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ABSTRACT  6 

Aims: The aim of this study is to determine the effect of processed Cocoa pod husk on haematological 
and biochemical indices of rabbits. 
Study design:  Completely Randomized Design. 
Place and Duration of Study: The experiment was carried out between February and April 2016 at the 
Teaching and Research Farm, Federal College of Agriculture, Akure, Nigeria. The experimental site lies 
about 7

o
25’ north and 5

o
19’ east. The average annual temperature and rainfall is 25.3

o
C and 1455 mm, 

respectively.  
Methodology:  
Four diets were formulated in which processed cocoa pod husk (PCPH) was included in rabbits’ diets at 
0, 10, 20 and 30% and designated as diets 1, 2, 3 and 4 respectively. One hundred and twenty, 35-day 
old  rabbits of cross-breeds (New-Zealand white X Chinchilla) of equal sexes and average body weight 
523.9±43g were randomly allotted to the 4 dietary treatments (30 rabbits/treatment; 3 rabbits/replicate). 
On day 56, blood samples were collected from selected rabbits (20 rabbits/treatment) into plain bottles 
and potassium EDTA bottles for serum biochemical and haematological studies respectively.  
Results: Haemoglobin concentration improved (P<0.05) with increased inclusion of PCPH up to 20% 
level but declined (P<0.05) at 30% dietary level. The red blood cells count and mean cell volume of 
rabbits fed diets including PCPH at 10, 20 and 30% were higher than the control diet. The albumin, 
globulin, creatinine, bilirubin and aspertate amino transferase were stable (P>0.05) across the diets. The 
total protein of rabbits fed the control diet was lower (P<0.05) than those fed the rest diets containing 
varying levels of PCPH (diets 2, 3 and 4). Cholesterol level of the rabbits reduced (P<0.05) with increase 
in dietary PCPH. High density lipoprotein increased (P<0.05) at 20 and 30 % dietary PCPH; while the low 
density lipoprotein decreased (P<0.05) at both 20 and 30% PCPH levels.  
Conclusion: Inclusion of PCPH in rabbits’ diet up-to 30% level did not affect their haematological and 
serum biochemical indices.  
 7 
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1. INTRODUCTION  9 
The problem of low animal protein intake is a great challenge in developing countries. The average 10 
animal protein intake of an average individuals in most African and Pacific countries falls between 8-15 g 11 
per day [1], which is far below 65 g per recommended by FAO [2]. This is because of high cost of feed 12 
production due to increase in price conventional livestock feed ingredients and consequent rise in cost of 13 
animal protein beyond the purchasing power of most people in these regions  [3]. Since feed cost ranged 14 
between 60 to 70% of total cost of production [4], it is believed that replacing some of the expensive and 15 
scarce conventional feed ingredients in part or full will go a long way in reducing the production cost and 16 
improving the animal protein consumption. 17 
Processed by-products of cocoa harvesting industry had been reported as a suitable replacement for 18 
some conventional feed stuff in monogastric production [5, 1]. Cocoa pod husk forms about 80% of cocoa 19 
fruit and between 0.8 and 1.0 million tons of cocoa pod husk is generated annually in Nigeria, most of 20 
which are considered a waste except for the very negligible quantity being used in local soap making [6]. 21 
Nutritional value of cocoa pod is relatively low because of its low crude protein (9.14%) and high crude 22 
fibre (35.78%) [5]. It also contains anti-nutrients such as theobromine (2.64%), caffeine (1.14%) and 23 
tannin 0.917%) [6]. However ash extract treatment and/or fermentation are being used in processing of 24 
cocoa pod husk and other crop residues with remarkable improvement in their nutritional value being 25 
recorded [7, 8, 6]. Therefore, the inclusion of ash extract treated and /or fermented cocoa pod husk in 26 
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monogastric nutrition could be a way of reducing cost of production and improve animal protein 27 
consumption. 28 
Like several other processing methods, ash extract treatment do not completely eliminate anti-nutrients in 29 
feeds stuffs but only reduce them to tolerable levels [6]; and these anti-nutrients and other constituents of 30 
diets affect blood haematological and biochemical properties [9,3,10]. In addition, blood biochemical 31 
components are feed toxicity elements’ sensitive; while haematological components are useful in feed 32 
toxicity monitoring [11,9].  33 
Utilization of cocoa by products by rabbits had been recognized by Ogunsipe et al. [1].  However, 34 
information on effect of processed cocoa pod husk on haematological and biochemical indices in rabbits 35 
is relatively rare. Therefore, this study examined the effect of dietary ash extract treated cocoa pod husk 36 
meal on haematological and serum biochemical properties of rabbits.  37 
 38 

