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A B S T R A C T

An experiment was conducted to determine the haematological, biochemical and 
histopathological studies of goats fed Daniella oliveri mixed with cowpea husk. The 
dietary treatments compared were T1 (100% cowpea husk), T2 (25% Daniella oliveri 
foliage = 75 cowpea husk), T3 (50% Daniella oliveri foliage = 50% cowpea husk), T4 
(75% Daniella oliveri foliage = 25% cowpea husk), T5 (100% Daniella oliveri foliage). 
The results reveal that T5  had significantly (p>0.05) higher values for ash (958.90 g kg 
1 DM), crude protein (166.20 g kg-1 DM), crude fibre (188.50 g kg-1 DM), acid 
detergent fibre (376.90 g kg-1 DM), neutral detergent fibre (475.90 g kg-1 DM), 
cellulose (284.70 g kg-1 DM), and hemicelluloses (99.60 g kg-1 DM). T1 significantly 
had higher ether extract (32.90 g kg-1 DM) and T3 had significantly (p>0.05) higher 
acid detergent lignin. Packed cell volume (PCV) was significantly higher (P<0.05) for T3 
and T4. Haemoglobin (Hb) and Red blood cell count (RBC) were significantly higher 
(P<0.05) for T4. The mean corpuscular haemoglobin concentration (MCHC) was 
significantly different among treatments (P<0.05). White blood cell differentials 
(Neutrophils, lymphocytes, monocytes, eosinophils and Basophils) showed significant 
difference (P<0.05) among treatments. All the parameters studied for serum 
biochemical indices were significantly (P<0.05) different among treatments.  
Histopathology revealed that T1 and T2 had more nephrons with increased glomeruli- 
bowman's space, distended tubules and detached tubular epithelial cells relative to 
T3, T4 and T5 kidneys. The liver from T1, T2, T4 and T5 had focal areas of sinusoidal 
dilatation when compared to T3. Serum biochemistry results of markers for kidney 
(creatinine and serum urea) and liver function (ALT, AST and ALP) showed that the 
level of histopathology changes were not sufficient to alter their ultimate function 
when administered for eight weeks, since all values were within normal ranges.Based 
on these findings, it can be concluded thatfeeding D. oliveri substituting cowpea husk 
does not pose any health hazard but will require some fortification with minerals and 
vitamins at lower levels of inclusion.

1. INTRODUCTION
Goats have been estimated as 53.8 million in Nigeria 
(FAO, 2008). Goats contributes about 24% of Nigerian 
meat supply (Oni, 2002) and one of the cheapest 
sources of animal protein because of its high fertility 
rate and quick maturity traits (Jansen and Burg, 2004). 
Goat meat is characterized by low subcutaneous fat 
content with greater muscle component at comparable

age and slaughter live body weight (Babiker et al., 
1990).
Goats in Nigeria suffer several nutritional stresses in 
the dry season as a result of seasonal variability and 
nutritive quality of pastures which in turn marked 
decreases in nutrient intake and utilization. The global 
climatic changes are increasing the feed shortage to 
prevalent in the arid and semi-arid lands for most
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parts of the year. These periods are characterized by 
poor quality feeds that lead to low feed intake and 
reduced performance.
A number of browse plant worldwide serve as 
alternative feed stuff for livestock (Ammar et al., 2004: 
Rinehart 2008) the leaves of the evergreen tree and 
shrub are used as emergency feed by ruminants in 
semi-arid (Njidda, 2011) and guinea savannah region 
of northern Nigeria (Olafadehan 2011). In Nigeria, 
there are numerous tree leaves used as browse fodder 
and one of such of tree is Daniella oliveri leave which 
is widely distributed and available. The trees produces 
protein rich leaves used as feedstuffs for ruminants 
(Annugu et al., 2004). Daniella oliveri is relatively high 
in protein about (11.16) dry matter (86.87) ash (4.26) 
ether extract (6.21) and lignin (4.98). However, the 
disadvantage of Daniella oliveri is that it contains anti-
nutritive factors such as tannins, saponin and oxalate 
(Otori and Mann. 2014). 
Cowpea husk are among the most important crop 
residues obtained from cowpea plant and are used as 
fodder. Some farmers grow the crops for only this 
purpose. Large quantity of cowpea husks are produced 
in the country. Adebowale (1981) reported that about 
82,000 metric tonnes of cowpea husks and straws are 
produced in Nigeria annually.
Haematological tests have been widely used for the 
diagnosis of various diseases and nutritional status of 
animal. The information gained from the blood 
parameters would substantiate the physical 
examination and together with medical history provide 
excellent basis for medical judgment (Schalm et al., 
1975). In addition, it would help determine the extent 
of tissue and organ damage, the response of defence 
mechanism of the patient and aid in the diagnosing 
the type of possible anaemia (Schalm et al., 1975). A 
quantifiable variation was reported in blood 
parameters due to altitude, management, feeding 
level, age, sex, breed, health status, method of blood 
collection, haematological techniques used, diurnal 
and seasonal variation, ambient temperature and 
physiological status (excrement, muscular exercise, 
pregnancy, oestrus, parturition, time of sampling, 
water balance and transportation. (Schalm et al., 1975; 
Ewuola et al., 2004; Garunwaldt et al. 2005).  
Histology is the study of the microscopic anatomy of 
cells and tissues of plants and animals. It is commonly 
performed by examining cells and tissues under a light 
microscope or electron microscope, which have been 
sectioned, stained and mounted on a microscope slide. 
Histopathology is the microscopic examination of 
tissues to observe the appearance of diseased cells in 
detail. Histopathology, the microscopic study of 
diseased tissue, is an important tool in determining 
the effect of diets on tissue diets. The objective of the

