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ABSTRACT
This study evaluated the effects of graded dietary inclusion of Momordica balsamina L. (Balsam apple) on haematological and serum biochemical indices of Uda ram lambs. Sixteen rams were assigned to four treatment groups in a Completely Randomized Design, receiving diets containing 0%, 2.5%, 5%, and 7.5% M. balsamina for 9 weeks. Haematological parameters including packed cell volume (PCV), haemoglobin (Hb), red and white blood cell counts (RBC, WBC), and erythrocyte indices were measured. Serum biochemical analyses comprised total protein, albumin, globulin, urea, creatinine, cholesterol, glucose, triglycerides, HDL, LDL, electrolytes, and liver enzymes (AST, ALT, ALP). Results indicated significant (P<0.05) differences among treatments in Hb, PCV, RBC, MCV, MCHC, WBC, monocytes, and eosinophils, while MCH remained similar across groups. Serum parameters such as albumin, HDL, triglycerides, urea, glucose, AST, ALP, potassium, sodium, and bicarbonate also showed significant variation (P<0.05). Despite these differences, most values were within normal reference ranges, suggesting no adverse health effects. Elevated PCV, Hb, and RBC in the highest inclusion group (7.5%) reflected improved oxygen-carrying capacity, while normal serum biochemical values indicated proper liver and kidney function. The study concludes that M. balsamina can be safely included in ram diets up to 7.5% without compromising haematological health or metabolic function, supporting its potential as a local feed additive to enhance nutritional quality.
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INTRODUCTION
“Small ruminant has the ability to utilize poor quality foodstuffs, such as grasses, forages, farm wastes and crop residues that are unsuitable for direct human consumption. They are able to convert low quality feeds into food of high biological value for human beings. This is because they are adapted to utilize plant cell walls as major component of nourishment” (McDonald et al., 2002). “Ruminants, feed mainly on forages and crop residues and are affected by seasonality and experience seasonal weight fluctuation between the wet and dry periods of the year” (Dayo et al., 2009). Seasonal availability of production inputs such as feed, water and quality pasture constitutes constraint to livestock production.  
“Reproductive performance and general health of farm animals are strongly influenced by nutritional status, which directly affects physiological, haematological, and metabolic functions. In ruminants, optimal nutrition ensures adequate erythropoiesis, proper serum protein synthesis, and efficient metabolic processes, which are critical for growth, reproduction, and disease resistance. In sheep, haematological parameters such as packed cell volume (PCV), haemoglobin concentration (Hb), red blood cells (RBC), and white blood cells (WBC) serve as indicators of physiological status, oxygen transport capacity, and immune function” (Jain, 1986). 
Mormodica 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 & Umar, 2006). The plant is a perennial herb with soft stems and tendrils that climbs up shrubs, boundary fields and fences. 

Materials and Methods
[bookmark: _Toc23329]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 4o8E and 6o 54’ E and latitudes 1200’ N and 13058’ N and at altitude of 350m above sea level” (Mamman et al., 2000). “The average temperature of 28.3ºC (82.9ºF), however, the maximum daytime temperature is most of the year below 40ºC (104.0o F), the dryness makes the heat bearable. The warmest months are February to April, where daytime temperature exceed 42ºC (107.6ºF). The rainy season is from late May to October; during which showers are a daily occurrence. Rainfall starts late and ends early with mean annual rainfall ranging between 500mm to 1,300mm. 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 of the state. The wet season, on the other hand, begins in most part of the State in May and lasts up to September or October. The hamattan, 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 hamattan period” (Mamman et al., 2000).
[bookmark: _Toc25778]Sources and Processing of Experimental Feeds
The ingredients used in the experiments include: M. balsamina L. which was sourced from Sokoto State while the remaining feed materials such as maize, rice offal, cowpea husk, cowpea haulms, cotton seed cake and salt was purchased from Sokoto Market (Kara). Maize and cowpea hay were crushed to reduce their particle size, cotton seed cake, cowpea husk, rice milling waste, premix, and salt was obtained directly from market 
[bookmark: _Toc5608]Experimental Design and Diet Formulation
“A Completely Randomized Design (CRD) was used in this experiment with number of animals representing replication and graded levels of formulated complete diet representing treatments. 16 rams post-weaning were allocated to each treatment one animal per replication. Each animal was housed in a pen measuring 2m 1m, prior to the feeding trial the lambs were maintained on wheat offal and cowpea husk. Four complete experimental diets were formulated with graded levels of M. balsamina L. at 0.0, 2.5, 5.0, and 7.5% inclusion levels. The four experimental diets were 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 compositions of the experimental diets are shown in Table 1. The experimental diets was isonitrogenous and isocaloric. Each group was assigned to one of the experimental diets and fed ad libitum in the morning for 9 weeks. Fresh drinking water was offered ad libitum to the animals” (Mamman et al., 2000).
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
	100.00
	100.00
	100.00
	100.00


