
.     
.
              . 
                     
	.
..
[bookmark: _Hlk170127200]Original Research Article

Haematological and serum biochemical profiles in sheep fed a basal diet of Megathyrsus maximus hay supplemented with urea- mineral block and Leucaena leucocephala 	Comment by Best Center: Preferably add each to the title : individually or in combination


ABSTRACT
	Aims: This study assessed the effect of mineral block (MB) or urea mineral block (UMB) and Leucaena leucocephala supplementation on the haematological and serum biochemical profiles of West African Dwarf sheep. 
Study design:  Sixteen male West African Dwarf sheep were randomly allotted to four treatment diets in a completely randomized design.
Place and Duration of Study: The study was conducted at the Livestock and Poultry Research Centre, School of Agriculture, University of Ghana, from August to November, 2024.
Methodology: Supplements of MB or UMB and Leucaena were fed to sheep for 93 days on a basal diet of Megathyrsus maximus hay in four dietary treatments: T1(Hay + Leucaena + UMB), T2 (Hay + Leucaena + MB), T3 (Hay + UMB), and T4 (control; Hay + MB). Feed composition, feed intake, and haematological and serum biochemical parameters were determined.  	Comment by Best Center: A group should be fed the standard feed without anything.
Results: Crude protein (CP) was higher in leucaena (22%) than hay (6%), but dry matter and fibre contents were higher in hay. Dry matter intake was significantly higher (P < 0.05) in sheep on diet T3 than those on T4. Intakes of CP, neutral detergent fibre (NDF) and acid detergent fibre (ADF) were significantly lower (P < 0.05) in sheep fed T4 compared to those on T1, T2 and T3. All other haematological parameters were not significantly different (P < 0.05) among treatment groups. Total proteins and high-density lipoprotein-cholesterol (HDL-C) concentrations were significantly (P < 0.05) increased in T1 compared toT2, T3 and T4, but globulin concentration was significantly (P < 0.05) decreased in T2 compared to other treatments. Urea and creatinine concentrations were lowest in T3. The concentrations of the haematological and serum biochemical variables were within the normal physiological range reported for sheep. 
Conclusion: Leucaena leaves with UMB can be used as supplements for sheep feeding during the dry season to improve their health and physiological status.
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1. INTRODUCTION 

Ruminant production is an important aspect of the livestock subsector of agriculture in Ghana.  It contributes towards meeting the nutritional needs of people to ensure food security, generates income for households and acts as security and insurance in times of financial stress (Adjorlolo et al., 2014; Adam et al., 2021).  Notwithstanding these benefits, the sector still faces some challenges such as the heavy reliance on natural pasture for grazing ruminant livestock as is the case in some developing countries in tropical sub-Saharan Africa. Unfortunately, animals become malnourished and not able to meet their dietary requirements in the dry season, due to the scarcity of nutritious pasture often deficient in protein, energy, and minerals (Hills et al. 2015) leading to poor growth, poor reproductive performance and reduced milk production (Obese et al., 2018). 

A way to increase the utilisation of poor feed resources to improve productivity of animals is through supplementation with nitrogen, energy or minerals (Hills et al. 2015; Adjorlolo et al., 2019).  In some countries, the feeding challenges are mitigated by the use of multi-nutrient blocks such as urea - molasses mineral blocks (UMMBs) which offer an alternate source of nitrogen, energy and minerals that can easily be utilized by ruminants to synthesize proteins (Preston & Leng, 1984; Mubi et al., 2013; Kerketta et al., 2017).  The use of UMMBs has been reported to improve feed intake, digestibility, nitrogen balance and blood profiles in ruminant livestock (Garg et al., 1998; Mubi et al., 2013; Dharan et al., 2015; Yatoo et al., 2016; Kerketta et al., 2017; SungChinTial et al., 2023). In instances where molasses is unavailable or expensive limiting its incorporation into mineral blocks, the use of urea-mineral Block (UMB) which also offers a cheap alternative source of nitrogen and minerals has been adopted to supplement the nutrients that are lacking in ruminant diets. Its positive effects on feed intake, digestibility, growth, and haematological and blood biochemical parameters have been reported for sheep (Wu et al., 2005; Mubi et al., 2013). In some situations, ruminant livestock farmers also provide mineral blocks without urea or molasses as part of the dietary components to their livestock. Nutrient blocks present the advantage of all year-round availability and nutrient-specificity that could help compliment grass and legume-based diets. Leguminous browses are also known to be good protein sources and the leaves of various browse species such as Leucaena leucocephala, Samanea saman, Mellettia thonningii, Albizzia lebbek, and Moringa oleifera have been used as supplements to diets of sheep (Adogla-Bessa et al., 2022; Idan et al., 2023; Sarkwa et al., 2023).

