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This study examined the effect of dietary supplementation of Kigelia pinnata 
(KPL) and Plukenetia conophora (PCL) leaves in comparison with 
oxytetracycline (OXY) and butylated hydroxyanisole (BHA) on growth 
performance, selected blood biochemical parameters, caecal microbiota, 
splenic interleukins (IL), serum immunoglobulins (Ig), carcass traits, meat 
quality, and oxidative stability in broiler chickens. One day old Arbor Acres 
chicks (n=420) were randomly assigned to either basal diet only (BD); basal 
diet + 0.5 g/kg oxytetracycline + 0.12 g/kg BHA (OXYBHA); basal diet + 1 
g/kg KPL (KPL-1); basal diet + 2 g/kg KPL (KPL-2); basal diet + 1 g/kg PCL 
(PCL-1); or basal diet + 2 g/kg PCL (PCL-2) for 42 d. Each dietary treatment 
had seven replicates with 10 chicks per replicate. Supplemented birds gained 
(P < 0.05) more weight and had a better feed conversion ratio compared with 
the BD birds. Hematological indices, IL-1β, and IL-6 did not differ among the 
treatments. BD birds had lower (P < 0.05) carcass weight and IL-10, and 
higher (P < 0.05) IgG, IgM, Salmonella spp., and E. coli counts than the 
supplemented birds. The KPL-2 birds had the least (P < 0.05) E. coli and 
Salmonella spp. counts and IgM among the supplemented birds. Lactobacillus 
spp. count was lower (P < 0.05) in OXYBHA birds compared with KPL and 
PCL birds. Carbonyl and malondialdehyde contents in the Sartorius muscle, 
and drip loss and carbonyl content in the Pectoralis muscle of the BD birds 
were higher (P < 0.05) than those of the supplemented birds. These results 
illustrate that the 2 g/kg KPL and 2 g/kg PCL could be used as an antioxidant 
and an antimicrobial in the diets of broiler chickens.  
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Introduction 
One of the major concerns of contemporary animal 
agriculture is the shortcomings associated with the 
use of synthetic additives. The global estimated 
consumption of antibiotics in animal production and 
humans was between 10,000 to 20,000 tons (Manzetti 
and Ghisi, 2014) and it is projected to reach 105,596 
(±3605) tons by 2030 (Van Boeckel et al., 2015). The 
release of a large quantity of antibiotics encourages 
the cycle of bioaccumulation and biotransformation 
of antibiotics in the environment, which could have 
severe consequences on human and animal health 
(Sivagami et al., 2020; Van et al., 2020). In the hope 
of preserving human and animal health, there have 

been changes in legislation culminating in the ban or 
strict restrictions on the usage of antibiotics in animal 
feed (FDA, 2013; EFSA, 2016; NAFDAC, 2017). 
This scenario highlights the need to explore potential 
alternatives to antibiotics.  

The chicken gut harbors numerous microbes 
whose abundance and diversity are amenable to 
changes in production factors and could have 
significant implications for production efficiency, 
health, and welfare of birds, environmental impact, 
and food safety (Kogut, 2019; Oviedo-Rondón, 2019; 
Kogut et al., 2020). Owing to the crucial role of the 
gastrointestinal tract in broiler production (Shang et 
al., 2018; Kogut et al., 2020), the implications of 
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probable changes in gut microbiota due to dietary 
supplements have been the focus of a plethora of 
studies (Dalal et al., 2018; Oloruntola et al., 2019; 
Vanessa et al., 2019). The alterations in gut 
microbiota could stimulate an innate and adaptive 
immune response that could affect the health and 
production performance of broiler chickens (Oviedo-
Rondón, 2019; Kogut et al., 2020). 

Polyunsaturated fatty acids, which are abundant in 
broiler meat, are the major substrate for oxidative 
deteriorations (Tao, 2015; Adeyemi et al., 2020). 
Oxidative deterioration could have severe 
consequences on the nutritional quality, shelf life, and 
safety of meat (Iqbal et al., 2015; Tao, 2015; 
Nakyinsige et al., 2016). The available scientific 
evidence illustrates that the dietary supplementation 
of antioxidants in livestock could prevent oxidative 
spoilage in meat (Iqbal et al., 2015; Odhaib et al., 
2018b). Synthetic antioxidants are highly potent in 
maintaining the oxidative stability of foods (Pokorný, 
2007; Adeyemi, 2021). However, recent toxicological 
evidence has imposed some cautions in their use 
(Yang et al., 2018; Du et al., 2019). Moreover, the 
decline in the social acceptance of synthetic 
antioxidants has shifted research focus to alternative 
sources of antioxidants in livestock production.  

In-feed use of medicinal plants is one of the 
possible alternatives for synthetic additives in animal 
husbandry (Hashemi and Davoodi, 2011). However, 
the available data on the potentials of medicinal 
plants as an alternative to antibiotics (Ansari et al., 
2013; Vanessa et al., 2019; Oloruntola et al., 2019) 
and synthetic antioxidants (Olorunsanya et al., 2012; 
Iqbal et al., 2015; Adeyemi, 2021) are inconsistent. 
Thus, the elucidation of the antimicrobial and 
antioxidant potentials of medicinal plants requires, at 
least, some degree of coherent and systemic trials in 
different production systems.  

Kigelia pinnata (Jacq.) DC and Plukenetia 
conophora (Mull. Arg) belong to the family 
Bignoniaceae and Euphorbiaceae respectively and 
both are found in the subtropical and tropical regions 
(Ajaiyeoba and Fadare, 2006; Gouda et al., 2006). 
The phytochemical contents, and the ethnomedicinal, 
antimicrobial, and antioxidant properties of K. 
pinnata (Gouda et al., 2006; Hussain et al., 2016) and 
P. conophora (Ajaiyeoba and Fadare, 2006; Maduka 
et al., 2018) have been documented. However, to 
date, scientific literature contains no information on 
the antimicrobial and antioxidant potential of K. 
pinnata and P. conophora leaves in broilers. This 
study aimed to examine the growth performance, 
immune indices, caecal microbiota, selected 
biochemical blood parameters, carcass traits, and 
meat quality in broiler chickens fed a diet 
supplemented with K. pinnata and P. conophora 
leaves in comparison with oxytetracycline, and 
butylated hydroxyanisole. 

Materials and Methods
Animal welfare and ethics
The experimental procedures were approved 
(FERC/ASN/2018/062) by the Animal Care and 
Ethics Committee, University of Ilorin, Ilorin, 
Nigeria. All animal procedures were carried out 
following the animal welfare standards of the 
Department of Animal Production and Animal 
Husbandry Services, Federal Ministry of Agriculture 
and Rural Development, Nigeria.
 