research is to investigate the nutritional attributes of 
Daniella oliveri species on red Sokoto goats with 
reference to haematological, biochemical and 
Histopathology in the semi-arid region of Nigeria.

2. MATERIALS AND METHODS
2.1. Experimental Animals and Diet
The experimental site has been described by Njidda et 
al. (2016). Twenty (20) growing Red Sokoto goats 
(males) age between 7 to 8 months of age with an 
initial body weight (BW) of (13 ± 0.5kg) were used for 
this study. The animals were from an open livestock 
market in Mandala. The pens and the surroundings 
were cleaned and disinfected with a strong antiseptic 
(Morigad) two weeks before the arrival of the animals. 
On arrival, the animals were given prophylactic 
treatment consisting of a long acting antibiotic 
(Oxytetracycline/ml/10kg) Intramuscularly, Ivomec 
(ml/50kg) to control endo and ectoparasites 
(subcutaneous). The animals were house in their cages 
and were allowed to adapt to the environment for
14 days before the commencement of the 
experiment. The leaves of Daniella oliveri used for the 
study were at a mature stage and harvested from 
several stands in the University environment and was 
allowed to dry in the sun.

2.2. Experimental Design and Treatment
The experimental animals were randomly allocated to 
five dietary treatments in a completely randomized 
design with four animals per treatment. Treatments 
compared included:
T1 = Cowpea husk 100% + Daniellia oliveri leave 0%
T2 = Cowpea husk 75% + Daniellia oliveri leave 25%
T3 = Cowpea husk 50% + Daniellia oliveri leave 50%
T4 = Cowpea husk 25% + Daniellia oliveri leave 75%
T5 = Cowpea husk 0% + Daniellia oliveri leave 100%

2.3. Feeding and Management
The goats were given prophylactic treatment which 
consists of intramuscular application of oxytetracycline 
LA and a vitamin B complex at the dosage of 1m/10kg 
body weight of the goat. The goats were also 
dewormed with ivomectrin at the dosage of 
0.5ml/10kg body weight of the goat subcutaneously. 
They were also vaccinated against PPR (Pestil de Petit 
Ruminant) which consist of subcutaneous application 
of PPR (Pestil de Petit Ruminant) vaccine. The animals 
were housed in individual pen with free access to 
water and mineral licks. The study comprises of 14 
days of feed adaptation period and 8 weeks of 
measurement period. Feed was weighed and fed daily 
at 8 am and immediately after consumption, the basal 
diet was fed ad libitum. Water was also provided 
adlibitum. The quantity of feed provided and the



Table 1. Chemical Composition of the Experimental diets (g kg-1 DM) 

Parameters	 T1	 T2	 T3	 T4	 T5	 SEM
Dry Matter	 896.30ab	 901.60a	 889.40a	 897.80a	 920.80a	 3.16
Ash	 32.30e	 46.90d	 52.98c	 55.60b	 58.90a	 2.41
Crude Protein	 131.00e	 134.90d	 142.4c	 154.30b	 166.20a	 1.66
Ether Extract	 32.90a	 25.10b	 21.11c	 12.30d	 11.20e	 0.61
Crude Fibre	 112.60e	 125.60d	 134.90c	 140.20b	 188.50a	 1.84
Neutral Detergent Fibre	 325.10e	 346.10d	 369.30c	 385.10b	 475.90a	 2.14
Acid Detergent Fibre	 231.60e	 251.80d	 273.13c	 286.30b	 376.30a	 3.13
Acid Detergent lignin	 81.10e	 105.00c	 121.90a	 112.30b	 91.60d	 2.16
Cellulose	 150.50c	 146.8e	 149.40d	 174.0b	 284.70a	 3.16
Hemicellulose	 93.50bc	 94.30b	 98.00a	 98.90a	 99.60a	 2.16
a, b, c, d, e mean in the same row with different superscripts are significantly (p < 0.05) different. SEM = Standard
error of mean.