Calculated Chemical Analysis
Energy (kcal/kg)			     1925	       1840	       1900	    1890
Crude Protein (CP)			     17.5	        17.4	        17.5	    17.0
Crude Fibre (CF)			       21	                     20	         21	      20

[bookmark: _Toc6322]Experimental Animals and Their Management 
Sixteen rams post-weaning with average liveweight of 18±0.5 kg were used in a randomized complete block design to evaluate the effect of Mormodica balsamina (Balsam apple) inclusion in a complete diet on lambing, lactation and post weaning performance. The animals were obtained from local markets around Sokoto. There were four treatment groups of five animals per treatment, with four ewes and one ram per treatment. 
“The animals were quarantined at the Livestock Teaching and Research Farm, Usmanu Danfodiyo University, Sokoto for acclimatization. The animals were dewormed using albendazole super 10% (5 – 8 mg of their body weight). The feeding pens were cleaned and disinfected a week before the experiment commence. Faeces and urine were removed every day from the feeding pens to ensure adequate hygiene, minimal ammonia accumulation. Feed and water troughs were also washed and cleaned every morning before feeding” (Mamman et al., 2000). 
[bookmark: _Toc6595]Data Collection
[bookmark: _Toc24500]Blood Sample Collection and Hormones Assay
“Blood samples were collected three (3) times (before, during and after pregnancy) on the ewes. The blood sample were collected via the jugular venipuncture before the morning feeding into in to EDTA and plain tubes. Samples in plain bottles were centrifuged at 500g for 20 min at 4ºC and serum were collected and stored at −20ºC for analysis for Cortisol” (Cooper et al., 1995), progesterone, prolactin and estrogen (Rosado et al., 2010) were determined using RIA using components of commercial kits previously validated for use in ruminant serum (Coat-A-count, Siemens Health care Diagnostics, Inc., Los Angeles, CA, USA). 
[bookmark: _Toc30338]Haematological Indices Determination for Experiment I and II
[bookmark: _GoBack]“The haematological parameters such as packed cell volume (PCV), red blood cells (RBC) count, white blood cells (WBC) count, leucocytes differential count and haemoglobin concentration (Hb) were measured in accordance with the methods outlined by Bush (1991).
Erythrocyte indices which included the mean corpuscular volume (MCV) and mean corpuscular haemoglobin concentration (MCHC) were computed in accordance with the standard formulae” (schalm et al., 1975; Jain, 1986) as follows:
MCV		=	PCV				X	10
			RBC Count In 106/Mm3	             1

