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ABSTRACT 
 
Aims:To evaluate the effect of Ficus thonningii leaf powder (FTLP) and vitamin C 
supplemented diets on performance and haemato-biochemical status of two strains of 
broiler chickens. 
Methodology:Four hundred and eighty-one-day-old of Arbor acre (AB) and Cobb 500 
(CO) broiler chicks were randomized to eight dietary treatments; diet 1 and 2 (Control), diets 
3 and 4 (200mg/kg vitamin C inclusion), diets 5 and 6 (1% inclusion of FTLP) and (diets 7 
and 8 (200mg/kg + 1% FTLP inclusions) for AB and CO strains respectively. 
Results:Result shows that feed intake, body weight gain and FCR were significant 
(P<0.05) at the starter phase. Interaction between strains and vitamin C were also 
significant (P<0.05) for body weight gain, FCR and feed intake. Vitamin C and FTLP 
supplementation significantly (P<0.05) improved the erythrocytes count while the MCV, 
MCH, WBC and lymphocytes of birds fed diets 2 and 6 were significantly (P<0.05) higher 
than the other diets. The dietary supplementation of vitamin C and FTLP shows that strain 
AB had a significantly (P<0.05) higher erythrocytes count than CO strain while the CO 
showed significant (P<0.05) improvement for the MCV and MCH. Vitamin C supplementation 
showed significant difference (P<0.05) for the RBC and the interaction of vitamin C and 
FTLP significantly (P<0.05) improved PCV, HB, MCV, MCH, WBC and lymphocytes. The 
interactive effect of vitamin C and FTLP significantly (P<0.05) improved the total protein and 
albumin. Cholesterol and creatinine levels were significantly (P<0.05) loweredby the 
inclusion of vitamin C and FTLP 
Conclusion:As observed in this study, the inclusion of FTLP and vitamin C as a 
supplement in the diets of broiler chickens improved the performance, haematological 
indices and serum biochemical status of the tested birds. 
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1. INTRODUCTION 
 

The impact of heat stress on poultry birds is a trending challenge and a cause for economic 
loss in the poultry industry because of its detrimental influence on physiological responses 
like immunity, oxidative stress, and intestinal and muscular functions [1].Poultry birds raised 
under good management and a thermoneutral zone of 18OC -24OC [2], requires little energy 
for thermoregulation and production goal, otherwise poultry will be under stress [3]. Bueno et 
al. [4] stated that the actual temperature for broiler production varies from 32°C to 35°C (1st 
week), 23°C–32°C (2nd and 5th week), and 20°C (6th week) and relative humidity ranging 
from 60%–70%, which are difficult conditions to keep in the tropics. Heat stress is one of the 
most pernicious factors in tropical and subtropical corridors of the world, which causes 
considerable economic losses in poultry production [5]. Thermal-stressed birds have 
elevated heterophil/lymphocyte ratios and liver enzymes which results in higher mortality 



 

 

levels [6]. The exposure of poultry to a range of stressors in the tropics account for 
depressed productive, reproductive performance and compromised health status of birds 
[7,8]. This in turn necessitates the requirement for complementary reinforcement for the 
antioxidant system in the poultry industry [9]. Studies have shown that dietary 
supplementation of animal feed with natural bioactive compounds ameliorate the impact of 
heat stress in chicken due to their significant biological activities [1]. According to Jang et al. 
[10], oxidative stress induced by heat stress is mutually connected with the initiation of cell-
mediated immunity via antioxidant defense system, thus, antioxidant enrichment to mitigate 
impact of oxidative stress will influence humoral responses. Phytochemicals with antioxidant 
activity such as polyphenols, which are vital secondary metabolite present in plants have 
potentials to ameliorate heat stress and complementing poultry diet with capable 
phytochemical-containing feed could definitely ameliorate the shock of heat stress in poultry 
production [11]. Herbs possess bioactive constituent which confers optimal antioxidant 
defense to mitigate adverse effects of heat stress [12]. Ficus thonningii leaf powder was 
found to possess a substantial number of minerals and phytochemicals with strong 
antioxidant activity [13]. These compounds are naturally produced by the tree as protection 
against biotic and abiotic stresses [14]. The antihaemolytic and haematinic potential of F. 
thonningii is possibly due to its antagonistic action against the depletion of glutathione and 
hence prevention of the generation of free radicals which result in oxidative stress [15]. The 
inclusion of vitamin C in the diets of poultry birds has been reported to be a means of 
ameliorating the impact of heat stress due to its antioxidant properties, scavenging of free 
radicals [16], reduction of its biosynthesis during heat stress as well as poultry birds’ ability to 
overcome infectious conditions [17]. Thus, two strains of broiler chickens were examined in 
this study for their performance, haematological and serum chemistry status by being fed 
diets supplemented with vitamin C and Ficus thonningii leaf powder. 
 
 
2. MATERIAL AND METHODS 
 
2.1 Ethical approval; collection, processing, and analysis of phytogens 
 
The Research and Ethics Committee of the Department of Animal Production and Health, 
The Federal University of Technology, Akure, Nigeria, accepted the experiment's 
requirements and criteria for animal and animal protocol. [13]described the procedure for 
gathering and preparing Ficus thonningii leaf powder (FTLP) as well as investigated the 
proximate, phytochemical, antioxidant and mineral components of FTLP.  
 