11

Njidda et al.

residue of previous days were weighed to determine 
the feed intake of each animal. The goats were 
weighted at the beginning of the experiment and at 
weekly intervals in the morning before feeding. The 
experiment lasted for eight (8) weeks with 14 days 
adaptation period.

2.4. Haematological and Biochemical Studies
The goats were bled through jugular vein and 10 ml of 
blood collected. 3 ml of the blood samples was 
collected into plastic tube containing EDTA for 
haematological studies. The remaining 7 ml of blood 
samples was deposited in anticoagulant free plastic 
tube and allowed to clot at room temperature within 3 
hours of collection. The serum samples were stored at 
-20 0C for biochemical studies. Total erythrocytic count 
and total leukocytic counts were determined with the 
aid of Haemocytometer (Neubaur counting chamber) 
and Hb concentration was determined by Sahl's (acid 
haematin) method (Bengamin 1978). Mean 
corpuscular Haemoglobin Concentration (MCHC), 
Mean Corpuscular Haemoglobin (MCH), Mean 
Corpuscular Volume (MCV) values were calculated 
(Jain, 1986) Serum Aspartate Aminotransferase, serum 
Alanine Aminotransferase and Alkaline Phospatase 
were analyzed spectrophotometric linked reaction 
method (Henry et al., 1960). Total protein by the Biuret 
method according to the procedure of Oser (1976), 
Albumin by Bromocresol green (BCG) method, serum 
glucose, creatinine by Peters et al. (1982), Sodium ion 
and potassium ions by flame photometric method. 
Other biochemical analysis were done using the 
method describe by (Ogunsami et al., 2002). At the 
end of the feeding and growth trials, each of the 
experimental goat from each treatment was randomly 
selected for collection of tissue samples (Liver, Kidney 
and Spleen). The animals were humanely slaughtered

and properly drained. The tissue samples from each of 
the experimental animal per treatment were carefully 
collected fixed in 10% formalinand sent to a 
histopathology laboratory for analysis. Routine 
procedures as described by Baker and Silverton (1985) 
were used and paraffin sections were stained with 
Hematoxylin and Eosin.

2.5. Chemical analysis
The feed samples were analyzed for crude protein, 
ether extract, crude fibre and ash while Neutral 
detergent fibre (NDF). Acid detergent Fibre (ADF) and 
acid detergent lignin (ADL) were determined by the 
procedure of Van Soest et al. (1991). Hemicellulose 
was calculated as the difference between (NDF) and 
(ADF. Cellulose was calculated as the difference 
between (ADF) and (ADL).  

2.6. Statistical analysis
The data generated were subjected to analysis of 
variance (ANOVA) in a Randomized Complete Design 
(RCD) using SAS (2004) where significant difference 
between the means exist, Least Significant difference 
(LSD) was use to separate the means (Obi, 1990).      

3 . RESULTS
3.1. Chemical composition of experimental diets 
The results of the chemical composition are presented 
in Table 1. The results showed significant difference 
(p>0.05) for all the parameters studied. The values for 
ash, CP, CF, NDF, ADF and hemicelluloses tend to 
increase with increase in the level of Daniella olliveri 
foliage. The ADL and cellulose levels in the diets ranges 
from moderate to high levels (81.10 to 121.90 g kg-1 
DM) and (146.80 to 284.70 g kg-1 DM) respectively.
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Table 2. Haematological parameters of red Sokoto goats fed Daniella oliveri mixed with cowpea husk