MCH 		=	Hb (G/Dl)			X	10
			RBC (In 106/Mm3)			 1

MCHC	 	=	Hb (G/Dl)			X	100
			PCV (%)				 1


[bookmark: _Toc18112]Serum Biochemical Analysis for Experiment I and II
Total Protein, Albumin and Globulin
The serum protein and albumin were determined by the method of Baker et al. (2007); globulin was also estimated by subtracting albumin value from total protein value. The total protein, albumin and globulin in the serum were analyzed with sigma assay kits (Sigma chemical Co. St. Louis, Missouri, USA).  The total serum protein and serum albumin were determined by biuret method. The total serum protein was first estimated and then performing fractionation on further volume of the sample to precipitate and remove globulins; this leaves only albumin in solution.
Liver Function Test
The serum enzyme that depict the health of the liver, aspertate aminotransferase (AST), alanin aminotransferase (ALT) and alkaline phosphatase (ALP) were determined using a photoelectric colorimeter. Blood urea, nitrogen and creatinine levels will also be determined using photoelectric colorimeter, as described by Gbore et al. (2006). Total cholesterol was also evaluated, as described by Baker et al. (2007).
Serum Urea
The serum urea estimation was carried out by the diacetyl monoxim. Here the protein was first precipitated by trichloroacetic acid. The urea in the filtrate was then react with diacetyl monoxime in the presence of acid, oxidizing reagent and thiosemicarbazide to give a coloured solution. This was then measured in a photoelectric colorimeter at a wave length of 520 nm (Bush, 1991).
Urea concentration (mmol/l) = At/Ar x 100 (Bush, 1991).
Where:
At = Absorbance of the test sample
Ar = Absorbance of the reference sample

Serum Cholesterol
This was determined by colorimetric enzyme method as outlined by Bush (1991). The method involves enzymatic hydrolysis and oxidation which terminates in the production of a red coloured solution. The concentration was determined after reading the colorimeter at 546 nm.
[bookmark: _Toc20780]Data Analyses 
Data on daily voluntary and nutrient intakes, average daily gain (ADG), initial and final live- weights, nutrient digestibility coefficients, nitrogen retention and milk composition was analyzed using analysis of variance (ANOVA). Treatment means were separated using Duncan Multiple Range Test (DMRT).
[bookmark: _Toc23419]Results
[bookmark: _Toc21002]Haematology of Uda Ram Lambs Fed Diet Containing Graded Levels of Mormodica balsamina

The results of haematological profile of Uda lambs fed graded levels of Balsam apple is shown in Table 2. The results showed significant (P<0.05) difference in all the parameters except MCH. Treatment 4 had significantly (P<0.05) higher values in terms of haemoglobin, PCV, RBC, MCV and MCH compared to other treatments. Similarly, T1 had significantly higher (P<0.05) monocytes compared to other treatments. Eosinophils were significantly (P<0.05) higher in T3 compared to other treatments.
From the haematology results (Table 2) all parameters were within the normal reference values except MCH, monocytes and lymphocytes. MCH value for T4 was higher than the normal reference value while all other treatments fall within the normal reference value. Monocytes for T1 was higher than the normal reference value while T2, T3 and T4 were within the normal reference value. Lymphocytes value for T2 was lower than the normal reference value while all other treatments fall with the normal reference value.  
Table 2: Haematology of Uda Ram Lambs Fed Graded Levels Mormodica balsamina
	
