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ABSTRACT 
The blood characteristics of broiler chickens as influenced by dietary inclusion of Neem Leaf Meal 
(NLM) were investigated.  The duration of feeding trial was eight weeks, with a total of 192 day - old 
broiler chicks. The chicks were randomly allotted to four (4) dietary treatments of 48 birds each and 
replicated three times with 16 birds per replicate in a Completely Randomized Design (CRD) 
experiment. The dietary treatments had inclusion levels of 0, 2.5, 5.0 and 7.5% NLM, respectively. A 
total of 36 blood samples (3 per replicate, i.e. 9 per treatment) were obtained with the aid of 
hypodermic needles and syringes via the prominent wing vein of the broilers at the 8th week.  Blood 
for haematological assay was collected into EDTA bottles, while blood for serum biochemical 
determinations was collected into non – EDTA bottles. All blood parameters were assayed using 
standard laboratory procedures. Results were subjected to one – way ANOVA where haematological 
characteristics were not significantly (P>0.05) influenced by dietary treatments. The parameters 
ranged as follows:  RBC (2.33 - 3.00 ×1012/L); WBC (6.90 - 8.90 ×109/L), Hb (13.66 – 15.13 g/dl), 
MCHC (43.13 – 44.10%), MCH (58.67 – 61.67 pg), MCV (134.33 – 144.67 fl) and PCV (32.00 – 
34.33%). In terms of serum biochemical indices only cholesterol content (3.77 – 6.03 mmol/L) was 
significantly (P<0.05) affected by dietary treatments, while albumin (4.31 – 5.58 g/dl), glucose( 6.73 
– 7.60 mmol/L), creatinine (44.40 – 47.50 µmol/L), total protein (6.57 – 8.62 g/dl), globulin  (1.94 – 
3.04 g/dl) and urea (1.77 – 2.33 mmol/L)  showed no significant differences (P>0.05) between 
treatments. All haematological and serum biochemical parameters were within the normal ranges for 
apparently healthy broiler chickens. The study therefore concludes that including up to 7.5% neem 
leaf meal (NLM) in diets meant for broiler chickens will not adversely affect their blood 
characteristics. 
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1. INTRODUCTION 

Natural leaf meals have been incorporated in the diets of poultry as a means of reducing the high cost of 

conventional protein sources as well as boosting growth and carcass characteristics [1-5]. Another way of reducing 

costs is by incorporating feed additives or growth promoters that will boost animal performance by increasing 

growth rate, better feed conversion efficiency, greater livability and lowered mortality in poultry birds [6]. 

Synthetic and semi-synthetic antibiotics as growth promoters are widely used in poultry production. Their use has 

generated some positive and negative effects over the years and this has directed research back to natural 

antimicrobial products. Kibria and Verna [7] reported that consumption of meat from birds that were fed with 

antibiotic growth promoters resulted in antibiotic residues entering the human body and thereby causing serious 

human health hazards. As a result of the negative outcome of antibiotics, there is considerable research interest in 

the possible use of natural products, such as essential oils, extracts of edible and medicinal plants, herbs and spices, 

for the development of new additives in animal feeding trials Mohammed, et al. [8]. Craig [9] stated that many 

herbs could help provide some protection against bacteria and stimulate the immune system and hence the overall 

growth and wellbeing of birds.  

The neem tree (Azadirachta indica,) is native to South-East Asia especially India. It is a rapidly growing plant, 

drought resistant and is evergreen all year round. The neem tree belongs to the order Rutales; sub-order Rutinae, 

family Meliaceae, sub-family meloideae, tribe melicae, genus Azadirachta and species indica [10]. Various parts of 

the neem tree have been reported to have chemicals such as azadiractin, nimbin, nimbidin, quercetin, etc. [11-13] 

and these have antimicrobial, anthelminthic, antioxidant, antifungal, insecticidal, antiprotozoal and spermicidal 

activities [14, 15]. Neem is a tropical plant that is common in Nigeria and other parts of Africa. According to 

Elangovan, et al. [14] neem leaf yields querecin (flavonoid), nimbosterol (beta-sibosterol) as well as limonoids 

(nimbin and its derivatives). The main components of neem are terpenes and limonoids and the major active 

compounds of the limonoids are azadiractin, 3-deacetyl-3-annamoy azadirachtin, nimband, 3-tigloy-lizadirachtol, 3-

acetyl-salanno and several others [16]. 

