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ABSTRACT

This study assessed the effects of Irvingia gabonensis kernel powder (IKP) and Ocimum gratissimum leaf powder (OLP)
dietary supplementation on performance of broiler chicken. A basal diet divided into four portions, designated diet 1
(the control) and diets 2, 3 and 4 supplemented with 2.5g.kg™ IKP, OLP and IKP+OLP composite mix 1:1 (IOCM), respectively.
Two hundred and forty 1-day broiler chicks were randomly assigned to the four experimental diets (60 birds/diet;
10 birds per/replicate) using a Completely Randomised Design. At the finisher phase, the body weight gain and feed
conversion ratio of the birds fed diets 2 and 4 were better (P < 0.05) than those fed the diets 1 and 3. During the overall
period, the body weight gain of birds fed diet 4 was similar to those fed diet 2 but higher than those fed diets 1 and 3,
while the feed conversion ratio of birds in diets 2 and 4 was better (P < 0.05) than those fed diets 1 and 3. The slaughtered
and dressed weights of the birds fed diets 2 and 4 were significantly (P < 0.05) better than those birds fed the diets 1 and
3. The dressing percentage of the birds fed diets 2 and 4 were higher (P < 0.05) than those fed diet 1. White blood cells,
granulocytes and lymphocytes counts were (P < 0.05) higher in birds fed diet 4 compared to those on other diets. Serum
cholesterol concentration and meat lipid peroxidation activities were significantly (P < 0.05) lower in the birds fed diets
2, 3 and 4 compared to diet 1. The catalase concentration in the birds fed diets 3 and 4 were (P < 0.05) higher than those
chickens fed diet 1, while the glutathione peroxidase concentration in the birds fed the diets 2 and 4 were (P < 0.05)
higher than those fed diet 1. Glutathione concentration was higher (P < 0.05) in meat from birds fed diets 2, 3 and 4,
compared to the birds fed diet 1. The meat cholesterol concentration recorded in the birds fed diet 4 was comparable
(P> 0.05) to diets 2 and 3, but lower (P < 0.05) than diet 1. The IKP and IOCM supplementation improved the growth
performance of the broiler chickens. The overall health status and meat quality were also improved by the phytogenic
supplements in this study.
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INTRODUCTION

The supplementation of diets with phytochemicals
or phytogenic supplements in poultry nutrition and
production has attracted considerable attention to
enhancing the performance, carcass traits, health
status and potentially reduce the negative effect of

anti-oxidative stress since the past couple of years
(Valenzuela-Grijalva et al., 2017; Oloruntola et al.,
2018a). This is primarily because of an increased
number of consumers, who are conscious of the quality
and the type of their food and increased awareness
of the numerous health risks associated with the use
of synthetic chemicals in animal production (Gonzalez
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and Angeles, 2017). Besides, the increasing global
adoption of prohibiting law against the use of
antibiotic growth promoters (OJEU, 2003) further
catalyses the increased hunger for searching the
alternatives such as secondary plant metabolites,
otherwise known as phytochemicals (Valenzuela-
Grijalva et al., 2017; Oloruntola et al., 2019). These
phytochemicals aside being considered a suitable
replacement for antibiotic growth promoters are also
used as other steroidal compounds (testosterone
and progesterone) being used to improve the growth
of animals (Gonzalez-Rios et al., 2016).

Phytogenic feed supplements are a large
group of compounds having diversified chemical
bioavailability and structure (Surai, 2014). These
phytogenic bioactive compounds in the plants vary,
depending on some factors, such as the specific
part of the plant, the harvest season, production
techniques or methods and geographical location
(Ganguly, 2013). Phytochemicals have some biological
properties (antioxidant, anti-stress, antimicrobial
and immunomodulatory) that prompt their
consideration for use as growth promoters in
livestock production (Hashemi and Davoodi, 2010).

The use of various types of phytochemicals
such as extracts or parts of red pepper, lemon,
clove, black cumin seed, artemisia leaf among
others in broiler chicken's production produced
positive results (Valenzuela-Grijalva et al., 2017),
while a few studies reported no significant effects
(Barreto et al., 2008; Goliomytis et al., 2014).

Irvingia gabonensis trees produce mango-like
fruits. The fruit is 4-7 cm long, and its kernel and
pulp are edible by animals and man. The kernel is
rich in oil, fat and protein and is being considered the
most valuable component of the fruit (Mgbemena
et al.,, 2019). Previous phytochemical screenings
of Irvingia gabonensis kernel reveals the presence
of biologically active compounds such as tannins,
alkaloids, terpenoids, steroids, saponins and
glycosides, which are known for aiding antimicrobial
activities (Igbinosa et al., 2009; Lillehoj et al., 2018;
Mgbemena et al., 2019).

Ocimum gratissimum is a perennial herb,
which grows up to 1-2 m and having an erect stem.
The Ocimum gratissimum plant is used in traditional
medicine in India and Africa for treatment of cases,
such as headache and influenza, fever, gonorrhoea,
inflammation of the ears, throat or eyes, skin diseases,

stomach pain and diarrhoea (Rabelo et al., 2003;
Adebolu and Salau, 2005; Kabir et al., 2005). Prabhu
et al., (2002) reported the antimicrobial, antifungal,
ovicidal, leishmanicidal and anti-diarrhoeal activities
of O. gratissimum extracts.

It was observed that relatively low work was
done to assess the effects of the use of I. gabonensis
kernel and O. gratissimum leaf powders in broiler
production compared to other medicinal plants.
Also, since there could be positive effects resulting
from the interactions of the various bioactive
compounds in these botanicals (Brenes and Roura
2010; Oloruntola et al., 2018a), this feeding trial was
conducted to assess the consequences of dietary
supplementation of /. gabonensis kernel powder,
O. gratissimum leaf powder and their combinations
on the performance, carcass traits, health status,
meat analysis and antioxidant status of broiler
chickens.

MATERIAL AND METHODS

Ethical approval, phytogens gathering and processing

This experiment was carried out according
to the specifications and guidelines of animal and
animal protocol approved by the Research and
Ethics Committee of the Department of Animal
Science, Adekunle Ajasin University, Akungba-Akoko,
Nigeria. The pericarp, mesocarp and the endocarp
of freshly plucked ripe fruits of I. gabonensis were
removed with sharp stainless knives to expose the
kernel. After that, the kernels were chopped with
a stainless knife into smaller pieces, spread on a clean
tarpaulin, air-dried for 21 days and ground to about
70 um to produce I. gabonensis kernel powder (IKP).
Freshly plucked leaves of Ocimum gratissimum
were also chopped into smaller pieces with sharp
stainless knives, spread lightly on a tarpaulin to air-dry
for 14 days and milled to the particulate size of 70 um
to produce O. gratissimum leaf powder (OLP). Equal
portions (1:1) of IKP and OLP were mixed to form
I. gabonensis and O. gratissimum leaf powder
composite mix (IOCM). After that, the IKP, OLP, and
IOCM were analysed for saponin (Brunner, 1984),
flavonoids (Bohm and Kocipal-Abyazan, 1994), phenol
(Ignat et al., 2013), terpenoids (Sofowora 1993)
and 2,2-diphenyl-1-picrylhydrazy hydrate (Gyamfi
et al., 1999).
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Diets, housing and experimental design

A broiler chickens' basal diet each was
prepared for the starter phase (0 to 28 days) and
finisher phase (29-56 days) to meet the requirements
of the birds (NRC, 1994). At each of the phases, the
basal diet was divided into four equal portions and
designated to Diets 1 to 4. Diet 1 was the control,
while the diets 2, 3 and 4 were supplemented
with 2.5 g of IKP, OLP and IOCM.kg?, respectively.
The experiment was performed at the Avian Unit
of the Teaching and Research Farm, Adekunle
Ajasin University, Akungba-Akoko, Nigeria.

