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Hematology and carcass characteristics of West African 

Dwarf (WAD) goats (bucks) fed diets containing maize 

(TM) and non-conventional feed resources of Cassava 

peels (TCP), Yam peels (TYP) and Plantain peels (TPP) was 

conducted.  On the last day of a 30-day experimental 

feeding trial, two sets of blood samples were taken from 2 

WAD bucks per dietary treatment via jugular 

venipuncture using a 10 ml 20 guage syringe and one 

animal per treatment was slaughtered at a pre-

determined live weight of 7.49 kg for carcass analysis.  

Blood samples (5 ml) were collected into plastic tubes 

containing the anti-coagulant ethylene diamine 

tetraacetic acid (EDTA) for the determination of 

haematological parameters. Results revealed that there 

was significant (P < 0.05) differences in White blood cells 

(WBCs), Red blood cells (RBCs), Haemoglobin (Hb), 

Packed cell volume (PCV), Mean corpuscular volume 

(MCV) and Platelets (PLT), while the Mean corpuscular 

haemoglobin (MCH), Mean corpuscular haemoglobin 

concentration (MCHC) and Lymphocyte (LYMPHC) values 

were not significantly (P > 0.05) different for the 

treatment groups. Results of the carcass characteristics of 

all the parameters (fasted live weight, carcass weight, 

dressed weight, dressing percentage and whole or retail 

parts) were not significantly (P > 0.05) different for the 

treatment groups. However, irrespective of the variability 

of the blood parameters among all the treatment groups 

of bucks their values still fell within the normal reference 

range for healthy goats hence were not harmful to the 

experimental animals. It is therefore recommended that 

WAD goat diets formulated with non-conventional 

feedstuffs should be suitable alternatives for feeding 

small ruminants. 
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INTRODUCTION 
 
Most goats are raised in communal areas by smallholder 
farmers for subsistence and trading in informal markets in 
Nigeria (Kalio, 2016). Finishing goats in smallholder 
farms on high concentrate diets is not a wide spread 
practice as goats are generally used more efficiently 
when utilizing browse or forage (Wildeus, et al., 2007).  
Diets among the environmental effects, is one of the main 
factors influencing the carcass yield and qualities in many 
species of  farm  animals  especially  goats  (Webb et al.,  

 
 
2005). 

Concentrate ingredients such as maize are food for 
human beings; therefore, there is need to evaluate the 
production system that would use maximum quantity of 
non-conventional feed resources (NCFRs) such as crop 
by-products in goat diets for better carcass yield as 
readily available and inexpensive feed resources during 
times of feed scarcity in Nigeria.  

Some NCFRs of crop origin also referred to as crop by- 



 
 
 
 
products have been identified and utilized by small holder 
small ruminant farmers in Cross River State, Nigeria 
(Kalio et al., 2013). Furthermore, NCFRs also classified 
as ‘household or kitchen wastes’  such as  cassava 
peels, cocoyam peels, yam peels, rice bran, cowpea 
husk, rice husk, maize husk, banana peels and plantain 
peels has also been identified and utilized for ruminant 
feeding (Ademosun, 1987).  These NCFRs (crop by-
products and/or household or kitchen waste) contain 
crude protein levels ranging from 1 to 23%, fibre levels 
ranging from 2 to 52% and metabolizable energy as high 
as 20 MJ/kg DM and small ruminants fed with these feed 
stuffs are healthier and heavier (Onwuka et al., 1997). It 
has been explained that a fast means of assessing 
clinical and nutritional health status of animal on feeding 
trails may be to use blood analysis, because blood 
contains a numerous metabolites and other constituents, 
which provide a valuable medium for clinical investigation 
and nutritional status of man and animals (Okukpe et al., 
2011).  

Meat consumers today prefer lean meat and butchers 
require consistent products that will meet specifications 
and these will be solely dependent on the carcass 
composition of the animal (Bruce McGregor 2007). 
Additionally, producers of goats for meat are in the 
business of growing saleable carcasses. Therefore, as 
goats grow they deposit more fat in their carcass, 
reducing the percentage lean and increasing the 
percentage fat. The main influences on carcass weight 
and composition are live weight, breed, sex and nutrition. 