	Inclusion Levels of Balsam Apple
	
	Reference values*

	PARAMETERS 
	T1 (0%)
	T2 (2.5%)
	T3 (5.0%)
	T4 (7.5%)
	SEM
	

	Hemoglobin (g/dl)
	8.95c
	9.89b
	10.33ab
	10.58a
	0.22
	9-15

	PCV (%)
	25.33c
	28.67bc
	33.29ab
	36.48a
	2.82
	27-45

	RBC (x106/ul)
	10.45c
	11.69bc
	13.49ab
	14.22a
	0.96
	9-15

	MCH (pg)
	8.22
	8.83
	9.00
	9.07
	0.31
	8-12

	MCV (fl)
	30.49b
	31.88b
	35.50a
	35.38a
	0.36
	28-40

	MCHC (g/dL)
	33.00b
	34.29a
	33.78a
	33.69a
	0.67
	31-34

	WBC (x 109/L)
	6.86b
	6.77b
	9.32a
	8.98ab
	0.75
	4-12

	Monocytes (x 109/L)
	0.87a
	0.65b
	0.66b
	0.72ab
	0.05
	0-0.8

	Eosinophils (x 109/L)
	0.67c
	0.80b
	0.90a
	0.68c
	0.03
	-

	Lymphocytes (x 109/L)
	2.85a
	1.69b
	2.22ab
	2.85a
	0.38
	2-9


[bookmark: _Toc831][bookmark: _Toc29766]a,b,c means in the same row with different superscripts are significant (P<0.05) different. PCV- Packed cell volume, RBC- Red blood cells, MCV- Mean corpuscular volume, MCH- mean corpuscular haemoglobin, MCHC- mean corpuscular haemoglobin concentration, WBC-white blood cells, *Source = Jackson et al., 2002 
Serum Biochemistry of Uda Ram Lambs Fed Diet Containing Graded Levels of Mormodica balsamina
The result of serum chemistry of Uda lambs fed graded level of Balsam apple is presented in Table 3: The result show no significant variation (P>0.05) between the treatment means in terms of globulin, total protein, LDL, creatinine and cholesterol. However, albumin, HDL, triglycerides, urea and glucose show significant variation (P<0.05) between the treatment means. Albumin, globulin, total protein, cholesterol and glucose values were all within the normal range. LDL values showed a decreasing trend with increasing level of Balsam apple. Albumin, triglycerides and urea values were significantly higher (P<0.05) in T4 compared to other treatments. HDL and glucose values were significantly higher (P<0.05) in T3 compared to other treatments while globulin, total protein and creatinine values were significantly higher (P<0.05) in T2 compared to other treatments.
Table 3 Serum Biochemistry of Uda Ram Lambs Fed Diet Containing Graded Levels of Mormodica balsamina
	
	Inclusion Levels of Balsam Apple
	
	Reference values*

	PARAMETERS 
	T1 (0%)
	T2 (2.5%)
	T3 (5.0%)
	T4 (7.5%)
	SEM
	

	Albumin (g/dl)
	2.00c
	2.38b
	2.45b
	2.70a
	0.03
	2.4 – 3

	Globulin (g/dl)
	3.90
	4.00
	3.50
	3.30
	0.25
	3.6 – 4.9

	Total protein (g/dl)
	5.90
	6.38
	5.95
	6.00
	0.22
	6.7 – 9

	HDL (mmol/L)
	79.35c
	100.18b
	121.76a
	95.22b
	5.11
	-

	LDL (Mmol/L)
	21.50
	17.55
	16.25
	13.39
	3.05
	-

	Triglycerides (Mmol/L)
	37.50ab
	34.50b
	30.00b
	45.50a
	2.36
	-

	Creatinine (Mmol/L)
	85.00
	94.00
	89.67
	84.00
	4.85
	-

	Cholesterol (Mmol/L)
	1.50
	0.89
	0.95
	1.07
	0.71
	1.3 – 1.97

	Urea (Mmol/L)
	5.81ab
	5.00b
	5.50ab
	6.25a
	0.41
	-

	Glucose (Mmol/L)
	2.98ab
	2.55ab
	3.16a
	2.45b
	0.22
	50 – 80


a,b,c means in the same row with different superscripts are significantly different  (P<0.05) HDL- High density lipoprotein, LDL- Low density lipoprotein, *source = (Jackson et al., 2002)

Serum Electrolytes and Enzymes of Uda Ram Lambs Fed Diet Containing Graded Levels of Mormodica balsamina
The result of serum electrolytes and enzymes of Uda lambs fed graded level of Balsam apple is presented in Table 4. The result show no significant variation (P>0.05) between the treatment means in terms of ALT, direct bilirubin and total bilirubin while all other parameters (AST, ALP, chlorine, bicarbonate, potassium and sodium) show significant variation (P<0.05) between the treatment means. All parameters analysed were within the normal range. Chlorine and sodium values were higher (P<0.05) in T2 compared to other treatments while AST, ALP and potassium values were significantly higher in T3 compared to other treatments. Similarly, bicarbonate values were significantly higher (P<0.05) in T1 compared to other treatments while sodium was significantly higher (P<0.05) in T4 compared to other treatments.  