Treatments
Parameters	 T1	 T2	 T3	 T4	 T5	 SEM
PCV (%)	 22.00ab	 18.00c	 25.00a	 25.00a	 23.00b	 2.32
HB (g/dl)	 7.20b	 6.10c	 8.10a	 8.20a	 7.30b	 0.02
RBC (x106/µl)	 3.54	 2.89	 4.00	 4.10	 3.70	 0.98
WBC (x106)	 6.50b	 8.40a	 5.60b	 6.20b	 6.80b	 1.02
MCV (fl)	 6.20	 6.20	 6.30	 6.00	 6.20	 0.65
MCH (pg)	 2.00	 2.10	 2.00	 2.00	 1.90	 0.98
MCHC (g/dl)	 32.70	 33.80	 32.40	 32.80	 31.70	 1.38
Neutrophils (%)	 66.00ab	 80.00a	 23.10c	 22.40c	 67.00b	 2.36
Lymphocytes (%)	 17.50b	 14.20b	 68.40a	 66.80a	 66.50a	 1.54
Monocytes (%)	 10.00a	 4.10c	 5.00c	 7.20bb	 11.00a	 0.62
Eosinophils (%)	 6.20a	 1.50c	 3.00b	 2.80c	 5.10a	 0.84
Basophils (%)	 0.30c	 0.20c	 0.50b	 0.80a	 0.40c	 0.02

a, b, c means in the same row with different superscript differ significantly (P<0.05); PCV=Packed Cell Volume;
Hb=Haemoglobin; RBC=Red Blood Cell; WBC= White Blood cells; MCV=Mean corpuscular volume; MCH=Mean
corpuscular haemoglobin; MCHC=Mean corpuscular haemoglobin Concentration; Means within the same row
with different superscripts are significantly different (P<0.05); NS=Not significant (p>0.05).

Table 3. Serum biochemical parameters of Red Sokoto goats fed Daniella oliveri mixed with cowpea husk
Treatments

Parameters	 T1	 T2	 T3	 T4	 T5	 SEM
Na+ (mmol/l)	 144.00	 142.00	 148.00	 149.00	 147.00	 3.26
K+ (mmol/l)	 8.60	 9.20	 7.80	 9.10	 7.40	 2.04
Cl- (mmol/l)	 102.00b	 104.00b	 109.00a	 110.00a	 99.00c	 1.03
HCO3- (mmol/l)	 30.00b	 32.00a	 33.00a	 33.00a	 31.00ab	 0.92
Ca+ (mmol/l)	 3.20a	 2.50b	 3.10a	 3.20a	 2.80b	 0.04
Mg (mmol/l)	 1.97	 2.08	 2.65	 2.60	 1.89	 0.92
PO4 (mmol/l)	 3.60	 3.58	 3.60	 3.62	 4.20	 1.32
Blood Urea (mmol/l)	 8.60b	 9.40ab	 11.10a	 11.40a	 7.90b	 1.32
Creatinine (mmol/l)	 46.00bc	 62.00a	 52.00b	 51.00b	 34.00bc	 2.32
AST (µ/l)	 98.00c	 114.00c	 122.00b	 130.00a	 122.00b	 2.46
ALT (µ/l)	 24.00bc	 18.00c	 26.00b	 29.00b	 34.00a	 1.36
ALKP (µ/l)	 310.00b	 179.00c	 268.00bc	 281.00bc	 420.00a	 3.26
Protein (mmol/l)	 66.40	 64.70	 60.20	 66.40	 60.80	 2.01
Albumin (mmol/l)	 32.70	 32.20	 30.10	 30.60	 32.40	 1.32
Globulin (mmol/l)	 33.20a	 32.50a	 29.60b	 29.70b	 29.10b	 0.63
Cholesterol (mmol/l)	 1.20	 1.34	 1.28	 1.34	 1.29	 0.82
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3.2 Haematological studies
The results of the haematological indices are presented in 
Table 2. The PCV ranged from 18.00 to 25.00%. The PCV, 
haemoglobin, and RBC were significantly (P<0.05) higher for 
treatment T4 than the other treatment groups. There was 
significant difference (P<0.05) among treatment for WBC 
and MCHC. However, MCV and MCH were not significantly 
different (P>0.05) among treatments. The WBC differentials 
(neutrophils, lymphocytes, eosinophils, monocytes and 
basophils) were significantly different among treatments.  