Neem leaf meal (NLM) can be incorporated in small quantities to animal diets so as to serve as natural growth 

promoter through its antimicrobial activity. The maximum tolerance level of NLM reported by Obikaonu, et al. [3] 

is 10% in starter broilers and Obun, et al. [4] recommended levels not exceeding 15% for optimal blood 

constituents in finishing broilers; however, Esonu, et al. [2] included up to 15% NLM in laying birds. Neem 

promotes growth because of its antibacterial and hepatoprotective properties [17]. Neem leaf meal has a proximate 

composition of 92.40% dry matter, 20.68% crude protein, 16.60% crude fibre, 4.13% ether extract, 7.10% ash and 

43.91% Nitrogen Free Extract [18]. However, neem leaf meal has anti-nutritional factors which may affect 

nutrients utilization; hence its usage is drastically reduced in feeds to capture its beneficial effects with less adverse 

effects. 

Neem diets fed to laying hens have been reported to significantly reduce the contents of haemoglobin, 

erythrocyte counts and packed cell volume in blood counts [19, 20]. Furthermore, neem has showed immune 

modulatory actions that induce cellular immune reaction [21]. Neem plays an important role in strengthening the 

immune system of the body. When neem is incorporated in poultry diets, it increases antibodies against Newcastle 

and Infectious Bursal Disease Viruses Durrani, et al. [22]. Bonsu, et al. [15] showed that the haematological 

indices of broilers fed neem leaf meal at different inclusion levels were not significantly affected. Serum protein, 

albumin and globulin increased with inclusion levels of groundnut cake with neem leaf suggesting that diets 

compounded with these ingredients were not nutritionally inferior to soybean control diet. However, the serum 

glucose was lower whilst the cholesterol level increased with increasing level of these ingredients [23] Considering 
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the unconventional nature of NLM, it is therefore further expedient to assay for the effect of this feeding material 

on the blood characteristics of animals. Haematological constituents reflect the physiological responsiveness of 

animals [24]  and the influence of diet on haematological parameters can be very strong [25]. 

Extant studies have not shown satisfactory effects of neem compounds/extracts on the blood forming processes 

in animals. Hence, this study was designed to determine the influence of dietary neem inclusion on the blood 

characteristics (haematology and serum biochemistry) of broiler chickens. 

 

2. MATERIALS AND METHODS 

2.1. Location of the Study  

The study was conducted at the Poultry Unit of the Teaching and Research Farm, Taraba State University, 

Jalingo, Ardo-Kola Local Government Area, Taraba State. It is located within the Guinea Savannah Zone. Jalingo 

lies between latitude 8°50I North and longitude 11°31 I East of the equator [26]. The state is characterized by 

tropical climate marked by dry and rainy seasons. The rainy season usually commences in the month of March and 

ends in October. The dry season then starts in late October and ends in March. The annual rainfall is between 1000 

and 1500 mm with an average minimum temperature of 300C and maximum temperature of 380C depending on the 

season [26]. 

 

2.2. Source And Processing Of Neem Leaf Meal (NLM)  

 Fresh neem leaves were harvested from neem trees within the premises of the University. The harvested 

leaves were air dried for 7 – 8 days until they become crispy retaining their greenish colouration. The dried neem 

leaves were milled using a hammer mill to 2mm sieve particle size to enable birds pick feed easily while feeding.  

