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Abstract

Background: In a 42-day feeding trial, the effects of processed cocoa pod husk (PCHM) inclusion in a broiler
chicken diet were assessed.

Methods: This experiment was conducted between December 2017 and January 2018. Cocoa pod husk was
collected and processed by ash treatment and rumen liquor fermentation to form a processed cocoa pod husk
(PCHM). Three experimental diets were formulated at both the starter and finisher phases, in which PCHM was
included at 0, 4 and 8% and designated as diets 1, 2 and 3, respectively. One hundred and eighty 1-day-old Arbor
Acres broiler chicks were randomly distributed to three dietary treatments (10 birds/replicate; 60 birds/treatment) in
a completely randomized design. The growth performance, carcass, relative internal organ weights and haemato-
biochemical indices were determined. Histological examination of the liver and heart samples was also determined.

Results: The PCHM inclusion did not affect (P > 0.05) the performance characteristics of the broiler chicks, except
for the feed intake that significantly (P < 0.05) increased in birds fed 8% of PCHM-inclusive diet at the starter phase.
The carcass traits, relative internal organ weights, haematological indices and serum biochemical indices of the
broiler chickens were similar (P > 0.05) across the dietary treatments. The serum glutathione peroxidase and catalase
concentration were higher (P < 0.05) in birds fed PCHM-inclusive diets compared to those fed the control diet.
Similar histological myocardiac cell appearances were observed among the birds across the various dietary
treatments. Sections show the myocardium composed of the cardiac muscle with peripherally placed nucleus
separated by a defined interstitium that is free of inflammatory cells and collections. In the birds fed diet 2 and 3,
histological variations observed were marked vascular congestion and perivascular inflammatory cells infiltrations in
the hepatic tissue and marked infiltration of polymorphonuclear cells around the vessels and activation of hepatic
macrophage: Kupffer cells.

Conclusion: Dietary PCHM inclusion up to 8% supports the performance, stability of haemato-biochemical indices
and improved antioxidant status of the broiler chickens under heat stress condition. Histological changes were
observed in the broiler chicken liver.
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Background
The problem of low animal protein intake (8–15 g per
day) in most African and Pacific countries (Ogunsipe et
al. 2017b) has been associated with rise in cost of animal
protein beyond the affordable level by the people in
these regions (Oloruntola et al. 2016). The increase in
price of conventional feed ingredients constitutes the
primary cause of the rise in animal feed production cost
and the subsequent observed high and unaffordable cost
of animal protein (Adeyeye et al. 2017). According to
Nworgu et al. (1999), feeding cost covers between 60 to
70% of the total production cost of monogastric animals.
Therefore, replacement of one or more of the major
conventional feed ingredients with cheap and available
non-conventional feed ingredients will have reducing
effects on animal feed production cost (Adeyeye et al.
2017). The use of agro-wastes such as cassava peels and
cocoa bean shell in monogastric animal production was
reported (Egbunike et al. 2009; Ogunsipe et al. 2017a,
2017b; Oloruntola et al. 2018a, 2018b). Oxidative stress
was also identified as another major factor that affects
the poultry production on a worldwide basis (Akbarian
et al. 2016), and heat stress has been reported as one of
the most important stressors in the tropical countries
(Jimoh et al. 2018). When the environmental variables
depict the presence of heat stress, there exist the accu-
mulations of reactive oxygen species in the biological
system and subsequent decline in the endogenous
enzymatic antioxidant production and total antioxidant
activities (Jimoh et al. 2018). Feeding of poultry with
phytochemicals (products derived from plant, e.g. dried
plant material, essential oil, pure isolated compound, or
extract, which contain secondary plant metabolites) has
been reported as a reliable means of combating the
negative effect of oxidative stress in heat-stressed poultry
(Akbarian et al. 2016).
Cocoa pod husk is a typical under-utilized agro-waste

from the commercial cocoa farm, which could provide
nutritional benefits to monogastric animal production
(Adeyeye et al. 2017). Cocoa pod husk forms about 70%
(w/w) of the whole mature cocoa fruit; has low crude
protein (9.14%), high crude fibre (35.78%) (Eghosa et al.
2010) and anti-nutritional factors such as threobromine
(2.64%); and has tannin (0.91%), caffeine (1.14%) and
high fibre (Adeyeye et al. 2017).
However, it was also reported that the optimal

