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interval and the absence of religious taboos associated with its 
meat [3].

Yankasa breed of sheep is not traditionally managed in the 
sub humid southern zone of Nigeria, but is a meat breed found 
in north and north central Nigeria which is believed to have 
descended from a common ancestor to the indigenous West 
African Dwarf sheep. This breed can be managed in the sub 
humid southern environment where it can be used to augment 
the animal protein supply of this area because of its bigger 
carcass weight compared with the WAD sheep [4,5].
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Abstract
Background: Paucity of information on the effect of feeding varying proportions of grass and concentrate supplements on the blood 
constituents of Yankasa rams exist in sub humid zone of Nigeria.

Method: Twenty yearling Yankasa rams of an average body weight of 21.33 ± 0.50 Kg were evaluated for haematological and biochemical 
constituents. Basal diet of Panicum maximum fodder replaced by concentrate mix at 0 (Treatment 1, T1), 0.5 (Treatment 2, T2), 1.0 (Treatment 
3, T3), 1.5 (Treatment 4, T4) and 2.0% (Treatment 5, T5) body weight of rams were fed in a randomized complete block design for 84 days. 
The amount of feed offered was adjusted weekly based on average body weight from the preceding week.

Results: Mean values of packed cell volume (PCV), and red blood cell in T5 (32.08 ± 0.3% and10.17 ± 0.21 × 106 µL respectively) were 
significantly (p<0.05) higher than those of other treatments with T1 having the least values. The values for mean corpuscular volume mean 
corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration also followed the same trend. The value of white blood 
cells of T1 was not significantly (p>0.05) different from T2 to T5.

Biochemical parameters showed that values of total protein (TP), albumin (alb), globulin (glb), triglycerides (TG) and total cholesterol 
(TC) in T1 were significantly reduced when compared to other treatments except T3 which showed no difference to control in TG values. 
Treatment 1 recorded an increase in high density lipoprotein but statistically (p>0.05) similar values (45.17 ± 0.66 mg dl-1) were observed 
when compared with the other treatments.

Conclusion: Health status using haemato-biochemical parameters indicated concentrate mix at 2.0% body weight of rams as the most 
acceptable supplement level for Yankasa rams.
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Introduction
Food of animal origin is an important source of nutrients 

in the human diet and its provision in terms of quality and 
quantity at all times cannot be over emphasized [1]. Meat, 
a nutrient dense food that provides high quality protein, 
essential minerals and vitamins such as iron, zinc, vitamin 
B12 and omega-3 [2], is an excellent food source for human 
consumption that could be obtained from chickens, fowls, 
wild and cultivated animals. Among these cultivated animals 
is sheep which is important because of its short generation 
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In Nigeria, sheep is mostly raised under semi intensive and 
extensive system which affects their productivity and result in 
economic loss due to seasonality in availability of feed, adverse 
weather condition and poor management system [6]. For 
effective production of animal protein, livestock farmers have 
embarked on intensive management system of rearing animal 
through confinement, provision of adequate nutrition, shelter 
and sustainable health management to keep the animals in good 
shape and to optimize productivity [7]. Intensive sheep production 
offers a major attraction for feedlot large-scale production of rams 
especially for sale during festivals when they are sold very high 
prices [8]. The main benefits of lot feeding are greater control and 
flexibility in the production and marketing of livestock.

Environmental condition, nutrition and management 
affect the health status of animals kept for productive purpose 
and their health status can be investigated by carrying out 
haematogical analyses of their blood sample [9,10]. Blood 
is known to be vital to the life of an organism because it is a 
medium through which nutrients are conveyed to various 
parts of the body system. A readily available and fast means of 
assessing clinical and nutritional status of an animal on feeding 
trial may be the use of blood analysis [11]. Haematological 
parameter is an important and reliable medium used to monitor 
and evaluate health and nutritional status of animals [12]. The 
various functions of the blood are carried out by the individual 
and collective actions of its constituents-the haemotological 
and biochemical components [13].