 

2.3. Experimental Birds, Design and Management 

One hundred and ninety two (192) unsexed day - old broiler chicks (Arbor Acre strain) were purchased from a 

reputable hatchery in Ibadan, Oyo State – Nigeria. The birds were randomly allotted to four dietary treatments 

with forty eight (48) birds per treatment where each treatment was further replicated three (3) times with sixteen 

(16) birds per replicate in a Completely Randomized Design (CRD). The birds were raised on deep litter system 

using 2.5 × 2.5m pen sizes in two phases; Starter (0 – 4 weeks) and Finisher (5 – 8 weeks). Routine vaccination 

practices were strictly adhered to and other management practices that ensured good health as recommended by 

Oluyemi and Roberts [27].  Feed and water were supplied ad libitum. 

 

2.4. Experimental Diets 

 Four experimental diets were formulated with Neem Leaf Meal (NLM) incorporated at levels of 0 (control), 2.5, 

5 and 7.50% designated as T1, T2, T3 and T4, respectively. The experimental diets were fed to the birds for eight 

weeks (56 days) comprising the starter (23% CP) and finisher (20% CP) phases of production. The composition of 

starter and finisher diets for all treatments are shown in Tables 1 and 2, respectively. The respective diets and test 

ingredient (NLM) were analysed for proximate composition using methods of AOAC [28]. 

 

2.5. Determination of Haematological and Serum Biochemical Indices 

Twenty four blood samples (six per treatment) of 2ml each were collected from the prominent wing vein of 

chickens at the 8th week for haematological and serum biochemical assays, respectively. The blood samples for the 

hematological studies were placed into a sterilized glass tubes containing Ethylene Diamine - tetra - acetic acid 
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(EDTA) to determine the packed cell volume (PCV), Red Blood Cell (RBC), White Blood Cell (WBC), Haemoglobin 

(Hb), Mean Corpuscular Haemoglobin (MCH), Mean Corpuscular Volume (MCV) and Mean Corpuscular 

Haemoglobin Concentration (MCHC) using the methodology of Schalm, et al. [29]. For serum biochemical studies, 

the blood samples were placed into plain bottles, (without anticoagulant) to enhanced serum separation by 

centrifugation and the harvested sera were used to determine the serum total protein (STP) using the Kjeldahl 

method as describes by Kohn and Allen [30], serum albumin using BCG (Bromocresol green) method as described 

by Peter, et al. [31]; creatinine using a commercial kit (Creatinine Liquicolor, Germany) as well as serum glucose 

and urea using the Spectrophotometric method (Thermo Fisher Scientific Inc., Madison, Wisconsin, USA) and 

commercial reagent kits respectively. 

 

2.6. Statistical Analysis 

All data obtained were subjected to one – way analysis of variance (ANOVA) using statistical package for social 

sciences (SPSS 17.0, Microsoft, Window 2007 version) and significant means were separated using Duncan’s 

Multiple Range Test (DMRT) [32].  

   

3. RESULTS AND DISCUSSION 

3.1. Haematological Indices of Broiler Chickens Fed Dietary Levels of Neem Leaf Meal (NLM) 

The haematological indices of broilers chickens fed dietary levels of neem leaf meal are presented in Table 3. 

 The results showed no significant (P>0.05) differences between dietary treatments for all parameters measured. 

Values for each parameter ranged as follows: red blood cell counts (2.33 - 3.00 ×1012/L), white blood cell counts 

(6.90 – 8.90 ×109/L), Haemoglobin concentration (Hb) (13.66 - 15.13 g/dl), Mean corpuscular haemoglobin 

(MCHC) (43.13 - 44.10 %), Mean Corpuscular Haemoglobin (MCH) (58.67 – 61.67 pg), Mean Corpuscular Volume 

(MCV) (134.33 – 141.67 fl) and Packed Cell Volume (PVC) (32.00 - 34.33 %). Values for red blood cell counts (RBC) 

were slightly lower than the normal ranges (4.21 – 4.84 ×1012/L) for apparently healthy broiler chickens reported 

by Wikivet [33] and (3.20 – 4.40 ×1012/L) reported by Obun, et al. [4] who fed sun - cured neem leaf meal to 

finisher broilers. The results were also similar to that of Bonsu, et al. [15] who reported a range of 1.91 – 2.65 × 