2.2Experimental diets, experimental design and the birds’ living environment  
 
To meet the nutritional needs of the birds, a broiler chicken’s basal diet was compounded for 
the starter phase (0 to 21 days) and finisher phase (21-42 days) using the requirement of 
[18]. For each phase, the basal diet was divided into eight equal portions and named diets 1 
to 8. Diet 1 and 2 were not supplemented (negative control), while diets 3 and 4 had vitamin 
C (200mg/Kg of basal diet) supplementation. Then diets 5 and 6, received 1g FTLP/Kg of 
basal diet supplementation each while diets 7 and 8 had 1g FTLP/kg of basal diet + 200mg 
of vitamin C. The feeding trial was undertaken at the Federal University of Technology’s 
Teaching and Research Farm in Akure, Nigeria. 
In a completely randomized design, 240 one-day-old chicks each of Cobb 500 and Arbor 
Acre strains of broiler chicks weighing 37.40±0.45g were randomly assigned to all the eight 
experimental diets.  The diets were replicated six times with ten birds (10 birds/replicate) and 
a total of 60 birds per treatment. Wood shavings were used as bedding for the floor of the 
experimental pen (2m x 1m) to a depth of 3cm. The temperature of the experimental house 
was kept at 31±2 degrees Celsius for the first week and then reduced by 2 degrees Celsius 



 

 

each week after that until the temperature reached 26±2 degrees Celsius. The lighting was 
turned on for 24 hours on the first day and 23 hours on consecutive days. 
 
 
2.3Performance characteristics 
 
The body weight (BW) and feed intake (FI) of the tested birds were measured and recorded 
weekly. The average body weight gain (BWG) was calculated as the difference between the 
initial and final weights of the birds. The feed conversion ratio (FCR) was calculated by 
dividing the feed consumed by the weight gained. 
 
2.4Collection and analysis of Blood samples  
 
On the last day of the feeding trial, 18 birds per replicate were randomly selected for blood 
collection. Syringe and needle were used to draw blood from the wing vein. For the 
determination of the serum biochemicals indices (i. e. total protein, aspartate 
aminotransferase, creatinine, and cholesterol), 4ml of the blood sample was drawn into a 
plain bottle vial. The sample bottles were spun and the serum decanted into another plain 
bottle before freezing at -200C. The remainder (2ml) was dispensed into 
Ethylenediaminetetraacetic acid bottle for haematological indices determination [15]. The 
serum biochemical concentrations were measured using a Reflectron ®Plus 8C79 (Roche 
Diagnostic, GombH Mannheim, Germany) and kits.  
 
2.5Statistical data evaluation  
 
The model: Txy = µ + bx + βxy, was used in this experiment, where Txy any of the factors of 
response; x = the overall average; bx = the xth treatment's effect (T= diets 1, 2, 3, 4, 5, 6, 7 
and 8); and βxy = random error due to the investigation. Using SPSS version 20, all of the 
data were subjected to one-way ANOVA. Duncan multiple range test of SPSS was used to 
detect the differences between the treatment means (P<0.05). 
 
3. RESULT 
 
Table 2 shows the growth performance of different breeds of broiler chickens fed Ficus 
thonningii leaf powder (FTLP) and vitamin C supplemented diets. The body weight gain 
(BWG) at the starter phase (1 – 3 weeks) were not significantly different (P>0.05) for birds 
across all the diets except diet 6 and the feed intake (FI) for birds fed diets 1, 2, 3 and 4 
were significantly (P<0.05) higher than the other diets. The FCR for birds fed diets 6 was 
significantly higher than the other tested diets. The breed and FTLP supplementation were 
significant (P<0.05) for BWG, FI and FCR at the starter phase. The interaction between BRD 
x VC were significant (P<0.05) for BWG and FCR; BRD x FTLP was significant (P<0.05) for 
FCR while VC x FTLP showed significance (P<0.05) for BWG and FI. The interactive effect 
of BRD x VC x FTLP were significant (P<0.05) for BWG and FCR at the starter phase. At the 
finisher phase (4-6 weeks), the BWG were significantly higher (P<0.01) in diets 2 and 4 
though not significantly different (P>0.05) from diet 1; FI was not significantly different 
(P>0.05) except for diet 3 while the FCR was significantly higher (P<0.05) for diet 5 though 
not significantly different (P>0.05) from diet 6. The breed CO was significantly (P<0.05) 
higher than the AB for the BWG while FTLP inclusion showed significance (P<0.05) for BWG 
and FCR. The interaction between breed and vitamin C were significant (P<0.05) for the FI 
and FCR; VC x FTLP showed significance (P<0.05) for BWG while the interactive effect of 
strain, vitamin C and FCLP were significant (P<0.05) for BWG and FI at the finisher phase.  
At the overall phase (1-6 weeks), the BWG was significantly (P<0.05) higher for diets 2 and 
4, though not significantly different from diet 1 while the FCR was significantly (P<0.05) 



 

 

higher for diets 5 and 6 but not significantly different (P>0.05) from diets 4, 7 and 8. The 
inclusion of FTLP at 1% showed significance (P<0.01) for BWG and FCR. The interaction 
between breed and vitamin C was significant (P<0.05) for FI; VC x FTLP was significant 
(P<0.05) for FCR and the interaction between strain, vitamin C and FCLP was significant 
(P<0.01) for FI. 
 
Data on haematological indices of breeds of broiler chickens fed FTLP and vitamin C 
supplemented diets is presented in Table 3. The RBC of birds fed diet 7 was significantly 
(P<0.05) higher, though not significantly different (P>0.05) from birds fed diets 3 and 8. The 
MCV and MCH values of birds fed diets 2 and 6 were significantly (P<0.05) higher than the 
other diets while the WBC of birds fed diet 2 was significantly (P<0.05) higher, though not 
significantly (P>0.05) higher than birds fed diet 7. The lymphocytes of birds fed diets 1, 3, 4, 
5 and 6 were lower significantly (P>0.05) than those fed diets 2 and 7. The AB strain showed 
higher significance (P<0.05) than the CO breed in the value of RBC while the MCV and 
MCH were significantly (P<0.05) higher in the CO breed. The inclusion of 200mg/kg of 
vitamin C showed significance (P<0.05) for the RBC while the inclusion was significantly 
(P>0.05) lower for the MCV and MCH. The interaction between BRD x VC were significant 
(P<0.05) for the PCV, HB, MCV, MCH, WBC and LYM. BRD x FTLP were significantly 
(P<0.05) higher for WBC and lymphocytes while there was no significant (P>0.05) interactive 
effect between BRD x VC x FTLP.   
 