Collection, processing, and phytochemical analysis 
of leaves 
Fresh K. pinnata leaf (KPL) was harvested within the 
Ilorin metropolis, Kwara State, Nigeria. Fresh P. 
conophora leaf (PCL) was harvested at Osunjela, 
Osun State, Nigeria. The identity of the leaves was 
ascertained at the Department of Plant Biology, 
University of Ilorin, Ilorin, Nigeria. The leaves were 
air-dried at 35±2oC for 4 days and milled (BLG 699, 
Binatone Limited, Hong Kong) into powder to pass 
through a 0.5 mm sieve. The leaf powders were 
packaged in polythene plastic bags, sealed, and kept 
at 34±3oC until needed. Qualitative phytochemical 
screening was carried out according to the procedure 
described by Odebiyi and Sofowora (1978). 
Thereafter, the detected phytochemicals were 
quantified as follows. Total flavonoid was determined 
by the aluminum chloride method with quercetin as 
the standard (Talari et al., 2012). Results were 
expressed as mg quercetin equivalent (QE)/ 100 g dry 
weight (DW). Total polyphenol was determined by 
the Folin-Cicocalteau assay using gallic acid as the 
standard (Makkar et al., 2009). Results were 
expressed as mg gallic acid equivalent (GAE)/ 100 g 
DW. Coumarin content was determined as described 
by Yuying et al. (2005). Tannin content was 
determined by the Folin-Denis colorimetric method 
using tannic acid as the standard (Swain, 1979). 
Terpenoid and steroid were quantified as described 
by Makkar et al. (2009) and Oyekale et al. (2015). 
Alkaloid was quantified by distillation and titrimetric 
methods as described by Tolkachev et al. (1983). 
Anthocyanin content was quantified by the pH 
differential method described by Abu Bakar et al. 
(2009). The phytochemical composition of KPL and 
PCL is presented in Table 1. 
 
Birds, Husbandry, and Experimental diets 
One-day-old male Arbor Acres chicks (n=420) were 
obtained from a commercial hatchery. Upon arrival, 
the birds were weighed, and randomly distributed into 
42-floor pens (1.45 m2) consisting of wood shavings 
and sawdust (70:30) spread to a depth of 6 cm. The 
birds were vaccinated against infectious bursa disease 
on d 7 and 21, and Newcastle disease on d 14 and 28. 
Birds were allowed ad libitum access to water and 
feed during the trial. The birds were kept at 34oC for 
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the first 7 days. Afterward, the temperature was 
reduced by 3oC per week until it reached 26oC. 
During the first week, 22 h of light was provided. 
Thereafter, the light hour was reduced to 17L:7D and 
remained constant until the end of the experiment. 
Birds were inspected daily and dead birds were 
removed following the recording of mortality (pen, 
date, and bodyweight). 

The feeding program consisted of starter (1-21 d) 
and finisher (22-42 d) basal diets that were 
formulated according to the National Research 
Council (NRC, 1994) requirements. The pens were 
randomly assigned to either BD, basal diet only; 
OXYBHA, BD + 0.5 g/kg oxytetracycline + 0.12 
g/kg butylated hydroxyanisole; KPL-1, BD + 1 g/kg 

Kigelia pinnata leaf; KPL-2, BD + 2 g/kg Kigelia 
pinnata leaf; PCL-1, BD + 1 g/kg Plukenetia 
conophora leaf; or PCL-2, BD + 2 g/kg Plukenetia 
conophora leaf. Each dietary group had seven 
replicates with 10 birds per replicate. The chemical 
composition of the basal diets was determined 
following the methods of the Association of Official 
Analytical Chemists (AOAC, 2000) and presented in 
Table 2. Feed was offered as mash (milled to pass 
through 2 mm-screen for starter diet and 4 mm-screen 
for finisher diet) and was prepared weekly. Each 
supplement was primarily mixed with a small 
quantity of its respective basal diet, then added to the 
remaining portion of the basal diet and mixed 
thoroughly. 

 
Table 1. Phytochemical contents of Kigelia pinnata and Plukenetia conophora leaves 

Phytochemical  Kigelia pinnata leaf Plukenetia conophora leaf 
Total polyphenol (mg GAE1/100 g DW2) 48.45 54.34 
Flavonoids (mg QE3/ 100 g DW) 38.40 33.70 
Saponin (mg/ 100 g DW) 0.54 0.11 
Alkaloids (mg/ 100 g DW) 0.90 0.56 
Tannin (mg/ 100 g DW) 0.20 0.60 
Phytate (mg/ 100 g DW) 1.33 - 
Coumarin (mg/ 100 g DW) - 0.84 
Anthocyanine (mg/ 100 g DW) - 0.05 
Terpenoids (mg/ 100 g DW) - 0.09 
Steroids (mg/ 100 g DW) 0.36 - 

1gallic acid equivalent. 2dry weight. 3quercetin equivalent.  
 
Table 2. Ingredients and chemical composition of basal diet 

Item Starter Finisher 
Feed Ingredients (%)   
Maize  54.00 59.00 
Soybean meal 31.00 22.00 
Groundnut cake 5.00 10.00 
Fish meal 5.00 3.00 
Bone meal 2.25 2.25 
Oyster shell 1.00 1.00 
Dicalcium phosphate 1.00 2.00 
DL-Methionine  0.15 0.15 
L-Lysine HCL  0.10 0.10 
Salt  0.25 0.25 
Vitamin-mineral Premix1 0.25 0.25 
   
Analyzed Composition   
Dry matter (%) 92.38 93.56 
Ether extract (%) 5.21 5.22 
Crude protein (%) 24.54 21.56 
Crude fiber (%) 3.75 4.24 
Ash (%) 3.55 3.74 
   
Calculated analysis   
Metabolizable energy (kcal/kg) 3026.00 3200.00 
Crude protein (%) 24.32 21.56 
Calcium (%) 1.45 1.58 
Phosphorus (%)  0.68 0.74 
Methionine (%) 0.70 0.61 
Lysine (%) 1.38 1.14 

1Supplied per kg diet: Retinol 12000 IU; thiamine 1.43 mg; cholecalciferol 3500 IU; Niacin 40.17 mg; α-tocopherol 44.7 IU; 
riboflavin 3.44 mg; pantothenic acid 6.46 mg; pyridoxine 2.29 mg; biotin 0.05 mg; folic acid 0.56 mg; cyanocobalamin 0.05 
mg; menadione 2.29 mg; Iron 120 mg; Zinc 120 mg; copper 15 mg; manganese 150 mg; cobalt 0.4 mg; selenium 0.3 mg; 
iodine 1.5 mg. 
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Growth performance 
Feed intake (FI) and body weight of the birds per pen 
were measured weekly. Body weight gain (BWG), 
and feed conversion ratio (FCR) per pen were 
calculated. Mortality was recorded as and when it 
occurred. The FCR was adjusted for mortality.   

