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			Abstract |  A 90-day feeding trial was conducted to determine the effect of dietary Moringa oleifera leaf meal (MOLM) supplementation on blood indices and weight of internal organs of three indigenous chicken species. Moringa leaves were harvested by hand, air-dried and milled into M. oleifera leaf meal (MOLM). The leaf was chemically analysed and used to dilute a commercial broiler basal diet at 0 (MOLM0), 25 (MOLM25), 50 (MOLM50), and 100 (MOLM100) g/kg DM, producing four isonitrogenous and isoenergetic dietary treatments. Two hundred and sixteen (216) Potchefstroom Koekoek (PK), Ovambo (OV) and Black Australorp (BA) male chickens were raised on a commercial starter mash for 3 weeks in a 3 (chicken strains) x 4 (diets) factorial treatment arrangement in a complete randomised design (CRD) replicated 3 times. At 13 weeks of age, blood samples were taken from 6 chickens per treatment and used for biochemical and haematological analysis. Incremental levels of MOLM exhibited higher WBC than control diet (MOLM0). Higher inclusion levels of MOLM resulted in longer small intestines and heavier gizzards in all chicken strains. Low levels of ALT and ALKP were observed when chickens were fed incremental levels of MOLM. Inclusion of MOLM at levels up to 100g/kg had no adverse effects on health status of the chicken strains.
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			Introduction

			 

			Poultry production plays an important socio-economic role in developing countries (Kondombo, 2005). However, the industry in the developing countries encounters constrains such as high costs of medicinal and feed ingredients (Abbas, 2013). Conventional poultry production has always been dependent on expensive protein and energy. These feedstuffs account for nearly 80% of the total costs of production (Nworgu and Fasogbon, 2007). The use of non-conventional feedstuff as alternative feed supplement with medicinal benefits especially to extensively reared chickens (indigenous) will be of great value. Utilization of plant leaf meals as alternative feed ingredients to conventional feed resources is gaining research interest in animal nutrition (Melesse et al., 2013). The medicinal plants having various phytochemical and bioactive components such as vitamins, carotenoids, polyphenols, and proteins are involved in enhancing long-term health benefits (Sravanthi and Rao, 2014). The use of natural medicinal products as feed additives for farm animals has been practised in ancient cultures (WHO 2001). Windisch and Kroismayr (2006) redefined phytobiotics as plant derived products added to the feed in order to improve performance of agricultural livestock. Antimicrobial activity and immune enhancement probably are the two major mechanisms by which phytobiotics exert positive effect on the growth performance and health of animals (Fallah et al., 2013). Plant based antimicrobials represent a vast untapped source of medicines with enormous therapeutic potential (Cowan, 1999). Furthermore, there has been an increased awareness of the potential that natural compounds have in the prevention and treatment of poultry diseases (Chen et al., 2003; Guo et al., 2003). Plants such as Nigella Sativa Linn was reported to be a significant source of essential nutritive substance and enhanced performance traits in broiler chickens (Attia and Al-Harthi, 2015; Attia et al., 2003; Attia et al, 2008; Essam et al., 2017). Also, Essam et al. (2017) reported that broilers fed 5.6 % N. Sativa Linn showed improved immune response and subsequent resistance against diseases. Furtherance, Yasser et al. (2014) observed a significantly enhanced immune response and blood profile of broilers fed 1:1 ratio of garlic and thyme. Similarly, plant like Moringa oleifera (MO) is known for both nutritional and medicinal properties. Moringa oleifera leaf is known for its high leaf protein (27%) content, adequate amino acid profile, fatty acids, high level of vitamins A and E, and low level of anti-nutritional compounds (Yang et al., 2006; Fuglie, 2001; Sebola et al., 2017). Vitamin E plays an important role in various biochemical and physiological processes, including antioxidant activity (Litta et al., 2014). Reportedly, the supplementation of 150 and 300 IU/kg vitamin E to feed was shown to improve the immune response and to reduce the mortality of chickens challenged with E. coli (Tengerdy and Nockels, 1976). Extensively reared chickens are scavengers and often raised without outlined vaccination programs, so this study will investigate the medicinal benefits of Moringa oleifera leave (MOL) on health parameters in chickens. Therefore, the study hypothesised that incremental levels of Moringa oleifera leaf meal will have an effect on the haematological, serum biochemical indices and internal organs of extensively reared chickens.