The result of serum chemistry indices of the two strain of broiler chickens fed diets 
supplemented with FTLP and Vitamin C is presented in Table 4. The different dietary 
inclusion had a positive significant (P<0.05) influence on the Aspartate aminotransferase 
(AST), Creatine (CREA), Cholesterol (CHOL), Globulin (GLO) and Total Protein (TP). The 
AST performance of diets 1 and 2 for the strain AB and CO were significantly (P<0.05) 
higher than those in diets 3 and 4 though, not significantly (P>0.05) different from diets 5 
and 6. The serum creatinine level of the control diets (diets 1 and 2) for the strains AB and 
CO were significantly (P<0.05) different from diets 3, 4, 5, 6, 7 and 8. The serum cholesterol 
level of diets 1, 2 were significantly (P<0.05) higher than those of the other tested diets. The 
TP of diets 7 and 8 were significantly (P<0.05) higher than those of diets 1 and 2 but not 
significantly (P>0.05) different from diets 3, 4, 5 and 6. The GLB performance of diets 5 and 
6 (FTLP) and diets 7 and 8 (vitamin C + FTLP) were not significantly (P>0.05) different but 
they were significantly (P<0.05) higher than those of diets 1, 2, 3 and 4, Vitamin C inclusion 
also had significance (P<0.05) on the AST, CREA, CHOL, TP and ALB. The inclusion of 
FTLP has significant effect (P<0.06) on the serum creatinine, serum cholesterol, total protein 
and serum globulin. The interactive effect of vitamin C and FTLP on AST, CHOL and CREA 
levels of the birds were significant (P<0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Table 1: Composition of the experimental diets 

Ingredients (g/kg) Starter feed 
(%)  

Finisher diet 
(%) 

  Maize  52.35 59.35 

  Rice bran 7 0 

  Maize bran 0 6 

  Soybean meal 30 24 

  Soy oil 3 3 

  Fish meal 3 3 

  Limestone  0.5 0.5 

  Bone meal 3 3 

  Salt  0.3 0.3 

  Premix  0.3 0.3 

  Methionine  0.3 0.3 

  Lysine 0.25 0.25 

Nutrient composition (g/kg) 100 100 

  *Crude protein 22.18 20.03 

  Metabolizable energy (Kcal/kg) 3018 3108.1 



 

 

Table 2 The growth performance response of different strains of broiler chickens to Ficus thonningii, leaf powder and 
vitamin C dietary supplementations 

 
Diet 

 
STRN 

VC 
mg/kg 

FTLP 
% 

IW 
g/b 

BWG  
1-3 wks 

FI 
1-3 wks 

FCR 
1-3 wks 

BWG  
4-6 wks 

FI 
4-6 wks 

FCR 
4-6 wks 

BWG  
1-6 wks 

FI 
1-6 wks 

FCR 
1-6 wks 

1 AB 0 0 37.66 845.47a 1022.48a 1.21bc 1777.11ab 3262.23bc 1.8bc 2622.58ab 4284.71 1.62ab 

2 CO 0 0 37.57 792.45a 982.48a 1.24b 1883.76a 2752.24bc 1.4c 2676.21a 3734.71 1.40b 

3 AB 200 0 37.34 812.71a 986.61a 1.21bc 1600.96bc 2564.39c 1.6bc 2413.67bc 3551.00 1.47b 

4 CO 200 0 37.56 807.12a 1002.41a 1.24b 1911.59a 3529.52a 1.8bc 2718.71a 4531.93 1.67ab 

5 AB 0 1 37.61 820.06a 856.95c 1.04e 1328.55d 3193.86abc 2.4a 2148.61d 4050.81 1.90a 

6 CO 0 1 37.52 648.59b 876.55bc 1.35a 1543.93bcd 3138.92abc 2.0ab 2192.52cd 4015.47 1.84a 

7 AB 200 1 37.65 787.91a 899.22bc 1.14cd 1624.30bc 3071.24abc 1.8bc 2412.21bc 3970.47 1.64ab 

8 CO 200 1 37.42 808.01a 904.24b 1.11de 1533.00cd 2921.14abc 1.9bc 2341.01cd 3825.38 1.63ab 

SEM   0.04 13.67 13.07 0.01 44.04 81.28 0.07 47.79 83.93 0.04 
P-value   0.60 0.01 0.01 0.01 0.01 0.05 0.01 0.01 0.06 0.02 
 AB   37.56 816.54a 941.32 1.15b 1582.73b 3022.93 1.93 2399.27 3964.25 1.66 
 CO   37.52 764.04b 941.42 1.23a 1718.07a 3085.45 1.82 2482.11 4026.87 1.63 
 SEM  0.06 12.06 6.79 0.01 36.73 94.43 0.07 38.75 98.92 0.04 
 P-value  0.60 0.01 0.99 0.01 0.01 0.64 0.25 0.15 0.66 0.69 
  0  37.63 720.52 929.51 1.12 1552.83 3228.04 1.76 2385.60 4167.66 1.62 
  200  37.49 807.56 953.32 1.17 1612.63 2817.81 1.87 2412.94 3760.73 1.65 
  SEM  0.08 17.06 9.61 0.01 51.94 133.54 0.09 54.81 139.89 0.06 
  P value 0.28 0.12 0.17 0.07 0.52 0.63 0.17 0.27 0.71 0.19 
   0 37.50 829.09a 1004.54a 1.21a 1689.03a 2913.31 1.71b 2518.13a 3917.85 1.55b 

   1 37.63 803.99b 878.09b 1.09b 1476.42b 3132.55 2.16a 2280.41b 4010.64 1.77a 

   SEM 0.08 17.06 9.61 0.01 51.94 133.54 0.09 54.81 139.89 0.06 
   P value 0.82 0.01 0.01 0.01 0.01 0.69 0.01 0.01 0.67 0.01 
 Interactions P-value           
 STRN x VC  0.63 0.01 0.29 0.01 0.62 0.02 0.02 0.54 0.02 0.08 
 STRN x FTLP  0.24 0.19 0.22 0.01 0.17 0.23 0.53 0.09 0.29 0.86 
 VC x FTLP  0.44 0.04 0.04 0.06 0.05 0.44 0.48 0.01 0.55 0.03 
 STRN x VC x FTLP 0.21 0.05 0.08 0.01 0.02 0.01 0.62 0.11 0.01 0.16 

Means with a different superscript in the same column are significantly (P<0.05) different; STRN: Strains; AB: Arbor acre; CO: Cobb 500; VC: Vitamin C; 
FTLP: Ficus Thonningii; IW: Initial weight; BWG: Body weight gain; FI: Feed intake; FCR: Feed conversion ratio; SEM: Standard error of the means.    