utilization of agro-waste in monogastric animal produc-
tion is hampered by the anti-nutritional factors which
cause the inactivation of some nutrients, diminution of
metabolic utilization of food or the process of food di-
gestion (Gemede and Ratta 2014). Therefore, various
treatments such as fermentation (Alemawor et al. 2009;
Oloruntola et al. 2015), ash treatment (Adamafio et al.
2004), enzyme supplementation (Oloruntola et al. 2018b,

2018c), soaking and sun-drying (Adebowale 1985;
Okeeke et al. 1985) among others have been used to im-
prove the nutritive value of agro-waste. In particular,
combination of ash treatment with fermentation was
also reported to improve the nutritive values of cocoa
pod husk meal and its suitability in monogastric animal
production (Adeyeye et al. 2017). Dietary inclusion of
processed cocoa pod husk meal up to 150 g/kg was re-
ported to support normal growth performance, carcass
traits and relative internal organ weights in the rabbits
(Adeyeye et al. 2018). There could be variation in per-
formance response of different species of animals to un-
conventional feed ingredients, and presently, relatively
few works had been reported on the effect of dietary
processed cocoa pod husk in broiler chickens nutrition.
Therefore, the objective of this study is to determine the
effects of dietary inclusion of cocoa pod husk meal that
had undergone two subsequent processing methods, i.e.
ash treatment and rumen liquor fermentation in broiler
chicken.

Methods
Ethical approval and experimental site
This study was carried out after all the animal experi-
mental protocols were approved by the Research and
Ethics Committee of the Department of Animal Health
and Production Technology, The Federal College of
Agriculture, Akure (FCAA), Nigeria. The experiment
was conducted at the Avian Experimental Unit of The
Teaching and Research Farm, FCAA (Adeyeye et al.
2017). The feeding trial was conducted during the peak
of the dry season in the study area (i.e. between Decem-
ber 2017 and January 2018). The average daily
temperature-humidity index (THI) of the experimental
pen was 29.9 °C ± 1.56. The THI, an indicator of thermal
comfort level for enclosed animals was calculated as
described by Jimoh et al. (2018) using the following for-
mula: THI = t − [(0.31–0.31 × RHt − 14.4)], where RH =
relative humidity/100 and t = ambient temperature.

Cocoa pod husk collection, corn stalk ash extract
preparation and collection of layer’s waste, molasses, and
bovine rumen liquor
Cocoa pod husk was collected and processed to cocoa
pod husk meal as earlier described by Adeyeye et al.
(2017). The corn stalks were sun-dried, gathered and
burnt to corn stalk ash (CSA). Thereafter, the corn stalk
ash extract (CSAE) was prepared as earlier described by
Adamafio et al. (2004) and Adeyeye et al. (2017).
Droppings of battery cage raised layers wastes (LW)
were collected, sun-dried, milled and bagged till used.
Molasses (MO) was purchased from a reputable
commercial animal feed mill in Akure, Nigeria. Rumen
liquor (RL) was squeezed out of the rumen content of
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freshly slaughtered cattle through a clean muslin cloth at
the Akure Central Abattoir, Akure, Nigeria, and used
almost immediately.

Processing of cocoa pod husk meal
The two processing methods, i.e. ash treatment and
rumen liquor fermentation, adopted for processing
cocoa pod husk meal in this study have been earlier
described by Adeyeye et al. (2017). The cocoa pod husk
meal was thoroughly mixed with CSAE at the rate of
188 g/l in a black plastic container and kept in dark
place under anaerobic condition for 7 days. The
CSAE-soaked cocoa pod husk meal was thereafter
drained, sun-dried for 14 days and labelled as
ash-treated cocoa pod husk meal (ACM).
The method of rumen liquor fermentation as earlier

described by Oloruntola et al. (2015) was used to further
process ACM in this study. The ACM was successively
mixed with dried LW at the rate of 100 g/kg and molas-
ses at the rate of 50 ml/kg. Thereafter, the mixture of
ACM, LW and MO was sprayed with the freshly
collected RL in a black plastic container and allowed to
ferment under anaerobic condition for 7 days. After the
seventh day, the fermented ACM was sun-dried for 7
days, analysed for proximate composition (AOAC 1995),
caffeine (Rade et al. 2008), tannin (Shad et al. 2013), and
theobromine (Bisto et al. 2002) and thereafter labelled as
processed cocoa pod husk meal (PCHM).