3.3 Serum biochemical indices
The results of serum biochemical indices are presented 
in Table 3. The results showed significant differences 
(P<0.05) among treatment for all the parameters 
observed for serum biochemical indices except 
phosphate and cholesterol where non-significant 
effects (P>0.05) were observed.  The values for all the 
enzymes (AST, ALP, and ALP) were observed to 
increase with increase in the level of Daniella oliveri 
foliage.

a, b, c means in the same row with different superscript differ significantly (P<0.05); AST=Aspartate Aminotransferase;
ALT= Alanine Aminotransferase; ALP= Alkaline Phosphatase; Means within the same row with different superscripts
are significantly different (P<0.05).
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3.4 Histopathological studies
The results of the Histopathological studies are 
presented in figures 1 to 10.
Micrographs of an upper cortical section of kidneys 
from goats fed 100% cowpea husk had more increased 
glomeruli-bowman space ratio to complete loss of 
glomeruli when compared to kidneys from other 
treatments (Plate 1, Fig. 1- 5). The lower cortical 
section also revealed that kidneys from T1 and T2 had 
more renal tubular epithelial cells that detached from 
their basement membrane and sloughed into the 
tubular lumen than kidneys from T3, T4 and T5 (Plate 2, 
Figure 1-5).
Micrographs of the liver showed different levels of 
dilatation of sinusoids between liver cord cells. The 
liver from groups fed the 100% cowpea husk (T1) diet 
had more sinusoidal dilatation when compared to 
other groups while liver from the T3 group showed a 
more normal picture (Plates 3 and 4). 

4. DISCUSSION
The high crude protein content of the feeds makes it 
suitable supplements for goats. The CP content was 
observed to increase with increasing level of Daniella 
oliveri foliage, this findings is in line with the reports of 
Okagbare et al. (2004) and Njidda (2011) that browse 
forage species have CP content which remains all year 
round. The crude protein level in this study also 
compares favourably with that of some foliage crops 
that have been evaluated and integrated into ruminant 
feeding, which include Magnifera indica 15.13% and 
Newbouldia leaves 15.57% respectively (Ikhimioya, 
2005). The level of 166.2g Kg-1 DM crude protein in the 
study is far above 7% CP recommended for rumen 
microbes of tropical livestock by Minson (1990) below 
which there will be a deficiency in performance. Ether 
extract is the lipid component and the energy derived 
from it is utilized by the animal. The low EE in this 
study is in agreement with the report of Isah et al. 
(2013); Ogunbosoye and Otukoya (2014) who worked 
on Daniella oliveri mixtures with other feed stuffs. The 
NDF and ADF are moderate to high from T1 (100% 
cowpea husk) to T5 (100% Daniella oliveri foliage). This 
is similar to the findings of Njidda (2011) who reported 
higher values ranging from 412.10 to 595.90 g kg-1 DM 
for NDF and 200.50 to 282.00 g kg-1 DM for ADF (n=37) 
for semi-arid browse forages. Meissner et al. (1991) 
observed that NDF level of forage above 65% can limit 
feed intake it is interesting to note that the browse 
species of the present study is below the threshold 
level. The lignin content of the browse is moderate and 
it's within the range reported by Njidda (2011). It is 
also known that lignin is a component of the cell wall 
and deposited as part of the cell wall thickening 
(Boudet et al., 1998).
The result of the haematological parameter of the 
experimental animals (Table 2) showed that Packed 
cell volume (PCV) values was low in T2 (18%) compared 

to other treatment groups and also falls below the 
recommended values for healthy goats. This might be 
due to the physiology of the animals in the treatment 
groups. Since all other animals in other treatments 
falls within the normal range.
Haemoglobin values in treatment two (T2) showed low 
level value of 6.1 g/dl which may indicate the presence 
of disease, stress, effect of climatic factors and also 
genetic variation of the experimental animal. According 
to Radostits et al. (1994) low haemoglobin could lead to 
low transport of oxygen (O2) around the system, animal 
can also become anaemic and goats are very 
susceptible to anaemia which is the lack of red blood 
cell in the body. The RBC values compare favourably 
with the values ( 3.03 x106/µl) reported by Njidda et al. 
(2014) who fed RSG on natural pasture and Raji et al. 
(2016) who fed Moringa oliefera leaf (2.20 to 
2.91x106/µl) to RSG. The RBC values obtained in the 
present study were lower compared to the 10.9×106/µl 
reported by Tambuwal et al. (2002) and 13.0×106/µl by 
Banerjee (2007) for Red Sokoto goats. Low level of RBC 
values can be attributed to lack of production of RBCs 
by the bone marrow and also the breakdown of RBCs in 
circulation (haemolysis). Hyperactivity of the bone 
marrow (Tung et al., 1975), leading to the production of 
red blood cells with impaired integrity which were 
easily destroyed in circulation by reticulo-endothelial 
system. Shakoori et al. (1990) suggested that decrease 
in RBC counts is either an indication of excessive 
damage to erythrocytes or inhibition of erythrocytes 
formation. The low counts observed for RS Goats in
the present study could be as a result of 
physiological and environmental stress. This also agreed 
with the report of Cheesbrough (2004) who maintained 
that the RBC counts vary with age, gender, geographical 
location and health status of the animals.
Leucocyte count (WBC) is an indicator of immune 
response to infectious or toxic substances in the 
organism and a high count is an indication of 
pathogenic infection or presence of antigens in the 
organism (Olorunnisomo et al., 2010). The values 
obtained were lower than that reported by Raji et al. 
(2016) for healthy Red Sokoto goats (18.25 to 
26.34×103/µl) though the values were close to the 
minimum values reported by other researchers (7.5-
15.8 x109/l) (Hunter 1996; Olotu et al., 1998; Lazzaro, 
2001; Daramola et al., 2003). Okwonkwo et al. (2011) 
reported that The RSGs from Sokotohave lower WBC 
counts than those from Katsina and Gusau. The values 
are much lower compare to Red Sokoto Goats 
purchased at Abuja. He attributed the variation to be 
responsible for the concentration of the breed in 
Sokoto and its environs and as the breed disseminates 
to other parts, its inherent qualities continue to 
decline. This may have also affected the value for the 
current research being that the animals were 
purchased in Kano.