 

 

Table 3 The haematological indices response of different strains of broiler chickens to Ficus thonningii leaf powder 
and vitamin C dietary supplementations 

 
Diet 

 
STRN 

VC 
mg/kg 

FTLP 
% 

PCV 
% 

RBC 
x106/l 

HB 
g/dl 

MCHC 
g/dl 

MCV 
Fl 

MCH 
Pg/cell 

WBC 
x109/l 

GRA 
x109/l 

LYM 
x109/l 

MON 
x109/l 

1 AB 0 0 30.50 2.26c 10.16 33.56 135.90b 45.30b 2.86bc 0.80 1.96bc 0.06 
2 CO 0 0 32.00 1.87c 10.66 33.30 173.26a 57.76a 4.06a 1.00 3.00a 0.07 
3 AB 200 0 31.5 3.26ab 10.50 33.31 97.46c 32.46c 2.86bc 0.80 2.10bc 0.00 
4 CO 200 0 30.00 2.86b 10.00 33.30 105.33c 35.10c 2.66bc 0.90 1.70bc 0.06 
5 AB 0 1 30.66 2.17c 10.23 33.00 142.50b 47.50b 3.10abc 1.00 2.10bc 0.00 
6 CO 0 1 30.67 2.07c 11.23 33.13 164.50a 54.83a 2.90bc 0.90 1.93bc 0.06 
7 AB 200 1 34.00 3.73a 11.32 33.33 92.63c 30.86c 3.53ab 0.90 2.56ab 0.07 
8 CO 200 1 29.33 3.20ab 9.77 33.06 91.80c 30.60c 2.23c 0.80 1.43c 0.00 
SEM   0.51 0.14 0.17 0.06 6.78 2.62 0.14 0.04 0.12 0.01 
P-value   0.196 0.01 0.17 0.43 0.01 0.01 0.03 0.92 0.02 0.17 
 AB   31.67 2.85a 10.55 33.30 117.13b 39.03b 3.09 0.87 2.18 0.33 
 CO   31.25 2.50b 10.41 33.20 133.72a 44.57a 2.96 0.90 2.01 0.05 
 SEM  0.65 0.09 0.22 0.08 3.65 1.22 0.16 0.07 0.14 0.01 
 P-value  0.66 0.02 0.64 0.43 0.01 0.01 0.59 0.81 0.40 0.38 
  0  31.71 2.09b 10.57 33.25 154.04a 51.35a 3.23 0.92 2.25 0.05 
  200  31.21 3.26a 10.40 33.25 96.81b 32.25b 2.82 0.85 1.95 0.03 
  SEM  0.65 0.09 0.22 0.08 3.65 1.22 0.16 0.07 0.14 0.01 
  P value 0.59 0.01 1.00 1.00 0.01 0.01 0.09 0.46 0.14 0.38 
   0 31.00 2.56 10.33 33.36 127.99 42.65 3.12 0.87 2.19 0.05 
   1 31.91 2.79 10.64 33.13 122.85 40.95 2.94 0.90 2.01 0.03 
   SEM 0.65 0.09 0.22 0.08 3.65 1.22 0.16 0.07 0.13 0.01 
   P value 0.33 0.11 0.32 0.07 0.33 0.34 0.45 0.81 0.36 0.38 
 Interactions P-value           
 STRN x VC  0.01 0.43 0.01 0.79 0.02 0.02 0.01 0.81 0.01 0.38 
 STRN x FTLP  0.66 0.76 0.64 0.79 0.26 0.26 0.02 0.23 0.02 0.38 
 VC x FTLP  1.00 0.21 0.97 0.29 0.45 0.44 0.22 0.81 0.16 0.38 
 STRN x VC x FTLP 0.22 0.43 0.21 0.19 0.75 0.75 0.74 0.80 0.55 0.06 

Means with a different superscript in the same column are significantly (P<0.05) different; STRN.: Strains; AB: Abore acre; CO: Cobb 500; VC: Vitamin C; 
FTLP: Ficus Thonningii leaf powder; PCV: Packed cell volume; RBC: Red blood cells; HB: Haemoglobin conc.; MCHC: Mean cell haemoglobin 
concentration; MCV: Mean cell volume; MCH: Mean cell haemoglobin; WBC: White blood cells; GRA: Granulocytes; LYM: Lymphocytes; MON: Monocytes; 
SEM: Standard error of the means. 



 

 

Table 4: Serum biochemical profiles of different strains of broiler chicken fed Ficus thonningii leaf powder and vitamin 
c supplemented diets 

 
Diet 

 
STRN 

VC 
mg/kg 

FTLP 
% 

AST 
(IU/L) 
 

ALT 
(IU/L) 
 

CREA 
(µmol/L) 
 

CHOL 
(mmol/L) 
 

TP 
(g/L) 
 

ALB 
(g/L) 
 

GLB 
(g/L) 
 

ALB/ 
GLO 
 

 