2.  MATERIAL AND METHODS  39 

2.1 Experimental site and Cocoa Pod Husk collection 40 
The experiment was carried out at the Rabbitary of Teaching and Research Farm of The Federal College 41 
of Agriculture, Akure, Nigeria. The experimental site lies about 7

o
25’ north and 5

o
19’ east. The average 42 

annual temperature is 25.3
o
C while the average rainfall is 1455 mm.  Cocoa pods were collected from a 43 

Cocoa farm in Oda, Akure, Nigeria, cut into two parts to remove the pulpy seeds, thoroughly washed to 44 
remove the residual mucilage of the pods and thereafter chopped into smaller pieces with sharp stainless 45 
steel knife. The chopped cocoa pods were spread lightly on polythene and sun dried for 7-14 days, 46 
hammer milled, bagged and kept in cool dry place until used.  47 
 48 

2.2 Preparation of Corn Stalk Ash Extract 49 
Dried corn (Zea mays) stalks were collected after harvesting from the Teaching and Research farm of 50 
Federal College of Agriculture, Akure (FCAA), burnt and ashed at 600 

o
C. The corn stalk ash solution 51 

(CSAS) was prepared as described by Adamafio et al., [7].  39.2g of corn stalk ash was suspended in 52 
100mls of deionized water for 48 hours at room temperature and filtered first through cheese cloth, then 53 
through Wathman No 1 filter paper [7].The corn stalk ash extract (CSAE) was kept until use.  54 
 55 

2.3 Collection of Layers’ Wastes and Rumen Liquor 56 
Droppings of commercial layers’ wastes (LW) devoid of feathers and broken egg shells were collected 57 
from Teaching and Research Farm, FCAA, sundried for 14 days  to moisture level of less than 6%,  milled 58 
with hammer mill, bagged and kept in cool dried place until used. The rumen liquor was manually 59 
squeezed out of rumen content of freshly slaughtered cattle (White Fulani) through a clean mushlin cloth 60 
at the Central Abattoir, Akure, Nigeria and used almost immediately. 61 

2.4 Bio-Degradation of Cocoa Pod Husks 62 
Milled cocoa pod husk was mixed with CSAE at rate of 188g/L, stirred properly in black plastic container 63 
and covered tightly for one hundred and sixty-eight (168) hours. The CSAE soaked cocoa pod husk was 64 
transferred into bags, pressed with hydraulic press to drain out the moisture, spread lightly on polythene 65 
and sundried for about 14 days to form dried Ash Treated Cocoa pod Husk (ATCH). 66 
Thereafter, ATCH was mixed successively with dried layer wastes and molasses at rate of 100g/kg and 67 
50ml/kg; respectively in air tight black plastic container, sprayed with rumen liquor and allowed to ferment 68 
for the duration of 168 hours anaerobically as described by Oloruntola et al. [8]. The fermented ATCH 69 
was thereafter spread lightly on polythene and allowed to sundried for 7 days, analyzed (Table 1) for 70 
proximate analysis [12], theobromine [13], caffeine [14], tannin [15] and thereafter labeled as processed 71 
cocoa pod husk (PCPH). 72 
 73 