Haematological tests have been widely used for the diagnosis 
of diseases associated with nutrient intake of animals. The 
information gained from the blood parameters would 
substantiate the physical examination and together with 
medical history provide excellent basis for medical judgment. 
Also, it would help determine the extent of tissue and organ 
damage, the response of defense mechanism of the animal and 
aid in diagnosing the haematological problems associated with 
the feed consumed. The values obtained from experimental 
animals provide useful tools to compare with normal values for 
healthy animals [14,15].

Even though considerable information is available on the 
normal blood parameters of domestic animals, the values are 
that of exotic breeds kept under different environment and 
management conditions [16]. Most researchers conducted on 
influence of feeding regime on blood metabolites of sheep in 
the sub humid zone of Nigeria has been on WAD sheep. The 
aim of this study therefore was to investigate some haemato 
biochemical constituents of Yankasa rams fed varying 
proportions of Panicum maximum-concentrate mix under 
intensive feedlot in south western Nigeria 

Materials and Methods
Experimental site

The experiment was carried out at the small ruminant section 
of the Teaching and Research Farm, Ekiti State University, Ado 

Ekiti South Western Nigeria. Ado Ekiti lies between latitude 070 
31 1511 and longitude 050 131 1711 E. average humidity of 72%. 
It experiences a tropical climate with a temperature range of 
20℃-28℃ and a bimodal rainfall distribution between April 
and October with peak in June and September and a break in 
August. Generally, dry season in the sub humid zone is between 
November and March. The average precipitation in the area is 
1367mm3.

Experimental animals and their management
Twenty yearling Yankasa rams with an average weight of 21.33 

± 0.50 Kg were purchased from ruminant market in Ajase-Ipo, 
Kwara State, North central Nigeria. Prior to implementation of 
the experimental protocol, the rams were quarantined for 30 
days according to NAPRI [17] method. The animals were treated 
against ectoparasites using ivermectin injection, dewormed 
with Albendazole bolus to take care of endoparasites and also 
injected intra-muscularly with Oxytetracyline long acting 
broad spectrum antibiotic as a precautionary measure against 
bacterial infections. Peste despetits ruminants (PPR) vaccine 
was also administered to vaccinate the animals against PPR 
infection. The animals were later allotted into five treatment 
groups and fed for a pre-treatment period of two weeks to enable 
them adapt to the experimental diets and the environment 
before the commencement of the actual experiment. Water was 
provided ad-libitum.

Experimental Design
The rams were randomly assigned into five treatment groups 

with four animals per group in a randomized completely block 
design (RCBD). The experimental diets consist of Panicum 
maximum grass as the basal diet at 3% body weight of the 
rams. Concentrate diet was formulated as shown in table 1 to 
serve as the supplement to the basal diet and to replace the 
basal diet at 0, 0.5, 1.0, 1.5 and 2.0% body weight of the rams 
respectively in treatment 1, 2, 3, 4 and 5. The amount of feed 
offered was adjusted weekly based on average body weight from 
the preceding week. The experiment lasted for 84 days.

Blood Collection and Analysis

An average of 8 ml of blood sample was collected from 
the individual animal from their right jugular veins between 

Parameters Level of concentrate (as % body weight)
0 0.5 1.0 1.5 2.0

DM
CP
CF
EE
ASH
NFE
GE (Kcalkg-)

72.28
9.42

31.58
3.30
11.36
44.34
2280

80.11
11.64
29.11
5.76
9.48

44.01
2600

82.62
12.92
29.01
5.40
8.66

44.01
2811

85.71
14.52
27.46
5.86
8.01

44.24
2901

86.11
14.97
26.78
6.06
7.54

44.65
3028

Table 1: Proximate composition of Panicum maximum-concentrate mix 
fed to Yankasa rams.