There is paucity of information as regards the 
haematological profiles and carcass characteristics of 
West African Dwarf (WAD) bucks when fed with diets 
incorporated with NCFRs in Nigeria. Therefore, 
information on these parameters will help to provide 
alternative and cheap sources of feed stuffs that could 
help to sustain the livestock industry as well as increase 
animal protein supplies that could meet the requirements 
of the rural populace and beyond. The general objective 
of this study was to assess some NCFRs (crop by-
products) when fed in diets as they affect the blood 
profiles and carcass components of the West African 
Dwarf (WAD) bucks.  
 
 
MATERIALS AND METHODS 
 
Study area 
 
The experiment was conducted at the Teaching and 
Research Farm of Ignatius Ajuru University of Education, 
Ndele Campus (Latitude 4° 58’ N and Longitude 6°

 
48’ E), 

Nigeria (Kalio et al., 2009).  
 
Experimental feed stuffs and processing procedures 
 
Guinea grass Panicum maximum, Maize (TM) and crop 

Direct Res. J. Vet. Med. Anim. Sci.          49 
 
 
 
by-products: Cassava peels (TCP), Yam peels (TYP), and 
Plantain peels (TPP) were all collected as feed stuffs and 
processed to form the composite experimental diets as 
reported in the study of Kalio, (2017). 
 
 
Experimental diets 
 
The diets containing maize (purchased from the market) 
and different crop by-products from cassava, yam, and 
plantain peels obtained from cassava processing plants, 
roasted yam and plantain vendors respectively 
incorporated as the major energy sources were grounded 
with a locally fabricated milling machine and mixed to 
formulate the diets in the ratio of 40%:60% (40% of 
concentrates including the major energy sources and 
60% of dried roughage - Panicum maximum). The feed 
formulations are adopted from Kalio, (2017) as presented 
in (Table 1).  
 
 
Blood sample collection  
 
On the last day of a 30-day experimental feeding trial, 
two sets of blood samples were taken from 2 bucks per 
dietary treatment via jugular venipuncture using a 10ml 
20guage syringe. One set of the blood samples (5ml) 
were collected into plastic tubes containing the anti-
coagulant ethylene diamine tetraacetic acid (EDTA) for 
the determination of hematological parameters. 
Hematological values of the blood samples were 
estimated for packed cell volume (PCV) and hemoglobin 
(Hb) concentration. Red blood cell (RBC) and total white 
blood cell (WBC) as well as the differential WBC counts 
were determined using the Neuberger haemocytometer 
after appropriate dilution (MAFF, 1984). Values for the 
constants: mean corpuscular hemoglobin (MCHC), mean 
corpuscular hemoglobin (MCH) and mean corpuscular 
volume (MCV) were calculated from RBC, Hb and PCV 
values: where, MCV = [(PCV ÷ RBC) X10]; MCHC = [(Hb 
÷ PCV) X100] and MCH = [(Hb ÷ RBC) x10] (Jain, 1986). 
 
 
Procedures for obtaining the carcass components   
 
At the termination of the feeding trial, the animals were 
fasted for 24 h (Omojola and Attah, 2006), weighed and 
one animal per treatment slaughtered with an initial 
average slaughter live weight of 7.49 kg. They were bled 
by severing both the carotid arteries and jugular veins on 
both sides as well as trachea, using a sharp knife without 
stunning.  After slaughter, they were roasted to remove 
the fur on their skin and then washed thoroughly. The 
warm carcass weight (WCW) was then determined. The 
carcasses were eviscerated to separate the various 
internal organs (stomach, intestine, liver, kidney, etc). 
The warm carcasses (WCs) were carefully  split  into  two  
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Table 1. Feed composition of the experimental diets. 
 
