel and Torrie, 1980)(Steel and Torrie, 1980), to determine their effects on other parameters, obtained. Duncan’s multiple range test (DMRT) was used to express the difference between treatment means each
Results and Discussion
Effect of graded levels of Mormodica balsamina on liveweight, carcass, temperature and physical parameters of Uda rams’ meat 
The result of Carcass parameters was presented in Table 2. The result shows significant difference (P<0.05) in body weight at slaughter, post slaughter weight and dressing percentages. The results shows that rams in treatment 4 had higher (P<0.05) body weight at slaughter and post slaughter weight compared to treatments 1 and 3, there is no significant difference (P>0.05) between treatments 1 and 2 so also between treatments 2 and 4, likewise treatments 1 and 3 in terms of body weight at slaughter and post slaughter weight, the superiority of lambs in treatment 4 might suggest that the inclusion of M. balsamina  at 7.5% inclusion level have positive impact on the lambs' growth over the experimental period. Dressing percentage was significantly lower in treatment 4 compared to the other treatments (1, 2 and 3), this might be attributed to the higher percentage of internal organs, particularly heart, liver, spleen and gut content. The results shows that there is no significant difference (P>0.05) between the treatment means with regards to birth weight and hot carcass weight. The similar results for body weight slaughter, birth weight and hot carcass weight among the treatments might have been associated with the relatively similar age of experimental lambs at slaughter. The results of carcass weight conform to the findings of Cutrim et al. (2013) and Gowda et al. (2015) in which the final BW and daily weight gain were not affected by feeding. The average daily gain ranges between 127.55-143.10 g/day which is higher compare to the findings of Gowda et al. (2015), this is because the lambs’ age at study termination were above the pubertal age of 5 to 6.5 months for rams (Kridli et al., 2006) thus, the lambs were in the pubertal growth stage which is characterised by rapid and consistent growth (Barbosa et al., 2013) hence the observed higher growth rate was in tandem with rapid and consistent growth characteristic of pubertal lambs. During this rapid growth phase the demand for nutrients, in particular protein, for muscle accretion is high (Kumar et al., 2014; Cordova-Izquirdo, 2016). The observed constant increase in body weight over the trial period suggests that the diets met the high nutrient demand of the lambs during this rapid growth phase.

Table 2: Effect of graded levels of Mormodica balsamina on liveweight, carcass, temperature and physical parameters of Uda rams’ meat
	TREATMENTS
Parameters (KG)            1                    2                      3                        4                     SEM           

	Birth Weight
	2.25
	1.95
	2.50
	2.30
	0.29

	Final Body Weight
	28.35bc
	29.50ab
	27.50c
	30.33a
	0.59

	Weight gain
	26.10
	27.55
	25.00
	28.03
	0.32

	Average daily gain
	133.16bc
	140.56ab
	127.55c
	143.10a
	2.56

	Slaughter Weight
	28.00bc
	28.90ab
	27.10c
	29.45a
	0.38

	Hot Carcass Weight
	14.85
	15.55
	14.90
	14.75
	0.67

	Dressing %
	53.04a
	53.81a
	54.18a
	50.08b
	0.75


a,b,c,Means within the same row with different superscripts are significantly different at P<0.05. SEM= standard error of mean