Two hundred and forty (240) 1-day old Cobb
500 broiler chicks with an average initial body
weight of 44.99 +0.90 g were randomly assigned
to four experimental diets (60 birds per diet; 10
birds per replicate) using a completely randomised
design (CRD). The floor of the experimental pen
(200 x 100 cm) used for housing each replicate was
covered with wood shaving while the temperature
of the experimental house was maintained at
31+ 2°C for the first week and gradually being
reduced by 2 °C after each consecutive week until
the experimental house temperature was 26 + 2 °C.
The lighting duration was 23 hours per day, while
the feed for the birds was provided ad libitum
throughout the experiment.

Growth performance

The experimental birds' body weight (BW)
and feed intake (FI) were determined and recorded
on a 7-day interval. The average body weight gain
(BWG) was calculated as the differences between
the initial weights and final weights of the birds
while their feed conversion ratio (FCR) was estimated
as the ratio of feed consumed to weight gain.

Slaughtering procedures, collection of blood samples
and carcass analysis

On day 56 of the experiment, 18 birds randomly
selected from each dietary treatment (3 birds/replicate)
were tagged, weighed, stunned and sacrificed by
cutting the two jugular veins in the neck region with
a stainless-steel knife. Blood was allowed to flow into
a plain blood sample bottle for serum biochemicals and
enzymes (creatinine, aspartate aminotransferase,
alanine aminotransaminase, and cholesterol);
antioxidant enzymes (catalase, superoxide dismutase
and, glutathione peroxidase) and also into EDTA bottle

for haematological studies. The blood sample in
each of the plain bottles was spun and its serum
decanted into another plain bottle and frozen
at -20 °C before analysis. The haematological indices
were determined within 2 hours post-collection
as described by Shastry (1983). The concentrations
of serum enzymes were determined on a Reflectron
®Plus 8C79 (Roche Diagnostic, GombH Mannheim,
Germany), using kits. The serum catalase, superoxide
and glutathione peroxidase were determined
as described by Aebi (1974), Misra and Fridovich,
(1972) and Rotruck et al., (1973), respectively.

The selected slaughtered experimental birds
were de-feathered, dressed and weighed. After that,
the dressed percentage was estimated as a percentage
of the slaughtered weight. The internal organs
(liver, heart, lung, pancreas, gall bladder, gizzard
and proventriculus, and the spleen) were carefully
excised, wiped clean with tissue paper and weighed
with a sensitive scale. The relative internal organ
weight was expressed as a percentage of the bird's
slaughtered weight. About 100 g of the meat was
excised from the breast meat for determination of
the level of the meat cholesterol (Allain et al., 1974),
lipid peroxidation (Bostoglou et al., 1994), catalase
activity (Hadwan and Khabt, 2018) and glutathione
peroxidase activity (Cichoski et al., 2012).

The contents of the caeca from the experimental
birds (1 bird/replicate) were collected for bacterial
population's analysis by serial dilution. Agar plates
were aseptically prepared a day before the caecal
content collection. The plates were streaked on
the experimental site to determine the bacteria's
growth. The aerobic bacteria were cultured in the
nutrient agar, lactic acid-producing bacteria were
cultured on Man Rogosa agar, while the coliforms
and intestinal negative lactose bacteria were
cultured in the MacConkey agar (Dibaji et al., 2014,
Seidavi and Simoes 2015).

Analysis of data

The model: Txy = u + ax + Bxy, was used in this
experiment, where Txy = any of the response variables;
x = the overall mean; ax = effect of the xth treatment
(T=diets 1, 2, 3 and 4); and Bxy = random error due
to experimentation. All the data were subjected to
one-way ANOVA using SPSS version 20. The differences
among the treatment means were determined
(P < 0.05) by Duncan multiple range test of SPSS.
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RESULTS

The contents of saponin (34.74 mg.g* vs.
26.08 mg.g?), flavonoid (3.19 mg.g? vs. 0.26 mg.g?),
phenol (19.61 mg.g* vs. 14.97 mg.g!) and terpenoid
(94.18 mg.g' vs. 89.42 mg.g?) in IKP- versus OLP are
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presented in Figure 1. The concentrations of the
phytochemicals determined were higher in IKP-
compared to OLP. Figure 2 shows the antioxidant
property (2,2-diphenyl-1-picrylhydrazyl hydrate) of
IKP- (28.10 %) and OKM- (35.50 %).
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Figure 1. Phytochemical compositions of I. gabonensis kernel and O. gratissimum leaf powders
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Table 1. Composition of the experimental diets

Ingredients Starter diet Finisher diet
Maize 52.35 59.35
Maize bran 7.00 0.00
Rice bran 0.00 6.00
Soybean meal 30.00 24.00
Fish meal 3.00 3.00
Soy oil 3.00 3.00
Bone meal 3.00 3.00
Limestone 0.50 0.50
Lysine 0.25 0.25
Methionine 0.30 0.30
Salt 0.30 0.30
Premix 0.30 0.30
Nutrient composition (%)

*Crude protein 22.18 20.03
Metabolizable energy (Kcal.kg?) 3018.89 3108.10
Lysine 1.36 1.24
Methionine 0.68 0.66
Calcium 1.01 0.99
Available phosphorus 0.70 0.73

*Analysed composition

The effects of the phytogenic supplementations
on the body weight gain (BWG), feed intake (FI) and
feed conversion ratio (FCR) during the starter phase

(1-28 day), finisher phase (29-56 day) and overall (1-56
day) are presented in Table 2. During the finisher
phase, the BWG and FCR of the birds fed IKP and
composite mix of IKP and I0CM supplemented
diets (Diets 2 and 4) were similar (P> 0.05), but
significantly (P < 0.05) better than those birds fed
the control diet and OLP-supplemented diet. For
the overall period of the experiment, the BWG of
the birds fed diet 4 was similar to those fed diet 2,
but significantly (P < 0.05) higher than those fed
the diets 1 and 3. The FCR of the birds fed diets 2
and 4 were similar (P > 0.05) to those fed diet 3, but
better (P < 0.05) than those fed diet 1. The slaughtered
and dressed weights of the birds fed IKP- and
IOCM-supplemented diets were higher (P < 0.05)
compared to the control diet and OLP-supplemented
diet (Table 3). Similarly, the dressing percentage of
the birds fed diets 2 and 4 were similar (P > 0.05) to
those fed diet 3, but higher (P < 0.05) than those fed
the control diet.