1012/L. This suggests a fair oxygen carrying capacity of the blood in chickens fed NLM diets. Values for white 

blood cell counts (WBC) were slightly lower than the range (10.80 – 16.36 ×109/L) reported by Obun, et al. [4] 

indicating that birds had good immunity to fight infection. The lower WBC values in this study further showed that 

NLM may not have increased the production of these blood components against the residual metabolites in the leaf 

meal. Hence, indicating that birds fed up to 7.5% NLM were not immunologically challenged.  Haemoglobin (Hb) 

concentration was closed to the range (11.60 – 13.68 g/dl) reported by Wikivet [33] for apparently healthy birds 

and (10.50 – 12.00 g/dl) reported by Aderemi, et al. [34] for birds fed up to 7.5% cassava leaf meal, indicating a 

good oxygen carrying capacity of the blood that ensures vitality and general well-being of birds. Values for MCHC 

were slightly higher than 32.41 – 33.7% reported of Wikivet [33] which suggested a fairly good production of 

haemoglobin. Values of MCH and MCV were all fairly higher than that of Wikivet [33] which may be due to the 

different type of feed ingredients used and environmental factors in the tropics as against temperate areas. All 

haematological parameters of broiler chickens were not significantly (P>0.05) influenced by dietary neem; implying 

lower levels of residual anti – nutrients in neem leaf meal may not have deleterious effects on blood forming cells in 

broiler chickens. Blood has been shown to be an important index of physiological, pathological and nutritional 

status in animals Ewuola, et al. [35] ;Olorode, et al. [36]. Aletor [37]; Aletor and Egberongbe [38] have reported 

that the blood variables most consistently affected by dietary factors are RBC, PCV and plasma protein. 
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3.2. Serum Biochemical Indices of Broiler Chickens Fed Dietary Levels of Neem Leaf Meal (NLM)  

The serum biochemical indices of broiler chickens fed dietary levels of neem leaf meal are shown in Table 4. All 

parameters measured were not significantly (P>0.05) different except cholesterol. The ranges recorded for all 

parameters measured were as follows: total protein (6.57 – 8.62 g/dl); albumin (4.31 – 5.58 g/dl); globulin (1.94 – 

3.09 g/dl), glucose (6.73 – 7.60 mmol/L), cholesterol (3.77 – 6.03 mmol/L), creatinine (44.40 – 77.50 mmol/L), urea 

(1.77 – 2.33 mmol/L). According to Wikivet [33] the normal range for total protein in broiler chickens is in the 

range 4.63 – 4.81 g/dl which is slightly lower than the result of the study. The total protein was however higher 

than the range (4.80 – 5.40 g/dl) reported by Aderemi, et al. [34] who fed cassava peel meal to broiler chickens. 

Odetola, et al. [39] has also reported the total protein of serum in broilers fed cooked kenaf seed meal to be in the 

range (2.20 – 2.93 g/dl). The slight disparity in results could be attributed to the effect of different test ingredients 

and associated anti – nutrients on the total protein content of the blood in the separate studies. The value for urea 

which was lower than 4.46 – 4.54 mmol/L reported by Wikivet [33] and might have indicated efficient removal of 

urea wastes from the body of birds. The values of albumin in this study were slightly higher than 3.28 – 3.45 g/dl 

reported by Wikivet [33]. Generally, the serum biochemical indices of birds in this study indicated a balanced in 

chemical constituents with increasing levels of neem leaf meal across all treatments; as there was no adverse effects 

on the birds. Birds fed up to 7.5% NLM inclusion compared well with birds fed the control diet in total protein, 

glucose, albumin, globulin, creatine and urea, indicating favourable protein and glucose digestion and metabolism 