 
Blood sampling and analysis 
On day 41, blood samples were collected from 
randomly selected five birds per pen via brachial 
venipuncture into plain and EDTA bottles. 
Hematological parameters were determined with 
Sysmex-K 1000 (Sysmex Corporation, Kobe, Japan). 
Serum was obtained after centrifuging (3000 g, 10oC, 
15 min) the blood samples in the plain bottles. Serum 
lipids were determined using an ELISA kit (ab65390, 
ABCAM, UK). Serum alanine transaminase (ALT) 
and aspartate transaminase (AST) were determined 
using Randox test kits (Randox Laboratories, WV, 
USA). Urea (DIUR-100), uric acid (DIUA-250), and 
creatinine (DICT-500) were determined using 
QuantiChrom™ Assay Kit (Bioassay Systems, 
Hayward, CA, USA). All assays were carried out 
according to the manufacturer’s procedure. Total 
serum protein was assayed according to the method 
of Tietz (1995). Serum immunoglobulin (Ig) was 
determined with ELISA kits following the 
manufacturer’s protocol. Serum IgG was assayed 
with Chicken IgG ELISA kit (Cat # MBS260043, 
MyBioSource, San Diego, CA 92195-3308, USA). 
Serum IgM was determined with chicken IgM ELISA 
kit (Cat # CSB-E11232Ch, CUSABIO Technology, 
Houston, TX 77054, USA).  
 
Slaughter, and carcass analysis 
On d 42, five birds per pen whose body weights were 
close to the mean weight of each replicate were deprived 
of feed overnight but had ad libitum access to water, and 
euthanized. After bleeding, scalding, plucking, and 
washing, the feet, head, and neck were removed and the 
carcasses were manually eviscerated.  

The weight of carcass, carcass cuts, internal 
organs, and abdominal fat were measured. The 
weight of carcass cuts was expressed as a percentage 
of carcass weight, while the weight of internal organs 
and abdominal fat were expressed as a percentage of 
the live body weight of birds. The dressing 
percentage was calculated as follows:  

퐷푟푒푠푠푖푛푔	%	 = 	 [퐶푎푟푐푎푠푠	푤푒푖푔ℎ푡	
÷ 	퐿푖푣푒	푤푒푖푔ℎ푡] 	× 	100 

 
Splenic cytokine expression
Spleen samples were aseptically excised from three 
birds per pen. A 100 mg of spleen was rinsed with 
phosphate buffer saline (PBS), homogenized in 1 mL 
of PBS, and stored overnight at -20°C. Thereafter, 
two freeze-thaw cycles were performed to break the 
cell membranes. The homogenates were centrifuged 
for 5 min at 5000 x g, at 4°C. The supernatant was 
removed and assayed immediately. Interleukins (IL)

in the spleen samples were determined with ELISA 
kits according to the manufacturer’s instructions. The 
IL-6 was determined using a chicken IL-6 ELISA kit 
(Cat # CSB-E08549Ch, CUSABIO Technology, 
Houston, TX 77054, USA). The IL-1β was 
determined using a chicken IL-1β ELISA kit (Cat # 
CSB-E11230C, CUSABIO Technology, Houston, TX 
77054, USA). The IL-10 was determined using a 
chicken IL-10 ELISA kit (Cat # CSB-E12835C, 
CUSABIO Technology, Houston, TX 77054, USA).  
 
Selected Caecal microbial population 
Fresh caecal digesta was collected from three birds per 
pen. Digesta was sampled from the right and left caeca 
into sterile bijou bottles (Thermo Scientific™ 
Waltham, MA 02145, USA). Digesta (1 g) was 
introduced aseptically into a test tube containing 9 mL 
of PBS. The mixture was vortexed and dilution was 
made up to a ten-fold serial dilution. One mL of the 
mixture was removed from the test tube and introduced 
into Petri dishes and a sterile molten agar was 
introduced. Escherichia coli was cultured on eosin 
methylene blue agar (Merck-1.01347.0500, Merck 
KGaA, Darmstadt, Germany) and incubated at 37oC 
for 24 h, Salmonella spp. was counted on Salmonella 
Shigella agar (Merck-107667, Merck KGaA, 
Darmstadt, Germany) and incubated at 37oC for 48 h 
(Edwards and Hilderbrand, 1976). Lactobacilli spp. 
was cultured on Man Rogosa Sharpe agar (Merck-
1.10660.500, Merck KGaA, Darmstadt, Germany) and 
incubated at 37oC for 48 h (Baurhoo et al., 2007). All 
agars were prepared according to the manufacturer’s 
instructions. Bacterial units were counted with a 
colony counter (Stuart®; Burlington, VT, USA). 
Bacterial counts were expressed as log10 colony-
forming units (CFU) per gram of caecal digesta.   
 
Meat quality analyses 
Meat quality analyses were conducted on the breast 
(Pectoralis) and thigh (Sartorius) muscles. 

 
Determination of muscle pH 
The pH reading was measured on a meat sample 
using a handheld digital pH meter (MW102 pH 
meter, MILWAUKEE® instruments, Inc. NC, USA) 
fitted with pH (MA920B/1) and temperature 
(MA830R) probes. The pH meter was calibrated 
before taking readings by dipping the pH probe into a 
buffer solution of pH 7.0 followed by pH 4.0. About 
5 g of the sample was homogenized with 25 ml of 
distilling water using an electric blender. The 
homogenate was transferred into a beaker and the pH 
was read. Triplicate pH readings were taken from 
each sample. The pH probe was rinsed with distilled 
water after each measurement.  
 
Measurement of meat color  
The meat samples were exposed to the air to bloom 
for 30 min before taking color readings. 
Measurements of meat color coordinates namely, 



 Adeyemi et al., 2021                                                                                                                                                                  31 

Poultry Science Journal 2021, 9(1): 27-39 

lightness (L*), redness (a*), and yellowness (b*) 
were made with a handheld colorimeter (WR-10, 
Shenzhen, China) following the International 
Commission on Illumination (CIE, 1976) L* a* b* 
classification system with the D65 illuminant. Three 
color readings were performed on different points of 
each sample and the average was used for statistical 
analysis.  
 