The significant dietary treatment effects were
not recorded for the haematological indices except
for the white blood cell (WBC), granulocyte and
lymphocyte counts that were significantly (P < 0.05)
higher in birds fed diet 4 compared to those fed the
other diets (Table 4). Table 5 shows the effects of
the phytogenic supplements on the serum metabolites

Table 2. Effects of the phyto-supplements on the performance characteristics of broiler chickens

Diet 1 Diet 2 Diet 3 Diet 4
Parameters Control 025%IKP  025%O0LP 025%locM  SEM  P-value
Starter phase (1 to 28 day)
IBW (g/bird) 43.09 47.52 45.42 43.93 0.90 0.35
BW G (g/bird) 990.10 1052.60 1040.01 1156.22 34.86 0.44
FI (g/bird) 1407.46 1307.15 1406.66 1412.30 3591 0.74
FCR 1.44 1.27 1.35 1.22 0.06 0.63
Finisher phase (29 to 56 day)
BWG (g/bird) 1824.30° 2161.112 1687.26° 2218.98° 79.85 0.01
FI (g/bird) 3561.04 3238.67 3250.77 3532.37 77.07 0.30
FCR 1.952 1.51° 1.93° 1.59° 0.07 0.01
Overall (1 to 56 day)
BWG (g/bird) 2314.40° 3213.71% 2727.27° 3374.20° 103.65 0.04
FI (g/bird) 4968.51 4545.83 4657.43 4944.68 101.17 0.40
FCR 1.77° 1.42° 1.71% 1.46° 0.05 0.05

Means within a row with different letters are significantly different (P < 0.05); IKP: Irvingia kernel powder; OLP: Ocimum
leaf powder; IOCM: Irvingia and Ocimum composite mix (1:1); SEM Standard error of the mean.
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Table 3. Effects of phyto-additives on carcass and relative internal organ weights (% slaughtered weight)

of broiler chickens

Diet 1 Diet 2 Diet 3 Diet 4
Parameters Control 025%IKP  025%OLP 0.25%l0cM  SEM  P-value
Slaughtered weight (g/bird) 2618.66° 3254.67° 2570.65° 3436.01° 115.34 0.01
Dressed weight (g/bird) 2016.65° 2630.34° 2118.02° 2795.65° 107.52 0.01
Dressing percentage (%) 79.95° 80.78° 79.34% 81.31° 0.66 0.04
Liver 1.62 1.46 1.61 1.33 0.05 0.19
Heart 0.41 0.34 0.34 0.35 0.01 0.46
Lung 0.47 0.42 0.44 0.40 0.22 0.82
Pancreas 0.16 0.11 0.16 0.13 0.01 0.67
Gall bladder 0.13 0.09 0.16 0.10 0.01 0.13
Gizzard and proventriculus 2.37 1.96 2.09 1.94 0.09 0.42
Spleen 0.13 0.11 0.10 0.08 0.01 0.50

Means within a row with different letters are significantly different (P < 0.05); IKP: Irvingia kernel powder; OLP: Ocimum
leaf powder; IOCM: Irvingia and Ocimum composite mix (1:1); SEM Standard error of the mean.

Table 4. Effects of phyto-additives on haematological indices of broiler chickens

Parameters Diet 1 Diet 2 Diet 3 Diet 4 SEM pvalue
Control 0.25 % IKP 0.25%OLP  0.25% I0OCM

Packed cell volume (%) 33.66 33.50 33.50 37.90 0.81 0.06
Red blood cells (x 10*2.1) 3.00 2.90 2.30 3.00 0.18 0.53
Haemoglobin conc. (g.dI?) 11.46 11.16 11.16 12.55 0.23 0.10
Mean cell haemoglobin

conc. (g.dl?) 35.19 33.72 33.23 33.37 0.32 0.10
Mean cell volume (f1) 110.53 123.48 149.61 133.90 8.01 0.40
Mean cell haemoglobin (pg) 39.02 41.16 49.87 40.36 2.75 0.55
White blood cells (x 10°.1'%) 3.90° 2.60¢ 3.40" 7.23° 0.55 0.00
Granulocytes (x10°.I) 0.74¢ 0.51°¢ 1.67° 2.97° 0.30 0.00
Lymphocytes (x10°.1?) 3.10° 2.05¢ 1.64¢ 4.17° 0.30 0.00
Monocytes (x10°.17) 0.04 0.03 0.08 0.06 0.01 0.57

Means within a row with different letters are significantly different (P < 0.05); IKP: Irvingia kernel powder; OLP: Ocimum
leaf powder; IOCM: Irvingia and Ocimum composite mix (1:1); SEM Standard error of the mean.

and enzymes of the broiler chickens. The serum
creatinine, aspartate aminotransferase and alanine
aminotransferase were not affected (P>0.05) by
the dietary treatment, while the serum cholesterol
concentrations were significantly (P<0.05) lower in birds
fed diets 2, 3 and 4 compared to those fed the diet 1.
The serum catalase concentrations in the birds fed
diets 3, and 4 were significantly (P < 0.05) higher than
in those chickens fed the control diet, while the highest
serum glutathione peroxidase concentration recorded
in the birds fed diets 2 and 4 was comparable (P> 0.05)

to those fed the diet 3 but significantly (P < 0.05) higher
than those fed the diet 1.

The effects of phytogenic supplements on
the lipid peroxidation, antioxidant enzymes and
cholesterol of the meat were shown in Table 6.
The lipid peroxidation activities were significantly
(P<0.05) reduced in diets 2, 3 and 4, so that the least
lipid peroxidation was recorded in meat from
the birds fed diet 4. The catalase activity was not
affected (P >0.05) by dietary treatment. However,
the glutathione concentration was higher (P < 0.05)
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Table 5. Effects of phyto-additives on serum metabolites and serum antioxidant enzymes of broiler chickens

Diet 1 Diet 2

Parameters
Control 0.25 % IKP

Diet 3 Diet 4

025%0lP 025%locm ~ SEM  Pvalue

Serum metabolites

Creatinine (umol.L?) 43.48 47.33 29.00 35.16 6.83 0.82
Aspartate aminotransferase (IU.L?) 75.82 108.66 89.00 83.56 5.98 0.26
Alanine aminotransferase (IU.L?)  28.67 30.05 31.96 28.84 1.28 0.83
Cholesterol (umol.L?) 6.68° 3.07° 3.15° 3.13° 0.55 0.02
Serum antioxidant enzymes

Catalase (mM.ml.min) 5.90¢ 9.09 17.40° 12.40® 1.51 0.01
Superoxide dismutase (%) 75.38 75.64 74.46 61.93 3.99 0.62
Glutathione peroxidase (ug.g?) 77.68° 133.16° 119.56* 145.36° 9.76 0.04

Means within a row with different letters are significantly different (P < 0.05); IKP: Irvingia kernel powder; OLP: Ocimum
leaf powder; IOCM: Irvingia and Ocimum composite mix (1:1); SEM Standard error of the mean.