			 

			Materials and methods 

			 

			This study was conducted at the North West University Experimental Farm (Molelwane), Mafikeng (25.8 º S and 25.5 º E), South Africa. Moringa oleifera leaves were obtained from Patience Wellness Centre in Limpopo Province (24.305º S 29.565º E). The leaves were air-dried at a room temperature and then milled to pass through a 2 mm sieve. Four diets were constituted using M. oleifera leaf meal (MOLM) as follows: 100% basal mash (MOLM0); 97.5% basal mash and 2.5% MOLM (MOLM25); 5% MOLM and 95% basal mash (MOLM50); and 10% MOLM and 90% basal mash (MOLM100). The composition of MOLM and experimental diets are presented in Table 1 for descriptive purposes. Experimental diets were formulated to be isonitrogenous and isoenergetic.

			Two hundred and sixteen (216) male chickens from Potchefstroom Koekoek, Ovambo and Black Australorp strains were raised on a commercial starter mash for three weeks. At four weeks of age, the chickens from each breed were randomly allocated to the 4 experimental diets. A 3 (chicken strains) x 4 (diets) factorial treatment arrangement in a complete randomised design (CRD) was used for this experiment. The experimental unit was a pen holding 6 birds, which was replicated 4 times, resulting in a total of 36 floor pens (measuring 60 x 50 x 75 cm). Feed and water were offered ad libitum during the 13 weeks. Continuous lightning was provided for first four weeks, which was then gradually decreased to that of natural day light. The study was conducted according to the guidelines of the ethics committee of North West University. All animal husbandry practices were performed with full consideration of animal welfare.

			 

			At the end of the 13-week feeding trial, blood samples were collected from all 6 birds in each feeding trial.  About 2 ml of blood was collected from each bird into two sets of sterilised bottles, one of them holding EDTA as anticoagulant and the other tube without. Haematological parameters (haemoglobin (Hb g/L), red blood cells (RBC1012/L), white blood cells (WBC109/L), haematocrit (HCT %) and mean corpuscular haemoglobin (MCH pg) were determined using an automated Idexx Laser Cyte Haematology (IDEXX Laboratories, Inc) and the values were recorded in g/100 ml. Mean corpuscular haemoglobin concentration (MCHC) was calculated as: 

			 [image: 160441.png], where MCH is mean corpuscular haemoglobin and MCV is the mean corpuscular volume. Clotted blood (collected in red top tubes) was centrifuged in a macro centrifuge to generate serum for biochemical analysis. Total protein (TP g/L), Urea (mmol/L), creatinine (µmol/L), albumin (g/L), serum cholesterol (mmol/L), aspartate transaminase (AST) (U/L), alanine transaminase (ALT) (U/L) and alkaline phosphate (ALKP) (U/L) were analysed using an automated Idexx Vet Test Chemistry Analyser (IDEXX Laboratories, Inc).

			 

			At 13 weeks of age, all chickens were electrically stunned and killed by manual exsanguination. Weights of the liver, gizzard (cleaned), heart, lungs, and pancreas as well as the length of small intestines were determined using a sensitive weighing balance and measuring tape (cm), respectively.

			 

			Variation in organ size, haematological and serum biochemical indices data was analysed using SAS (2008) software according to the following general linear model: 

			 

			[image: 160431.png] 

			Where Yijk = dependent variable (organ size, haematolog

			Table 1: Gross composition of Moringa oleifera leaf meal (MOLM) based experimental diets 

			
				
					
					
					
					
					
					
					
				
				
					
							 
							
							                                          Diet1

						
							 
					

					
							 
							MOLM0
							MOLM25
							MOLM50
							MOLM100
							 
					

					
							
							MOLM (g/kg diet)

						
							
							0

						
							
							25.0

						
							
							50.0

						
							
							100

						
							
							 

						
					

					
							
							Yellow maize

						
							
							670

						
							
							658

						
							
							647

						
							
							623

						
							
							 

						
					

					
							
							Prime gluten 60

						
							
							50.0

						
							