Effect of graded levels of Mormodica balsamina on primal cuts of Uda rams’ meat Dietary energy is an important factor affecting nutrient intake, digestion, metabolic efficiency, and production performance (Rong et al., 2010). The result of the primal cuts was presented in Table 3. The results shows that there is no significant difference (P>0.05) in breast and shank, leg and loin percentages between the treatment groups while significant differences (P<0.05) were observed in shoulder and Neck likewise the rack. The non-significant differences observed might be be due to tissue growth patterns and the resulting changes in chemical composition of the body, this further indicates that M. balsamina does not influence the primal cuts of Uda rams in this experiment.   Rams of the same species mostly vary in their mature body size and weight which is also reflected in the differences of their carcass composition and primal cuts as a result of fat deposition. The rams in this study are slaughtered at early stage before fattening which might further express the similarities between the treatment groups as fat deposition is believed to start out relatively slowly and to increase geometrically as the animal enters a fattening phase (Berg & Walters, 1983). Plane of nutrition is also another major factor influencing the fat deposition pattern of animals whereby high plane of nutrition promotes earlier fattening while a low plane results in a delayed or slower fattening process. Rams in treatment 2 had higher rack percentages compared to those in treatment 1, there is no significant difference (P>0.05) between treatments 1, 3 and 4 likewise between treatments 2, 3 and 4 in terms of rack percentages. Shoulder and Neck values were higher (P<0.05) in treatment 1 compared to those in treatment 4, treatments 1, 2 and 3 likewise 2, 3 and 4 are statistically the same in terms of shoulder and Neck percentages. These results can be explained by the high energy level, crude fat concentration in lamb diets and higher DM intake which might be described as efficiency in feed utilisation (Terrill & Maijala, 1991). These observations are consistent with the results of Peng et al. (2010). The percentage standard cuts showed that leg portion of the entire half carcass had the highest yield, an indication that leg portion of the rams can contribute immensely to meeting consumers’ demand for meat, as well as increase in butchers’ income. The variations observed in the carcass traits revealed that high primal yield could be obtained from sheep’s tissue (Peng et al., 2010). 
Table 3: Effect of graded levels of Mormodica balsamina on primal cuts of Uda rams’ meat
	TREATMENTS
Parameters (%)           1                     2                       3                         4                     SEM

	Leg
	33.50
	33.00
	33.20
	34.50
	1.03

	Loin
	9.90
	9.50
	9.80
	9.50
	0.53

	Rack
	12.40b
	14.20a
	13.00ab
	13.70ab
	0.45

	Hind leg
	12.90
	13.00
	13.38
	12.90
	0.42

	Shoulder and Neck
	31.30a
	30.30ab
	30.62ab
	29.40b
	0.56


a,b,c,Means within the same row with different superscripts are significantly different at P<0.05. SEM= standard error of mean
Effect of graded levels of Mormodica balsamina on non-carcass components of Uda rams
Total edible non-carcass components are useful traits not only for comparing yield of breeds and production practice but are highly relished in Nigeria and other developing countries (Omojola and Attah, 2006). The external offal is sold separately as consumer item in open market in most part of Nigeria while the internal organs are relished by the rich and therefore command a premium. The results of non-carcass components were presented in Table 3. The head, skin, feet, empty gut and gut content were statistically the same (P>0.05) between the treatment means. Heart, spleen and liver differ between the treatment means (P<0.05). In the current study the macro-morphometry of the GIT viscera and other viscera of the lambs were similar across dietary treatments. The observed similarities in viscera macro-morphometry suggest that M. balsamina had no negative impact on the growth and development of the viscera. The heart values are statistically higher (P<0.05) in treatment 4 compared to the other treatments, the result shows that treatments 1 was statistically similar (P>0.05) to treatments 2 and 3, rams in treatment 2 had higher heart weight compared to those in treatment 3. Spleen values on the other hand are higher (P<0.05) in treatment 3 compared to treatment 1 and 2, there is no significant difference between treatment 2 and 4, likewise 3 and 4 so also 1 and 2 in terms of spleen weight. The values recorded for liver were higher in treatment 1 compared to treatment 2 and 3, the results show no significant difference (P<0.05) between treatment 2, 3 and 4 in terms of the values recorded for liver. Dietary energy is essential for the development and growth performance of gastrointestinal tract (GIT) and viscera of animals at various stages of their growth periods (Zhang et al., 2017). Research show that the gastrointestinal tract of animals feeding on a high forage diet develops faster compared to that of animals feeding on a high concentrate diet owing to the higher intake of dry matter (Priolo et al., 2002; Cañeque et al., 2003). Feeding a high forage diet to animals also increases the viscera weight and mucosal architecture (villi height and crypt depth) of the intestines (Ngoc et al., 2012)
Table 4: Effect of graded levels of Mormodica balsamina on non-carcass components of Uda rams
	TREATMENTS
Parameters                  1                      2                       3                        4                      SEM