Table 6. Effects of phyto-additives on the quality of broiler chicken meat

Diet 1 Diet 2 Diet 3 Diet 4
Parameters R
Control  025%IKP  025%OLP 025%locM ~ StM  P-value
Lipid oxidation (mg MDA.100g%)  13.72° 7.94b 7.390 3.43¢ 124 0.0
Catalase (U.ml?) 1.93 2.05 1.38 2.87 0.28 0.35
Glutathione peroxidase (mg.ml*) 149.83° 253.50° 227.59° 247.08° 15.11 0.02
Cholesterol (mg.dlI?) 218.75° 138.12% 106.25% 43.75° 23.72 0.03

Means within a row with different letters are significantly different (P < 0.05); IKP: Irvingia kernel powder; OLP: Ocimum
leaf powder; IOCM: Irvingia and Ocimum composite mix (1:1); SEM Standard error of the mean.

Table 7. Effects of the phyto-supplements on intestinal microbiology (log10 CFU.g?) of broiler chickens

Diet 1 Diet 2 Diet 3 Diet 4
Parameters R
Control  025%IKP  025%OLP 025%locM ~ StM  P-value
Aerobic bacteria 5.05 498 5.35 5.05 0.14 0.84
Lactic acid-producing bacteria 5.80 5.79 5.38 5.53 0.07 0.13
Coliform bacteria 5.13 475 473 451 0.15 0.64
Intestinal negative bacteria 5.05 4.68 4.81 5.43 0.14 0.28

Means within a row with different letters are significantly different (P < 0.05); IKP: Irvingia kernel powder; OLP: Ocimum
leaf powder; IOCM: Irvingia and Ocimum composite mix (1:1); SEM Standard error of the mean.

in meat from birds fed diets 2, 3 and 4, compared
to the meat from the birds fed the diet 1. The least
meat cholesterol concentration recorded in the meat
of the birds fed the diet 4 was comparable (P > 0.05)
to those fed diets 2 and 3, but significantly (P < 0.05)

lower than those fed the diet 1. The phytosupplements
did not cause significant difference (P> 0.05) in
the aerobic bacteria, lactic-acid producing bacteria,
coliform bacteria and intestinal negative bacteria
populations in the chickens' intestine (Table 7).
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DISCUSSION

In this study, the presence of secondary
bioactive compounds such as saponin, flavonoids,
phenol and terpenoid and the antioxidant activities
of IKP and OLP suggests that these phytogenics,
when incorporated into the diets of the broiler
chickens, could generate beneficial effects on their
performance and health status.

The variability of the birds' response to the
dietary treatment between the starter and finisher
phases of the birds suggests that the age and
another factors, such as differences in the nutritional
requirements and management practices between
the two phases, may influence the growth response
of these birds to dietary phyto-supplementation.
This is in agreement with Oloruntola et al. (2018a),
who recorded the effects of phyto-supplements
on the growth performance of the broiler chicken
at the finisher phase but not at the starter phase.
According to Valenzuela-Grijalva et al. (2017), most
of the in vivo studies evaluating the effects of
dietary phyto-supplementation on the growth
performance of broiler chickens were positive.
In this study, the observed improved BWG and
FCR of the experimental birds fed IKP- and IOCM-
supplemented diets during the finisher phase
(29-56 day) and overall (1-56 day) could be due to
the activities of the constituents of these phytogenics.
The biological activities (antimicrobial, antioxidant
and flavour enhancer) of phytochemicals were
reported (Negi, 2012; Valenzuela-Grijalva et al.,
2017) and could have contributed to the improved
BWG and FCR recorded in these groups of birds.
Besides, phytochemicals were reported to exert
anabolic effects and modulate the animals'
metabolism to influence the increase of the muscle
tissue (Devi et al.,, 2015; Gonzalez-Rios et al.,
2016). In particular, the flavonoid, one of the
phytoconstituents of IKP and OLP is known for its
active role in the suppression of reactive oxygen
species (ROS) formation, scavenging for ROS and
protection and upward regulation of antioxidant
defences (Halliwell and Gutteridge, 1998; Mishra et al.,
2013). Flavonoid is also known as an established
hepatoprotective, anticancer, anti-inflammatory
and antiviral agent (Kumar and Pandey, 2013).
Therefore, the antioxidant activities of the phytogens
used in this study may also contribute to the enhanced

weight gain and feed conversion ratio recorded
in the birds fed IKP- and IOCM-supplemented diets
in this study.

Lillehoj et al. (2018) reported that a combination
of multiple phytogenics exerted synergistic effects to
ameliorate the adverse consequences of intestinal
infection. This could be responsible for the relatively
superior growth performance observed in the birds
fed with IOCM-supplemented diet in this study.
Since the phyto-supplementation did not exert any
effect on the feed intake in the experimental birds
across the various dietary treatments in this study,
the enhanced growth performance recorded in
the birds fed IKP- and IOCM-supplemented diets
may be due to the activities of the phytoconstituents
of IKP and the synergistic effects IOCM to stimulate
the functions of the intestinal tract to improve
the digestive secretion, nutrient digestion,
absorption and metabolism. Phytochemicals exhibit
biological activities, such as a decrease of pathogenic
load, increase of digestive secretions, development
of antioxidant and anti-inflammatory activities
in the intestinal lumen and improved intestinal
morphology, which may result in improved nutrient
utilisation and enhanced growth (Dhama et al., 2014).

The improved slaughtered weight dressed
weight, and dressed weight percentage recorded
in the birds fed the IKP- and I0CM-supplemented
diets in this study agreed with the earlier reports
that supplementation of the broiler chickens diet
with phytochemicals such as thyme, lemon balm,
essential oil blend and cinnamon improved the carcass
weight and dressed percentage (Kanduri et al.,
2013; Valenzuela-Grijalva et al., 2017). This suggests
that the phytogenic supplements used in this
study have phytoconstituents or bioactive
compounds (e.g., hydroxycinnamic acid derivatives
of the phenylalanine) that can modulate animal
metabolism in a similar pattern with B-adrenergic
agonist compound (Gorewit, 1983; Valenzuela-
Grijalva et al., 2017). These plant-based compounds
have a similar structure with the catecholamines
(the natural animal hormones). They could interact
with B-adrenergic receptor agonists to modulate
animal metabolism by increasing lipolysis and
protein synthesis and by decreasing lipogenesis
(Dominguez-Vira et al., 2009). The decrease or
increase in the relative weights of the internal
organs of the animals has been reported as a possible
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response of their internal organs to toxins in their
diets (Ayodele et al., 2016). The similarity in the
growth response of these animals' internal organs
to the phytogenic supplementation in this study
suggests the support of the supplements to the
normal functioning of the birds' internal organs.