[34] by birds in this study. The lower serum urea in this study could be due to the fact that amino acid composition 

of dietary treatments containing NLM was balanced. Imbalance in amino acids in diets could cause elevated blood 

urea concentration in animals [40]. Blood urea level especially in monogastric animals is influenced by quantity, 

quality and proximity of the proceeding meal, which increases mostly after consumption [34]. Blood urea is also an 

indication of protein quality, as increased urea value is an indication of poor protein quality [39] hence implying 

that the protein quality of the diets as well as kidney function in animals were optimum in this study. The serum 

glucose levels were not elevated in this study. Elevated glucose may be due to inhibition of glycolysis by the 

presence of glycoprotein and other anti- nutritional factors, which might adversely affect the regulation of insulin 

from islets of Langerhans [41]. The NLM diets recorded higher significant (P<0.05) levels of cholesterol compared 

to the control without NLM, implying that the constituents of neem leaf meal may boost cholesterol levels in the 

blood of birds. This finding disagrees with the reports of Ezeagu, et al. [42] and Aderemi, et al. [34] who reported 

decrease level of cholesterol in birds fed cassava leaf meal and neem leaf meal respectively. The difference in results 

could be attributed to processing methods of the leaf meals, varietal differences and inherent residual anti – 

nutrients.  

 

4. CONCLUSION 

In this study, all blood parameters were within the normal ranges for apparently healthy broiler chickens. It 

can be concluded that including up to 7.5% neem leaf meal (NLM) in diets meant for broiler chickens will not 

adversely affect their blood characteristics (haematology and serum biochemical indices), vis – a – vis 

haematopoietic and other life processes of birds. 
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Table-1. Composition of broiler starter diets (0-4weeks 

Ingredient  T1 

(0%) 
T2 

(2.5%) 

T3 

(5.0%) 

T4 

(7.5%) 

Maize 42.64 41.64 40.64 39.64 
Maize bran 11.50 12.50 13.50 14.50 
Soybean (Full fat) 39.16 36.66 34.16 31.66 
NLM 0.00 2.50 5.00 7.50 
Fish meal 2.50 2.50 2.50 2.50 
Limestone 1.50 1.50 1.50 1.50 
Bone meal 2.00 2.00 2.00 2.00 
Premix 0.25 0.25 0.25 0.25 
Salt 0.25 0.25 0.25 0.25 
Lysine 0.10 0.10 0.10 0.10 
Methionine 0.10 0.10 0.10 0.10 
Total 100 100 100 100 
Calculated analysis     
Crude Protein% 23.00 23.00 23.02 23.03 
ME (Kcal/kg)* 3,011.94 2,961.00 2,939.12 2,916.92 
Crude Fibre % 4.45 4.61 4.80 4.92 

          

Determined analysis 

Crude protein (%) 24.10 23.50 22.90 23.00 
Crude fibre (%) 3.00 3.50 4.00 4.50 
ME (Kcal/kg)* 3,142.65 3,020.00        3,055.58        3,020.95 

                   ME (Kcal/kg)* calculated from Pauzenga [43] equation 
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Table-2. Composition of broiler finisher diets (5-8weeks) 
Ingredient T1 

(0%) 
T2 

(2.5%) 

T3 

(5.0%) 

T4 

(7.5%) 

Maize 52.33 51.33 50.33 49.00 
Maize bran 10.00 10.00 10.00 10.00 
Soybean (Full fat) 29.47 26.97 24.47 21.97 
NLM 0.00 2.50 5.00 7.50 
Fish meal 4.00 5.00 6.00 7.00 
Limestone 1.50 1.50 1.50 1.50 
Bone meal 2.00 2.00 2.00 2.00 
Premix 0.25 0.25 0.25 0.25 
Salt 0.25 0.25 0.25 0.25 
Lysine 0.10 0.10 0.10 0.10 
Methionine 0.10 0.10 0.10 0.10 
Total 100 100 100 100 
Calculated Analysis     
Crude protein (%) 20.00 20.01 20.02 20.03 
ME (Kcal/kg) 2,996.99 2,989.99 2,967.99 2,945.99 
Crude fibre (%) 5.13 5.22 5.31 5.41 
Determined analysis     
Crude protein (%)                20.90      20.60             19.90       20.20 
Crude fibre (%)     5.10      5.50 5.80 6.00 
ME (Kcal/kg)* 2,933.50        2,874.10  2,878.55  2,990.08 