1 AB 0 0 168.06a 18.37 79.73a 157.95a 52.66b 23.97 28.68b 0.83b  
2 CO 0 0 171.28a 17.54 81.20a 155.53a 53.65b 23.88 29.77b 0.80b  
3 AB 200 0 132.98bc 16.55 65.18b 134.96b 63.47ab 32.51 30.95b 1.05ab  
4 CO 200 0 128.61c 17.63 65.31b 139.11b 64.41ab 35.17 29.24b 1.19a  
5 AB 0 1 152.41ab 16.28 67.75b 129.78b 61.93ab 27.00 34.93a 0.78b  
6 CO 0 1 152.39ab 17.24 67.81b 117.43c 58.52ab 25.30 33.22a 0.75b  
7 AB 200 1 135.07bc 16.91 63.93b 119.09c 66.79a 32.35 34.44a 0.94ab  
8 CO 200 1 132.22bc 17.19 63.84b 114.50c 68.84a 35.57 33.36a 1.06ab  
SEM   3.77 0.57 1.62 3.42 1.56 1.39 0.52 0.04  
P-value   0.01 0.99 0.01 0.01 0.05 0.10 0.01 0.05  
 AB   147.13 17.02 69.15 135.44 61.21 28.96 32.25 0.90  
 CO   146.12 17.40 69.54 131.64 61.35 29.95 31.40 0.95  
 SEM  3.16 0.95 1.46 1.77 1.80 1.70 0.37 0.05  
 P-value  0.82 0.78 0.85 0.14 0.95 0.68 0.13 0.46  
  0  161.03 17.36 74.12a 140.17a 56.69b 25.03b 31.65 0.79b  
  200  132.22 17.07 64.57b 126.91b 65.87a 33.88a 31,99 1.06a  
  SEM  3.16 0.95 1.46 1.77 1.80 1.70 0.37 0.05  
  P value 0.01 0.83 0.01 0.01 0.01 0.01 0.52 0.01  
   0 150.23 17.52 72.86a 146.89a 58.55b 28.88 29.66b 0.97  

   1 143.02 16.90 65.83b 120.20b 64.02a 30.03 33.99a 0.88  

   SEM 3.16 0.95 1.46 1.77 1.80 1.70 0.37 0.05  
   P value 0.12 0.65 0.01 0.01 0.04 0.64 0.01 0.24  
 Interactions P-value          
 STRN x VC  0.56 0.82 0.85 0.17 0.60 0.44 0.32 0.25  
 STRN x FTLP  0.92 0.85 0.84 0.08 0.75 0.90 0.33 0.94  
 VC x FTLP  0.03 0.67 0.01 0.02 0.54 0.66 0.34 0.62  
 STRN x VC x FTLP 0.79 0.63 0.88 0.90 0.59 0.83 0.13 0.94  

Means with a different superscript in the same column are significantly (P<0.05) different; STRN: Strains; AB: Arbor acre; CO: Cobb 500; VC: Vitamin C; 
FTLP: Ficus thonningii leaf powder; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; CREA: Creatine; CHOL: Cholesterol; TP: Total 
Protein; ALB: Albumin; GLB: Globulin; SEM: Standard error of the means.    



 

 

4. Discussion 
 

The trend of results shows that the birds fed Control and vitamin C supplemented diets have 
enhanced feed intake, and body weight gain with the Cobb 500 strain having a better feed 
conversion ratio at the starter phase. The interaction of strain and vitamin C also influenced 
the body weight gain and feed conversion ratio. The same trend was also reported at the 
finisher and overall phase though FTLP inclusion does not negatively impacted the FCR. 
The value of 1.77 recorded is within the range of 1.4 to 1.9 for broiler chicken 9[1]. High 
ambient temperature in the tropics constitutes thermal stress that is a major cause of 
systemic oxidative stress; and consequently, poor growth performance [20][21]. 
Consequently, the improved FCR seen in birds fed vitamin C supplemented diets in this 
study could be a result of the bioactive components in vitamin C's actions in lowering the 
effects of oxidative stress in broiler chickens. The lower feed intake and body weight gain in 
the experimental birds due to FTLP supplementation in this study suggests a possible 
compromise of nutritive quality and impairment of feed acceptability by the birds, because 
some phytochemicals may interfere with nutrient bioavailability for the birds, especially when 
present in excessive amounts in their diets and feed physical properties [22]. [23] reported 
that the usage of feed supplements can affect an animal's willingness to eat a given feed. 
The reduction in the FI recorded in the FTLP treated groups (5, 6, 7 and 8) in this study 
suggests the negative effects of the FTLP on the feed acceptability and consumption by the 
birds during the early state of their life (the starter phase). The reduced FI in the affected 
treatment groups could be due to the phyto-constituents of the FTLP. For instance, tannin, 
when present in high levels in diets reduces the voluntary feed intake and nutrient 
digestibility [24]. 

Haematological markers are good indicators of an animal’s physiological status, and 
changes in them are useful in determining how the animal responds to various physiological 
settings [25]. The values of PCV recorded in this study were within the range reported by 
[26], of 28 – 35% for broiler chicken aged 5 to 7 weeks.The PCV aids in determining whether 
supplemented diets have a negative impact on the health status of the broiler chickens. A 
high PCV value indicates the presence of toxic factors that may have an adverse effect on 
blood formation [27]. The value recorded in this study indicates that the supplementation 
does not have deleterious effect on the tested birds. The supplementation of birds’ diets with 
FTLP and vitamin C improved erythrocytic indices of heat stressed broilers. The contribution 
of FTLP to the mineral profile of the dietary supplementation of the broiler chicken [13], as 
well as the possible complementary role of supplemental vitamin C in assisting the 
breakdown of amino acids and aiding in the absorption of minerals, particularly iron, by 
keeping them in a reduced ferrous state, could be responsible for the improved red blood 
cells count consequent on the supplementations [28]. The higher RBC counts in the AB 
breed compared to the CO breed suggest that genetic variables may influence erythrocyte 
count. Previous research has shown that genetic variables influence haematological 
parameters such as PCV, RBC, HBC, mean cell haemoglobin, and mean cell haemoglobin 
concentration, among others [29][30]. The PCV, RBC, and HB values in this study are all 
within normal ranges (PCV: 22-35 %, RBC: 2.5-3.5 x 106/L, and HB: 7-13 g/dL) reported by 
[31].The increased MCV and MCH levels in CO breeds could indicate macrocytic anaemia, 
which is defined by excessively large red blood cells which is a precursor to fewer red blood 
cells and transport of less haemoglobin in the circulatory system [32]. However, the levels 
observed in this study consequent on the inclusion of FTLP for MCV are within the range 
(MCV: 143.08 – 160.97 fl) reported by [33]; therefore, the increased MCV values induced by 
breeds or reduced MCV values produced by Vitamin C supplementation may not be of 
health concern [31]. White blood cell assists in protecting the body from pathogen by 
building up immunity ([34]. The FTLP supplementation increased the WBC of the birds in this 



 

 

current study. [35] had reported an increase in WBC count in chicken fed vitamin A 
supplemented diet.  It is evident that the supplementation of FTLP in the diets of the tested 
birds boosted their immune response.  
 