Presently there is a dearth of information on the effects of supplementation of UMB alone or in combination with leguminous browse leaves on the performance of ruminant livestock in Ghana. This study therefore assessed the influence of urea mineral block (UMB), and Leucaena leucocephala supplementation on haematological and serum biochemical profiles in West African Dwarf sheep with the aim to provide farmers a cheaper option for protein and mineral supplementation to improve nutrition and consequently productivity in Ghana. 


2. material and methods 

2.1 Study Area

The study was conducted at the Livestock and Poultry Research Centre (LIPREC) of the School of Agriculture, University of Ghana, Legon (latitude 05°68’N and longitude 00°10’W) in the Coastal Savannah zone of Ghana. The rainfall pattern is bi-modal with the major rainy season spanning April to July while the minor rainy season occurs between September and October. November to March are the dry months. The average annual rainfall is 881mm and the average monthly temperature is 26.9°C (Adjorlolo et al., 2014).

2.2 Experimental Animals, Management, and Dietary Treatments  
Sixteen male West African Dwarf sheep with an average initial body weight of 12.1 kg ± 0.5 (SE) were used for this study. They were housed in pens with cemented floors and corrugated iron roofing sheets. Each sheep was housed individually and had unrestricted access to clean drinking water. All animals were treated against external parasites with pour-on acaricides and dewormed with Albendazole (10%), a broad-spectrum anthelmintic. The animals were randomly allotted to four treatment diets in a completely randomized design with four replicates per treatment. The basal diet consisted of Panicum (Megathyrsus maximus) hay, which was fed to animals in combination with either mineral block (without urea) or urea mineral block with or without Leucaena leucocephala. The dietary treatments are shown below:
Treatment 1 (T1): Hay + Leucaena leucocephala + urea mineral block (UMB)	Comment by Best Center: A group should be fed the standard feed without anything.
Treatment 2 (T2): Hay + Leucaena leucocephala + mineral block (MB)
Treatment 3 (T3): Hay + urea mineral block (UMB)
Treatment 4 (T4 - control): Hay + mineral block (MB)
Animals on T1 and T2 were fed a daily allowance of Leucaena leucocephala leaves, which made up approximately 30% of voluntary intake as single meal at 08:00 hour followed by the grass hay which was offered ad libitum. The grass hay was weighed before and after feeding to ascertain daily feed intake. The UMB, and MB weighing 2kg each were placed in the feeding trough of each sheep throughout the entire study period as follows: UMB for T1 and T3, and MB for T2 and T4. The animals were allowed a period of 14 days to adjust to the diet and this was followed by 93 days of actual data collection.  Feed intake was determined daily   throughout the experimental period. 
Feed intake was calculated as: Quantity of feed offered – Quantity of feed refused

2.3 Feed and Feed Supplement
The Megathyrsus maximus was harvested from the wild at a succulent stage, chopped into smaller sizes of about 3cm length. The grass was then sun-dried into hay for 6 days. The hay was then stored in a well aerated room to prevent it from going mouldy. The Leucaena leucocephala was cut from established fields at LIPREC, wilted overnight to reduce the mimosine content, and then fed to animals daily. The entire leaf (leaflet and petiole) portion was fed to the animals.
The MB, and UMB, were prepared with the ingredients listed in Table 1. The urea that was included in the UMB was of fertilizer grade and purchased from the open market. Ordinary Portland cement bought on the open market was used as a biding agent in both MB and UMB. The clay was obtained from natural deposits from farmlands. 

Table 1. Composition of mineral and urea- mineral block   
	[bookmark: _Hlk186447352]Ingredient                             Mineral block (kg)
	                          Urea mineral block (kg)

	Cement                                              10.00         
	10.00

	Oyster shell                                       10.00
	10.00

	Common salt                                      52.00
	52.00

	Dicalcium Phosphate                          8.20
	8.20

	Cobalt Chloride                                   0.02
	0.02

	Copper Sulphate                                  0.50
	0.50

	Potassium Iodide                                 0.06
	0.06

	Zinc Oxide                                           0.20
	0.20

	Sodium Selenate                                  0.02
	0.02

	Clay                                                       19.00
	15.00

	Urea                                                           -
	4.00

	Total                                                    100.00
	100.00



2.4 Chemical Analysis of Feed 
The chemical analysis of the Megathyrsus maximus and Leucaena leucocephala is presented in Table 2. Dry matter (DM), crude protein (CP), and ash contents of the feed were determined using the standard method described by AOAC (2004). Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined using the method of Van Soest et al. (1991). Organic matter (OM) was determined as dry matter minus total ash (AOAC, 2004). Nitrogen content of feed was analysed using the Kjeldahl method (AOAC, 2004). 