Determination of drip loss of meat samples  
Muscle samples were weighed and the weight was 
recorded as initial weight (Wa). The weighed samples 
were placed in transparent vacuum bags, vacuum 
sealed, and stored in a refrigerator (HRF-200ALUX, 
PZ Cussons Holdings, Nigeria) at 5±1oC. After 1 d 
postmortem, the samples were removed from the 
vacuum bags, blotted dry, and weighed, and the 
weight was recorded as final weight (Wb). Drip loss 
was estimated using the formula below:  
퐷푟푖푝	푙표푠푠	(%) 	= 	 [(푊푎 − 	푊푏)	÷ 	푊푎] 	× 	100 

 
Determination of cooking loss of meat samples 
Muscle samples were weighed and the weight was 
recorded as initial weight (Wa). The samples were 
placed in vacuum bags, vacuum sealed, and cooked in 
a pre-heated water bath at 80oC until the internal 
temperature of the samples reached 78oC as 
monitored by a stabbing temperature probe, which 
was inserted into the center of the meat sample. The 
cooked meat samples were cooled with running tap 
water for 15 min, removed from the vacuum bags, 
blotted dry without squeezing, and reweighed (Wb). 
Cooking loss was calculated using the equation 
below: 
 

퐶표표푘푖푛푔	푙표푠푠	(%) 	
= 	 [(푊푎 − 	푊푏)	÷ 	푊푎] 	× 	100 

 
Determination of meat oxidative stability 
Lipid oxidation in meat was measured by 
thiobarbituric acid reactive substance (TBARS) assay 
based on the reaction between malondialdehyde 
(MDA) and thiobarbituric acid (TBA) (Sigma-
Aldrich, St. Louis, MO, USA) in line with the 
protocol of Buege and Aust (1978). One gram of 
meat sample was mixed with 5 mL of 20% (v/v) 
trichloroacetic acid (TCA) (Sigma-Aldrich, St. Louis, 
MO, USA) and centrifuged at 3000 x g for 10 min. 
Then, 6 mL of 0.2 g/dL TBA was added to the 
supernatant. The mixture was heated in boiling water 
for 30 min. After cooling on ice, the resulting 
chromogen was extracted with 8 mL of n-butyl 
alcohol. The organic phase was separated by 
centrifugation at 3000 x g for 10 min and the 
absorbance was read at a wavelength of 530 nm on a 
spectrophotometer (Spectronic 21D, Milton Roy, 
18974 PA, USA). The MDA solution which has been 
made freshly by the hydrolysis of 1,1,3,3-tetra 
methoxy propane (Sigma-Aldrich, St. Louis, MO, 

USA) was used as the standard. The TBARS value 
was expressed as mg MDA/kg meat.  

Protein oxidation was measured by the 
quantification of carbonyl groups based on their 
reaction with 2, 4-dinitrophenylhydrazine (DNPH) 
(Sigma-Aldrich, St. Louis, MO, USA) to form 
hydrazones following the method of Levine et al. 
(1990). Briefly, 0.1 g of meat sample was incubated 
with 1.0 mL of 20 mM DNPH solution for 60 min. 
Proteins were precipitated by the addition of 20% 
(v/v) trichloroacetic acid (Sigma-Aldrich, St. Louis, 
MO, USA) and re-dissolved in DNPH. Thereafter, the 
proteins were precipitated from the solution using 
20% (v/v) trichloroacetate; the protein pellet was 
washed thrice with ethanol and ethyl acetate and re-
suspended in 1 mL of 6 M guanidine (Sigma-Aldrich, 
St. Louis, MO, USA). The absorbance was read at 
370 nm on a spectrophotometer (Spectronic 21D, 
Milton Roy, 18974 PA, USA). Results were 
presented as µmol carbonyl/mg protein. 

 
Statistical analysis 
The experimental design was a completely 
randomized design with seven replicates. Data were 
checked for normality using the PROC 
UNIVARIATE procedure of SAS (SAS Institute Inc., 
Cary, NC, USA). Homogeneity of variance was 
tested with Levene’s test. A pen of 10 birds was the 
experimental unit for growth performance. A 
replicate of five birds was the experimental unit for 
the blood chemistry, carcass traits, and meat quality. 
A replicate of three birds was the experimental unit 
for cytokine expression, serum immunoglobulin, and 
caecal microbiota. Data were subjected to the 
generalized linear model procedure of SAS. The 
statistical model is as follows: 

Yij= μ + τi+ εij where Yij is the jth observation in 
treatment i, μ is the overall mean, τi is the fixed effect 
of treatment i, εij is a random error with mean 0 and 
variance σ2. The level of significance was set at P < 
0.05. Means were separated using the Tukey HSD test. 

 

Results 
Feed intake and growth performance 
The body weight was not different (P > 0.05) on days 
1 and 21 among the treatments (Table 3). The 
supplemented birds had higher (P = 0.024) body 
weight than the BD birds on day 42. Dietary 
treatments had no significant effect on feed intake at 
the starter and finisher phases as well as the entire 
production cycle (P > 0.05). The supplemented birds 
presented greater BWG than the BD birds at the 
finisher phase (P = 0.034) and during the entire 
production cycle (P = 0.023). The FCR was not 
affected (P > 0.05) by diets at the starter and finisher 
phases. However, during the entire production cycle, 
supplemented birds had lower (P = 0.042) FCR 
compared with the BD birds. The percentage of 
mortality was not affected by dietary supplements 
(Table 3). 
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Table 3. Growth performance in broiler chickens fed the diet supplemented with Kigelia pinnata and Plukenetia 
conophora leaves 

 Dietary treatments1   
Item BD OXYBHA KPL-1 KLP-2 PCL-1 PCL-2 SEM P-value 

Body weight (g/bird)         
1 44.00 43.66 43.66 44.00 44.00 43.66 0.53 0.985 
21 850.00 869.66 855.33 863.3 870 866.67 6.46 0.234 
42 2333.70b 2533.40a 2553.30a 2498.70a 2501.60a 2546.70a 41.85 0.024 

Body weight gain 
(g/bird/day)         

1-21 38.38 39.33 38.65 39.01 39.33 39.19 0.31 0.241 
22-42 70.63b 79.22a 80.85a 77.85a 77.69a 80.00a 1.97 0.034 
1-42 54.50b 59.28a 59.75a 58.44a 58.51a 59.59a 0.99 0.023 

Feed intake 
(g/bird/day)         

1-21 65.00 65.00 65.00 64.66 64.40 64.67 0.67 0.970 
22-42 150.67 150.3 152 147.33 150.00 151.67 1.44 0.317 
1-42 107.83 107.67 108.50 106.00 107.61 108.17 0.76 0.314 