Experimental diets, birds, housing and experimental
design
Three experimental diets were formulated to meet the
minimum requirements of the birds at both the starter
and finisher phase, in which PCHM was included at 0, 4
and 8% and designated as diets 1, 2 and 3 respectively.
One hundred and eighty 1-day-old Arbor Acres broiler
chicks were randomly distributed to three dietary treat-
ments (10 birds/replicate; 60 birds/treatment) in a com-
pletely randomized design (CRD). The birds in each
replicate were housed in their respective wood shavings
littered 200 × 100 cm pen. The experimental house
temperature was maintained within 31 °C ± 2 for the first
7 days and reduces by 2 °C after each consecutive 7 days
until the house temperature was 26 °C ± 2. Illumination
was provided for 23 h/day. The birds were fed water and
mash ad libitum throughout the experimental period.

Chicken growth performance, slaughtering procedure,
sample collection and analysis
The performance characteristics of the birds, i.e. the
body weight (BW) and the feed intake (FI) were deter-
mined on weekly basis. Thereafter, the body weight gain
(BWG) and the feed conversion ratio (FCR) were
estimated.

On day 42 of the experiment, three birds per replicate
were selected, tagged, weighed and sacrificed. After stun-
ning, the jugular veins of the birds were cut with clean,
sharp stainless knife. The blood was allowed to flow into
plain and EDTA bottles. The blood in the plain bottle
was centrifuged; thereafter, its serum was separated and
frozen at − 20 °C prior to analysis. The serum enzymes
(total protein, cholesterol, alanine aminotransaminase
(ALT) and aspartate aminotransferase (AST)) were de-
termined with a Reflectron® Plus 8C79 (Roche Diagnos-
tic, GombH Mannheim, Germany), using kits. The
serum glutathione peroxidase (GPx) was determined as
described by Rotruck et al. (1973), while the catalase
(CAT) activity was determined as described by Aebi
(1974). The blood samples collected in EDTA bottle
were used for erythrogram (packed cell volume, haemo-
globin concentration and red blood cell) determination
as described by Lamb (1981). The slaughtered weights
and dressed percentage of the birds were estimated after
de-feathering, evisceration and dressing. The heart, lung,
liver, spleen, pancreas, kidney, gizzard and gall bladder
of the birds were excised out, weighted and expressed as
percentage of the slaughtered weight. The liver and heart
were thereafter fixed in 10% neutral buffered formalin,
dehydrated in graded alcohol series (70%, 90%, absolute
ethanol), cleared with methyl benzoate and embedded in
paraffin wax. Sections of 5 μm were cut and stained for
light microscopic examination (Bancroft et al. 1996;
Oloruntola et al. 2017). Stained section was examined by
light microscope and photographed using digital camera.

Data analysis
The model Xrt = μ + αr + βrt was used in this experi-
ment, where Xrt is any of the response variables, μ is the
overall mean, αr is the effect of the rth treatment (r = di-
ets 1, 2 and 3) and βrt is the random error due to experi-
mentation. The data were subjected to one-way analysis
of variance using SPSS version 20. The differences
among means were determined by Duncan multiple
range test of the same package.

Results
Composition of processed cocoa pod husk meal (PCHM)
and the effects of PCHM on broiler chicken performance
and carcass traits
Table 1 shows the proximate composition and phyto-
chemicals in the PCHM. The dietary inclusion of PCHM
did not affect (P > 0.05) the performance characteristics
of the broiler chicks at the starter (1 to 21 days), grower
(22 to 42 days) and overall (0 to 42 days) phases, except
for the feed intake (FI) that significantly (P < 0.05) in-
creased in birds fed 8% of PCHM-inclusive diet at the
starter phase (Tables 2, 3, and 4). The carcass traits and
relative internal organ weights of the broiler chickens
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were similar (P > 0.05) across the dietary treatments
(Table 5).