The liver is the coordinating point for different metabolic, productive and digestive functions 
and it is prone to different levels of biological and chemical damages depending on the 
amount of specific serum enzymes which has their originating sources from it. These 
enzymes, depending on their levels may compromise many body functions, thereby resulting 
in poor immunity status and weak production performance [36]. The reduction in AST due to 
inclusion of Vitamin C and FTLP can be deduced as an indication of better liver function due 
to the activities of the antioxidants’properties and protective role of ascorbic acid as well as 
the synergistic effect of the interaction of vitamin C and FTLP which reduces oxidative stress 
induced by hepatotoxicity [37].Creatinine as a nitrogenous organic acid assist in the supply 
of energy to the cells, it is a by-product of muscle metabolism and it is excreted entirely by 
the kidney. Increased level of creatinine is an indication of decreased kidney function [38] 
and of a chronic kidney disease [39]. Inclusion of vitamin C and FTLP in this study showed 
reduced level of creatinine less than the value reported by [27], who reported 79.00 and 
81.00% for AB and CO breeds respectively. Cholesterol, produced in the liver is a product of 
fat metabolism. Increase in the level of cholesterol is associated with hormonal and 
metabolic diseases, liver disease as well as kidney malfunctioning [38]. The significantly 
lower values of cholesterol with the inclusion of FTLP in comparison to the control diets 
affirmed the believe that chickens fed with herbs have low levels of cholesterol as a result of 
decreased activity of lipogenic enzymes in the liver [40]. Serum proteins are essentially 
synthesized in the liver and they perform the function of maintaining blood volume through 
colloidal osmotic effect, regulate blood pH, transport hormones and drugs, participate in cell 
coagulation, catalyze chemical reactions, regulate the metabolism and participate in the 
body defense against foreign objects [41]. Total Protein is made up of Albumin and Globulin. 
Globulin is calculated as the difference between Total Protein and Albumin. Albumin is 
responsible for transporting insoluble substance in the blood and aids to maintain oncontic 
pressure [42]. The result of Albumin recorded in this study, though elevated by vitamin C 
supplementation is within the range (21 – 34.5 g/L) reported by [43] for chickens. The 
observed increase in the serum total protein, due to FTLP and Vitamin C supplementation 
may not be pathological because, the serum total protein levels (52.66 - 66.79 g/L) recorded 
in this study is within the normal range for total protein (52-69 g/L) reported by [44][43]. 
Vitamin C supplementation has been shown to raise blood protein levels [45][37]. Globulins 
are a diverse collection of large serum proteins that do not include albumin [46]. In addition 
to the aforementioned variables that cause an increase in total protein, an increase in alpha, 
beta, or gamma globulin can cause an increase in serum globulin. By implication, the 
increased globulin concentration observed in this study because of FTLP inclusion in the 
diets is an indication that phytochemicals present in the leaf stimulated the increased 
globulin production in the serum. This agrees with [47], who recorded increased serum 
protein and globulin concentration in broiler chickens fed a 5g/kg rosemary leaves 
supplemented diet. Phytogenic can stimulate the intestinal walls, increasing the secretion of 
digestive enzymes, as well as enhancing the absorption of more nutrients and, as a result, 
an improved protein profile [48]. 
 
5. Conclusion 
 
The findings of this study shows that supplementation of the diets of broiler chicken with 
FTLP and vitamin C ameliorated the damaging effects of oxidative stress on performance, 
haematology and biochemical indices of broiler chicken. The supplements enhanced red 
blood cell count, white blood cell count, mean corpuscular volume as well as regulating the 



 

 

levels of critical serum biochemical parameters which could predispose the liver and the 
kidney to disease conditions. 
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animal for research of The Federal University of Technology, Akure, Nigeria.   
 
 
REFERENCES 

1. Shehata AM, Saadeldin IM, Tukur HA, Habashy WS. Modulation of heat-shock 
proteins mediates chicken cell survival against thermal 
stress. Animals. 2020;10:2407. doi: 10.3390/ani10122407. [PMC free 
article] [PubMed] [CrossRef] [Google Scholar] 

2. Tallentire CW, Leinonen I,  Kyriazakis I. 2016. Breeding for efficiency in the broiler 
chicken: A review. Agronomy for Sustainable Development, 36:66. 10.1007/s13593-
016-0398-2 

3. Tekce E, Bayraktar B, Aksakal V, Dertli E, Kamiloğlu A, Topcu KÇ, et al. Response 
of Japanese quails (Coturnix coturnix japonica) to dietary inclusion of Moringa 
oleifera essential oil under heat stress condition. Ital J Anim Sci. 2020;19:514–23. 
doi: 10.1080/1828051X.2020.1760740. [CrossRef] [Google Scholar] 

4. Bueno JPR, Gotardo LRM, dos Santos AM, Litz FH, Olivieri OCL, Alves RLOR, et al. 
Effect of cyclic heat stress on thyroidal hormones, thyroid histology, and 
performance of two broiler strains. Int J Biometeorol. 2020;64:1125–32. 
doi: 10.1007/s00484-020-01886-0. [PubMed] [CrossRef] [Google Scholar] 