Feed conversion ratio         
1-21 1.69 1.65 1.68 1.65 1.63 1.65 0.02 0.374 
22-42 2.13 1.90 1.88 1.89 1.93 1.90 0.05 0.056 
1-42 1.98a 1.82b 1.81b 1.81b 1.83b 1.81b 0.04 0.042 

Mortality (%) 2.10 1.95 2.00 1.96 2.00 2.00 0.32 0.102 
ab Means bearing different superscripts in a row are significantly different (P < 0.05) 1BD, basal diet only; OXYBHA, basal 
diet + 0.5 g/kg oxytetracycline + 0.12 g/kg Butylated hydroxy anisole; KPL-1, BD + 1 g/kg Kigelia pinnata leaf; KPL-2, BD 
+ 2 g/kg Kigelia pinnata leaf;   PCL-1, BD + 1 g/kg Plukenetia conophora leaf; PCL-2, BD + 2 g/kg Plukenetia conophora 
leaf. SEM, standard error of mean. 
 
Table 4. Carcass traits and organ weights in broiler chickens fed the diet supplemented with Kigelia pinnata and 
Plukenetia conophora leaves 

 Dietary treatment1   
Carcass traits BD OXYBHA KPL-1 KPL-2 PCL-1 PCL-2 SEM P -value 
Live weight (LW, g/bird) 2350.0b 2541.6a 2550.0a 2500.2a 2500.0a 2550.2a 40.11 0.019 
Carcass weight (CW, g/bird) 1621.0b 1758.6a 1747.0a 1778.5a 1721.5a 1743.44a 40.21 0.040 
Dressing %  68.98 69.21 68.51 71.14 68.86 68.37 2.15 0.545 
Abdominal fat (% LW) 0.62 0.76 0.35 0.29 0.30 0.46 0.34 0.189 
Carcass cut (% CW)         
Breast 29.51 28.52 29.46 29.65 28.45 29.86 1.62 0.347 
Thigh 14.99 14.92 15.68 15.11 15.27 15.46 0.89 0.626 
Drum stick 14.79 15.49 14.69 15.54 15.79 14.30 0.68 0.170 
Wings 11.86 11.47 11.12 11.74 11.65 11.65 0.80 0.268 
Back 21.79 22.55 22.07 21.87 22.18 21.69 0.91 0.564 
Neck 2.06 2.03 2.11 2.27 2.39 2.28 0.14 0.911 
Leg 1.96 1.85 2.00 2.26 2.05 1.85 0.17 0.105 
Head  2.84 3.19 2.82 3.03 3.22 2.63 0.15 0.090 
Organ weight (% LW)         
Heart  0.42 0.43 0.43 0.44 0.45 0.45 0.04 0.126 
Crop  0.31 0.34 0.38 0.38 0.40 0.39 0.04 0.079 
Proventriculus  0.44 0.47 0.43 0.43 0.45 0.48 0.05 0.314 
Gizzard  1.95 1.96 1.79 1.84 1.94 1.94 0.09 0.447 
Liver  1.90 1.90 1.84 1.84 1.94 1.87 0.13 0.505 
Pancreas  0.25 0.24 0.22 0.22 0.24 0.24 0.03 0.529 
Duodenum 1.30 1.31 1.28 1.27 1.28 1.34 0.16 0.200 
Jejunum  0.87 0.90 0.87 0.87 1.00 1.07 0.37 0.065 
Ileum  1.05 0.10 1.08 1.62 1.09 1.01 0.11 0.409 
Caecum  0.48 0.50 0.51 0.49 0.48 0.48 0.12 0.417 
Thymus  0.24 0.26 0.24 0.29 0.27 0.25 0.02 0.459 
Spleen  0.12 0.12 0.11 0.11 0.12 0.10 0.01 0.124 
Bursa of fabricious 0.10 0.12 0.11 0.12 0.11 0.10 0.02 0.123 

ab Means bearing different superscripts in a row are significantly different (P < 0.05) 1BD, basal diet only; OXYBHA, BD + 
0.5 g/kg oxytetracycline + 0.12 g/kg butylated hydroxyanisole; KPL-1, BD + 1 g/kg Kigelia pinnata leaf; KPL-2, BD + 2 
g/kg Kigelia pinnata leaf;   PCL-1, BD + 1 g/kg Plukenetia conophora leaf; PCL-2, BD + 2 g/kg Plukenetia conophora leaf. 
SEM, standard error of mean. 
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Carcass traits 
The BD birds had lower (P = 0.04) carcass weight 
compared with the supplemented birds (Table 4). The 
dressing percentage, abdominal  fat  pad,  percentages  
of carcass cuts, and relative organ weights were not 
affected (P > 0.05) by the dietary treatments (Table 4).  
 
Hematology and serum biochemistry 
Hematological indices were not different (P > 0.05) 

among the dietary supplements (Table 5). The PCL 
and KPL birds had lower total serum cholesterol (P = 
0.031) and LDL-cholesterol (P = 0.041) compared 
with the BD and OXYBHA birds. The PCL-2 birds 
had the least total serum cholesterol that was different 
from those of birds fed other diets. Experimental 
treatments did not affect (P > 0.05) serum total 
protein, creatinine, urea, uric acid, AST, and ALT 
concentrations in broiler chickens.  

 
Table 5. Hematology and serum biochemical indices in broiler chickens fed the diet supplemented with Kigelia 
pinnata and Plukenetia conophora leaves 