							50.0

						
							
							50.0

						
							
							50.0

						
							
							 

						
					

					
							
							Full fat soya meal

						
							
							70.0

						
							
							70.0

						
							
							70.0

						
							
							70.0

						
							
							 

						
					

					
							
							Soya bean meal

						
							
							85.3

						
							
							71.8

						
							
							58.2

						
							
							31.1

						
							
							 

						
					

					
							
							Sunflower oilcake

						
							
							80.0

						
							
							80.0

						
							
							80.0

						
							
							80.0

						
							
							 

						
					

					
							
							Limestone powder

						
							
							12.3

						
							
							9.7

						
							
							7.1

						
							
							1.8

						
							
							 

						
					

					
							
							Potassium carbonate

						
							
							1.2

						
							
							1.0

						
							
							0.9

						
							
							0.5

						
							
							 

						
					

					
							
							Mono calcium phosphate

						
							
							9.8

						
							
							9.9

						
							
							10.0

						
							
							10.3

						
							
							 

						
					

					
							
							Salt

						
							
							3.2

						
							
							3.17

						
							
							3.15

						
							
							3.11

						
							
							 

						
					

					
							
							Soya oil

						
							
							7.8

						
							
							10.6

						
							
							13.5

						
							
							19.1

						
							
							 

						
					

					
							
							Premix2

						
							
							6.8

						
							
							6.8

						
							
							6.8

						
							
							6.7

						
							
							 

						
					

					
							
							Lysine 

						
							
							2.7

						
							
							2.7

						
							
							2.7

						
							
							2.7

						
							
							 

						
					

					
							
							Methionine

						
							
							0.3

						
							
							0.5

						
							
							0.7

						
							
							1.0

						
							
							 

						
					

					
							
							Total

						
							
							1000

						
							
							1000

						
							
							1000

						
							
							1000

						
							
							 

						
					

					
							
							Chemical analysis of diets on an ‘as fed basis (MOLM)                                                                         

						
							
							MOL

						
					

					
							
							Dry matter 

						
							
							896

						
							
							874

						
							
							851

						
							
							807

						
							
							950.8

						
					

					
							
							Crude protein  

						
							
							189

						
							
							189

						
							
							189

						
							
							189

						
							
							263.4

						
					

					
							
							Ether Extract 

						
							
							52.0

						
							
							57.0

						
							
							61.0

						
							
							69.0

						
							
							53.9

						
					

					
							
							Ash 

						
							
							49.0

						
							
							47.0

						
							
							45.0

						
							
							42.0

						
							
							80.4

						
					

					
							
							Acid detergent fibre

						
							
							36.0

						
							
							42.0

						
							
							47.0

						
							
							57.0

						
							
							52.1

						
					

					
							
							Neutral detergent fibre

						
							
							96.0

						
							
							100

						
							
							106

						
							
							116

						
							
							761.7

						
					

					
							
							Crude Fibre

						
							
							36.0

						
							
							35.0

						
							
							34.0

						
							
							33.0

						
							
							54.9

						
					

					
							
							ME (KCal/kg)

						
							
							3157

						
							
							3157

						
							
							3157

						
							
							3156

						
							
							3674

						
					

					
							
							Iron (dpm)

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							250.5

						
					

					
							
							Lysine 

						
							
							9.7

						
							
							9.7

						
							
							9.7

						
							
							9.7

						
							
							 

						
					

					
							
							Methionine 

						
							
							4.0

						
							
							4.2

						
							
							4.3

						
							
							4.5

						
							
							 

						
					

				
			

			

			1Diet: MOLM0=broiler without MOLM inclusion; MOLM25= broiler finisher diluted with 25 g MOLM /kg; MOLM50= broiler finisher diluted with 50 g MOLM /kg; MOLM100= broiler finisher diluted at 100 g MOLM/kg. MOL = Moringa oleifera leaf

			Premix2: vitamin A, 40,000 IU; vitamin D3, 8,000 IU; vitamin E, 10 IU; vitamin K3, 4.0 mg; vitamin B1, 4.0 mg; vitamin B2, 12.0 mg; vitamin B6, 6.0 mg; vitamin B12, 0.02 mg; niacin, 250 mg choline; 60.0 mg; pantothenic acid, 20 mg; folic acid, 2.0 mg; biotin, 0.02 mg; Fe, 30.0 mg; Zn, 25.0 mg; 20.0 mg; Cu, 5.0 mg; Se, 0.1 mg