Njidda et al. BJVAS, Vol. 4, No. 1 & 2, July 2016
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The non-significant (P<0.05) effects of the 
experimental diets on MCV and MCH of the 
experimental animals may be attributed to similar 
haemoglobin content (Raji et al. 2016) and also 
referred to as RBC indices (Njidda et al., 2013). The 
results were very low compare to the values reported 
by Raji et al. (2016) for Red Sokoto goats. The MCHC, 
MCV and MCH are very significant in the diagnosis of 
anaemia and also serve as a useful index of the 
capacity of the bone marrow to produce red blood 
cells (Awodi et al., 2005; Njidda et al. 2013). The 
authors also confirmed that if the MCV is greater than 
100 fl it may indicate macrocytosis (enlargement of 
the red blood cells).
The Neutrophil values obtained from the study were 
lower in T3 and T4, but high in T1, T2 and T5 which could 
eventually be as a result of inflammatory reaction and 
high neutrophils could be as a result of factors such as 
anxiety, exercise and sudden infection from bacteria 
(Valli, 2007). Also, the decrease which reflected in T3 
and T4 could be linked up with damage in the bone 
marrow which could also be caused by infection (Valli, 
2007).
There are generally more lymphocytes than neutrophils 
in the circulation in healthy goats (Daramola et al., 
2005) Lymphocyte in T3, T4 and T5 were within the 
range of 50- 70% for healthy goats as reported by Sirois 
(1995), and were relatively more than neutrophils. 
While T1 and T2 where lower than their values which 
could either be as a result of dietary effect of the feed 
given to each treatment which is evident in T1 and T2 
having higher amount of cowpea husk in the diet or 
infections due to bacterial action.
Monocytes are responsible for the removal of dead 
cells, micro-organism and insoluble particles from the 
blood. The values obtained from the experiment were 
all within the range as reported by Sirois (1995). 
Meanwhile, an increase could be a part of the 
syndrome of iron deficiency. The value for eosinophils 
in this study was observed to be higher in T2 (4%) than 
the other treatments, this favoured the findings of 
Banerjee (2007) that reported the range of eosinophils 
fall between (1 to 8%). Like neutrophiles, they release 
protein cytokines and chemokines that produce 
inflammation but are capable of killing invading 
organism. However, the selectins and integrins have 
some selectivity in the way in which they respond and 
on the killing molecules they secrete. They are 
especially tract in the mucosa of respiratory and 
urinary tracts (Ganong 2005).
Basophil values obtained from the experiment is above 
the normal range of healthy goats as reported by Sirois 
(1995). The high values observed in this study could 
have been due to exposure to cold which occurred 
during the experiment.
The result of the biochemical indices of the 
experimental animals reveals the physiological state 
(Olafadehan et al., 2012) and health status of the 