Premix: Vit. A=10,000,000IU, Vit. D3=2,000,000UI, Vit. C=20,000mg, Vit. K=2,000mg, Vit.B1=3,000mg, Vit. B2=5,000mg, Vit. B6=45,000mg, 
Vit. B12=10,000mg, Niacin=4,000mg, Pantothenic Acid=20mg, Folic Acid=300,000mg, Biotin=1,000mg, Choline Chloride=50mg, 
Manganese=300,000mg, Zinc=120,000mg, Iron=80,000mg, Copper=3,500mg, Iodine=1,500mg, Selenium=300mg, Cobalt=120mg, 
Antioxidant=120,000mg 
NLM=Neem Leaf Meal 
ME = Metabolizable Energy 
ME (Kcal/kg)* calculated from Pauzenga [43] equation: ME= (37 × %CP + 81.8 × %  EE + 35.5 × %NFE) 

 

Table-3. Haematological indices of broiler chickens fed dietary levels of Neem Leaf Meal 

Parameter T1 (0%) T2 (2.5%) T3 (5%) T4 (7.5%) SEM 

RBC (× 1012/L) 3.00 2.67 2.33 3.00 0.24 

WBC (× 109/L) 7.60 6.90 8.90 8.30 7.26 

Hb (g/dl) 14.80 15.13 13.66 14.83 5.55  
MCHC (%) 43.73 44.10 43.13 43.63 7.57  
MCH (pg) 58.67 61.67 61.67 60.67 1.27  
MCV (fl) 134.33 139.33 141.67 139.00 3.42  
PCV (%) 34.00 34.33 32.00 34.33 1.55  

T1 =Treatment 1 (Control – without Neem Leaf Meal) 
T2 =Treatment 2 (2.5% Neem Leaf Meal Inclusion) 
T3 =Treatment 3 (5% Neem Leaf Meal Inclusion) 
T4 =Treatment 4 (7.5% Neem Leaf Meal Inclusion) 
SEM = Standard Error of Means 
RBC = Red Blood Cell counts 
WBC = White Blood Cell counts 
Hb = Haemoglobin concentration 
MCHC = Mean Corpuscular Haemoglobin Concentration 
MCH = Mean Corpuscular Haemoglobin  
MCV = Mean Corpuscular Volume 
PCV = Packed Cell Volume 

 
Table-4. Serum biochemical indices of broiler chickens fed dietary levels of Neem Leaf Meal 

Parameter T1 (0%) T2 (2.5%) T3 (5%) T4 (7.5%) SEM 

Total protein (g/dl) 6.77 8.62 6.57 7.47 5.06 

Albumin (g/dl) 4.31 5.58 4.49 5.53 3.09 

Globulin (g/dl) 2.46 3.04 2.08 1.94 2.29 

Glucose (mmol/L) 7.60 7.30 7.20 6.73 1.09 

Cholesterol (mmol/L) 3.77b 4.23b 6.03a 5.33a 0.32 

Creatinine (µmol/L) 44.60 44.40 47.50 45.43 0.80 

Urea (mmol/L) 1.77 2.33 2.13 2.00 0.18 

Means within the same row bearing different superscripts differ significantly (P<0.05). 
SEM = Standard Error of Means 
T1 =Treatment 1 (Control – without Neem Leaf Meal) 
T2 =Treatment 2 (2.5% Neem Leaf Meal Inclusion) 
T3 =Treatment 3 (5% Neem Leaf Meal Inclusion) 

     T4 =Treatment 4 (7.5% Neem Leaf Meal Inclusion) 
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