			 

			ical and serum biochemical indices), µ = overall mean, Si = effect of bird strain level i, Dj = effect of experimental diet level j, (S × D) ij = interactive effect of bird strain and diet and Eijk = random error. The significance was declared when p < 0.05. For parameters where significant variation was detected, multiple comparisons of treatment means were carried out using the probability of difference (pdiff) option of the General Linear Models (GLM) procedures of SAS. 

			 

			Results and discussion

			 

			Statistical significance of the effects of main factors on haematology of chicken strains fed increasing levels of MOLM are presented in Table 2. In the current study, haematological values of blood cells of the three different chicken strains were within the normal range similar to those reported by Jain (1993) in growing chickens. The results revealed that haematological values vary (p<0.05) among chicken strains. Bilkovaa et al. (2017) reported a substantial variation between chicken breed on haematological parameters. Different strains responded differently to incremental levels of MOLM.  The interaction term ‘diet × strain’ did not (p > 0.05) affect RBC, Haematocrit, haemoglobin, MCH, white blood cells, monocyetes and basophils in all chickens but significantly influenced MCH, MCHC, Lymphocytes, Neutrophils and eosophils. Therefore, MOLM provided sufficient quality dietary iron and 

			Table 2: Haematological parameters in 13-week old chickens fed incremental levels of Moringa oleifera leaf meal (MOLM).

			
				
					
					
					
					
					
					
					
				
				
					
							 
							
							                                Diet (g/kg)1

						
					

					
							Parameter
							MOLM0
							MOLM25
							MOLM50
							MOLM100
							
							SE2

						
							P-value
					

					
							
							RBC(1012/L)

						
							
							2.84

						
							
							2.77

						
							
							2.96

						
							
							2.86

						
							
							0.067

						
							
							0.317

						
					

					
							
							Haematocrit (%)

						
							
							27.3

						
							
							26.8

						
							
							28.4

						
							
							27.7

						
							
							0.568

						
							
							0.251

						
					

					
							
							Haemoglobin (g/L)

						
							
							9.12

						
							
							9.47

						
							
							9.20

						
							
							9.63

						
							
							0.368

						
							
							0.741

						
					

					
							
							MCH(pg)

						
							
							33.72

						
							
							36.45

						
							
							36.90

						
							
							36.50

						
							
							1.236

						
							
							0.251

						
					

					
							
							MCHC (%)

						
							
							33.46

						
							
							35.30

						
							
							32.78

						
							
							34.86

						
							
							1.465

						
							
							0.596

						
					

					
							
							WBC(109/L)

						
							
							8.52d

						
							
							9.46c

						
							
							10.1b

						
							
							11.1a

						
							
							0.127

						
							
							<.0001

						
					

					
							
							Lymphocytes (%)

						
							
							56.3a

						
							
							56.3a

						
							
							48.5b

						
							
							54.5a

						
							
							1.154

						
							
							0.0013

						
					

					
							
							Neutrophils (%)

						
							
							21.9

						
							
							19.9

						
							
							25.9

						
							
							28.8

						
							
							2.979

						
							
							0.204

						
					

					
							
							Monocytes (%)

						
							
							10.6a

						
							
							9.90a

						
							
							10.1a

						
							
							8.45b

						
							
							0.325

						
							
							0.0034

						
					

					
							
							Eosophils (%)

						
							
							1.35c

						
							
							3.20a

						
							
							1.83b

						
							
							3.07a

						
							
							0.139

						
							
							<.0001

						
					

					
							
							Basophils (%)

						
							
							0.80a

						
							
							0.73ab

						
							
							0.70b

						
							
							0.62c

						
							
							0.025

						
							
							0.0019

						
					

				
			

			

			ab In a row, lowercase superscripts compare strains within diet, 

			1Diet: MOLM0=broiler without MOLM inclusion; MOLM25= broiler finisher diluted with 25 g MOLM /kg; MOLM50= broiler finisher diluted with 50 g MOLM /kg; MOLM100= broiler finisher diluted at loo g MOLM/kg.