animal (Isidahomen et al., 2011). Serum biochemistry 
is a global medium in assessing the health status of an 
animal. The values obtained for the minerals ions of 
the Red Sokoto goats fed D.olivera mixed Cowpea 
huskshowed some variations though does not pose 
any threat. Serum metabolites is used to determine 
the level of heart attack, liver damage and to evaluate 
protein quality and amino acid requirements in 
animals as reported by Harper et al. (1979). Sodium 
(Na) contributes to many processes in the body of an 
animal, which include maintenance of body 
temperature, nerve action and chemical  
transportation. The sodium (Na) 142-149 mmol/L 
obtained from the experiment fell within the normal 
range for a healthy goat as reported by Sirosis (1995).  
The chlorine (Cl) level is slightly higher than the values 
reported by Sirosis (1995), higher Cl- concentration in 
the plasma is probably caused by dehydration or 
metabolic acidosis (NRC 2007). Most Cl- is found in the 
intestinal fluid and animal excrete about 90% of the 
chloride in the urine. Chlorine contributes by 
activating the catabolic enzyme amylase and forming 
(HCl-) hydrochloric acid which is one of the substances 
in the gastric juice (NRC, 1996).
The urea values ranged from 7.9 - 11.4 mmol/L 
obtained from the experiment which is higher than the 
standard value for goats ranging from 1.9 to 2.6 
mmol/l as reported by Daramola et al (2005) which 
has been attributed to excessive tissue protein 
catabolism associated with protein deficiency Oduye 
and Adadevoh (1986).
Serum proteins are important in immunity and 
transporting of several substances in the body; the 
protein values obtained showed the same trend and 
where not significant (P>0.05). Protein which is 
measured in mmol/l and ranged from 60.2 to 66.4 in 
this study is in agreement with values of 47 - 84 g/l 
reported by Njidda et al. (2013) for normal healthy 
goat.
Serum cholesterol obtained followed almost a similar 
pattern which did not significantly (P<0.05) differ 
amongst the five treatments.
The values for Aspartate transaminase (AST), alanine 
transaminase (ALT) and alkaline phosphate (ALP) in the 
present study are within the normal range reported by 
Sirosis (1995)and Daramola et al. (2005) for West 
African dwarf Goatsbut comparatively higher than 
values reported by Njidda et al. (2013) and Raji et al. 
(2016) for AST, ALT and ALP for RSG; and higher than 
the values reported by Opara et al, (2010) for West 
African Diary Goats of South Eastern Nigeria and Bhat 
et al. (2001) for Kashimini goats respectively.
Serum Aspartate Aminotransferase is found in 
practically every tissue of the body, inducing red blood 
cell and highly concentrated in cardiac muscle and 
liver, intermediate in skeletal muscle and kidney in 
much lower concentrations in other tissues. The 
measurement of the AST levels helpful for the   
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T1 T2

T3 T4

Plate 1: Kidney histomicrograph of Red Sokoto Goats fed Daniella oliveri and different levels of replacement with 
cowpea husk, T1= 100% cowpea husk; T2= 75% cowpea/25% D. oliveri; T3= 50% cowpea husk/50% D. oliveri; T4= 
25% cowpea husk/75 D. oliveri; and T5= 100% D. oliveri (X100 magnification, H&E): Note numerous hypoperfused 
glomeruli with increased glomeruli-capsular space (a) and several empty spaces of complete glomeruli loss (b) and 
normal glomeruli (c)

T5
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Plate 2: Kidney histomicrograph of Red Sokoto Goats fed Daniella oliveri and different levels of replacement with 
cowpea husk, T1= 100% cowpea husk; T2= 75% cowpea/25% D. oliveri; T3= 50% cowpea husk/50% D. oliveri; T4= 
25% cowpea husk/75 D. oliveri; and T5= 100% D. oliveri (X400 magnification, H&E) Note detachment of renal 
tubular epithelial cells from the basement membrane in T1 and T2 (a), sloughing of cells into the tubular lumen (b), 
and the formation of tubular casts derived from sloughed cells, tubular debris, and protein (c).

T1

T3 T4

T5
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Plate 3: Liver histomicrograph of Red Sokoto Goats fed Daniella oliveri and different levels of replacement with 
cowpea husk, T1= 100% cowpea husk; T2= 75% cowpea/25% D. oliveri; T3= 50% cowpea husk/50% D. oliveri; T4= 
25% cowpea husk/75% D. oliveri; and T5= 100% D. oliveri (X100 magnification, H&E)

T1

T3 T4

T5
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Plate 4: Liver histomicrograph of Red Sokoto Goats fed Daniella oliveri and different levels of replacement with 
cowpea husk, T1= 100% cowpea husk; T2= 75% cowpea/25% D. oliveri; T3= 50% cowpea husk/50% D. oliveri; T4= 
25% cowpea husk/75% D. oliveri; and T5= 100% D. oliveri (X400 magnification, H&E)