Feed Ingredients Treatment 

TM (Maize) TCP  (Cassava peels) TYP (Yam peels) TPP (Plantain peels) 

Maize (70%) 70.00 0.00 0.00 0.00 
Cassava peels (70%) 0.00 70.00 0.00 0.00 
Yam peels (70%) 0.00 0.00 70.00 0.00 
Plantain peels (70%) 0.00 0.00 0.00 70.00 
PKC (21%) 21.00 21.00 21.00 21.00 
Urea (2%) 2.00 2.00 2.00 2.00 
Common Salt (1%) 1.00 1.00 1.00 1.00 
Oyster shell (4.75%) 4.75 4.75 4.75 4.75 
Lime stone (1.00%) 1.00 1.00 1.00 1.00 
Fish Meal (0.25%) 0.25 0.25 0.25 0.25 
Total Weight  100 kg 100 kg 100 kg 100 kg 
Total Concentrate  40% 40% 40% 40% 
Pannicum maximum 60% 60% 60% 60% 

 
 
 
halves along the vertebral axis and subsequently 
separated into the various wholesale/retail cuts using a 
sharp machete. The separation into the whole sale/retail 
cuts comprised of the head, hind and fore leg, lion, flank, 
breast, rack, shoulder, neck and tail. The method of 
separation of the carcass to their primal parts was 
adopted from the procedures described by Omojola and 
Attah, (2006). The shoulder was separated between the 
5

th
 and 6

th
 vertebrae perpendicular to the back line, 

1.25cm above the elbow joint. The breast, shank and 
flank were separated from the face of the leg parallel to 
the back line and perpendicular to the first cut. Leg 
removal was at the tip of the ilium perpendicular to the 
back line, while the loin and rack were cut along the back 
of the 13

th
 rib perpendicular to the backline. 

 
 
Carcass evaluation 
 
The carcass weight, relative cut up parts weights were 
determined pre-chilled. The relative weights were 
calculated by expressing the weights of the cut parts as 
percentage of the dressed carcass weight. Each primal 
cut was weighed and its proportion relative to the carcass 
was determined (Ukah et al., 2006).  
 
Dressing percentage = Warm carcass weight × 100% 

                                               Live weight  
 
Relative primal cut part weight = Fresh primal cut weight × 100% 

                                                                     Live weight   
 
 
Statistical analysis   
 
The resulting data on the blood parameters and carcass 
components were compared statistically on the basis of 
the different dietary treatments using analysis of variance 
(ANOVA) procedure for a completely randomized design.  

Differences between the means were separated using 
the Duncan Multiple Range Test (Steel and Torrie, 1980). 
 
 
RESULTS AND DISCUSSION 
 
Hematology of the West African Dwarf (WAD) goats 
 
The hematology of the West African Dwarf (WAD) bucks 
fed the different experimental diets is presented in (Table 
2).  The WBCs of the WAD bucks fed the various 
experimental diets were significantly (P < 0.05) different. 
The WBCs of the WAD bucks fed the various 
experimental diets ranged from 7.20 – 12.47 x 10

3
/µL for 

TCP (cassava peels) and TYP (yam peels) incorporated 
diets respectively. The higher WBCs count recorded by 
WAD bucks fed TYP (yam peels) may be as a result of the 
reaction of the animals to protect themselves against 
likely attacks of pathogens. According to Aiello, (2000) 
white blood cells (WBCs) or leucocytes are the mobile 
unit of the body’s protecting system, that can also act as 
speedy and effective defense mechanisms against 
infectious agents in organisms (Banerjee, 2004). From 
the results of the study, it is therefore likely that the 
higher WBCs values observed among the animals were a 
response to probable risk to the animals’ immune system 
(Aiello, 2000). Consequently, no deadly conditions were 
observed among the animals in all the treatment groups 
in this experiment, since their WBC values fell within the 
reference normal range (4 – 13 x 10

3
 /µL) for healthy 

goats (Aiello, 2000).   
The RBCs of the male WAD goats fed the various 

experimental diets incorporated with the non-
conventional feed stuffs (Table 2) were significantly (P < 
0.05) different. The RBCs of WAD bucks fed the various 
experimental diets was in the descending order of 15.09 
> 14.41 > 13.76 > 11.36 x 10

6
/µL for TCP (cassava peel), 

TM (maize), TPP (plantain peel) and TYP (yam peels) 
respectively. It was   however, observed   that   the   RBC  
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Table 2. Haematology of WAD bucks fed the different experimental diets 
 