There is a relationship existed between
nutritional deficiency and changes in the blood
constituents. The haematological indices are among
the known good indicators of the physiological
status of the animals (Khan and Zafar, 2005). In
this study, the stable erythrogram constituents'
values recorded in the birds across the various
dietary treatments indicate that the dietary phyto-
supplements did not have a harmful interference
on the haematopoiesis in the experimental birds.
The variations recorded in the white blood cell values
and their differentials across the dietary treatments
in this study may indicate the immunomodulatory
effects of the phytogenic supplements in the experimental
birds, as reported by Oloruntola et al. (2016). The white
blood cells play a significant role in the fighting
against an infection. Therefore, the rise in the white
blood cell and the differential counts (granulocytes
and lymphocytes) of the birds fed the IOCM-
supplemented diets in this study suggests that
the IOCM (i.e. the composite mix of IKP and
OLP) could trigger a complex but beneficial
immunomodulatory response in the birds. This is
supported by the earlier report of Hang and Lee
(2018). The phytochemicals such as flavonoids,
carotenoids and vitamin C have been shown
to possess immune-stimulatory properties by
improving the activities of lymphocytes, monocytes,
macrophages, the immunoglobulin response and NK
cells (Frankic et al., 2009; Alipour et al., 2015).

The similar creatinine concentration in
the birds fed phytogenic-supplemented diets and
the control suggest that the supplements used
in this study did not pose any threat to the renal
functions of the birds (Peters and Susan, 1991).
The aspartate aminotransferase and alanine
aminotransferase levels are commonly used to
detect hepatic cell infraction and inflammation
(Oloruntola et al., 2018a, b). The stable aspartate
aminotransferase and alanine aminotransferase
concentrations negate the occurrence of the liver
and biliary system disease, skeletal muscle disease,
myocardial disease and non-specific tissue injury in

the experimental birds as a result of the phytogenic
supplementation tested in this study (Peter and Susan,
1991). Excess of serum cholesterol concentration
promotes cholesterol accumulation on the artery
walls creating plaques that lead to the narrowing
of the arteries lumen and reduction of the rate
of blood flow to the heart (Oloruntola et al.,
2018a, c). Therefore, the observed reduced serum
cholesterol concentration recorded in the birds fed
the phytogenic-supplemented diets in this study is
of health benefit because abnormally high serum
cholesterol concentration has an association with
arteriosclerosis and sudden death syndrome in
broiler chickens (Kawada et al., 1994; Olkowski
et al., 2007) what also suggests IKP, OLP and IOCM
possessed hypo-cholesterol properties.

The observed reduced cholesterol level,
as a result of phytogenic supplementation in this
study, may be due to the activities of secondary
metabolites (e.g. saponin) in IKP, OLP and I0CM,
that promoted the reduction of the gut uptake
of cholesterol through the intra-luminal
physicochemical interaction (Oloruntola et al,
2018a). Also, phytochemicals or phytogens inhibit
3-hydroxy-3methylglutarycoenzyme A (HMG Co-A)
reductase; and the consequence of this inhibition
may be pleiotropic, because mevalonate, the
product of HMG Co-A reductase reaction is the
precursor for cholesterol (Bellosta et al., 2000;
Vaughan et al., 2000). Enzymatic activities, such
as catalase (CAT), superoxide dismutase (SOD) and
glutathione peroxidase (GPx), provide protection
against oxidative stress (Young and Woodside,
2001). The relatively higher catalase and glutathione
peroxidase activities recorded in the birds fed
the IKP-, OLP- and I0OCM- supplemented diets in
this study further unveiled the antioxidant and anti-
stress properties of these phytogenics (Hashemiand
Davoodi, 2010). The higher antioxidant activities
recorded in the birds fed the IKP-, OLP- and IOCM-
supplemented diets in this work may be due to
the polyphenolic contents (flavonoids or phenolic
acids) of the phytogens (Goyal and Brahma, 2014).
According to Dhama et al. (2015), the plants' active
ingredients generate strong antioxidant effects
that scavenge the radicals or increase the CAT, SOD
and GPx activities. The antioxidant activities of
these phytogenics may also have contributed to the
superior performance recorded in those birds fed
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the phytogenic-supplemented diets, compared to
those fed the control diet in this study. According to
Biswas et al. (2011), antioxidants play a significant
role in the performance of poultry.

Oxidative process during the shelf-life of
meat can depreciate its nutritional and sensory
values (Kumar et al., 2015). Therefore, strategies
that can promote the avoidance of the oxidation of
lipids and proteins will contribute to the extension
of the useful life/shelf life of meat (Velasco and
Williams, 2011). This is because the progression of
lipid oxidation promotes the loss of physiological
function, membrane property alteration, enzyme
inactivation, denaturation and rupture, causing
cellular component leakage (Bekhit et al., 2013).
Currently, the dietary inclusion of natural
antioxidants during animal production is being
proposed (Brewer, 2011) to forestall the deposition
of antioxidants in the meat during the life of the
animals and subsequently enhancing the health
status of the animals and the shelf life of the meat
by enhancing the oxidative status ante-mortem
(Descalzo and Sancho, 2008).

The reduced lipid peroxidation activities in
the meat of the birds fed the IKP-, OLP- and IOCM-
supplemented diets in this study further support
the fact that dietary inclusion of phytogenics in
the animals' diet during production could reduce
the lipid peroxidation activities and subsequent
improvement of the meat shelf life (Descalzo and
Sancho, 2008, Valenzuela-Grijalva et al., 2017).
Peroxide (H,0,) can diffuse within the cell and
produce noticeable damages to the cells and
the muscle systems of living organisms (Bekhit
et al., 2013). Therefore, the availability of catalase,
thioredoxin peroxidase and glutathione peroxidase
is essential in eliminating H,0, (Marchi et al., 2012).
The higher glutathione peroxidase concentration
recorded in the meat from birds fed the IKP-,
OLP- and IOCM-supplemented diets in this study
unveiled the possibility of these phytogenic
supplements to modify the antioxidant enzymes in
the muscular system and subsequent increase of
the meat shelf life (Bekhit et al., 2013). Presently,
the type of cholesterol and fatty acids are of health
importance to the consumers because of the
existing relationship between the consumption of
high cholesterol and saturated fat and an increased
possibility of acquiring diseases such as high blood

pressure, cancer, heart disease and obesity (Walker
et al., 2005). The reduced meat cholesterol recorded
in birds fed IKP-, OLP- and I0CM-supplemented
diets compared to those fed the control diet in
this study may have an association with the low
blood serum recorded in the same group of birds.
There is a need to research further if there is a
relationship exists between the blood and meat
cholesterol concentrations. However, the reduced
meat cholesterol level recorded in these birds, is
of health benefit because of the enormous health
complication associated with the ingestion of high
cholesterol meat.