Table 2. Chemical composition of Megathyrsus maximus and Leucaena leucocephala 
	Fraction (%)
	Feed Ingredients (%)

	
	Megathyrsus maximus hay           Leucaena leucocephala

	Dry Matter
	             90.99                                      30.59              

	Crude Protein
	               6.03                                      22.01

	Organic Matter
	            81.07                                       22.93

	NDF
	            62.56                                       35.68

	ADF
	            45.59                                       22.24

	Cellulose
	            36.37                                      15.49

	Hemicellulose
	            16.97                                      13.44

	Lignin
	            6.99                                          6.90

	Total Ash
	             9.92                                         7.93


NDF= neutral detergent fibre, ADF = acid detergent fibre


2.5 Blood Sampling
Blood samples were collected once every month during the 93-day data collection period after an initial 14-day adaptation period. Blood was drawn from the jugular vein of each male sheep into a vacutainer tube using a syringe between 07:30 and 08:00 hours. A total of 10 ml of blood sample was collected, and 4 ml from that was transferred into a glass vacutainer tube containing the anticoagulant K3. EDTA. The tubes were placed in an airtight box containing ice packs and transported immediately to the laboratory for haematological analysis. The remaining 6 ml of the blood sample was transferred into glass vacutainer tube containing clot (Gel) activator. These were placed on an ice pack and also transported to the laboratory where it was centrifuged at 3000 rpm for 10 minutes at 4 0C using the Centaur 2 centrifuge (MSE Fisons, United Kingdom). The sera obtained were gently harvested into eppendorf tubes and stored at -20 0C until analysed for biochemical indices.	Comment by Best Center: The time of blood sampling from the sheep must be indicated: before or after feeding. Was fodder and hay discontinued before sampling?
[bookmark: _Toc153469965]
2.6 Haematological and Biochemical analysis
[bookmark: _Hlk186444473][bookmark: _Toc153469966]Haematological parameters [total white blood cells (WBCs) count, lymphocytes, monocytes, neutrophils, eosinophils, basophils, haemoglobin, packed cell volume, total red blood cells (RBCs) count, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC)] were determined using the URIT-5250vet automated analyser specification, while the serum biochemical parameters [total protein, albumin, globulin, direct bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma glutamyl transferase (GGT), high-density lipoprotein- cholesterol (HDL-C), very low-density lipoprotein-cholesterol (VLDL-C), low- density lipoprotein-cholesterol (LDL-C), triglycerides, urea, creatinine, glucose, ALT/AST ratio, and albumin/globulin ratio] were determined using the URIT 8021A automated analyser (URIT Medical Electronic Group Company Limited, China).

2.7 Statistical analysis
The voluntary feed intake data was subjected to the one-way Analysis of Variance procedure (ANOVA) using the statistical software GenStat Release 12th Edition (https://vsni.co.uk), while the haematological and blood biochemistry data were analysed using repeated measures analysis of variance procedure of GenStat Release 12th Edition. Significantly different means were separated using the Student-Neuman Keuls (SNK) Test at a significance level of 5%.	Comment by Best Center:      Correct the number  (P ˂ 0.05)