Dry matter-DM; Crude protein-CP; Crude fibre-CF; Ether extract-EE; 
Nitrogen free extract-NFE; gross energy-GE.
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7:00 AM and 9:00 AM on the 28th, 56th and 84th day of the 
experiment. About 5ml of the blood sample collected was 
emptied into labelled ethylene diamine tetraacetate (EDTA) 
bottle (heparinized test tube) and reserved for haematological 
studies while the remainder was decanted into labelled plastic 
test tubes for serum metabolites determination. Packed cell 
volume (PCV), White Blood Cell (WBC) and differential counts 
of WBC (Neutrophils, Eosinophils, and Lymphocytes) were 
determined according to the methods described by Coles, et 
al. [18]. Mean Corpuscular Volume (MCV), Mean Corpuscular 
Haemoglobin (MCH) and Mean Corpuscular Haemoglobin 
Concentration (MCHC) were calculated as:

MCV (fl) = Haematocrit (PCV) × 10 RBC mm-3

MCH (pg) = Hb in g/100ml blood × 10 RBC mm-3

MCHC % = Hb in g/100ml blood × 10 Haematocrit (PCV)

Total protein, albumin and other serum metabolites were 
determined using commercially available diagnostic kits 
according to the methods described [19-21].

Statistical Analysis
Data generated were subjected to analysis of variance 

(ANOVA) using the General Linear Model (GLM) procedure 
of SAS [22]. Means were separated using Duncans Multiple 
Range Test (DMRT).

Results
Proximate composition of test ingredients

The analyzed proximate composition of the concentrate mix 
and Panicum maximum forage are presented in table 2. The dry 
matter of the concentrate (92.15 g 100g-1) was higher than that of 
the forage (72.28 g 100g-1). The crude protein (CP) constituents 
of concentrate mix (16.65 g 100g-1 ) was higher compared to the 
CP of the forage (9.42 g 100g-1 e , the Gross Energy (GE) value 
of concentrate (3228 Kcal kg-1) exceeded the GE value of forage 
(2280 Kcal kg-1). However, the crude fibre (CF) of forage (31.58 
g 100g-1) was greater than the CF of concentrate mix (26.48 g 
100g-1) [23].

Haematological Characteristics
Table 3 shows the haematological response of the 

experimental animals used for this study. There were significant 
differences (p<0.05) in the means of packed cell volume (PCV) 
in all the treatment groups. The PCV value for rams fed 
concentrate diets ranged from 28.3 ± 0.58% in rams fed 2.5% 
Panicum maximum and 0.5% concentrate mix (T2) to 32.08 ± 
0.30% rams fed 1.0% Panicum maximum and 2.0% concentrate 
mix (T5) as compared to PCV value of 23.5 ± 0.25% in rams 
fed 3.0% Panicum maximum and 0% concentrate mix (T1). 
Significant differences (p<0.05) in the red blood cell and 
haemoglobin of the animals under study also existed. Red 
blood count (RBC) value was highest at T5 (10.17 ± 0.21 106µ) 
and lowest at T1 (7.78 ± 0.16 106µ). Haemoglobin (Hb) value 

for T2 to 5 (11.38 ± 0.62, 11.65 ± 0.44, 11.81 ± 0.52 and 12.93 ± 
0.51g dl-1 respectively) were significantly (p<0.05) higher than 
the value recorded in the control diet (8.05 ± 0.57g dl-1). The 
white blood cell (WBC) value ranged from 9.07 ± 1.44 × 109L-1 in 
rams fed the control diet to 10.73 ± 0.49 × 106L-1 in T5 without any 
significant differences (p>0.05). The result of mean haemoglobin 
corpuscular concentration (MCHC) reduced significantly 
(p<0.05) in rams on T1 (18.9 ± 1.46%) while the value obtained 
in T5 (41.42 ± 1.58%) increased significantly. The mean values 
for mean corpuscular value (MCV) and mean corpuscular 
haemoglobin (MCH) also followed the same pattern withT2, 
T3 (2% Panicum maximum and 1% concentrate mix) and T4 
(1.5% Panicum maximum and 1.5% concentrate mix) having 
statistically similar (p<0.05) values of 28.18 ± 0.63, 28.28 ± 
2.84 and 28.81 ± 4.67 fl for MCV and 11.33 ± 1.47, 11.50 ± 
1.56 and 12.01 ± 1.09 pg for MCH respectively.

Table 4 shows the serum biochemical indices of Yankasa 
rams fed Panicum maximum -concentrate mix. Apart from 
HDL and LDL, all the serum chemistry constituents showed 
significant (p<0.05) differences in the treatments. The TP and 
Alb were increasing with increased level of concentrate except 
for a slight decrease of Alb in treatment 4 with 1.5 level of 
concentrate mix. Almost similar patterns were seen in other 
parameters. There was a significant difference (P<0.05) at 
various inclusion levels.