			2SE=Standard error

			 

			Table 3: Serum biochemical indices in 13-week old chickens fed incremental levels of Moringa oleifera leaf meal (MOLM)

			
				
					
					
					
					
					
					
					
				
				
					
							                                                                                                                                Diet (g/kg)
					

					
							Parameter
							MOLM0
							MOLM25
							MOLM50
							MOLM100
							SE
							P-value
					

					
							
							Urea (mmol/L)

						
							
							0.52a

						
							
							0.47ab

						
							
							0.45b

						
							
							0.43b

						
							
							0.017

						
							
							0.022

						
					

					
							
							Creatinine (µmol/L)

						
							
							10.0c

						
							
							11.5b

						
							
							11.3b

						
							
							12.0a

						
							
							0.083

						
							
							<.0001

						
					

					
							
							Uric (µmol/L)

						
							
							279.3a

						
							
							247.4b

						
							
							218.7d

						
							
							231.3c

						
							
							0.892

						
							
							0.0001

						
					

					
							
							Total protein (g/L)

						
							
							40.0ab

						
							
							37.0b

						
							
							41.7a

						
							
							38.7ab

						
							
							1.118

						
							
							0.065

						
					

					
							
							Albumin (g/L)

						
							
							12.8a

						
							
							10.6b

						
							
							11.2ab

						
							
							11.7ab

						
							
							0.399

						
							
							0.084

						
					

					
							
							Globulin (g/L)

						
							
							28.5

						
							
							26.3

						
							
							27.7

						
							
							27.3

						
							
							0.656

						
							
							0.350

						
					

					
							
							Cholesterol (mmol/L)

						
							
							2.71

						
							
							2.94

						
							
							2.93

						
							
							2.89

						
							
							0.169

						
							
							0.739

						
					

					
							
							ALT (U/L)

						
							
							12.8

						
							
							11.6

						
							
							10.3

						
							
							11.2

						
							
							0.192

						
							
							0.426

						
					

					
							
							AST (U/L)

						
							
							132.0a

						
							
							131.5b

						
							
							126.8c

						
							
							122.1d

						
							
							0.148

						
							
							<.0001

						
					

					
							
							ALKP (U/L)

						
							
							182.1a

						
							
							172.5b

						
							
							153.9d

						
							
							167.8c

						
							
							0.269

						
							
							<.0001

						
					

				
			

			

			ab In a row, lowercase superscripts compare strains within diet, 

			1Diet: MOLM0=broiler without MOLM inclusion; MOLM25= broiler finisher diluted with 25 g MOLM /kg; MOLM50= broiler finisher diluted with 50 g MOLM /kg; MOLM100= broiler finisher diluted at l00 g MOLM/kg.

			2SE=Standard error

			 

			Table 4: Effect of incremental levels MOLM on internal organs weight of 13 weeks chickens

			
				
					
					
					
					
					
					
					
				
				
					
							 
							
							                                                          Diet(g/kg)1

						
							 
							 
					

					
							Parameters
							MOLM0
							MOLM25
							MOLM50
							MOLM100
							
							SE2

						
							Pvalue
					

					
							
							Heart

						
							
							7.33ab

						
							
							5.67b

						
							
							7.0ab

						
							
							7.83a

						
							
							0.315

						
							
							0.076

						
					

					
							
							Liver

						
							
							16.83b

						
							
							19.17ab

						
							
							19.67ab

						
							
							21..50a

						
							
							0.006

						
							
							0.839

						
					

					
							
							pancreas

						
							
							10.50a

						
							
							8.33b

						
							
							9.67a

						
							
							9.17a

						
							
							0.834

						
							
							0.482

						
					

					
							
							Small intestine

						
							
							107.33b

						
							
							123.83ab

						
							
							125.67ab

						
							
							130.83a

						
							
							3.602

						
							
							0.043

						
					

					
							
							Gizzard

						
							
							31.17b

						
							
							34.83b

						
							
							35.33ab

						
							
							42.67a

						
							
							2.069

						
							
							0.117

						
					

				
			

			

			ab In a row, lowercase superscripts compare strains within diet, 

			1Diet: MOLM0=broiler without MOLM inclusion; MOLM25= broiler finisher diluted with 25 g MOLM /kg; MOLM50= broiler finisher diluted with 50 g MOLM /kg; MOLM100= broiler finisher diluted at l00 g MOLM/kg.