T1

T3 T4

T5
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diagnosis and following case of myocardial infarction, 
hepatocellular disease and skeletal muscle disorders. 
In trauma or in diseases affecting skeletal muscle, after 
a renal infarct and in various haemolytic conditions 
(Alex and Laverne, 1983). The concentration of serum 
Alanine Aminotransferase in tissues is not nearly as 
great as for serum Aspartate Aminotransferase. If the 
serum Aspartate Aminotransferase is elevated while 
the serum Alamin Aminotransferase remains within 
normal limits in case of suspected myocardial 
infarction, the results are compatible with myocardial 
infarction (Alex and Laverne, 1983).  
Increased Glomeruli-Bowman's space ratio implies a 
small Glomerular tuft in a relatively large Bowman's 
space. It is an indication of collapsed capillaries of the 
glomerulus.  This could be due to hypoperfusion of 
blood from renal arteries or arterioles: Renal 
hypoperfusion reduces glomerular capillary pressure 
(Harty, 2014).  It could also be due to obliteration of the 
difference in pressure between the glomerulus and the 
renal tubules. Obliteration of pressure gradient may 
occur when the integrity of the tubular epithelial cells 
are compromised either due to an acute ischemic or 
toxic event and reabsorption of glomerular filtrate is 
hampered. This causes glomerular filtrate to accumulate 
and renal tubules may distend when there are 
obstructions within the tubules. Subsequently, 
glomerular filtrate back-leaks, accumulates, and exerts 
pressure on the glomerulus to collapse it (Basile et al., 
2012). The presence of detached renal tubular epithelial 
cells, sloughed cells in the tubular lumen; and the 
formation of tubular casts in the micrograph may be a 
sequel to an acute ischemic event since the hematology 
indicated a possible anaemic condition especially for 
goats on diets T1 and T2 having lower red blood cell 
parameters when compared to other treatment groups 
and were below the reference values cited in this study. 
Furthermore, severe histopathology were observed in 
the kidney micrographs from T1 and T2.
Sinusoidal dilatation in liver histology micrographs 
could be due to congestion or atrophy of hepatocytes. 
In this case atrophy is most likely since none of the 
hepatic vessels were seen to be congested. 
Furthermore, the hepatocytes of group given the T3 
diet which had a more normal sinusoidal space had 
larger hepatocytes when compared to other groups. 
Sinusoidal dialationalone is not sufficient to diagnose 
liver dysfunction. Simultaneous measurement of 
serum biochemistry picture is often required. The 
values for Aspartate transaminase (AST), alanine 
transaminase (ALT) and alkaline phosphate (ALP) in the 
present study were higher than the normal values 
reported by Njidda et al. (2013) and Raji et al. (2016) 
for AST, ALT and ALP of RSG; and higher than the 
values reported by Opara et al, (2010) for West African 
Diary Goats of South Eastern Nigeria and Bhat et al. 
(2001) for Kashimini goats respectively. ALT is 
considered a more specific and sensitive indicator of 
hepatocellular injury than AST The ratio ALT: ALP plays  

an important role in deciding the type of liver damage 
by hepatotoxins. The ratio is greater than or equal to 
five during hepatocellular damage while the ratio is 
less than or equal to two during cholestatic liver 
damage. During mixed type of liver damage, the ratio 
ranges between two and five. ALT and AST or in 
combination with total bilirubin are primarily 
recommended for theassessment of hepatocellular 
injury in rodents and non-rodents in non-clinical 
studies. The enzyme detects hepatocellular necrosis 
(Singh et al., 2011). Alkaline phosphatase it is 
particularly present in the cells which line the biliary 
ducts of the liver. Hepatotoxicity may leads to 
elevation of the normal values due to the body's 
inability to excrete it through bile due to the 
congestion or obstruction of the biliary tract, It is also 
found in other organs including bone, placenta, kidney 
and intestine. Increase in alkaline phosphatase and/or 
bilirubin with little or no increase in ALTis primarily a 
biomarker of hepatobiliary effects and cholestasis. In 
this study, AST, Total Protein, Albumin, globulin and 
cholesterol were all within the normal range for Red 
Sokoto goats.

5. CONCLUSION
In conclusion, feeding of D. oliveri foliage substituting 
cowpea husk to goats does not seems to pose any 
problem on haematology, biochemical and 
histopathological parametrs of red sokoto goats, 
fortification with minerals and vitamins at lower levels 
of inclusion is required as evedent by the performance 
of T3, T4 and T5 (50, 75 and 100% D. oliveri inclusion).
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