 Dietary treatments1   
Hematological indices BD OXYBHA KPL-1 KPL-2 PCL-1 PCL-2 SEM P- value 
White blood cells (x 109/L) 13.22 14.72 11.53 14.20 12.80 14.43 2.56 0.192 
Red blood cells (x 1012/L) 2.30 2.48 2.30 2.35 2.56 2.56 0.25 0.101 
Packed cell volume (%) 38.16 38.90 36.90 38.44 37.26 38.00 3.22 0.117 
Hemoglobin (g/dL) 10.28 12.00 12.13 11.67 14.06 11.47 3.61 0.064 
Lymphocyte (%) 80.15 84.11 85.13 80.93 83.33 83.00 5.93 0.942 
Granulocyte (%) 12.10 14.00 9.16 9.83 9.06 10.36 4.53 0.105 
Mean cell hemoglobin (pg) 34.38 35.86 35.60 35.94 36.14 40.12 2.64 0.140 
Mean corpuscular volume (fL) 165.91 156.85 160.43 163.40 145.31 148.44 15.56 0.210 
MCHC2 (g/dL) 26.73 29.27 30.33 28.09 29.11 26.06 1.88 0.311 
RDWSD3 (%) 23.63 23.37 21.83 22.50 23.83 41.46 2.68 0.213 
RDWCV4 (%) 13.86 15.23 14.80 14.13 14.97 12.16 1.59 0.116 
Platelets (x 103/L) 373.0 375.0 372.0 373.9 377.3 397.3 19.94 0.214 
Mean platelet volume (fL) 9.13 9.23 9.70 10.67 9.43 9.57 0.55 0.309 
Platelet distribution width (fL) 8.37 9.50 8.20 8.40 9.50 10.17 0.73 0.199 
P-LCR5 (%) 29.07 26.10 25.23 29.37 29.13 22.67 3.60 0.300 
Plateletcrit (%) 0.34 0.34 0.36 0.39 0.35 0.37 0.04 0.156 
Serum indices         
Total cholesterol (mg/dL) 266.54a 287.65a 207.28b 208.13b 196.00b 131.03c 31.23 0.031 
Triglycerides (mg/dL) 92.00 98.24 105.26 109.45 89.06 89.40 7.91 0.282 
LDL-cholesterol (mg/dL) 132.44a 138.11a 41.19b 65.43b 51.32b 33.37b 17.71 0.041 
HDL-cholesterol (mg/dL) 115.70 130.00 131.00 121.33 124.26 113.20 29.68 0.270 
Total protein (g/L) 11.52 12.80 13.43 13.96 12.24 13.77 2.82 0.088 
Creatinine (µmol/L) 0.68 0.71 0.72 0.70 0.70 0.68 0.06 0.978 
Uric acid (mg/dL) 4.78 4.67 4.82 4.66 4.35 4.90 0.22 0.356 
Urea (mg/dL) 1.97 1.93 1.85 1.61 1.15 1.96 0.32 0.352 
Aspartate transaminase (IU/L) 124.22 126.10 115.06 134.73 171.93 127.02 16.05 0.234 
Alanine transaminase (IU/L) 46.00 45.85 46.01 43.96 44.60 44.86 0.86 0.593 

abc Means bearing different superscripts in a row are significantly different (P < 0.05) 1BD, basal diet only; OXYBHA, BD + 
0.5 g/kg oxytetracycline + 0.12 g/kg butylated hydroxy anisole; KPL-1, BD + 1 g/kg Kigelia pinnata leaf; KPL-2, BD + 2 
g/kg Kigelia pinnata leaf;   PCL-1, BD + 1 g/kg Plukenetia conophora leaf; PCL-2, BD + 2 g/kg Plukenetia conophora leaf. 
2MCHC, mean cell hemoglobin concentration; 3red blood cell distribution width standard deviation; 4red blood cell 
distribution width coefficient of variation; 5Plateletcrit-large cell ratio. SEM, standard error of mean. 
 
Immune response and caecal bacterial population 
The splenic interleukin-1β and interleukin 6 were not 
affected (P > 0.05) by diets (Table 6). The splenic 
interleukin-10 was higher (P = 0.021) in the 
supplemented birds compared with the BD birds. The 
KPL birds had higher interleukin 10 than the PCL 
and OXYBHA birds. The BD birds had higher serum 
IgG (P = 0.031) and IgM (P = 0.013) compared with 
the supplemented birds. The KPL birds had lower 
IgM than the OXYBHA and PCL birds.  

Lactobacilli spp. count in the OXYBHA birds 
was lower (P < 0.0001) than that of PCL and KPL 

birds (Table 6). The BD and KPL-1 birds had similar 
Lactobacilli spp. count. Lactobacilli spp. count in the 
PCL-2 birds did not differ from those of KPL-2 and 
PCL-1 birds but was higher than those of KPL-1 and 
BD birds. Salmonella spp. (P = 0.001) and E. coli  
(P < 0.0001) counts were higher in the BD birds 
compared with the supplemented birds. The KPL-2 
birds had the least Salmonella spp. and E. coli counts 
compared with birds fed other diets. The E coli count 
in the PCL-1 and PCL-2 birds was lower than that of 
KPL-1 and OXYBHA birds.  
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Table 6. Immune response and caecal bacterial counts in broiler chickens fed the diet supplemented with Kigelia 
pinnata and Plukenetia conophora leaves 

 Dietary treatments1   
Item BD OXYBHA KPL-1 KPL-2 PCL-1 PCL-2 SEM P-value 
Splenic cytokines         
Interleukin-1β (pg/mL) 29.38 27.67 27.62 30.82 25.45 25.29 4.98 0.266 
Interleukin-10 (pg/mL) 6.85c 18.71b 29.36a 33.27a 17.85b 19.14b 5.28 0.021 
Interleukin-6 (pg/mL) 520.00 396.90 397.74 493.89 496.36 389.02 57.19 0.126 
Serum Immunoglobulin         
Immunoglobulin G (µmol/L) 234.00a 149.00b 129.43b 149.23b 125.22b 147.48b 23.45 0.031 
Immunoglobulin M (µmol/L) 109.00a 45.00b 25.90c 20.31c 49.89b 51.16b 13.52 0.013 
Caecal microbiota (Log10 CFU2         
Lactobacilli spp. 3.42cd 2.62d 3.93bc 4.60ab 4.60ab 5.13a 0.20 <0.0001 
Escherichia coli  4.13a 2.63b 2.54b 0.13d 1.69c 1.28c 0.17 <0.0001 
Salmonella spp. 4.28a 2.47b 2.53b 1.67c 2.67b 2.70b 0.23 0.001 

abcd Means bearing different superscripts in a row are significantly different (P < 0.05) 1BD, basal diet only; OXYBHA, BD + 
0.5 g/kg oxytetracycline + 0.12 g/kg butylated hydroxy anisole; KPL-1, BD + 1 g/kg Kigelia pinnata leaf; KPL-2, BD + 2 
g/kg Kigelia pinnata leaf;   PCL-1, BD + 1 g/kg Plukenetia conophora leaf; PCL-2, BD + 2 g/kg Plukenetia conophora leaf. 
2colony forming unit. SEM, standard error of mean. 
 
Meat quality 
In the Sartorius muscle, pH, cook loss, drip loss, 
lightness, redness, and yellowness did not differ (P > 
0.05) among the diets (Table 7). The Sartorius 
muscle in the BD birds had higher (P = 0.003) 
carbonyl content and TBARS value than those of the 
supplemented birds. The Sartorius muscle of the 
PCL-1 and PCL-2 birds had the least (P = 0.003) 

TBARS value compared with those of birds fed other 
experimental diets. The least carbonyl content was 
recorded in the Sartorius and Pectoralis muscles of 
the PCL-2 birds. In the Pectoralis muscle, the BD 
birds had higher drip loss (P = 0.016) and carbonyl 
content than did birds fed other diets. Experimental 
diets had no effect (P > 0.05) on cook loss, pH, and 
color coordinates of Pectoralis muscle.  