3. results and discussion

3.1 Voluntary feed intake in West African Dwarf sheep
Table 3 shows the DM, CP, OM, NDF and ADF intakes of the sheep on the various dietary treatments. Sheep on T3 had significantly (P ˂ 0.05) higher total DM intake than those on T4 possibly due to the UMB supplying adequate nitrogen, energy, and minerals for efficient rumen fermentation (Detmann et al., 2014). Increased DM intake of low- quality forages has been observed when ruminant diets were supplemented with either UMB or UMMB (Mubi et al. 2013; SungChinTral et al., 2023), and Leucaena leucocephala (Tesfay & Tesfay, 2012; Idan et al., 2023). The crude protein intake was significantly (P ˂ 0.05) higher in sheep on T1, and T2, than those on T3, and T4. This is attributable to the consumption of Leucaena leucocephala, and UMB which contained higher levels of CP. The OM intake was significantly higher in sheep on T3 than those on the three other dietary treatments (T1, T2 and T4). Sheep on T1, T2 and T3 had higher (P < 0.05) ADF and NDF intakes than those on T4 suggesting that the higher CP levels in UMB and Leucaena leucocephala supplements enhanced fibre digestion by improving rumen fermentation.
[bookmark: _Toc153469973] 
[bookmark: _Hlk174791759]3.2 Haematological Parameters
The effects of the dietary treatment on haematological parameters observed in this study are presented in Table 4. All the haematological parameters measured such as total white blood cell counts and its components (lymphocytes, monocytes, neutrophils, eosinophils and basophils), red blood cell counts and its components (MCV, MCH and MCHC), and haemoglobin and packed cell volume were not significantly (P > 0.05) affected by the dietary treatment in the West African Dwarf sheep. 

[bookmark: _Hlk195611050]Table 3. Voluntary feed intake in West African Dwarf sheep fed a basal diet of Megathyrsus maximus hay supplemented with urea mineral block (UMB) or Mineral block (MB) with or without Leucaena leucocephala
	  Parameters (g/day)
	Treatments
	SEM
	LSD
	P-value

	
	T1
	T2

	T3

	T4
	
	
	

	Dry matter intake 
	493.8ab            
	480.5ab          
	628.2a        
	342.6b     
	146.4        
	64.7          
	0.012

	Crude protein intake 
	83.72a           
	81.83a            
	41.86b        
	23.63c         
	14.08       
	6.23        
	˂0.001

	Organic matter intake 
	428.5b            
	416.9b           
	559.2a        
	304.3b         
	129.8          
	57.4           
	 0.012

	Neutral detergent fibre intake
	376.4a                   
	366.1a                  
	431.5a            
	234.8b       
	15.64
	45.6         
	0.011

	Acid detergent fibre intake 
	264.7a            
	257.5a            
	314.5a        
	171.1b        
	74.50         
	32.9          
	0.012


[bookmark: _Hlk171175908]Means in the same row with different superscripts (a,b) are significantly different (P ˂ 0.05); T1= hay + Leucaena leucocephala +UMB, T2= hay + Leucaena leucocephala + MB, T3= hay + UMB, T4 hay + MB

Haematological and blood biochemical indices serve as useful indicators of nutritional, physiological, metabolic and health status of farm animals (Etim et al., 2013; Onasanya et al., 2015).  The values for the RBCs count, haemoglobin concentration, and PCV% obtained in this study were within the normal range reported for sheep (Roland et al., 2014; MSD Veterinary Manual, 2022) indicating that the sheep did not suffer anaemia, and had efficient respiration. Consumption of toxins has been associated with haemolysis (Roland et al., 2014; Newcomer et al., 2021). Thus, the absence signs of haemolysis in the sheep suggest that both UMB, MB and Leucaena leucocephala supplementation were not toxic to the West African Dwarf sheep used this study. Elevated levels of white blood cell (WBC) count and its components are associated with infections, inflammation, allergic reaction and diseases (Etim et al., 2013; Rosales, 2018; Liew & Kubes, 2019). The normal levels of total WBC count and its components, therefore, indicate that the sheep on the various dietary treatments were healthy and did not suffer from infections and diseases.

Table 4.  Haematological parameters of West African Dwarf sheep fed a basal diet of Megathyrsus maximus hay and supplemented with urea mineral block (UMB) or mineral block (MB) with or without Leucaena leucocephala
	Parameters
	Treatments
	SEM
	P -value

	
	T1

	T2

	T3
	         T4

	
	