5. Mehaisen GMK, Ibrahim RM, Desoky AA, Safaa HM, El-Sayed OA, Abass AO. The 
importance of propolis in alleviating the negative physiological effects of heat stress 
in quail chicks. PLOS ONE. 2017;12:e0186907. 
doi: 10.1371/journal.pone.0186907. [PMC free article] [PubMed] [CrossRef] [Google 
Scholar] 

6. Saeed M, Abbas G, Alagawany M, Kamboh AA, El-Hack MEA, Khafaga AF, et al. 
Heat stress management in poultry farms: a comprehensive overview. J Therm 
Biol. 2019;84:414–25. doi: 10.1016/j.jtherbio.2019.07.025. [PubMed] 
[CrossRef] [Google Scholar] 

7. Surai PF, Fisinin VI. Vitagenes in poultry production: part 1. technological and 
environmental stresses. Worlds Poult Sci J. 2016;72:721–33. 
doi: 10.1017/S0043933916000714. [CrossRef] [Google Scholar] 

8. Surai PF, Fisinin VI. Vitagenes in poultry production: part 2. nutritional and internal 
stresses. Worlds Poult Sci J. 2016;72:761–72. 
doi: 10.1017/S0043933916000726. [CrossRef] [Google Scholar] 

9. Surai PF, Kochish II, Fisinin VI, Kidd MT. Antioxidant defence systems and oxidative 
stress in poultry biology: an update. Antioxidants. 2019;8:235. 
doi: 10.3390/antiox8070235. [PMC free article] [PubMed] [CrossRef] [Google 
Scholar] 

10. Jang IS, Ko YH, Moon YS, Sohn SH. Effects of vitamin C or E on the pro-
inflammatory cytokines, heat shock protein 70 and antioxidant status in broiler 
chicks under summer conditions. Asian-Australas J Anim Sci. 2014;27:749–56. 
doi: 10.5713/ajas.2013.13852. [PMC free article] [PubMed] [CrossRef] [Google 
Scholar] 



 

 

11. Vandana GD, Sejian V, Lees AM, Pragna P, Silpa MV, Maloney SK. Heat stress and 
poultry production: impact and amelioration. Int J Biometeorol. 2021;65:163–79. 
doi: 10.1007/s00484-020-02023-7. [PubMed] [CrossRef] [Google Scholar] 

12. Jimoh OA, Oyeyemi BF, Oyeyemi WA. Soursop juice enhanced seminal antioxidant 
defence and semen quality of rabbit bucks in extremely dry climatic condition of 
Southwestern Nigeria. J Therm Biol. 2021;100:103034. 
doi: 10.1016/j.jtherbio.2021.103034. [PubMed] [CrossRef] [Google Scholar] 

13. Osowe CO, Olowu OPA, Adu OA, Oloruntola OD and Chineke CA. Proximate and 
mineral composition, phytochemical analysis, and antioxidant activity of fig trees 
(Ficus spp.) leaf powder. Asian J.  Bioch., Gen. Mol. Bio. 2021. 9(1): 19-29. 

14. Dangarembizi R, Erlwanger KH, Moyo D. and Chivandi E. Phytochemistry, 
Pharmacology and Ethnomedicinal uses of Ficus thonningii (Blume moraceae): A 
Review. African Journal of Traditional Complement Alternative Medicine. 2013. 
10(2): 203-212. 

15. Ahur VM, Madubunyi I., Adekonla AY and Udem SC. The effects of acetyl acetate 
extract of Ficus thonningii (Blume) leaves on erythrocyte osmotic fragility and 
haematological parameters in acetaminophen-treated rats. Comparative Clinical 
Pathology. 2010. 10:1107-1111. 

16. Roussan DA., Kwaldeh GY., Haddad RR., Shaheen IA., Salameh GR and Rifai AI. 
Effect of ascorbic acid, acetylsalicylic acid, sodium bicarbonate, and potassium 
chloride supplementation in water on the performance of broiler chickens exposed to 
heat stress. Journal of Applied Poultry Research. 17: 141-144.    

17. Balvave D. Challenges of accurately defining the nutrient requirements of heat-
stressed poultry. In: World’s Poultry Science Association Invited Lecture. Poultry 
Science. 2004. 83: 5-14. 

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

19. Crozier A, Jaganath IB and Clifford MN. Dietary phenolics: Chemistry, bioavailability 
and effects on health. Natural Products Reports, 2009. 26(8); 1001–1043. 
https://doi.org/10.1039/b802662a 

20. Ahaotu, EO, Patricio DR, Ibe LC,  Singh RR. 2019. Climate change in poultry 
production system ‐ A review. Acta Scientific Agriculture, 3(9): 113–117. 
10.31080/ASAG.2019.03.0617 

21. Hu R, He Y, Arowolo MA, Wu S and He J. Polyphenols as potential attenuators of 
heat stress in poultry production. Antioxidants (Basel), 2019. 8(3); 67. 
https://doi.org/10.3390/antio x8030067 

22. Valenzuela-Grijalva NV., Pinelli-Saavedra A., Muhlia-Almazan A., Dominguez-Diaz 
D. and Gonzalez-Rios H. Dietary inclusion effects of phytochemicals as growth 
promoters in animal production. Journal of Animal Science and Technology. 2017. 
59:8. 

23. Hassan ZM., Manyelo TR., Salaledi L., Mabelebele M. The effects of tannins in 
monogastric animals with special reference to alternative feed ingredients. 
Molecules. 2020. 25(20): 4680. https://doi.org/10.3390/molecules25204680. 

24. Prabakaran R. Good practices in planning and management of integrated 
commercial poultry production in south Asia. FAO Animal Production and Health 
Paper. 2003. 159:12-24. 