 
Table 7. Meat physicochemical properties assessed at 24 h postmortem in broiler chickens fed the diet 
supplemented with Kigelia pinnata and Plukenetia conophora leaves 

  Dietary treatment1   
Muscle  Indices  BD OXYBHA KPL-1 KPL-2 PCL-1 PCL-2 SEM P-value 

Sartorius   

Drip loss (%) 3.43 2.56 2.33 2.29 3.38 2.26 1.00 0.113 
Cook loss (%) 8.30 7.11 7.90 7.03 8.43 8.19 1.39 0.963 
pH 5.90 5.92 5.87 5.87 5.80 5.84 0.08 0.903 
Lightness 46.01 46.87 45.39 46.36 45.64 45.55 2.59 0.298 
Redness  6.79 7.57 7.21. 7.40 7.54 7.07 0.93 0.695 
Yellowness 9.49 7.31 8.29 9.34 8.38 8.24 0.80 0.348 
TBARS (mg 
MDA/kg) 0.25a 0.14b 0.13b 0.11b 0.07c 0.07c 0.03 0.003 

 Carbonyl 
(µmol/kg protein) 1.27a 0.70b 0.80b 0.72b 0.75b 0.53c 0.12 0.003 

 
 
 
 
Pectoralis   

Drip loss (%) 6.31a 3.51b 3.86b 3.81b 3.55b 3.76b 1.37 0.016 
Cook loss (%) 11.62 10.26 10.40 10.65 10.54 11.05 2.07 0.693 
pH 5.83 5.87 5.87 5.82 5.94 5.95 0.06 0.601 
Lightness 46.17 43.49 41.72 44.88 46.25 42.95 2.00 0.532 
Redness 3.55 3.76 3.30 3.84 4.21 3.33 0.51 0.538 
Yellowness 9.02 9.60 8.62 8.61 9.32 7.81 1.51 0.237 
TBARS (mg 
MDA/kg) 0.12 0.09 0.09 0.08 0.10 0.09 0.03 0.312 

Carbonyl 
(µmol/kg protein) 0.83a 0.63b 0.63b 0.58b 0.61b 0.40c 0.12 0.025 

abc Means bearing different superscripts in a row are significantly different (P < 0.05) 1BD, basal diet only; OXYBHA, BD + 
0.5 g/kg oxytetracycline + 0.12 g/kg butylated hydroxy anisole; KPL-1, BD + 1 g/kg Kigelia pinnata leaf; KPL-2, BD + 2 
g/kg Kigelia pinnata leaf;   PCL-1, BD + 1 g/kg Plukenetia conophora leaf; PCL-2, BD + 2 g/kg Plukenetia conophora leaf. 
SEM, standard error of mean. 

 
Discussion 
The improvement in BWG and feed efficiency in the 
supplemented birds may be ascribed to the changes in 

caecal bacteria populations, and immune indices 
induced by the oxytetracycline and the phytochemical 
contents of KPL and PCL. These observations concur 
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with the findings of Oloruntola et al. (2019), who 
found a significant improvement in BWG and feed 
efficiency in broiler chickens supplemented with 8-10 
g/kg pawpaw seed and leaf blend. Furthermore, the 
supplementation of 1% Withania somnifera root 
powder enhanced feed efficiency and body weight 
gain in broiler chickens (Ansari et al., 2013). The 
mortality rate was not affected by dietary treatments 
and was within the normal range for Arbor Acres 
broiler chickens. The improvement in carcass weight 
of the supplemented birds mirrored the improved 
BWG. Nonetheless, carcass yield, percentage of 
prime cuts, and relative organ weights did not differ 
among the treatments. Contrarily, the 
supplementation of 1% Withania somnifera root 
powder improved carcass yield and the weights of 
lymphoid organs in broilers (Ansari et al., 2013).  

Gut microbiota plays a crucial role in the health, 
production performance, and welfare of poultry 
(Kohl, 2012; Kogut et al., 2020). The reduction in E. 
coli and Salmonella spp. counts in the KPL and PCL 
birds, which was at par with that of oxytetracycline-
supplemented birds, may reflect the phytochemical 
contents in KPL and PCL. Plant secondary 
metabolites can disrupt the cell membrane of 
pathogenic microbes and can promote the 
hydrophobicity of microbial species, which could 
affect the surface properties of microbial cells and 
influence the pathogenicity of the microbes 
(Vidanarachchi et al., 2005; Hashemi and Davoodi, 
2011). The increase in caecal Lactobacillus spp. 
counts in the KPL and PCL birds may indicate the 
selective antimicrobial effects of the additives and 
may be responsible for the reduction in the E. coli 
and Salmonella spp. counts. The shift in caecal 
microbiota towards the Lactobacillus spp. could 
promote the synthesis of lactate and short-chain fatty 
acids, which may create an acidic environment that 
could hinder the proliferation of pathogenic microbes 
(Vidanarachchi et al., 2005; Hashemi and Davoodi, 
2011). Our findings are consistent with those of 
Vanessa et al. (2018), who reported that the 
supplementation of neem oil reduced Salmonella spp. 
count and improved Lactobacillus spp. count in 
broiler chickens. Furthermore, the supplementation of 
Emblica Officinalis fruit powder reduced E. coli and 
improved Lactobacillus spp. counts in broiler 
chickens (Dalal et al., 2018). 

Cytokines are non-structural peptides that play 
intricate regulatory roles on immunity and 
inflammation (Wigley and Kaiser, 2003; Giansanti et 
al., 2006). The expression of IL-1β and IL-6 exert 
pro-inflammatory effects, and the expression of IL-
10, which exert anti-inflammatory effects in chickens 
(Giansanti et al., 2006; Kaiser and Stäheli, 2014) 
were examined in this study. Our results suggest that 
dietary supplements did not affect the expression of 
IL-6 and IL-1β in the spleen of broiler chickens. 

However, the expression of splenic IL-10 increased 
following the dietary supplementation of PCL, KPL, 
and OXYBHA in broiler chickens. This observation 
suggests the anti-inflammatory potential of the 
supplements. Similarly, the administration of Calea 
uniflora polyphenols enhanced the IL-10 in mice (da 
Rosa et al., 2019).  