The gut of broiler chickens is densely
colonised by the community of microorganisms
that is intimately linked to the general health and
development of the host (Oakley et al., 2014). The
avian caeca housed microorganism that functions
in the breaking down of indigestible fibre substance
and maintenance of the health status of the birds
(Zulkifli et al., 2009; Oakley et al., 2014). For instance,
lactic acid bacteria (probiotic microorganism),
are usually associated with the maintenance and
enhanced gut health and productivity because of their
activities in reducing enteric diseases (Noohi et al.,
2014). Also, controlled adhesion of antimicrobial
phytogens and subsequent modulation of the
gut microflora promotes the maintenance of
the intestinal epithelium integrity, reduced toxin
production and increased nutrient availability for
absorption (Dhama et al., 2014). The observed
similarity in the intestinal microbial population of
the broiler chickens in this study implies the phytogenic
supplementations used, which are able to maintain
the healthy and stable intestinal microflora. A stable
increase of non-pathogenic gut bacteria was
reported as a necessary condition for inhibition of
the proliferation of pathogens, improved growth
performance and production, reduced morbidity and
mortality (Gou et al., 2004; Oloruntola et al., 2020).

CONCLUSION

The IKP and OLP have phytochemicals of
health benefits and possess antioxidant properties.
The IKP and IOCM at 0.25 % dietary supplementation
improved the BWG, FCR, slaughtered weight and
dressed weight of broiler chickens at the finisher
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phase. The phytogenic supplementation also caused
immunomodulatory and  hypocholesterolemic
effects on the broiler chickens. The IKP, OLP and
IOCM at 0.25 % dietary supplementation reduced
the lipid peroxidation, increased the glutathione
concentration and reduced the cholesterol level of
the breast meat of the broiler chickens.

REFERENCES

Adebolu, T. T. & Salau, A. O. (2005). Antimicrobial activity
of leaf extracts of Ocimum gratissimum on selected
diarrhoea causing bacteria in southwestern Nigeria.
African Journal of Biotechnology, 4, 682-684.

Aebi, H. (1974). Catalase estimation. In: Bergmeyer HV
(Ed.) Methods of enzymatic analysis. Verlag Chemic,
New York Academic Press, New York.

Aina, V. O., Sambo, B., Zakari, A., HauwaHaruna, M. S.,
Umar, H., Akinboboye, R. M., & Mohammed, A.
(2012). Determination of Nutritional and Anti-nutrient
content of Vitis vinifera (Grapes) grown in Bomo
(Area C) Zaria, Nigeria. Advanced Journal of Food
Science and Technology, 4, 445-448.

Akpabio, U. & Offiong, E. A. (2014). Heamatological parameters
and factors affecting their values. Agricultural Science,
2(Suppl 1), 37-47.

Alipour, F., Hassanabadi, A., Golian, A. & Nassiri-Moghaddam,
H. (2015). Effect of plant extracts derived from thyme
on male broiler performance. Poultry Science, 94(11),
2630-2634.

Allain, C. C., Poon, L. S., Chan, C. S. G., Richmond, W. & Fu,
P. C. (1974). Enzyamatic determination of total serum
cholesterol. Clinical Chemistry, 20(Suppl 4), 470-475.

Ayodele, S. O., Oloruntola, O. D. & Agbede, J. O. (2016).
Effect of diet containing Alchornea cordifolia leaf meal
on performance and digestibility of Weaner rabbits.
World Rabbit Science, 24, 201-206.

Barreto, M. S. R., Menten, J. F. M., Racanicci, A. M. C,,
Pereira, P. W. Z., Rizzo, P. V. (2008). Plant extracts used
as growth promoters in broilers. Brazilian Journal of
Poultry Science, 10(Suppl 2), 109-115.

Bekhit, A. E. A., Hopkins, D. L., Fahri, F. T. & Ponnampalam,
E .N. (2013). Oxidative processes in muscle systems
and fresh meat: Sources, markers, and remedies.
Comprehensive Review of Food Science and Food Safety,
12, 565-597. http://12: doi:10.1111/1541-4337.12027

Bellosta, S., Ferri, N., Bernini, F., Poaletti, R. & Corsini, A.
(2000). Non-lipid effects of statins. Annal of Medicine,
32,164-176.

Biswas, A., Ahmed, M., Bharti, B. K. & Singh, S. B. (2011).
Effect of antioxidants on physio-biochemical and
hematological parameters in broiler chickens at high
altitude. Asian-Australian Journal of Animal Science,
24(Suppl 2), 246-249.

Bohm, B. A., & Kocipai-Abyazan. C. (1994). Flavonoids and
condensed tannin from leaves of Hawaiian Vaccinium
vaticulatum and V. calycinium (Ericaceae). Pacific
Science, 48, 458-463.

Botsoglou, N. A., Fletouris, D. J., Papageorgiou, G. E.,
Vassilopoulos, V. N., Mantis, A. J. & Trakatellis, A.
(1994). Rapid, sensitive, and specific thiobarbituric
acid method for measuring lipid peroxidation in
animal tissue, food, and feedstuff samples. Journal of
Agriculture and Food Chemistry, 42, 1931-1937.

Brenes, A. & Roura, E. (2010). Essential oils in poultry
nutrition: Main effect and modes of action. Animal
Feed Science and Technology, 158, 1-14.

Brewer, M.S. (2011). Natural antioxidants: sources,
compounds, mechanisms of action, and potential
applications. Comprehensive Review of Food Science
and Food Safety, 10, 221-247.

Brunner, J. H. (1984). Direct spectrophotometer determination
of saponin. Analytical Chemistry, 34, 1314-1326.

Cichoski, A. J., Rotta, R. B., Scheuermann, G., Cunha Junior,
A. & Barin, J. S. (2012). Investigation of glutathione
peroxidase activity in chicken meat under different
experimental conditions. Ciéncia e Tecnologia de
Alimentos, 32(Suppl 3), 661-667.

Descalzo, A. M. & Sancho, A. M. (2008). A review of
natural antioxidants and their effects on oxidative
status, odor and quality of fresh beef produced in
Argentina. Meat Science, 79, 423-436.

Devi, S. M., Park, J. W. & Kim, I. H. (2015). Effect of plant
extracts on growth performance and insulin-like
growth factor 1 secretion in growing pigs. Revista
Brasileira de Zootecnia, 44, 355-360.

Dhama, K., Tiwari, R., Khan, R. U., Chakraborty, S., Gopi, M.,
Karthik, K., Saminathan, M., Desingu, P. & Sunkara, L.
T. (2014). Growth promoters and novel feed additives
improving poultry production and health, bioactive
principles, and beneficial applications: the trends
and advances: a review. International Journal of
Pharmacology, 10, 129-159.