The effects of PCHM on broiler erythrogram, serum
biochemicals indices and serum antioxidant enzymes
Table 6 shows the effect of PCHM on haemato-bio-
chemical indices and serum antioxidant enzymes. The
packed cell volume, haemoglobin concentration and
red blood cells of the broiler chickens were stable
(P > 0.05) across the dietary treatment. In the same
vein, the serum biochemical indices concentration in

the experimental birds was not affected (P > 0.05) by
the dietary treatment. The serum GPx and CAT
concentration were higher (P < 0.05) in birds fed
PCHM-inclusive diets compared to those fed the
control diet.

Histological studies of heart and liver
Figures 1, 2 and 3 show the histopathological sections of
the heart of the broiler chickens fed varying levels of
PCHM. Similar histological myocardiac cell appear-
ances were observed among the birds across the
various dietary treatments. Sections show the myocar-
dium composed of the cardiac muscle with peripher-
ally placed nucleus (arrowhead) separated by a
defined interstitium that is free of inflammatory cells
and collections. The cardiac vessels (arrow) appear
normal. Figures 4, 5 and 6 show the histopathological
sections of the liver of broiler chickens fed varying
inclusion levels of PCHM. In the control group,
section shows the hepatic tissue composed of sheets
of hepatocytes (H) separated by the sinusoids (S). The
central veins (arrow) appear unremarkable. However,
in the birds fed diet 2 and 3, various histological vari-
ations were observed, which include marked vascular

Table 1 Chemical composition of processed cocoa pod husk meal

Composition Quantity (g/kg)

Ash 150.50

Crude fibre 148.30

Crude protein 136.60

Ether extract 64.40

Nitrogen free extract 393.10

Caffeine 0.03

Tannin 0.12

Threobomine 0.36

ME 2420.99 kcal/kg

Metabolizable = (37 × %CP) + (81.8 × %FAT) + (35.5 × %NFE) (Pauzenga, 1985)
ME metabolizable

Table 2 Composition of experimental diets (starter phase)

Ingredients (%) Diet 1, 0%
PCHM

Diet 2, 4%
PCHM

Diet 3, 8%
PCHM

Maize 52.06 48.7 46.7

SBM 40.14 39.5 37.5

Fish meal 3 3 3

Bone meal 3 3 3

Oyster shell 0.9 0.9 0.9

Premix 0.3 0.3 0.3

Methionine 0.2 0.2 0.2

Lysine 0.15 0.15 0.15

Salt 0.25 0.25 0.25

PCHM 0 4 8

Chemical analysis (g/kg DM)

Crude
protein

23.60 23.55 23.05

Crude fiber 3.68 4.16 4.58

Calculated analysis (g/kg DM)

ME (kcal/kg) 2957.32 2923.51 2900.02

Ca 1.66 1.65 1.65

Available P 0.78 0.77 0.76

Methionine 0.55 0.54 0.52

Lysine 1.45 1.43 1.37

PCHM processed cocoa pod husk meal

Table 3 Composition of experimental diets (finisher phase)

Ingredients (%) Diet 1, 0%
PCHM

Diet 2, 4%
PCHM

Diet 3, 8%
PCHM

Maize 57.5 55.1 51.5

SBM 28 27.8 27.5

Rice bran 5 3 2.4

Fish meal 4 4 4

Bone meal 3.5 3.5 3.5

Oyster shell 0.9 0.9 0.9

Premix 0.3 0.3 0.3

Methionine 0.2 0.2 0.2

Lysine 0.15 0.15 0.15

Salt 0.25 0.25 0.25

Oil 0.2 0.8 1.3

PCHM 0 4 8

Chemical analysis (g/kg DM)

Crude
protein

20.51 20.25 20.26

Crude fiber 3.83 4.04 4.03

Calculated analysis (g/kg DM)

ME (kcal/kg) 3005.1 3007.8 3004.00

Ca 1.87 1.87 1.88

Available P 0.81 0.80 0.82

Methionine 0.49 0.48 0.47

Lysine 1.14 1.13 1.11

PCHM processed cocoa pod husk meal
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congestion (CG) and perivascular inflammatory cell
infiltrations (star) in the hepatic tissue and marked
infiltration of polymorphonuclear (star) cells around
the vessels (arrow) and activation of hepatic macro-
phage: Kupffer cells (arrow head).