Parameters Experimental  Diets 

TM TCP TPP TYP Mean ±SEM 

WBC (x 10
3
/µL) 7.62

b
 7.20

b
 8.20

b
 12.47

a
 8.87 0.57 

RBC (x 10
6
/µL) 14.41

ab
 15.09

a
 13.76

b
 11.36

c
 13.66 0.67 

Hb (g/dl) 8.75
ab

 8.86
a
 8.87

a
 6.95

c
 8.34 1.02 

PCV (HCT) (%) 37.35
b
 42.60

a
 39.40

ab
 32.80

c
 38.04 4.91 

MCV(fl) 20.90
b
 22.25

a
 18.30

c
 17.00

c
 19.61 1.19 

MCH (pg) 6.00
NS

 6.15
NS

 5.85
NS

 5.10
NS

 5.78 0.38 
MCHC (g/dl) 33.95

NS
 33. 80

NS
 32.55

NS
 31.00

NS
 32.83 2.41 

PLT (x 10
11

/l) 4.05
b
 5.27

a
 4.00

b
 3.61

c
 4.23 0.33 

LYMPHC (%) 52.25
NS

 55.50
NS

 59.00
NS

 63.80
NS

 57.64 2.75 
 

NS 
Not significantly different (P> 0.05);

 a,b,c,
Means bearing different superscripts along the same row in are significantly different (P< 

0.05); TM = Maize; TCP = Cassava peels; TPP = Plantain peels; TYP = Yam peels; WBC = White blood cells; RBC = Red blood cells; Hb 
= Haemoglobin; PCV (HCT) = Packed cell volume (Haematocrit); MCV = Mean corpuscular volume; MCH = Mean corpuscular 
haemoglobin; MCHC = Mean corpuscular haemoglobin concentration; PLT = Platelets; LYMPHC = Lymphocytes. 

 
 
values recorded for the WAD bucks in this study were 
within the normal reference values (8.0 – 18.0 x 10

6
/µl) 

reported by Banerjee, (2004) and Aiello, (2000) for goats. 
The hemoglobin value of the male WAD goats fed the 
various experimental diets (Table 2) were significantly (P 
< 0.05) different. The hemoglobin values of the male 
WAD goats fed the various experimental diets ranged 
from 6.95 – 8.86 x g/dl for TYP (yam peels) and TCP 
(cassava peels) incorporated diets respectively. The 
hemoglobin values of the male WAD goats fed TM 
(maize), TCP (cassava peels) and TPP (plantain peels) 
were within the normal range (8 - 12 x g/dl) for goats 
(Aiello, 2000; Ikhimioya and Imasuen, 2007) and slightly 
similar to the range (7.85 – 9.00 x g/dl) reported by Kalio 
et al. (2014). Consequently, the hemoglobin values 
reported for the male WAD goats fed TM (maize), TCP 
(cassava peels) and T3 (plantain peels) were relatively 
high and this will likely support the high oxygen carrying 
capacity of blood in these animals (Ikhimioya and 
Imasuen, 2007). 

The packed cell volume (PCV) value of the male WAD 
goats fed the various experimental diets incorporated 
with the different non-conventional feed stuffs (Table 1) 
were significantly (P < 0.05) different. The PCV value of 
the male WAD goats fed the various experimental diets 
was in the order of 32.80, 37.35, 39.40 and 4.60%, for  
TYP (yam peels), TM (maize), T3 (plantain peels) and TCP 
(cassava peels) respectively. The overall average PCV 
values recorded was 38.04%. These PCV values 
reported in the study for the male WAD goats were within 
the normal range (24 – 48%) reported by Banerjee, 
(2004) for healthy goats. 

The blood indices or the Red blood cell indices such as 
the Mean corpuscular volume (MCV) in the male WAD 
goats fed the various experimental diets were 
significantly (P < 0.05) different. The MCV, MCH and 
MCHC values reported for the WAD bucks in this study 
were 17.00 – 22.25 fl, 5.10 – 6.15 pg and 31.00 – 33.95 
g/dl within the normal range 16 – 25 fl, 5.2 – 8.0 pg and 
30 – 36 g/dl respectively reported for bucks by Aiello, 

(2000) and Banerjee, (2004). The normal Red blood cell 
indices recorded in this study for the male WAD goats fed 
the different experimental diets gives a clear indication of 
the absence of anaemia among the animals. The 
platelets or thrombocytes of male WAD goats fed the 
different experimental (TM - maize, TCP – cassava peels, 
TPP – plantain peels and T4 – yam peels).The platelets 
value for the male WAD goats were significantly (P < 
0.05) different and ranged from 3.61 – 5.27 x 10