25. Khan TA and Zafar F. Haematological study in response to varying doses of 
estrogen in broiler chicken. International Journal of Poultry Science. 2005. 4(10); 
748-751 

26. Onyishi GC, Oguine CC, Nwani SI, Aguzie IO and Nwani CD. Haematological 
parameters dynamics of developing Gallus Gallusdomesticus. Ani. Res. Int. 2017. 
14(2); 2769 – 2776 

 



 

 

27. Iyaode II, Ibrahim HO, Uwade F and Shittu MW. Haematology and serum 
biochemistry of broiler strains (Cobbs and Arbor-acre) fed ginger (Zingiber 
officinale). GSC Biol. Pharm. Sci. 2020. 11(02); 320–326.  DOI: 
https://doi.org/10.30574/gscbps.2020.11.2.0145 

28. Yadav, S.S., Kolluri, G., Gopi, M., Karthik, K., Malik, Y.S. &Dhama, K. 2016. 
"Exploring alternatives to antibiotics as health promoting agents in poultry- A 
review". Journal of Experimental Biology and Agricultural Sciences, 4(3S): 368-383, 
ISSN:2320-8694. http://dx.doi.org/10.18006/2016.4(3S).368.383. 

29. Chineke CA, Ologun AG and Ikeobi CON. "Haematological parameters in rabbit 
breeds and crosses in humid tropics". Pakistan Journal of Biological Sciences, 2006. 
9(11): 2102-2106, ISSN: 1812 5735.https://doi.org/10.3923/PJBS.2006.2102.2106. 

30. Etim NN, Williams ME, Akpabio U and Offiong EA. "Haematological parameters and 
factors affecting their values". Agricultural Science, 2014. 2(1): 37-47, ISSN: 2690-
4799. https://doi.org/10.12735/as.v2i1p37. 

31. Bounous D and Stedman N. Normal avian hematology: chicken and turkey. In: 
Feldman BF, Zinkl JG, Jain NC, editors. Schalm’s veterinary hematology. New York: 
Wiley; 2000. p.1147-1154. 

32. Aslinia F, Mazza JJ and Yale SH. "Megaloblastic anemia and other causes of 
macrocytosis". Clinical Medicine and Research, 2006. 4(3): 236–241, ISSN: 1554-
6179. https://doi.org/10.3121/cmr.4.3.236. 

33. Seun OR, Olajumoke AO, Ukie EE, Luke KL, Olaleye OK, Oguntade AJ, Akonye JC, 
Ekaette GJ, Onunkwo DN and Oyewola GS. Biochemical blood parameters of 
broiler chicken fed rice milling waste-based diets. J. of Anim, Sci. and Livst. Prod. 
2022, Vol 5, No 5:002. 

34. Osman ZM, Gomaa AM, Hussein HM, Soliman FH and El-Shobaki AF. Association 
between retinol metabolism and diabetic retinopathy. Polish Journal of Food and 
Nutrition, 2004, 13:54.  

35. Akbari M, Kermanshahi H, Maghaddam HN, Moussavi AH and Afshari JT. Effect of 
wheat-soybean meal based diet supplementation with vitamin A, vitamin E and Zinc 
on blood cells, organ weights, and humoral immune response in broiler chickens. J. 
of Adv. Animal and Vet Advances. 2008: 7(3): 297 – 304. 

36. Aikpitanyi KU and Egweh NO. Haematological and biochemical profile of broiler 
chickens fed diets containing ginger and black pepper additives. Nigerian J. Anim. 
Sci.2020 Vol 22 (2):114-125 (ISSN:1119-4308) 

37. Nayila I. Effect of Ascorbic acid supplementation on liver function tests in hepatitis C 
patients. Open Journal of Internal Medicine. 2020. 10; 263-279. Doi: 
10.4236/ojim.2020.103028. 

38. Krista W, Kristiina R and Margo ST. Serum Biochemistry. 2021. VCA Hospitals 
39. Newman T. Symptoms, causes, and treatment of chronic kidney disease. 2021.  

www.medicalnewstoday.com 
40. Ciftci M, Simsek T, Tilmaz A and Bestami O. Effects of dietary antibiotics and 

cinnamon oil supplementation on antioxidant enzyme activities, cholesterol levels 
and fatty acid compositions of serum and meat in broiler chickens. Acta Veterinaria 
Scandinavica.2010. 79:33-40. 

41. Melillo A. Applications of serum protein electrophoresis in exotic pet medicine. 
Veterinary Clinics of North America Exotic Animal Practice. 2013. 16(1): 211-225. 

42. Fischbach FT and Dunning MB. A manual of laboratory and diagnostic tests. 
Philadelphia: Lippincott Williams & Wilkins, 2009. 

43. Oloruntola OD, Ayodele SO, Agbede JO, Oloruntola DA, Ogunsipe MH and Omoniyi 
IS. "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, 2016. 5(2): 190-195, ISSN: 2278-
5957. 



 

 

 
44. Mitruka BM and Rawnsley HM. Clinical biochemical and hematological reference 

values in normal experimental animals. Masson Publishing USA, Inc.1977.  pp. 134-
139. 

45. Karakilcik, A. Z., Zerinm. K., Arslanm, B., Nazligul, L. & Vural, F. 2004. "Effects of 
vitamin C and E on liver enzymes and biochemical parameters of rabbits exposed to 
aflatoxin B1". Veterinary and Human Toxicology, 46(4): 190-192, ISSN: 0145-6296. 

46. Odunitan-Wayas, P., Kolanisi, U., &Chimonyo M. 2018. "Haematological and serum 
biochemical responses of Ovambo chickens fed Provitamin A Biofortified maize". 
Brazilian Journal of Poultry Science, 20(3): 425-433, ISSN: 1806-9061 
http://dx.doi.org/10.1590/1806-9061-2016-0444. 

47. Ghazalah, A. A. & Ali, A.M. 2008. "Rosemary leaves as a dietary supplement for 
growth in broiler chickens". International Journal of Poultry Science, 7: 234–239, 
ISSN: 1994-7992. 

48. Abudabos, A.M., Alyemni, A.H., Dafallah, Y.M. & Khan, R.U. 2016. "The effect of 
phytogenic feed additives to substitute in-feed antibiotics on growth traits and blood 
biochemical parameters in broiler chicks challenged with Salmonellatyphimurium". 
Environmental Science and Pollution Research, 23: 24151–24157, ISSN: 1614-
7499. https://doi.org/10.1007/s11356-016-7665-2. 

 