2.5 Experimental Diets and Animals 74 
Four (4) experimental diets were formulated in which the PCPH was included in rabbbits’ diets at 0, 10, 75 
20 and 30%, designated as diets 1, 2, 3 and 4 respectively and pelletized (4mm diameter and 8mm long). 76 
The composition of the diets is as presented in Table 2. The recommendations and guidelines for applied 77 
nutrition experiments in rabbits as described by Fernandez-Carmona et al. [16] were followed in this 78 
study. One hundred and twenty (120) healthy, five-week old weaned rabbits of cross-breeds (New-79 
Zealand white and Chinchilla) of equal sexes and average initial weight of 523.9±43 g were randomly 80 
allotted to the four (4) dietary treatments (30 rabbits/treatment; 3 rabbits/replicate). The rabbits were 81 
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housed in a 2 storey, wooden framed wire-meshed cages being placed in a well ventilated pen.  Prior to 82 
the commencement of the experiment, the rabbits were treated against coccidiosis, mange and bacterial 83 
infections by administering prophylactic coccidiostat, ivomectin and tetracycline respectively. Thereafter, 84 
they were made to undergo a week adaptation period in their individuals cage and fed their respective 85 
diets ad-libitum throughout the period of the experiment (56 days).  86 
 87 

2.6 Blood collection, Haematological and Serum Biochemical analyses 88 
On day 56, blood samples were collected from the randomly selected rabbits (20 rabbits/treatment) using 89 
method described by Burnett et al. [17]. About 7 milliliters of blood was collected from the marginal ear 90 
vein of each rabbits using 18 gauge 3.8 cm needle. Thereafter, each sample was divided equally into two 91 
and placed into plain bottle (without anticoagulant) and potassium EDTA bottle for biochemical and 92 
haematological studies. On the collection day, haematological indices were determined by Shenzhen 93 
Mind ray Auto Haematology Analyzer, Model Bc-3200 (Shenzhen Mind Ray Biomedical Electronic 94 
Company. Hamburg 20537, Germany). Refloctron® Plus 8C79 (Roche Diagnostic, GonbH Mahmheim, 95 
Germany), using commercial kits was used to determine the serum biochemical parameters. 96 

2.7 Statistical analysis 97 
The experiment data collected were subjected to analysis of variance and regression using General 98 
Linear Model procedure of SPSS version 20. Means were separated using Duncan’s multiple range test 99 
[18]. 100 
 101 
Table 1: Chemical composition of processed cocoa pod husk (PCPH) 102 

Composition Quantity (%) 

Crude protein 13.66 
Crude fibre 14.83 
Ether extract 6.44 
Ash 15.05 
Nitrogen free extract 39.31 
Tannin  0.012 
Caffeine  0.003 
Threobomine 0.036 

 103 
 104 
Table 2: Gross composition (%) of the experimental diets  105 

 Levels of PCPH (%) 

 0 10 20 30 

Ingredients Diet 1 Diet 2 Diet 3 Diet 4 

Maize  16.00 17.50 15.50 14.50 
PCPH 0.00 10.00 20.00 30.00 
Wheat offals 2.50 1.50 1.50 1.50 
Soya bean meal  8.65 7.65 7.65 7.65 
Breweries Dried Grain 25.90 24.40 19.40 13.40 
Rice Bran 26.90 18.90 15.90 12.90 
Soya bean Hay 5.00 5.00 5.00 5.00 
Maize husk  13.00 13.00 13.00 13.00 
Bone meal  1.00 1.00 1.00 1.00 
Premix  0.25 0.25 0.25 0.25 
Methionine  0.15 0.15 0.15 0.15 
Lysine  0.10 0.10 0.10 0.10 
Salt  0.25 0.25 0.25 0.25 
Vegetable oil  0.30 0.30 0.30 0.30 
Total  100.00 100.00 100.00 100.00 
Calculated analysis (%)     
Energy (Kcal/kg) 2512.80 2511.60 2500.32 2534.88 
Calcium  0.50 0.51 0.50 0.52 
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Phosphorus  0.31 0.30 0.31 0.33 
Lysine  0.74 0.73 0.72 0.73 
Methionine  0.45 0.44 0.43 0.46 
Analyzed composition (%)    
Crude protein  17.26 17.39 17.35 17.36 
Crude Fibre  16.77 16.91 17.62 16.82 