11
 /L for 

TYP and TCP. Similarly, the values recorded for the male 
WAD goats were within the normal range 3– 6 x 10

11
 /L 

for goats reported by Aiello, (2000). The lymphocytes 
(one of the WBC precursors) in the WAD goats fed the 
different crop by-products were not significantly (P > 
0.05) different.  Lymphocytes play an important role of 
impacting immunity to farm animals (Sembulingam and 
Sembulingam, 2002). Consequently, the lymphocytes 
values recorded for the WAD bucks in this study fell 
within the normal range (50 – 70%) for goats reported by 
Aiello, (2000).  
 
  
Carcass characteristics of WAD bucks fed the 
experimental diets 
 
Table 3 shows the carcass characteristics of WAD bucks 
fed mixed diets of maize (TM), cassava peels (TCP), 
plantain peels (TPP) and yam peels (TYP). The fasted live 
weight, the carcass weight after slaughter and roasting, 
the dressed weight and dressing percentage ranged from 
7.45 – 7.51 kg, 7.44 – 7.48 kg, 3.85 – 4.05 kg and 51.68 
– 54.07%, respectively. The values of these parameters 
for each of the treatment groups were not significantly (P 
> 0.05) different.  The dressing percentages (DP) 
obtained among the WAD bucks in this study based on 
empty body weight (EBW) were higher than values 
(50.03 – 51.52%) reported by Owen et al. (1983) 
obtained in male Criollo goats in Northern Mexico and   
(45 – 50%) seen as the common DP for male goats 
(Raghavan, 1988).  Although the DP obtained in this study 
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Table 3. Carcass characteristics of WAD bucks fed the experimental diets. 
 
Parameters  Experimental Diets 

TM TCP TPP TYP Mean ±SEM 

Fasted live weight (kg)  
 7.50

 NS
 

 

7.51
 NS

 7.45
 NS

 7.49
 NS

 7.49 0.0043 

Carcass weight after slaughter 
and roasting      (kg) 

7.48
 NS

 7.48
 NS

 7.44
 NS

 7.47
 NS

 7.48 0.0046 

Dressed weight(all internal 
organs removed) (kg) 

3.95
 NS

 4.05
 NS

 3.85
 NS

 4.05
 NS

 3.98 0.0065 

Dressing percent (%) 52.67
 NS

 53.93
 NS

 51.68
 NS

 54.07
 NS

 53.14
 NS

 2.14 
Whole/Retail parts 

Head (g) 650 (8.69)
a
 550 (7.35)

 b
 550 (7.38)

 b
 550 (7.34)

 b
 575 (7.69) 0.29 

Fore and hind legs (g) 1350 (18.01)
 NS

 1450(19.39)
 NS

 1350(18.12)
 NS

 1400 (18.69)
 NS

 1388(18.55) 1.25 
Loin (g) 350 (4.68)

 NS
 350 (4.68)

 NS
 350 (4.70)

 NS
 350 (4.67)

 NS
 350 (4.68) 0.55 

Flank (g) 150 (2.01)
 NS

 150 (2.01)
 NS

 150 (2.01)
 NS

 150 (2.00)
 NS

 150 (2.01) 0.01 
Breast (g) 250 (3.34)

 NS
 350 (4.68)

 NS
 300 (4.03)

 NS
 350 (4.67)

 NS
 313 (4.18) 1.22 

Rack (g) 550 (7.35)
 NS

 450(6.02)
 NS

 500 (6.71)
 NS

 450 (6.01)
 NS

 488 (6.52) 1.22 
Shoulder (g) 250(3.34)

 NS
 300 (4.01)

 NS
 250 (3.36)

 NS
 300(4.01)

 NS
 275(3.68) 0.70 

Neck (g) 350 (4.68)
 NS

 350 (4.68)
 NS

 350 (4.70)
 NS

 350 (4.67)
 NS

 350(4.68) 0.55 
Tail (g) 50 (0.67)

 NS
 100 (1.34)

 NS
 50 (0.67)

 NS
 100 (1.34)

 NS
 75 (1.01) 0.72 

 

NS 
Not significantly different (P> 0.05);

 a,b,c, 
Means bearing different superscripts along the same row in are significantly different (P< 0.05) ; Values 

in parenthesis are percentages of the parts in a dressed carcass. TM = Maize; TCP = Cassava peels; TPP = Plantain peels; TYP = Yam peels.  