Dhama, K., Latheef, S. K., Mani, S., Samad, H. A., Karthik,
K., Tiwari, R., Khan, R. U., Alagawany, M., Faraq, M.
R., Alam, G. M., Laudadio, V. & Tufarelli, V. (2015).
Multiple beneficial applications and modes of action
of herbs in poultry health and production — A review.
International Journal of Pharmacology, 11, 152-176.

17



Slovak J. Anim. Sci., 54, 2021 (1): 7-20

Original paper

Dibaji, S. M., Seidavi, A., Asadpour, L. & Mareira da
Silva, F. (2014). Effect of a symbiotic on the intestinal
microflora of chickens. Journal of Appllied Poultry
Research, 23, 1-6.

Dominguez-Vara, I. A., Mondragén-Ancelmo, J., Ronquillo,
M. G., Salazar-Garcia, F., Bérquez-Gastelum, J. L. &
Aragdén-Martinez, A. (2009). Los B-agonistas adrenérgicos
como modificadores metabdlicos y su efecto en la
produccion, calidad e inocuidad de la carne de bovinos y
ovinos: una revision. Ciencia Ergo Sum, 16(3), 278-284.

Frankic, T., Volj¢, M., Salobir, J. & Rezar, V. (2009). Use of
herbs and spices and their extracts in animal nutrition.
Acta Agriculturae Slovenica, 94, 95-102.

Ganguly, S. (2013). Herbal and plant-derived natural products
as growth-promoting nutritional supplements for
poultry birds: a review. Journal of Pharmaceutical and
Scientific Innovation, 2, 12-13.

Goliomytis, M., Tsoureki, D., Simitzis, P. E., Charismiadou,
M. A., Hager-Theodorides, A. L. & Deligeorgis, S. G. (2014).
The effects of quercetin dietary supplementation on
broiler growth performance, meat quality, and oxidative
stability. Poultry Science, 93, 1957-1962.

Gonzalez, R. M. & Angeles, H. J. C. (2017). Antibiotic and
synthetic growth promoters in animal diets: review
of impact and analytical methods. Food Control, 72,
255-267.

Gonzalez-Rios, H., Davila-Ramirez, J. L., Pefia-Ramos, E.
A., Valenzuela-Melendres, M., Zamorano-Garcia, L.,
Islava-Lagarda, T. Y. & Valenzuela-Grijalva, N. V. (2016).
Dietary supplementation of ferulic acid to steers under
commercial feedlot feeding conditions improves
meat quality and shelf life. Animal Feed Science and
Techology, 222, 111-121.

Gorewit, R. C. (1983). Pituitary and thyroid hormone
responses of heifers after ferulic acid administration.
Journal of Dairy Science, 66, 624-629.

Gou, F. C., Williams, B. A., Kwakkel, R. P, Li, Z. P,, Lou, J.
Y., Li, W. K. & Verstegen, M. W. A. (2004). Effects of
mushroom and herb polysaccharides as alternatives
for an antibiotic, on the cecal microbial ecosystem in
broiler chickens. Poultry Science, 83, 175-182.

Goyal, A. K. & Brahma, B. K. (2014). Antioxidant and
nutraceutical potential of bamboo: An overview.
International Journal of Fundamental and Applied
Sciences, 3, 2-10.

Gyamfi, M. A., Yonamine, M. & Aaniya, Y. (1999). Free
radical scavenging action of medicinal herbs from
Ghana: thonningia sanguine on experimentally
induced liver injuries. General Pharmacolology, 32,
661-667.

Hadwan, M. & Khabt, H. (2018). Simple spectrophotometric
method for analysis of serum catalase activity. Journal
of Clinical and Diagnostic Research, 12(Suppl 9),
13-16.

Halliwell, B. & Gutteridge, J. M. C. (1998). Free Radicals
in Biology and Medicine. Oxford University Press,
Oxford, UK.

Hashemi, S. R. & Davoodi, H. (2010). Phytogenics as new
class of feed additive in poultry industry. Journal of
Animal and Veterinary Advances, 9, 2295-9304.

Igbinosa, O. O., Igbinosa, E. O. & Aiyegoro, O. A. (2009).
Antimicrobial activity and phytochemical screening of
stem bark extract from Jatropha curcas (Linn). African
Journal of Pharmacy and Pharmacolology, 3, 58-62.

Ignat, ., Volf, |. & Popa, V. |. (2013). Analytical Methods of
Phenolic Compounds. In: Ramawat K., Mérillon J. M.,
editors. Natural Products. Springer, Berlin, Heidelberg.

Kabir, O. A., Olukayode, O., Chidi, E. O., Christopher, C. I.
& Kehinde, A. F. (2005). Screening of crude extracts
of six medicinal plants used in SouthWest Nigerian
unorthodox medicine for anti-methicillin resistant
Staphylococcus aureus activity. BMC Complementary
and Alternative Medicine, 5, 1-7.

Kanduri, A. B., Munde, V. K., Khan, M. A., Thakur, P. N.,
Saxena, M. J., Ravikanth, K., Thakur, A. & Maini, S.
(2013). Study on the comparative efficacy of natural
growth promoter (AV/AGP/10) with antibiotic
supplements on overall growth performance
and intestinal micrometry of broiler birds. British
Microbiology Resarch Journal, 3, 623-634.

Kawada, M., Hirosawa, R., Yanai, T., Masegi, T. & Ueda, K.
(1994). Cardiac lesions in broilers which died without
clinical signs. Avian Patholology, 23, 503-511.

Khan, T. A. & Zafar, F. (2005). Haematological Study in
Response to Varying Doses of Estrogen in Broiler
Chicken. International Journal of Poultry Science,
4(Suppl 10), 748-751.

Kumar, S. & Pandey, A. K. (2013). Chemistry and biological
activities of flavonoids: An overview. The Scientific
World Journal, 2013, 1-16. https://doi.org/10.1155/
2013/162750

Kumar, Y., Yadav, D. N., Ahmad, T. & Narsaiah, K. (2015).
Recent trends in the use of natural antioxidants for
meat and meat products. Comprehensive Review of
Food Science Food and Safety, 14, 796-812.

Lillehoj, H., Liu, Y., Calsamiglia, S., Miyakawa, M. E. F., Chi, F.,
Cravens, R. L., Oh, S. & Gay, C. G. (2018). Phytochemicals
as antibiotic alternatives to promote growth and
enhance host health. Veterinary Research, 49, 76.
https://doi.org/10.1186/s13567-018-0562-6

18



Original paper

Slovak J. Anim. Sci., 54, 2021 (1): 7-20

Marchi, S., Giorgi, C., Suski, J. M., Agnoletto, C., Bononi,
A., Bonora, M., De Marchi, E., Missiroli, S., Patergnani,
S., Poletti, F., Rimessi, A., Duszynski, J., Wieckowski,
M. R. & Pinton, P. (2012). Mitochondria-ROS crosstalk
in the control of cell death and ageing. Journal
of Signal Transduction, 2012, 4, 329635. http://doi:
10.1155/2012/329635

Mgbemena, M. M., llechukwu, I., Okwunodolu, F. U.,
Chukwurah, J. O. & Lucky, I. B. (2019). Chemical
composition, proximate and phytochemical analysis of
Irvingia gabonensis and Irvingia gqombolu peels, seed
coat, leaves, and seeds. Ovidius University Annals of
Chemistry, 30(Suppl 1), 65-69.