PCPH: Processed cocoa pod husk 106 
 107 

3.  RESULTS  108 

 109 
3.1  Haematological and Erythrocytic Indices 110 
The values recorded for packed cell volume (PCV), white blood cells (WBC), lymphocytes, monocytes, 111 
granulocytes, MCH, MCHC and platelets were similar (P>0.05) across the dietary treatments. However, 112 
the haemoglobin concentration improved significantly (P=.05) with increase in with 10 and 20% PCPH 113 
inclusion level while haemoglobin concentration at 30% PCPH level was similar to the control. The red 114 
blood cells (RBC) count and mean cell volume (MCV) of rabbits fed diets including PCPH at 10, 20 and 115 
30% were higher when compared to the control diet (Table 3).  116 
 117 
Table 3: Haematology of rabbits fed experimental diets 118 

 Levels of PCPH inclusion (%)   

 0 10 20 30   
Parameters Diet 1 Diet 2 Diet 3  Diet 4 SEM P value 

Packed cell volume (%) 33.48 33.52 33.68 33.21 0.09 0.30 
Haemoglobin conc. (g/dl) 11.65

ab
 11.69

a
 11.92

a
 11.22

b
 0.10 0.03 

Red blood cells (× 10
12

/l) 5.24
b
 5.35

ab
 5.55

a
 5.39

ab
 0.05 0.04 

White blood cells (× 10
9
/l) 4.04 4.08 4.12 4.08 0.02 0.25 

Lymphocytes (× 10
9
/l) 2.49 2.54 2.57 2.61 0.06 0.94 

Monocytes (× 10
9
/l) 0.89 0.99 1.14 0.98 0.04 0.20 

Granulocytes (× 10
9
/l)  2.27 2.30 2.46 2.39 0.18 0.98 

MCV (fl) 61.81
b
 62.22

ab
 62.98

a
 62.08

ab
 0.18 0.05 

MCH (pg) 20.97 21.08 21.45 21.68 0.14 0.20 
MCHC (%) 31.13 31.29 31.39 31.30 0.12 0.92 
Platelets (10

9
/l)  185.00 195.00 260.67 212.33 17.67 0.49 

 119 
3.2 Serum Biochemical Indices 120 
Table 4 shows the serum metabolites of rabbits fed the experimental diets. The albumin, globulin, 121 
creatinine, bilirubin and aspertate amino transferase (AST) were stable (P>0.05) across the dietary 122 
treatments. The total protein of rabbits fed PCPH inclusive diets was significantly (P=.05) higher than 123 
those fed control diet. Serum cholesterol level of the rabbits reduces significantly (P<0.05) with increase 124 
in dietary PCPH. The high density lipoprotein (HDL) increased (P=.05) at 20 and 30 % dietary PCPH; 125 
while the low density lipoprotein (LDL) decreased significantly (P=.05) at both 20 and 30% PCPH 126 
inclusion levels. The PCPH level (x) in the diets showed negative correlation with cholesterol (y1=-127 
0.0183x+1.3183; 0.6183), low density lipoprotein (y2=-0.1818x+56.277; 0.8714) and positive correlation 128 
with high density lipoprotein (y3=0.0711x+35.971; 0.6017) (Table 5). 129 
 130 
Table 4: Serum metabolites of rabbits fed experimental diets 131 

 Levels of PCPH inclusion (%)   

 0 10 20 30   

Parameters Diet 1 Diet 2 Diet 3  Diet 4 SEM P value 

Total protein (g/l)  67.02
b
 70.83

a
 70.91

a
 69.48

a
 0.53 0.01 

Albumin (gl) 52.65 52.87 53.62 53.18 0.62 0.96 

Globulin (gl) 14.79 14.94 15.37 15.24 0.11 0.26 
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Cholesterol (mmol/L)  1.36
a
 1.10

ab
 0.90

b
 0.81

b
 0.08 0.03 

Creatinine (mg/dl) 59.45 59.92 61.01 59.82 0.28 0.24 

HDL (mg/dl) 35.86
b
 36.42

b
 38.23

a
 37.61

a
 0.31 0.01 

LDL (mg/dl) 56.25
c
 54.95

b
 51.74

a
 51.26

a
 0.66 0.01 

Bilirubin(µ/l) 1.05 1.10 1.22 1.15 0.04 0.41 

AST (µ/l) 11.90 12.01 13.20 12.10 0.26 0.28 

HDL: high density lipoprotein; LDL: low density lipoprotein; AST: Aspartate aminotransaminase. 132 
 133 
Table 5: Regression equations derived from parameters of rabbits fed experimental diets 134 