Significant differences (p<0.05) also existed among the 
means of albumin and globulin in the rams fed the experimental 
diets. Albumin values ranged from 3.04 ± 0.03g 100ml-1 to 
3.41 ± 0.04g 100ml-1 in treatment 1 to 5. The globulin values 
also varied from 2.18 ± 0.07g 100ml-1 to 3.16 ± 0.12g 100ml-1 
in treatment 1-5. The total cholesterol recorded varied values 
of 47.78 ± 0.44 to 69.77 ± 2.32g 100ml-1 with no significant 
difference in treatment 2 to 5 but significantly reduced (p>0.05) 
in treatment 1. Triglyceride values were from 15.22 ± 0.11 to 
16.77 ± 0.29g 100ml-1 with significant reduction (p<0.05) in 
treatment 1 and 3.

Parameters Panicum maximum Concentrate
DM

CP

CF

EE

Ash

NFE

Gross E0 (Kcal/kg)

72.28

9.42

31.58

3.30

11.36

44.34

2280

92.15

16.65

26.48

4.23

7.6

45.04

3228

Table 2: Proximate (%) composition of Panicum maximum-concentrate 
mix fed to Yankasa rams.

DM-Dry matter, CP-Crude protein, CF-Crude Fibre, EE-Ether extract, 
NFE-Nitrogen-free extract
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Discussion
The crude protein (CP) constituent of Panicum maximum 

(Pm) used in this study (9.42 g kg-1 ) was less than 12.17 g kg-1 

obtained by Fadiyimu, et al. [24] but more than 5.87 g kg-1 

obtained by Oluboyede, et al. [25]. However, the CP value 
was above the normal range of 7.7% which the critical level 
is recommended for small ruminants (ARC 1985). The crude 
fibre (CF) of Pm (31.58 g kg-1) was lower than the CF (37.47 g 
kg-1) obtained by Fadiyimu, et al. [24]. Also, the nitrogen free 
extract (NFE) value in this study (44.35 g kg-1) was higher than 
34.47 g kg-1 obtained by the above two researchers. The reasons 
for these differences could be due to age and harvest season 
which may affect proximate analysis.

The crude protein (16.65 g kg-1) content of the concentrate 
diet was above 12% minimum value recommended for 
growing small ruminants [26]. The CP content of the 
concentrate mix used in this study was higher than the CP of 
most grasses including Pm but lower than the CP of 20.11g 
kg-1 used to supplement confined lambs which were kept on 
Brachariabrizantha grass pastures [27]. The CP values in the 
experimental treatments 1 to 5 fell within the limit of 9 to 14% 
recommended for growing sheep [28]. Concentrates usually 
means high quality low fibre diets of less than 18% CF (Van 
2006), but the CF of 26.97g kg-1 to 29.11g kg-1 with moderate CP 
and a high NFE of the concentrate mix in this study could make 
it a high energy supplement with moderate CP [29].

Haematological traits especially PCV and Hb were similar 
with nutritional status of the animal [30]. In the PCV values 
obtained in this present study only rams fed the control diet 
had a value of 23.5% which was below the normal range 
(27.0%-45.0%) reported for healthy sheep [30]. Other rams 
fed varied level of the concentrate had a value that fell within 
this range However; rams fed the highest level of concentrate 
(Treatment 5) recorded the highest level of PCV. Isaac et al. 
(2013) underscored the importance of PCV as a parameter 
indicating oxygen transportation and absorption of nutrients 
in all animals and man. The higher PCV values in the rams 
fed concentrate mix in this study is an indication of a better 
nutritional status of the diets. 

Generally, increase in the Hb concentration is associated with 
greater ability to resist infections and low level is an indication 
of poor nutrition and high susceptibility to infections [31,19]. 
Haemoglobin has the physiological function of transporting 
oxygen to tissues of the animal for oxidation of ingested food 
so as to release energy for the other body functions as well 
as transport carbon dioxide out of the body of animals [32]. 
This implies that increased haemoglobin level with increased 
concentrate in this study would enhance high perfusion rate in 
the animal tissues and adequate removal of carbon dioxide with 
improved animal health and production. This is in agreement with 
the studies of Fasae, et al. [33] who reported increased Hb level 
with increased supplementation of maize cob with forage legumes.