Mishra, A., Kumar, S. & Pandey, A. K. (2013). Scientific
validation of the medicinal efficacy of Tinospora
cordifolia. The Scientific World Journal, 11-12, 292934.
https://doi.org/10.1155/2013/292934

Misra, H. P. & Fridovich, I. (1972). The univalent reduction
of oxygen by flavins and quinines. Journal of Biological
Chemistry, 247(1), 188-192.

Negi, P. S. (2012). Plant extracts for the control of
bacterial growth: efficacy, stability and safety issues
for food application. International Journal of Food
Microbiology, 156, 7-17.

Noohi, N., Borahimipour, G., Rohamin, M., Talebi, M. &
Pourshae, M. R. (2014). Phenotypic characteristics
and probiotic potentials of Lactibacillus spp. isolated
from poultry. Jundishapur Journal of Microbiology,
7(9), e17824.

NRC. (1994). Nutrient requirements of poultry (9" Revised
Ed.). Washington, DC: National Academy Press.

Oakley, B.B., Lillehoj, H.S., Kogut, M. H.,Kim, W. K., Maurer,
J. )., Pedroso, A., Lee, M. D., Collett, S. R., Johnson,
T. J. & Cox, N. A. (2014). The chicken gastrointestinal
microbiome. FEMS Microbiology Letter, 360, 100-112.

OJEU. (2003). Regulation (EC) No. 1831/2003 of European
Parliament and the Council of 22 September 2003 on
additives for use in animal nutrition. Official Journal of
the European Union, Page L268/36 in OJEU. Brussels:
OJEU.

Olkowski, A. A., Wojnarowicz, C., Nain, S., Ling, B., Alcorn,
J. M. & Laarveld, B. (2007). A study on pathogenesis of
sudden death syndrome in broiler chickens. Research
in Veterinary Science, 85, 131-140.

Oloruntola, O. D., Ayodele, S. O., Agbede, J. O., Oloruntola,
D. A., Ogunsipe, M. H. & Omoniyi, I. S. (2016). Effect of
Alchornea cordifolia leaf meal and enzyme supplementation
on growth, haematological, immunostimulatory and
serum biochemical response of rabbits. Asian Journal
of Biological and Life Sciences, 5(2), 190-195.

Oloruntola, O. D., Agbede, J. 0., Ayodele, S. O. & Oloruntola,
D. A. (2018a). Neem, pawpaw, and bamboo leaf meal
dietary supplementation in broiler chickens: Effect
on performance and health status. Journal of Food
Biochemistry, €12723. https://doi.org/10.1111/jfbc.12723

Oloruntola, O. D., Agbede, J. O., Ayodele, S. O., Adeyeye,
S. A. & Agbede, J. O. (2018b). Performance, haemato-
biochemical indices and antioxidant status of growing
rabbits fed on diets supplemented with Mucuna
pruriens leaf meal. World Rabbit Science, 26, 277-285.

Oloruntola, O. D., Agbede, J. O., Ayodele, S. O., Ayedun,
E. S., Daramola, O. T. & Oloruntola, D. A. (2018c).
Gliricidia leaf meal and multi-enzyme in rabbits
diet: effect on performance, blood indices, serum
metabolites and antioxidant status. Journal of
Animal Science and Technology, 60, 24. https://doi.
org/10.1186/s40781-0182-2

Oloruntola, O. D., Ayodele, S. O., Adeyeye, S. A., Jimoh, A.
0., Oloruntola, D. A. & Omoniyi, S. I. (2020). Pawpaw
leaf and seed meals composite mix dietary
supplementation: effects on broiler chicken's
performance, caecum microflora, and blood analysis.
Agroforestry Systems, 94, 555-564.

Prabhu, K. S., Lobo, R., Shirwaikar, A. A. & Shirwaikar, A.
(2009). Ocimum gratissimum: A review of its chemical,
pharmacological and ethnomedicinal properties. The
Open Complementary Medical Journal, 1, 1-15.

Rabelo, M., Souza, E. P.,, Soares, P. M., Miranda, A. V.,
Matos, F. J., & Criddle, D. N (2003). Antinociceptive
properties of the essential oil of Ocimum gratissimum
L. (Labiatae) in mice. Brazilian Journal of Medical and
Biological Research, 36, 521-524.

Rotruck, J. T., Pope, A. L., Ganther, H. E., Hafeman, D.
G. & Hoekstra, W. G. (1973). Selenium: Biochemical
role as a component of glutathione peroxidase.
Science, 179, 588-590. https://doi.org/10.1126/ science.
179.4073.588

Seidavi, A. & Simoes, J. (2015). Evaluation of dietary fish
oil plus green tea supplementation on the gizzard,
ileum and cecum microflora in broiler chickens.
Archivos de Zootecnia, 64, 397-402.

Shastry, G. A. (1983). Veterinary Clinical Pathology (2™ ed.).
New Delhi, India: CBS Publishers and Distributors.

Surai, P. F. (2014). Polyphenol compounds in the chicken/
animal diet: from the past to the future. Journal of
Physiology and Animal Nutrition, 98, 19-31. https://doi.
org/10.1111/jpn.12070

Valenzuela-Grijalva, N. V., Pinelli-Saavedra, A. P., Muhlia-
Almazan, A., Dominguez-Diaz, D. & Gonzalez-Rios, H.
(2017). Dietary inclusion effects of phytochemicals as

19



Slovak J. Anim. Sci., 54, 2021 (1): 7-20

Original paper

growth promoters in animal production. Journal of
Animal Science and Technology, 59, 8, 1-17. https://
doi.org/10.1186/s40781-017-0133-9

Vaughan, C. J., Gotto, A. M., & Basson, C. T. (2000).
The evolving role of strains in the management of
atherosclerosis. Journal of the American College of
Cardiology, 35(1), 1-10.

Velasco, V. & Williams, P. (2011). Improving meat quality
through natural antioxidants. Chilean Journal of
Agricultural Research, 71, 313-322.

Walker, P., Rhubart-Berg, P., McKenzie, S., Kelling, K. &
Lawrence, R. S. (2005). Public health implications of
meat production and consumption. Public Health
Nutrition, 8, 348-356.

Young, I. S., Woodside, J. V. (2001). Antioxidants in health
and disease. Journal of Clinical Pathology, 54(Suppl 3),
176-186.

Zulkifli, 1., Iman Rahayu, H. S., Alimon, A. R., Vidyadaran,
M. K. & Babjee, S. A. (2009). Gut microflora and
intestinal morphology of commercial broiler chickens
and red jungle fowl fed diets containing palm kernel
meal. Archiv fur Geflugelkunde, 73(1), 49-55.

20