Discussion
Total weight gain determination was reported as the
most frequent approach of assessing the overall nutri-
tional status or health of broiler chickens (Parvin et al.
2010). The stability of the body weight gain and feed
conversion ratio in the experimental birds across the
various dietary treatments in this study suggests that
PCHM demonstrates similar nutritional quality to the
conventional ones and that it supports the normal
growth performance in broiler chicken. It also suggests

that PCHM could be a suitable replacement for some
conventional livestock feed ingredients. This result is in
line with the earlier reports of Akinfala et al. (2002) and
Afolayan et al. (2012) that conventional feed ingredients
such as maize could be replaced in part by cassava and
sweet potato meal, respectively, in broiler. Adeyeye et al.
(2018) also reported the support of processed cocoa pod
husk meal for normal growth of growing rabbits at 15%
inclusion level. The larger proportion of broiler chicken
growing cycle is represented by the starter period
(Gajana et al. 2011). The rise of feed intake in broiler
chicken fed diet 3 being observed only at the starter
phase may imply that there exist some variations in the
factors affecting feed intake in broiler chickens at the
starter and grower phases. Feed consumption was re-
ported to differ with the feed quality/composition,

Table 4 Effects of processed cocoa pod husk meal (PCHM) on performance of broiler chickens

D1, control D2, 4% PCHM D3, 8% PCHM SEM P value

Starter phase (1 to 21 days)

IBW (g/bird) 40.81 40.89 40.85 0.63 0.90

BWG (g/bird) 906.94 959.62 931.08 19.97 0.62

FI (g/bird) 1589.83b 1634.91b 1790.46a 33.93 0.01

FCR 1.75 1.71 1.92 0.04 0.06

Grower phase (22 to 42 days)

BWG (g/bird) 1537.25 1624.49 1843.08 67.75 1.66

FI (g/bird) 2790.37 2716.28 2995.78 81.53 0.40

FCR 1.81 1.67 1.63 0.04 0.10

Overall (0 to 42 days)

BWG (g/bird) 2444.19 2584.11 2774.16 82.00 0.28

FI (g/bird) 4380.21 4351.19 4786.24 106.65 0.18

FCR 1.79 1.69 1.73 0.02 0.16

Means within a row with different letters are significantly different (P < 0.05)
IBW initial body weight, BWG body weight gain, FI feed intake, FCR feed conversion ratio, SEM standard error of mean

Table 5 Effects of processed cocoa pod husk meal (PCHM) on carcass traits and relative internal organs (% SW)

D1, control D2, 4% PCHM D3, 8% PCHM SEM P value

Slaughter weight (g/bird) 2424.66 2562.50 2837.50 126.34 0.45

Dressed weight (g/bird) 1871.33 1938.00 2163.00 97.48 0.48

Dressed percentage (%) 77.28 75.41 76.30 0.94 0.77

Heart 0.35 0.41 0.39 0.02 0.68

Lung 0.41 0.48 0.46 0.01 0.25

Liver 1.63 1.52 1.51 0.12 0.92

Spleen 0.06 0.07 0.07 0.00 0.78

Pancreas 0.14 0.18 0.18 0.01 0.13

Kidney 0.53 0.56 0.47 0.03 0.65

Gizzard 1.86 1.92 1.97 0.09 0.91

Gall bladder 0.13 0.10 0.10 0.01 0.61

Means within a row with different letters are significantly different (P < 0.05)
SW slaughter weight, SEM standard error of mean
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chicks’ growth rate and management conditions (Ferket
and Gernat 2006). In addition, chicks regulate their feed
intake to meet up with their energy requirement for
growth (Ferket and Gernat 2006; Gajana et al. 2011).
This may explain in part the reason for the observed in-
crease in feed intake across the diet as there exists a
marginal decrease in the energy level of the feed with
the increase in inclusion levels of PCHM across the diets
in this study. However, the increased feed intake at this
starter phase does not translate to increased growth
performance. This may be due to the adverse effects of
the phytochemicals in PCHM. For instance, tannin was