Parameters Level of Concentrate (%body weight of ram)
0 0.5 1.0 1.5 2.0

PCV (%)
RBC (106µL)

Hb (g/dl)
WBC (109/L)

Neut (%)
Lymp (%)
Mono (%)
Eosin (%)
MCHC (%)

MCV (fl)
MCH (pg)

23.5 ± 0.25c

7.78 ± 0.16c

8.05 ± 0.57b

9.07 ± 1.14
57.11 ± 2.12
32.78 ± 0.59
4.44 ± 0.44
2.22 ± 0.22

18.90 ± 1.46c

18.21 ± 1.71b

6.26 ± 0.50b

28.30 ± 0.58b

9.96 ± 0.13b

11.38 ± 0.62a

10.21 ± 0.39
58.0 ± 3.05

32.55 ± 1.42
4.44 ± 0.44
2.44 ± 0.44

32.21 ± 2.16b

28.18 ± 0.63a

11.33 ± 1.47a

28.58 ± 0.51b

9.88 ± 0.26b

11.65 ± 0.44a

9.78 ± 1.78
60.33 ± 2.99
32.89 ± 3.73
6.46 ± 0.79
2.44 ± 0.44

33.20 ± 1.42b

28.28 ± 2.84a

11.50 ± 1.56a

28.33 ± 1.31b

10.17 ± 0.21a

11.81 ± 0.52a

10.03 ± 0.75
59.66 ± 2.26
29.00 ± 1.89
4.88 ± 0.29
3.22 ± 0.78

33.34 ± 1.58b

28.81 ± 4.67a

12.01 ± 1.09a

32.08 ± 0.30a

10.02 ± 0.02a

12.93 ± 0.51a

10.73 ± 0.49
61.0 ± 2.50

30.01 ± 0.40
5.99 ± 0.88
2.44 ± 0.44

41.42 ± 1.58a

32.14 ± 0.81a

12.90 ± 0.74a

Table 3: Haematological characteristics of Yankasa rams fed Panicum maximum-concentrate mix in intensive feedlot.

Means with different superscripts a, b, c along the same row are significantly different
Packed cell volume-PCV; red blood cells-RBC; haemoglobin, White blood cell-WBC

Parameters
Level of Concentrate (% body weight)

0 0.5 1.0 1.5 2.0

TP g dl-1
Al g dl-1
Glg dl-1

TC mg dl-1
TG mg dl-1

HDL mg dl-1
LDL mg dl-1

5.22 ± 0.15c

3.04 ± 0.03b

2.18 ± 0.07b

47.78 ± 0.44b

15.22 ± 0.11c

45.17 ± 0.66
10.77 ± 0.59

6.39 ± 0.18b

3.30 ± 0.10a

3.08 ± 0.11a

64.44 ± 1.83a

17.33 ± 0.19a

44.55 ± 1.36
12.44 ± 0.62

6.41 ± 0.38b

3.35 ± 0.80a

3.06 ± 0.17a

69.77 ± 0.67a

15.78 ± 0.68c

43.88 ± 0.73
12.89 ± 0.40

6.44 ± 0.19b

3.34 ± 0.06a

3.10 ± 0.03a

67.22 ± 1.28a

16.44 ± 1.16b

42.33 ± 0.67
13.55 ± 0.11

6.77 ± 0.12a

3.41 ± 0.04a

3.16 ± 0.12a

69.77 ± 2.32a

16.77 ± 0.29b

43.44 ± 0.62
13.66 ± 0.19

Table 4: Serum biochemistry of Yankasa rams fed Panicum maximum- concentrate mix in intensive feedlot.