			2SE=Standard error

			protein, which resulted in optimal concentrations of blood constituents.  The variation in immune response across the strains was expected due to their unique evolutionary history of individual strain domestication process and the distinctive selective pressures (Bilkovaa et al., 2017). 

			 

			Moyo et al. (2011) and Sebola et al. (2017) reported that Moringa oleifera leaf contained (250, 5 dpm, 490 mg/kg) iron which may have resulted in higher iron intake, which promotes synthesis of haemoglobin and increases production of red blood cells within the permissible limit (Hurrell 1997; McDowell 2003). Incremental levels of MOLM exhibited higher WBC than control diet (MOLM0) (Table 2). Elevation of WBC within normal ranges with incremental levels of MOLM (MOLM100) will be beneficial to the animal in generating antibodies and developing immunity. Similarly, Gupta et al. (2010) reported a significant dose related increase in the WBC count and neutrophils in mice treated with Moringa oleifera extract. This reaction could be attributed to dietary phytochemicals with antioxidant properties such as flavonoids which are known to improve the immune system response in all taxa of vertebrates. Pakade et al. (2013) reported total flavonoids (21.15 mgQE/g) and phenolics (129.44 mgQE/g) concentrations in Moringa leaves. The dietary polyphenols not only stimulate the immune systems but also cause the modulations of detoxification enzymes, scavenging of oxidative agents and regulation of gene expression in cells (Catoni et al., 2008). When fed MOLM at incremental levels, PK and OV strains displayed lower lymphocytes compared to MOLM0, whilst no variation (p>0.05) was observed in the BA chicken strain (Figure 1). Lower (p<0.05) neutrophils were observed with MOLM incremental level in OV strain (Figure 2). Highest MOLM inclusion (MOLM100) resulted in higher eosinophils in both compared to MOLM0. Schalm et al. (1975) authored that white blood cells are defence cells of the body; their levels have a vast contribution in the immune responses and the ability of animals to fight infection. Higher WBC advantages birds with the ability to resist infection more than those with lower WBCs level.

			 

			Overall strain effect was shown in different types of white blood cells (p<0.05). Several authors (Islam et al., 2004; Peters et al., 2011) reported differences in haematological parameters in African and Asian chicken. Chickens with functionally more heterophils may better bacterial infections and higher heterophils frequencies could, therefore, indicate stronger innate immune response (Bilkovaa et al., 2017)

			 

			Variations in plasma metabolites have been used as indicators of nutritional and health status in birds (Artacho et al., 2007; Rodríguez et al., 2005). Diet had a significant (p>0.05) effect on serum urea, creatinine, uric acid, AST and ALKP (Table 3). Diet x strain interaction did not (p>0.05) affect total protein, globulin, cholesterol and ALT levels but significantly influenced Urea, Creatinine, albumin, Uric acid, AST and ALKP.

			 

			[image: 161016.png] 

			Figure 1: Lymphocytes (%) of 3 strains of chickens fed incremental levels of Moringa oleifera leaf meal (0, 25, 50, and 100 g/kg)

			 

			[image: 161024.png] 

			Figure 2: Neutrophils (%) of 3 strains of chickens fed incremental levels of Moringa oleifera leaf meal (0, 25, 50, and 100 g/kg)

			 

			Incremental levels of MOLM resulted in reduction of urea (p<0.05). The fact that higher levels of MOLM inclusion reduced blood urea concentration may be an indication of better absorption and efficient utilization of dietary protein as compared to control diet (Table 3). In all chicken strains, incremental levels of MOLM resulted in higher (p<0.05) creatinine content than when chickens were offered control diet. Total serum protein has been reported as an indication of protein retained in the body (Esonu et al., 2001), while total blood protein and creatinine contents have been shown to depend on the quantity and quality of dietary protein ingested (Awosanya et al., 1999; Esonu et al., 2001). Furthermore, Mune Mune et al. (2016) reported that M. oleifera leaf proteins resulted in 41.11% susceptibility to pepsin digestibility which makes it suitable for poultry utilisation. 