reported of being capable of altering the growth rate and
feed efficiency in animals (Gemede and Ratta 2014).
Nutrition has marked effect on yield of quality meat of

animals, and their relative organ weights are very useful
in the prediction of toxic effect of the test materials or
the diets (Ayodele et al. 2016; Oloruntola et al. 2018c).
In addition, the toxins in diet could be absorbed and
accumulated in the various target tissues or organs and
cause injury to the cells and alter their normal structure
or function. The similarity in the carcass traits and rela-
tive internal organ weights of the experimental birds fed
the varying inclusion levels of PCHM is of health bene-
fits and indicates that the phytochemicals in PCHM is
within the tolerable level and did not produce injurious

Table 6 Effects of processed cocoa pod meal (PCHM) on erythrogram

D1, control D2, 4% PCHM D3, 8% of PCHM SEM P value

Haematological indices

Packed cell volume (%) 29.50 32.00 32.25 1.14 0.62

Haemoglobin concentration (g/l) 9.80 10.50 10.70 0.37 0.64

Red blood cells (× 106/l) 1.35 1.55 1.35 0.05 0.32

Serum biochemical indices

Total protein (mg/dl) 7.50 7.20 7.05 0.21 0.73

Cholesterol (mmol/l) 3.05 3.20 3.00 0.08 0.64

Alanine amino transferase (U/I) 53.50 57.90 60.25 2.12 0.48

Aspartate amino transferase (U/I) 185.20 196.65 190.80 5.15 0.72

Serum antioxidant enzyme

Glutathione (Mmol/GSSG/min) 10.31b 13.53a 14.07a 0.59 0.01

Catalase (ku/ml) 13.88b 13.06b 15.82a 0.31 0.01

Means within a row with different letters are significantly different (P < 0.05)
SEM standard error of mean

Fig. 1 Heart section of broiler chicken fed 0.0% of PCHM-inclusive
diet showing normal histological structure of the myocardium
which composed of the cardiac muscle with peripherally placed
nucleus (arrow head) separated by a defined interstitium that is
free from inflammatory cells. The cardiac vessels (arrow) appear
normal. (H&E × 400)

Fig. 2 Heart section of broiler chicken fed 4.0% of PCHM-inclusive
diet showing the myocardium composed of the cardiac muscle with
peripherally placed nucleus (arrow head) separated by a defined
interstitium that is free of inflammatory cells and collections. The
cardiac vessels (arrow) appear normal. (H&E × 400)
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or fatal effects or that the dietary treatment in this study
did not pose treats to the development of edible portion
of the experimental birds and the normal gross anatomy
of their internal organs.
Erythrogram is one of the indicators for assessing the

nutritional and health status of animals, and there exists
a marked influence of nutrition on haematology traits
(Oloruntola et al. 2018d). The stability of packed cell
volume, haemoglobin concentration and red blood cells
of the birds fed diets containing varying levels of PCHM
also shows that the dietary treatment used in this study
did not have negative effects on the normal
blood-forming processes in the experimental birds. This

result agrees with Adeyeye et al. (2017), who reported
similar haematological indices values among experimen-
tal rabbits fed processed cocoa pod husk meal-inclusive
diets. The assessment of biochemical parameters is also
another important method of assessment of health in
animals (Milner et al. 2003). The non-difference in the
serum biochemical indices values in broiler chicken fed
the experiment diets also indicates that dietary PCHM
inclusion up to 8% support normal health in the broiler
chickens. This may be the product of activities of the
phytochemicals in the PCHM. For instance, caffeine in-
take was associated with a lower risk of elevated alanine
aminotranaferase (Ruhl and Everhart 2005). The use of