	Head (kg)
	1.10
	1.32
	1.15
	1.08
	0.20

	Skin (kg)
	0.75
	0.87
	0.78
	0.88
	0.05

	Feet (kg)
	0.46
	0.44
	0.43
	0.49
	0.03

	Empty Gut (kg)
	1.19
	1.10
	0.99
	1.25
	0.13

	Gut Content (kg)
	2.12
	2.33
	2.20
	2.15
	0.07

	Heart (g)
	765.23bc
	813.50b
	745.55c
	892.50a
	17.50

	Spleen (g)
	250.34c
	267.45bc
	293.44a
	287.11ab
	7.32

	Liver (g)
	294.90a
	267.33b
	275.00b
	280.67ab
	6.33


a,b,c,Means within the same row with different superscripts are significantly different at P<0.05. SEM= standard error of mean

Effect of graded levels of Mormodica balsamina on carcass proportions of Uda rams 
The result of the proportion of carcass was presented in Table 5. The result shows that there is significant difference (P<0.05) in all the parameters measured. It was observed with regards to lean meat and bone proportions the only significant difference (P<0.05) is between rams in treatment 2 and those in treatments 4, with rams in treatment 2 having higher (P<0.05) lean meat compared to treatment 4, the reverse is the case with regards to bone. The fat proportion were higher (P<0.05) in treatments 1 and 4 compared to treatments 2 and 3, rams in treatments 2 had higher (P<0.05) fat proportion compared to ram’s treatment 3. Lean to bone ratio are higher (P<0.05) in treatment 2 compared to the other treatments, rams in treatment 3 had higher (P<0.05) lean to bone ratio compared to treatments 1 and 4 at the same time rams in treatment 1 record higher meat to bone ratio compared to treatment 4 (P<0.05). This implies that the higher carcass yield observed in this study shows that high market value could be enhanced through M. balsamina supplementation in animal diets. Lean to fat were higher (P<0.05) in treatment 3 compared to the other treatments while rams in treatments 2 had higher (P<0.05) lean to fat compared to treatment 1 and 4, rams in treatments 1 and 4 are statistically similar in terms of lean-to fat ratio. However, the differences between the four treatment groups were significant. Slaughter weight is the main factor influencing carcass composition (Mahgoub et al., 2005). The description of the meat potential can be done through the muscle/bone ratio. Thus, in Nigeria, as in other tropical regions, the bone part is considered as a negative aspect, and lack of muscularity seems to characterize the indigenous breeds, which are poorly rated due to their small frame. However, the muscle/bone ratio is a trait particularly relevant for the indigenous breeds.
Table 5: Effect of graded levels of Mormodica balsamina on carcass proportions of Uda rams
	TREATMENTS
Parameters                   1                    2                       3                          4                      SEM

	Lean Meat (%)
	71.50ab
	73.80a
	73.50ab
	70.80b
	0.92

	Bone (%)
	17.80ab
	16.40b
	17.50ab
	18.50a
	0.47

	Fat (%)
	10.70a
	9.80b
	9.00c
	10.70a
	0.19

	Lean: Bone
	4.02c
	4.50a
	4.20b
	3.75d
	0.05

	Lean: Fat
	6.70c
	7.53b
	8.20a
	6.60c
	0.17


a,b,c,Means within the same row with different superscripts are significantly different at P<0.05. SEM= standard error of mean

Conclusion 
This study concluded that up to 7.55% Mormodica balsamina can be incorporated in the diet of Uda lambs without any deleterious effect on the carcass and meat quality of the animals References
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