 
 
 
were not significantly different (P > 0.05), it was observed 
that the DP obtained increased with increasing live 
weight. This is in agreement with reports by Raghavan, 
(1988) that DP increases with a concomitant increase in 
live weight in all breeds of goats and that body size 
affects slaughter yield of domestic animals (Solomon et 
al., 1980). 

The results of the whole and retail parts revealed that 
there were significant (P> 0.05) differences in the relative 
weights of the heads of WAD goats fed the different diets. 
The relative weights of the head varied from as high as 
8.69% - 7.34 for TM (maize) and Typ (yam peels) 
respectively. However, the weights of the fore and hind 
legs, lion, breast, rack, shoulder, neck and tail relative to 
the carcass weights in the WAD bucks ranged from 18.01 
– 19.39%, 4.67 – 4.70%, 2.00 – 2.01%, 3.34 – 4.68%, 
6.01 – 7.35%, 3.34 – 4.01%, 4.67 – 4.70% and 0.67 – 
1.34%, respectively and they were not significantly (P > 
0.05) different.  The order of the overall mean increase in 
weight of the whole or retail parts relative to their carcass 
weights  for the WAD bucks were fore and hind legs > 
head > rack > neck > loin > breast > shoulder > flank > 
tail. This order is contrary to those of legs > shoulder > 
rack > loin > breast > flank > neck) reported by Omojola 
and Attah, (2006). Although the relative whole or retail 
parts reported in this study was not significantly different 
(P > 0.05), it was observed that the increase in weights of 
the relative whole or retail parts in some treatment groups 
were not concomitant with their carcass weights, hence 
an animal may have a higher carcass weight but may not 
have a corresponding increase in weight of some of its 
whole or retail parts. This is in agreement with the 
findings of Omojola and Attah, (2006) while investigating 
the carcass and non – carcass components of male WAD 
goats slaughtered at different weights who observed the 

highest relative weight of neck at 10 kg slaughter weight 
as compared to those slaughtered at 15 and 20 kg 
slaughter weight.   
 
 
Conclusion and Recommendation 
 
The results of haematological parameters of the WAD 
bucks fed the experimental diets TM, TCP, TPP and TYP 
revealed that there were variations in the white blood cell 
(WBC) count, red blood cell (RBC) count,  haemoglobin 
(Hb), packed cell volume (PCV), mean corpuscular 
volume (MCV) and platelets values of WAD bucks fed the 
different experimental diets. However, the mean 
corpuscular haemoglobin (MCH), the mean corpuscular 
haemoglobin concentrations (MCHC) and lymphocyte of 
the WAD bucks fed the experimental diets did not vary. 
The haematological values fell within the normal range 
for healthy goats thus there were no deleterious effects 
experienced among the animals. The carcass of WAD 
bucks fed experimental diets TM, TCP, TPP and TYP 
revealed that the dressing percentages (DPs) obtained 
for the goat carcasses in this study did not vary. In as 
much as the DPs did not vary among the treatment 
groups, it was observed that the values obtained 
increased with increasing live weight and therefore 
enhanced slaughter yield. The whole and retail parts of 
the WAD bucks revealed that there were variations in the 
relative weights of the heads of the WAD goats fed the 
different experimental diets. Conversely, the weights of 
the fore and hind legs, lion, breast, rack, shoulder, neck 
and tail relative to the carcass weights in the WAD bucks 
did not vary.  The order of the overall mean increase in 
weight of the whole or retail parts relative to their carcass 
weights  for the WAD  bucks  were  fore  and  hind  legs >  



 
 
 
 
head > rack > neck > loin > breast > shoulder > flank > 
tail. It is therefore recommended that West African Dwarf 
(WAD) goat diets formulated with non-conventional 
feedstuffs are suitable alternatives for feeding small 
ruminants during the periods of feed scarcity on account 
of there not being deleterious as shown by the 
haematological parameters and better dressing 
percentages and carcass characteristics of the of the 
animals. 
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