Table 4: Serum Electrolytes and Enzymes of Uda Ram Lambs Fed Diet Containing Graded Levels of Mormodica balsamina
	
	Inclusion Levels of Balsam Apple
	
	Reference values*

	PARAMETERS 
	T1 (0%)
	T2 (2.5%)
	T3 (5.0%)
	T4 (7.5%)
	SEM
	

	AST (u/L)
	56.00b
	68.77b
	85.33a
	67.73b
	4.98
	60 – 280

	ALT (u/L)
	15.18
	16.32
	13.88
	14.00
	2.09
	22 – 38

	ALP (u/L)
	265.15ab
	218.50b
	295.32a
	220.00b
	18.58
	-

	Direct bilirubin (Mmol/L)
	0.11
	0.12
	0.09
	0.11
	0.01
	0 -  4.6

	Total bilirubin (Mmol/L)
	0.39
	0.41
	0.41
	0.43
	0.05
	1.71 - 8.65

	Chlorine (Mmol/L)
	89.17c
	92.55a
	90.67b
	90.22b
	0.32
	95 – 103

	Bicarbonate (Mmol/L)
	28.19a
	25.35b
	25.50b
	24.68b
	0.51
	20 – 25

	Potassium (Mmol/L)
	3.75ab
	2.90b
	4.00a
	3.68ab
	0.29
	3.9 - 5.4

	Sodium (Mmol/L)
	125.19b
	140.56a
	132.49ab
	140.65a
	3.75
	142 – 152


a,b,c means in the same row with different superscripts are significantly different (P<0.05), ALP- Alkaline phosphate, ALT- Alanine aminotransferase, AST- Aspartate aminotransferase *source = (Jackson et al., 2002).