Means with difference superscripts a,b,c along the same row are significantly different.
Total protein-TP; globumin-Alb; globulin-Glb; Total cholesterol-TC; Triglyceride-TG; high density lipoprotein-HDL; low density lipoprotein-LDL
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The major functions of the white blood cell and its differentials 
are to fight infections, defend the body by phagocytosis against 
invasion by foreign organisms, produce or transport and 
distribute antibodies in immune response. Rams fed control 
diet which had low WBC value were likely to be exposed to 
higher risk of diseases, while rams fed concentrate which 
had high WBC value were capable of generating antibodies 
in the process of phagocytosis with high degree of resistance 
to diseases [32]. Also, with the introduction of concentrate 
mix in the animal diets, there will be enhanced adaptability 
to local environmental and disease prevalent conditions [34]. 
The values of WBC obtained in this study (9.07 ± 1.14-10.73 ± 
0.49 × 109L-1) were within the normal values of 4-12 × 109L-1 for 
sheep [35]. This is also in consonant with the work of Bello and 
Tsado, et al. [36] who reported values of 7.0- 12.9 × 109 L-1 in 
Yankasa rams fed graded levels of poultry droppings based diet.

However, the RBC values obtained in this present study 
(9.96-10.17 × 106 µL) for animals fed concentrate mix were 
within the normal range reported by Campbell, et al. [37] 
who reported a range of 9-11 ×106 µL in their study. Normal 
RBC values have been associated with absence of haemolytic 
anaemia and depression of erythropoiesis whereas reduced 
RBC level is a requisite for susceptibility to anaemia-related 
diseases by animals [38].

Biochemical parameters are responsible for various body 
functions and its deficiency result in impairment of functions 
induce structural and physiological abnormalities [39]. 
Tumbleson, et al. [40] reported that the liver synthesizes all the 
component of serum total protein except the immunoglobulin 
which is produced by the spleen. A reduction in the 
concentration of these is an indication of liver dysfunction. 
A higher total protein level in the blood sera of the rams fed 
highest level of concentrate mix as demonstrated in this study 
signifies a better protein synthesis in the animals since the diet 
had the highest level of crude protein. This is similar to the 
findings of Hoffman, et al. [41] who recorded higher serum 
total protein and albumin when Holstein heifers were fed 15% 
CP as against 8% Ross JG, et al. [42] confirmed that the most 
sensitive biochemical index of impending protein deficiency 
is a drop in serum albumin. In addition, Altman, et al. [43] 
reported that a reading of total albumin that is less than the 
normal physiological values usually indicate hypoalbuminemia 
which may result from deficient intake of protein, deficient 
synthesis of albumin, excess protein breakdown, chronic liver 
diseases or starvation and chronic gastro intestinal diseases 
with their interference with protein digestion and absorption. 
Mean globulin values in this study is higher than that reported 
by Carlos, et al. [44] in Morada Nova sheep blood analysis 
but slightly lower than that reported by Kaneko, et al. [45] 
for healthy sheep. The differences in the three studies may be 
attributable to differential diet intake and environment.

This study shows a range of TG between 15.22 and 17.33 mg 
dl-1. This level is similar to that reported by Sureshkumar and 

Vasanthankumar, et al. [46] whose values ranged from 13.34 to 
18.05 mg dl-1 when sheep were fed concentrate diets at different 
physiological stages. Also, the significantly higher triglyceride 
levels in the rams fed higher concentrate feed is in agreement 
with the findings of Sarwar, et al. [47] who reported significantly 
higher levels in concentrate treated groups than animals fed 
with fodder only. The increased levels of total cholesterol values 
in the rams fed concentrate mix is also in consonant with the 
results of other authors who recorded higher cholesterol in 
serum biochemistry of sheep fed concentrate diets compared 
with those on sole fodder diets [46-48]. However, the cholesterol 
levels were within normal limits which imply that meat from 
the experimental animals would not cause cholesterol elevation 
in consumers [49].

Finally, slightly lower but non-significant levels of HDL 
observed in the blood serum of rams fed with concentrate mix 
in this study was an indication that the level of HDL which 
is a protective cholesterol in animals would not be negatively 
affected by the supplements. 

Conclusion
The investigated haematological and biochemical parameters 

indicated that supplement in grams diet with concentrate 
mix were better than feeding sole grass diet. Generally, the 
concentrate mix at 2.0% body weight of rams outperformed 
other treatment groups in most haematological and biochemical 
indices.
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