Parameters Regression equation R
2
 P 

Level of PCPH  Vs CHO y1=-0.0183x+1.3183 0.6183 0.002 
Level of PCPH  Vs HDL Y2=0.0711x+35.971 0.6017 0.003 
Level of PCPH Vs LDL y3=-0.1818x+56.277 0.8714 0.000 

PCPH: Processed cocoa pod husk; CHO: cholesterol; HDL: high density lipoprotein; LDL: low density 135 
lipoprotein 136 

 137 

4.  DISCUSSION 138 
The crude protein (CP), ether extracts (EE) and ash content of PCPH was higher than 7.66% CP, 4.33% 139 
EE and 10.1% Ash earlier reported by Donkoh et al. [19] for cocoa pod husks and 8.75% CP, 2.4% EE 140 
and 2.19% Ash reported by Ape  et al. [20] for maize. Nutritionally, PCPH could be suitable for inclusion 141 
in monogastric nutrition. 142 
Blood examination is helpful in detecting the effect of nutrition on the physiological and pathological status 143 
of animals [10]. In this study, the haematological indices values fall within the normal range (PCV: 33-50 144 
%; Hb conc.: 9.4 -17.4 g/dl; RBC: 4.7- 7.2 x10

12
/l; WBC: 5-12 x10

9
/l; lymphocyte: 2-20 x10

12
/l; monocytes: 145 

0-1.8 x10
12

/l; MCV: 50-75 fl; MCH: 16-23 pg; MCHC: 280-360 g/l)  reported by Flecknell [21] and 146 
Oloruntola et al. [10]. In addition, the stability of some of these haematological indices (PCV, WBC, 147 
monocytes, granulocytes, MCH, MCHC and platelets) across the experimental diets implies nutritional 148 
adequacy and support of the diets’ composition for the normal haempoiesis in the rabbits. Similar result 149 
was reporded by Ogunsipe et al. [1] in rabbits fed varying levels of cocoa bean shell meal inclusive diets. 150 
Heamoglobin is the oxygen carrying pigment in the red blood cells. In this study, the drop in the 151 
haemoglobin concentration of rabbits fed 30% PCPH inclusive diet when compared to those fed 10 and 152 
20% PCPH inclusive diets tends to indicate occurrence of anaemia. This may be due to possible increase 153 
in quantity of anti-nutritional factors (tannin, theobromine and caffeine) in the diets with increase in 154 
inclusive level of PCPH up to 30%. Tannin, when consumed in large quantity was found to adversely 155 
affect the bioavailability of the iron [22]; an important mineral necessary in blood formation and 156 
relationship exists between dietary iron and haemoglobin [11]. In another way, the observed similarity 157 
between haemoglobin concentrations of those rabbits fed 30 % PCPH inclusive diet and those on the 158 
control diet suggests the levels of the anti-nutritional factors in these experimental diets were tolerable 159 
and may not have caused anaemia in the rabbits. The nutritional adequacy of PCPH inclusive diets (diets 160 
2, 3 and 4) were further supported by the similarities in their RBC and MCV values; which were higher 161 
than those recorded for the rabbits fed control diet (0% PCPH). By implication, dietary PCPH enhanced 162 
red blood cells production and in particular the higher PCV, RBC and MCV indices of rabbits fed 20% 163 
PCPH inclusive diet could speculatively be associated with superior nutrition because dietary components 164 
have effects on constituents of blood [23]. 165 
Serum metabolites levels are determined to provide a view of the metabolic state of an organism. The 166 
serum biochemical constituents (total protein, albumin, globulin, cholesterol, creatinine, high density 167 
lipoprotein, low density lipoprotein, bilirubin and AST) were generally in consonance with reported 168 
reference variables [24, 17]. The stability of serum albumin, globulin, creatinine, bilirubin and AST 169 
concentration in rabbits across the dietary treatment indicated the safety of the various diets and their 170 
support for the normal physiological function of the rabbits. For instance, serum biochemical constituents 171 
are released into bloodstream when body tissues or organs are diseased or damaged; therefore the 172 
stability of creatinine, bilirubin and AST levels in the rabbits across the diets in this study indicated normal 173 
functioning of the kidney, liver and heart of the rabbits fed those diets [25]. Total protein is an indicator for 174 
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measuring nutritional protein adequacy [26]. The higher total protein levels recorded in PCPH inclusive 175 
diets which are similar to the reported normal values [24, 17, 3] suggests the suitability of nutritional 176 
quality of PCPH as feed ingredients in rabbit nutrition. Cholesterol is found in all body cells and travels 177 
through blood streams in small packages called lipoprotein. Prolonged high cholesterol levels could result 178 
in its deposition on the walls of the blood vessels and consequently leading to atherosclerotic plaque and 179 
blockage of important blood vessels which results in a myocardial infarction or heart attack [27]. The 180 
progressive decreased in cholesterol level of rabbits with increased PCPH in this study suggests 181 
decreased uptake of cholesterol or decreased cholesterol production due to the dietary treatments [28]. 182 
This was corroborated by the regression of Cholesterol (x) against PCPH (y), which has the prediction 183 
equation y1=-0.0183x+1.3183 (R