The B cells synthesize immunoglobulins in 
response to oxidative stress, infection, or other 
immune stressors (Mast et al., 2000). The 
supplementation of KPL and PCL down-regulated the 
expression of IgM and IgG as did the OXYBHA-
supplemented diet. This finding may suggest that 
plant polyphenols and antibiotics may not stimulate 
the activation of B cells when oxidative stress, 
compromised health condition, or infection was 
absent. The reduction in IgM and IgG may probably 
be due to the lower Salmonella spp. and E. coli 
counts that may have scaled back the need for the 
production of antibodies. This observation is 
consistent with those of Su et al. (2016) who reported 
that the supplementation of 300 mg/kg Yucca extract 
reduced serum IgG and IgA in broilers. The result of 
splenic cytokine and serum immunoglobulin appears 
to be related to the caecal microbial profile. The 
KPL-2 birds had the least IgM concentration, 
Salmonella, and E. coli counts and the highest IL-10 
concentration.  

Blood indices are good indicators of the 
physiological, nutritional, and health status of 
livestock (Odhaib et al., 2018a). The supplementation 
of PCL and KPL did not affect hematological indices 
in broiler chickens. Moreover, the hematological 
indices were within the normal range for healthy 
broiler chickens (Mitruka and Rausley, 1977). 
Similarly, the supplementation of Neem leaf extract 
(Nodu et al., 2016) and Neem oil (Vanessa et al., 
2019) did not affect the blood indices in broiler 
chickens. There was a significant reduction in total 
serum cholesterol and LDL-cholesterol in birds fed 
the diet supplemented with PCL and KPL. This 
finding may be attributed to the phytochemical 
contents of the supplements. Plant secondary 
metabolites can reduce cholesterol by inhibiting the 
activity of 3-hydroxy-3-methyl glutaryl-CoA 
reductase, which is a crucial enzyme in the 
biosynthesis of cholesterol (Crowell, 1999). 
Furthermore, the improvement in caecal 
Lactobacillus spp. counts in the KPL and PCL birds 
may be responsible for the decrease in serum 
cholesterol. Lactobacillus spp. can bind cholesterol 
on cellular surfaces and convert intestinal cholesterol 
to coprostanol (Lye et al., 2010). Lactobacillus spp. 
can de-conjugate bile salts and reduce pH, which is 
capable of hindering the absorption cycle of bile salts 
thereby increasing their fecal excretion. The liver 
accelerates bile synthesis from cholesterol to recover 
the intestinal-liver cycling of bile salts, thereby 
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reducing tissue and blood cholesterol levels 
(Ramasamy et al., 2010). Case in point, the PCL-2 
birds had the least serum cholesterol and the highest 
Lactobacilli spp. count. The current observation is in 
tandem with that of Oloruntola et al. (2019), who 
observed a reduction in serum cholesterol in broiler 
chickens following the supplementation of pawpaw 
seed and leaf blend. No significant effects of the 
dietary supplements were found on serum total 
protein, AST, ALT, creatinine, urea, and uric acid 
concentrations. Serum total protein measures the 
amount of protein in the blood and may reflect 
dietary protein. The similarity in serum total protein 
may reflect the isonitrogenous nature of the dietary 
treatments. The AST and ALT are reliable indicators 
of hepatic health while creatinine, urea, and uric acid 
are good indicators of renal health and metabolism. 
Our observations may imply that the supplementation 
of PCL and KPL did not impair hepatic and renal 
health and metabolism. Similarly, the 
supplementation of pawpaw seed and leaf blend did 
not affect serum total protein, ALP, and creatinine in 
broiler chickens (Oloruntola et al., 2019).  

Dietary supplements did not influence the pH, 
color, and cook loss in the Pectoralis and Sartorius 
muscles in broiler chickens. The amount of muscle 
glycogen at slaughter and the rate of postmortem 
glycolysis have a profound influence on the muscle 
pH in animals (Salwani et al., 2016; Yusuf et al., 
2018). The similarity in muscle pH among the dietary 
treatments may be due to the homogenous dietary 
energy, and the management conditions employed in 
this study. The non-significant difference in muscle 
pH may account for the similarity in cook loss among 
the treatments. The lack of significant differences in 
muscle color coordinates (L* a* b*) may imply that 
the dietary supplements did not affect the 
concentration and the oxidative stability of 
myoglobin (Adeyemi et al., 2016). The influence of 
dietary supplements on drip loss, carbonyl content, 
and TBARS value was muscle-dependent. The 
supplementation of KPL and PCL lowered the 
carbonyl content and TBARS value of the Sartorius 
muscle and the carbonyl content of the Pectoralis 
muscle as did the BHA-supplemented diet. This 
observation may reflect the antioxidant properties of 
the polyphenols in KPL (Hussain et al., 2016) and 
PCL (Maduka et al., 2018). Polyphenols exhibit 
antioxidant properties by metal chelation, singlet 
oxygen quenching, lipoxygenase inhibition, and free 
radical scavenging (Bors et al., 1996). The reduction 
in drip loss in the Pectoralis muscle of the 
supplemented birds may imply a reduction in the 
oxidative disruption of myofibrillar proteins typified 
by the lower carbonyl content. Amino acids in the 
muscle can undergo oxidative deterioration thereby 
generating carbonyl compounds that can affect the 
functionality of meat proteins (Serpen et al., 2012).  

Conclusion 
The findings of this study suggest that the 
supplementation of KPL, PCL, and OXYBHA 
improved body weight gain at the finisher phase and 
during the entire production period and reduced feed 
conversion ratio during the entire production period 
in broiler chickens. Dietary supplementation of 
OXYBHA, KPL, and PLC improved splenic IL-10 
and lowered caecal E. coli, and Salmonella spp. 
counts, and serum IgG and IgM in broiler chickens. 
Dietary supplementation of KPL and PCL lowered 
serum total cholesterol and LDL-cholesterol and 
enhanced caecal Lactobacillus spp. count in broiler 
chickens. Dietary supplements reduced carbonyl 
content and TBARS value in the Sartorius muscle, 
and drip loss and carbonyl content in the Pectoralis 
muscle of broiler chickens. Taken together, the KPL-
2 exhibited higher antimicrobial and 
immunomodulatory effects than the PCL-2, while the 
PCL-2 exhibited greater antioxidant and cholesterol-
lowering potential than the KPL-2. Thus, KPL-2 and 
PCL-2 could be considered as potential alternatives to 
synthetic additives in the diet of broiler chickens. 
Owing to the differences in antimicrobial, 
immunomodulatory, and antioxidant properties 
between KPL and PCL, future studies may consider a 
mix of KPL and PCL. The impact of KPL and PCL 
and their mix on diseased and/or oxidatively 
challenged broiler chickens should be investigated in 
future studies.  
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