Fig. 3 Heart section of broiler chicken fed 8.0% of PCHM-inclusive
diet showing the myocardium composed of the cardiac muscle with
peripherally placed nucleus (circle) separated by a defined
interstitium (INT) that is free of inflammatory cells and
collections. (H&E × 400)

Fig. 4 Liver section of broiler chicken fed 0.0% of PCHM-inclusive
diet showing the hepatic tissue composed of sheets of hepatocytes
(H) separated by the sinusoids (S). The central vein (arrow) appears
unremarkable. (H&E × 400)

Fig. 5 Liver section of broiler chicken fed 4.0% of PCHM-inclusive
diet showing the hepatic tissue with marked vascular congestion (CG)
and perivascular inflammatory cell infiltration (STAR). (H&E × 400)

Fig. 6 Liver section of broiler chicken fed 8.0% of PCHM-inclusive
diet showing marked infiltration of polymorphonuclear (star) cells
around the vessel (arrow). Also seen is the activation of hepatic
macrophage: Kupffer cells (arrow head). (H&E × 400)
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phytochemical in ameliorating the negative effects of
heat-induced oxidative stress in birds has been reported
(Oloruntola et al. 2018d). These phytochemicals with
antioxidant properties play roles in reducing the process
of oxidation by reacting with free radicals during oxida-
tive process (Goyal and Brahma, 2014). Serum GPx and
CAT are among the antioxidant enzymes protecting cells
from the harmful effects of reactive oxygen species
(Oloruntola et al. 2018d). The GPx protects the cells
against the damaging effects of oxidation by catalyzing
the degradation of various peroxidase and oxidizing
glutathione (Vara et al. 2009), while the CAT inhibits or
prevents cell against hydrogen lipid peroxidation and
peroxide toxicity (Oloruntola et al. 2018d). The higher
serum GPx and CAT concentration recorded in broiler
chickens fed PCHM-inclusive diet compared to those
fed the control diet suggests PCHM contain antioxidant
properties. This is supported by the earlier report by
Dhama et al. (2015) that active ingredients of plants have
antioxidant effect by increasing the concentration of
antioxidant enzymes.
The heart functions mainly as a pump for the move-

ment of blood through the body. Effects of the major
secondary metabolites of cocoa plant, i.e. caffeine and
theobromine, on the heart have been reported (Biehl
and Ziegleder 2003; Lopez-Garcia et al. 2008). Caffeine
intake has been associated with lower prevalence of
cardiovascular death (Lopez-Garcia et al. 2008), while
theobromine is being used as an aid in urination, as a
vasodilator and as a heart stimulant (Biehl and Ziegleder
2003). The similar histological myocardiac cell appear-
ances being observed among the birds fed control diet
and PCHM-inclusive diets in this study are in another
way unveiling the wholesomeness of this test ingredient
and its suitability for broiler chicken production.
The liver has multiple functions among which is filter-

ing the blood coming from the digestive tract prior to its
passage to the rest of the body, detoxification of chemi-
cals and metabolism of drugs. Histological study of the
experimental broiler chicken liver reveals that the test
ingredient (i.e. PCHM) may contain some components
that cause some histological changes such as vascular
congestion, peri-vascular inflammatory cell infiltration in
the hepatic tissue, marked infiltration of polymorpho-
nuclear cells around the vessels and activation of hepatic
macrophage, the Kupffer cells. This result disagreed
with earlier reports that caffeine (one of the compo-
nents of PCHM) and in particular its main metabolite
parazanthine can suppress the synthesis of connective
tissue growth factor (CTGF) and subsequently slow
down the progression of liver damages (Modi et al.
2010). Therefore, further studies are needed to really
ascertain the particular compound responsible for
these histological changes.

Conclusions
Dietary PCHM inclusion up to 8% supports the
performance, stability of haemato-biochemical indices
and improved antioxidant status of the broiler chick-
ens. However, since histological changes were ob-
served in the liver of broiler chickens fed the 8.0% of
PCHM-inclusive diets, there is a need for further
studies to ascertain the cause of these pathological
changes, modify and improve the processing method
adopted in this study to enhance the nutritive value
of PCHM.
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