			It is evident from the present findings that total serum differed among the strains. This is similar to the report of Ladokun et al. (2008) who reported a higher total serum protein in normally feathered compared to naked neck chickens. The lowest values of AST and ALKP were observed with incremental levels of MOLM. This indicates that MOLM had no toxic effect within the liver parenchyma of the birds thus resulting in improved immune response of the birds. Djuricic et al. (2011) also indicated that higher ALT and AST activities normally occur as a result of accelerated muscular tissue turnover and the elevated liver enzymes in the study are within normal ranges.

			 

			Strain and interaction (diet x strain) did not have a significant effect (p>0.05) on internal organs weights. However, diet resulted significantly (p<0.05) on small intestine length and gizzard weight (Table 4). Higher levels of MOLM resulted in longer intestinal length in all chicken strains.  All chicken strains offered MOLM100 had the longest small intestines (130.83 cm) and heaviest gizzard weight (42.67 g). The improvement in gizzard weight and longer small intestine may be attributed to amino acids absorption and nutrients utilization of MOLM diets which resulted in better muscle development (Kokoszyński et al., 2017).

			 

			Conclusion

			 

			Moringa oleifera diet exhibited positive responses with different inclusion levels up to 100g/kg which had no adverse effect on haematological and serum biochemistry. It is, therefore, concluded that MOLM can be used as a feed supplement for different chicken strains without a risk of toxicity or compromised suboptimal nutritional status.
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Abstract | A 90-day feeding trial was conducted to determine the effect of dietary Moringa oleifera leaf meal (MOLM)
supplementation on blood indices and weight of internal organs of three indigenous chicken species. Moringa leaves
were harvested by hand, air-dried and milled into M. oleifera leaf meal (MOLM). The leaf was chemically analysed and
used to dilute a commercial broiler basal diet at 0 (MOLMO0), 25 (MOLM?25),50 (MOLMS50), and 100 (MOLM100)
g/kg DM, producing four isonitrogenous and isoenergetic dietary treatments. Two hundred and sixteen (216) Potchef-
stroom Koekoek (PK), Ovambo (OV) and Black Australorp (BA) male chickens were raised on a commercial starter
mash for 3 weeks in a 3 (chicken strains) x 4 (diets) factorial treatment arrangement in a complete randomised design
(CRD) replicated 3 times. At 13 weeks of age, blood samples were taken from 6 chickens per treatment and used for
biochemical and haematological analysis. Incremental levels of MOLM exhibited higher WBC than control diet
(MOLMO). Higher inclusion levels of MOLM resulted in longer small intestines and heavier gizzards in all chicken
strains. Low levels of ALT and ALKP were observed when chickens were fed incremental levels of MOLM. Inclusion

of MOLM at levels up to 100g/kg had no adverse effects on health status of the chicken strains.
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lization of plant leaf meals as alternative feed ingredients
to conventional feed resources is gaining research interest
in animal nutrition (Melesse et al., 2013). The medicinal
plants having various phytochemical and bioactive com-

INTRODUCTION

Poultry production plays an important socio-economic
role in developing countries (Kondombo, 2005). How-
ever, the industry in the developing countries encounters
constrains such as high costs of medicinal and feed ingre-

ponents such as vitamins, carotenoids, polyphenols, and
proteins are involved in enhancing long-term health ben-

dients (Abbas, 2013). Conventional poultry production
has always been dependent on expensive protein and en-
ergy. These feedstuffs account for nearly 80% of the total
costs of production (Nworgu and Fasogbon, 2007). The
use of non-conventional feedstuff as alternative feed sup-
plement with medicinal benefits especially to extensively
reared chickens (indigenous) will be of great value. Uti-

efits (Sravanthi and Rao, 2014). The use of natural medic-
inal products as feed additives for farm animals has been
practised in ancient cultures (WHO 2001). Windisch
and Kroismayr (2006) redefined phytobiotics as plant
derived products added to the feed in order to improve
performance of agricultural livestock. Antimicrobial activ-
ity and immune enhancement probably are the two major
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