	Total WBCs (x109/L)
	7.45
	7.51
	8.36
	  6.47
	   0.54
	 0.065

	Lymphocytes (x 109/L)
	1.13
	0.99
	0.92
	   0.65
	   0.19
	 0.185

	Monocytes  (x109/L)
	0.24
	0.3
	0.18
	    0.22
	   0.09
	0.590

	Neutrophils (x109/L)
		2.91



	2.13
		  2.06



		     2.45



	   0.33
	 0.140

	Eosinophils (x109/L)
	0.04
	0.03
	0.03
	     0.03
	 0.001
	 0.560

	Basophils (x109/L)
	0.02
	0.02
	0.01
	     0.01
	 0.007
	0.140

	Haemoglobin (g/dL)
	10.67
	11.79
	11.27
	    9.31
	  0.91
	0.130

	Packed cell volume (%)
	34.88
	39.74
	37.19
	      32.38
	  2.57
	0.120

	Total RBCs (x1012/L)
	11.11
	13.29
	12.53
	      9.99
	  1.25
	0.130

	MCV (fl)
	32.18
	30.39
	30.40
	     32.57
	  1.92
	0.580

	MCH (pg)
	9.66
	8.90
	9.11
	     9.28
	  0.44
	0.440

	   MCHC            
   (g/dL)
	30.67
	29.67
	30.22
	    28.35
	 0.77
	0.100


WBCs= white blood cell count, RBCs = red blood cell count, MCV = mean corpuscular volume, MCH = mean corpuscular haemoglobin, MCHC = mean corpuscular haemoglobin concentration, T1= hay + Leucaena leucocephala +UMB, T2 = hay + Leucaena leucocephala + MB, T3= hay + UMB, T4 = hay + MB



3.3.  Serum Biochemical Parameters
The non-significant difference in the concentrations of most of the serum biochemical indices across the dietary treatments suggest that the inclusion of UMB, MB, and Leucaena leucocephala did not adversely affect the physiology of the sheep. The higher (P < 0.05) serum total protein of sheep on T1 (Hay+ Leucaena + UMB) than those on the other diets (Table 5) may be due to their higher crude protein intake. The complementary effects of UMB and Leucaena leucocephala supplied the additional crude protein to meet the needs of sheep on T1 giving them an advantage over their counterparts. The concentration of serum total protein in sheep on all the dietary treatments were, however, within the normal range of 60 to 79 g/L for sheep (MSD Veterinary Manual, 2022) indicating a good balance between anabolism and catabolism (protein metabolism) of protein in sheep (Sankar et al., 2020). 
Globulin concentration was significantly (P ˂ 0.05) higher in sheep on T1, T3 and T4 than those on T2.   Serum globulin concentration is indicative of an animal’s immune status and response (Kapale et al., 2008). The lower globulin concentrations in sheep on T2 (Hay +Leucaena + MB) than those on the other treatments (T1, T2 and T3) is however unexpected since they had higher crude protein intake than the other treatments, except T1. Although the concentration of globulin in serum of sheep on T2 was the only one below the normal level (35 to 57 g/L) reported for sheep (MSD Veterinary Manual, 2022), animals on this treatment appeared normal and did not display any signs of disease or infection.

Higher than normal levels of liver enzymes such as alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma glutamyl transferase   (GGT) in the serum can be indicative of liver health disorders such as necrosis, infection, neoplasia or damaged hepatocytes in sheep (Makawana et al., 2022). The serum concentrations of these liver enzymes (ALT, AST, ALP, and GGT) were similar among the various dietary treatments and were also within the normal range reported for sheep (MSD Veterinary Manual, 2022), suggesting that supplementing the diet of sheep with UMB, MB and/or Leucaena leucocephala had no adverse effect on the liver function of the West African Dwarf sheep used in this study. Other studies in lambs (Xu et al., 2019) and calves (Sankar et al., 2020) also observed no significant increase in liver enzymes when UMMB was fed.

The concentration of HDL was significantly (P ˂ 0.05) higher in sheep on T1 than all other treatments. The HDL plays a pivotal role in transporting excess cholesterol to the liver for excretion, thus helping to minimize cardiovascular risk (Jomard & Osto, 2020). The higher concentration in sheep on T1 may indicate an improved metabolism of cholesterol. Furthermore, HDL levels have been shown to be positively correlated with testicular histomorphology, serum testosterone values, and seminal parameters (Louei, 2013). Improved HDL levels in T1 in this study could imply that supplementation with Leucaena leucocephala and UMB may improve reproductive performance in sheep. 

Urea concentration was significantly (P ˂ 0.05) higher in sheep on T1, T2 and T4 than those on T3. The higher level of serum urea in sheep on T4 (Hay + MB) may be attributed to energy deficit caused by the low feed intake. This could have led to the possible stimulation of amino acid catabolism from the tissues resulting in the higher blood urea levels recorded. Serum urea levels have been reported to be increased by energy deficit, high dietary CP intake, and degradability (Van Saun, 2006; Cheng et al., 2015). Also, the high levels of urea in sheep on T4 could imply the poor utilization of nitrogen in feed due to its low quality. The high serum concentrations of urea in sheep on T1 (Hay + Leucaena +UMB), and T2 (Hay+ Leucaena + MB) may be due to the high dietary CP intake (extra N supplied) as a result of Leucaena plus UMB or Leucaena leucocephala supplementation respectively which are good protein sources.  Blood urea concentrations have been reported to increase with supplementation with urea in lambs (Xu et al. 2019) and also with Leucaena leucocephala supplementation in sheep (Yusuf et al., 2014). The lower CP intake of sheep on T3 (Hay + UMB) may account for their lower serum urea concentration.
 