[bookmark: _Toc2252]DISCUSSION
The haematological characteristics of rams fed diets containing graded levels M. balsamina reveals the PCV values obtained were lower than the finding of Egbe- Nwiyi et al. (2000) who reported value of 43.8-60% and 38-45% respectively, and within the range reported by Jain (1986). It further showed that in all the treatments, animals did not suffer from anaemia or dehydration. This confirms the report of Elmhust et al. (2002) that a low PCV value was an indication of anaemia while sharp increase in PCV is most often caused by dehydration. 
The haemoglobin (Hb) values obtained in the present study is decreasing were within the normal reference range except for the control group which is slightly below. The haemoglobin values were within the normal range (8 – 16g/dl) of haemoglobin for healthy sheep (Jain, 1986) this may indicate adequate oxygen circulation which in turn may leads to anaemia. Normally, increase in the Hb concentration is connected with better ability to combat disease and infection. Low level is an indication of vulnerability of disease and poor nutrition (Tambuwal et al., 2002). The main function of the RBC is to carry oxygen from lung to the body tissue and transfer carbon dioxide from tissue to the lungs. The high RBC values may be related with conditions that cause the body to build too numerous red blood cells or impaired pulmonary function, while low RBC counts may be associated with iron deficiency, internal bleeding, anemia or some vitamin deficiency (Njidda et al., 2006). Thus, feeding graded levels and forms of M. balsamina did not indicate mal-or-under nutrition of the animals. 
The white blood cells (WBC) were within the normal range values of sheep 4 to 12 x 109/L as reported by Jackson et al. (2002) respectively. This trial showed that the rams M. balsamina were healthy because decrease in number of WBC below the normal range is an indication of allergic conditions, while elevated values (leucocytosis) indicate the existence of a recent infection, usually with bacteria (Ahamefule et al., 2008). 
The lymphocytes and monocyte recorded in the study are comparably similar with the normal range observed by Jackson et al. (2002). The significant variations in the WBC differentials values recorded in this study could be compared with the report of Aljameel et al. (2017). Therefore, the differential count values obtained showed that the animals were in good health. The MCV, MCH and study were within the normal reference range with the report of Jackson et al. (2002), respectively the findings were also comparable to those obtained by Aljameel et al. (2017). These parameters were used to measure the size and hemoglobin content of erythrocytes and the values are useful in diagnosing various forms of anemia. The higher MCH and MCV values may be due to age (Egbe-Nwiyi, 2000). The values of MCV and MCH are very important in the diagnosis of anemia and also serve a useful index of the capacity of the bone marrow to produce red blood cells. 
The HDL and LDL obtained in the present study are higher than the those obtained by Garba  and Abubakar (2012) but were within the range reported by Antunovic et al. (2012). The urea, Albumin, Globulin, total protein and creatinine were within the normal reference values. The cholesterol levels of treatment 1 and 3 falls below the normal reference range, low cholesterol is recognised inherent deficiencies, intestinal mal-absorption/mal-digestion of lipo-protein (Waziri et al., 2010).  The urea levels of the ewes being within the normal reference range infers that the work rate of the liver and kidney is normal and the likelihood of the anti-nutritive or the feed being toxic can be discarded thus the test material could be termed safe for sheep. Also, total protein being within the normal reference range is an indication that protein synthesis is adequate (Garba & Abubakar, 2012). The creatinine values were within the normal reference range although not on the higher side. This could  be attributed to the fact that the experimental animals are in growing stage because creatinine concentration tend to increase progressively with age (Myer & Enrich, 1992).
Serum biochemical indices of is used to determine the level of heart functions, liver functions and to evaluate protein quality and amino acid requirements in animals as reported by Harper et al. (1999). The values for total protein obtained in this study for ram lambs 5.90-6.38 g/dl were below the normal range reported for normal healthy rams, while the albumin which increases with increasing levels of M. balsamina were within the normal reference range in treatment 3 and 4 while slightly below in case of treatment 1 and 2 (Jackson et al., 2002). Serum total protein and albumin of animals are indirect indices to assess the nutritional protein adequacy in farm animals. Alade et al. (2009) reported that total protein and albumin is an important blood clotting factor due to its ability to prevent haemorrhage, therefore the higher the value the better for the animals. The globulin and albumin were also within the normal reference range. The urea values obtained in the present study were; below reference range (8-26 mg/dl) as reported by Babeker & Elmansoury (2013), but within the 4.30–5.60 mg/dl range reported by (Antunovic et al., 2011) for urea concentration as in sheep. Kolo et al. (2017) reported that the blood urea levels in the study falls within the recommended limits and this suggests that the kidneys and liver of the animals were normal. The lower value obtained in serum urea for animals might suggest poor or inefficiency in use of nitrogen and urea recycling and might affect the amino acid balance.
The creatinine levels obtained in the study were lower than normal range reported by Boyd (1984). High creatinine is pointer to poor protein and amino acid metabolism that can cause impaired renal function and cardiac infarction (Gray & Howarth, 1980). The urea levels in conjunction with creatinine levels indicate normal liver.
Bilirubin tests measure the amount of the bilirubin in the blood sample and it is considered the true test for the liver function (Singh, 2004). The total bilirubin values in the study were lower with the finding of Jackson et al. (2002). The direct bilirubin is within the normal reference range (Jackson et al., 2002). Serum alanine amino transferase (ALT) is lower for all the rams, the values obtained in this study is also lower than values recorded by Aljameel et al. (2017) for Uda rams. AST level is helpful for the diagnosis and following of cases of myocardial infarction, hepatocellular disease and skeletal muscle disorders, in trauma or in diseases affecting skeletal muscle, after a renal infarct and in various haemolytic conditions. ALT is a liver-specific hepatocellular enzyme that is used to assess liver damage (Mahgoub et al., 2008). High ALP could indicate liver flukes and pyrrolizidine alkaloid toxicity. However, high levels of ALP can be normal in growing animals due growth of bones. The ALP values being high is an indicative of high-quality protein in the diet. The bilirubin and AST are within the normal values. This indicate that the animals may not have any liver disorder and the test ingredient as well did not interfere with liver dysfunction.
The values of serum electrolyte of sodium, potassium and chloride are within the normal range reported by Baneejee (2007). The electrolytes are known to regulate osmotic pressure, maintain membrane potentials and acid base balance and transmit nerves impulses sodium and potassium deficiency affect the tubes of kidney resulting in inability to concentrate urine (Latimer et al., 2004). 
CONCLUSION 
Graded inclusion of Momordica balsamina in ram diets up to 7.5% did not adversely affect haematological or serum biochemical health, indicating safe utilization. High inclusion levels improved certain blood parameters, reflecting enhanced metabolic and oxygen-carrying capacity. M. balsamina can be included in ram diets up to 7.5% as a safe and nutritionally beneficial feed additive.
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