2
= 0.61, P<0.002) and implies that PCPH levels accounted for about 184 

61% of the variation in cholesterol level of the rabbits. In addition, for every gram increase in PCPH level 185 
in diet, there was a corresponding decrease of 0.0183 mmol/L cholesterol of the rabbits. It is therefore 186 
suggested that PCPH may contain components that exert inhibitory effect directly or indirectly on a key 187 
enzyme (hydroxymethylglutaryl-coenzyme A reductase) involved in cholesterol biosynthesis. The 188 
increase of high density lipoprotein (HDL) levels in rabbits fed PCPH inclusive diets when compared to 189 
the control diet is in consonance with earlier reports of Baba et al. [29] and Khan et al. [30]. The 190 
regression of HDL(y) against PCPH(x) which had the prediction equation y2= 0.0711x+35.971 (R

2
= 0.60, 191 

P<0.003). This implies that PCPH level was responsible for about 60% increase in HDL and for every 192 
gram increase in PCPH level, there was a corresponding increase of 0.071 mg/dl in HDL levels of the 193 
rabbits. The reduction of serum HDL-cholesterol was linked to bioactive component of cocoa 194 
(theobomine) [31], although the possible physiologic mechanisms of action that explain how theobromine 195 
increases HDL cholesterol is yet to be reported. Low level lipoprotein (LDL) cholesterol otherwise called 196 
bad cholesterol at high level leads to buildup of cholesterol in arteries. The decrease in low density 197 
lipoprotein (LDL) with increased inclusion level of PCPH in the rabbits’ diets was corroborated by the 198 
regression of LDL(y3) against PCPH(x), which had the prediction equation y3= -0.1818x+56.277 (R

2
=0.87, 199 

P<0.000). This implies that, the PCPH level accounted for about 87% of the variation in LDL of growing 200 
rabbits and for every gram increase in PCPH level, there was a corresponding decrease of 0.182 mg/dl in 201 
LDL levels of the rabbits. The reduction in LDL level due to dietary PCPH in this study supports the 202 
wholesomeness of PCPH and possibility of it reducing cardiovascular disease risk in the rabbits. Cocoa 203 
and cococa containing products had been reported to have tendency of reducing cardiovascular disease 204 
risk [32]. 205 
 206 
 207 

5. CONCLUSION 208 

 209 
Within the limit of this study, inclusion of PCPH upto 30% did not affect the haematological and serum 210 
biochemical indices of the rabbits. Therefore, dietary inclusion of 30% PCPH could be adapted in rabbits’ 211 
production. 212 
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