Although creatinine concentrations were higher in sheep on T1 and T2 than those on T3 (Hay + UMB) and T4, the concentrations in the serum of sheep on the different dietary treatments were within the normal range of 76 to 174 mmol/L reported for sheep (MSD Veterinary Manual, 2022) suggesting no adverse effect of the dietary supplements on serum creatinine concentration.
[bookmark: _Hlk177455520][bookmark: _Hlk174791898]Table 5. Biochemical parameters of West African Dwarf sheep fed a basal diet of Megathyrsus maximus hay and supplemented with urea mineral block (UMB) or mineral block (MB) with or without Leucaena leucocephala
	Parameters
	
	Treatments
	
	
	SEM
	P-value

	
	T1

	T2

	T3

	   T4
	
	

	Total proteins (g/L)
	78.7a
	73.0b
	69.7b
	69.4b
	3.81
	0.029

	Albumin (g/L)
	25.0
	21.9
	    21.9
	16.7
	6.78
	0.687

	Globulins (g/L)
	58.7a
	29.5b
	47.7a
	56.3a
	6.73
	0.017

	Direct Bilirubin (µmol/L)
	6.43
	3.81
	5.19
	3.33
	1.57
	0.280

	AST (U/L)
	131
	77
	     61
	    156
	33.4
	0.090

	ALT (U/L)
	35.9
	21.2
	27.8
	21.5
	 4.85
	0.069

	ALP (U/L)
	244
	       232
	    250
	    241
	111.4
	0.999

	GGT (U/L)
	54.6
	       55.7
	    59.2
	    46.9
	14.98
	0.865

	Cholesterol (mmol/L)
	3.3
	       2.2
	     2.48
	   2.94
	0.68
	0.440

	HDL-C (mmol/L)
	1.67a
	0.94b
	0.79b
	0.65b
	0.29
	0.048

	VLDL-C (mmol/L)
	0.1
	       6.1
	    0.1
	   0.9
	4.45
	0.444

	LDL-C (mmol/L)
	2.62
	       1.18
	    1.94
	   2.11
	0.68
	0.305

	Triglycerides (mmol/L)
	0.44
	0.55
	    0.48
	   0.62
	0.21
	0.819

	Urea (µmol/L)
	4.17a
	 3.80a
	2.06b
	   4.24a
	0.31
	0.001

	Creatinine (umol/L)
	162.4a
	 125.2ab
	    80.2b
	85.9b
	20.21
	0.021

	Glucose (mmol/L)
	8.08
	6.76
	     5.56
	5.24
	1.98
	0.516

	ALT/AST ratio
	       0.36
	       0.32
	     1.82
	   6.28
	2.43
	0.105

	Albumin/Globulin ratio
	       0.76
	       1.15
	0.99
	   0.12
	0.91
	0.701


 Means in the same row with different superscripts(a,b) are significantly different (P ˂ 0.05), 
[bookmark: _Hlk184722267]AST= aspartate aminotransferase, ALT= alanine aminotransferase, ALP = alkaline phosphatase, 
GGT= gamma glutamyl transferase, HDL-C = high-density lipoprotein- cholesterol, VLDL-C = very low-density lipoprotein-cholesterol, LDL-C = low- density lipoprotein-cholesterol, T1= hay + Leucaena leucocephala +UMB, T2 hay + Leucaena leucocephala + MB, T3 = hay + UMB, T4 = hay + MB

4. Conclusion

UMB and Leucaena leucocephala supplementation improved feed intake (dry matter intake), nutrient intake (CP, NDF and ADF). Supplementation with UMB, and Leaucaena leucocephala did not adversely affect the physiology and health of the West African Dwarf sheep. All the haematological and most of the serum biochemical parameters determined were within the normal physiological range reported for sheep. Thus UMB, and Leucaena leucocephala can be used as supplements for sheep diets when pasture availability is scarce and of low quality to offset the nutritional problems faced during the dry season.	Comment by Best Center: Preferably mention the best level and treatment



Ethical approval

This study was approved by the In-house Research Committee of the Department of Animal Science and LIPREC. All procedures used followed approved guidelines for the ethical treatment of animals.
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