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ABSTRACT  
 
A total of thirty-six matured rabbit Does were used to study the impact of natural and 
synthetic antioxidants on the ability of heat-stressed rabbits to reproduce in a tropical 
climate. Using a completely randomized design, the rabbits were divided into four 
treatment groups, each consisting of 9 rabbits (6 Does and 3 bucks): (T1) control diet; (T2) 
diet supplemented with sodium bicarbonate; (T3) diet containing synthetic Vitamin C; and 
(T4) diet supplemented with Baobab fruit pulp meal (BFPM), as a natural antioxidant. The 
Does were served feed and water ad libitum. Five ml of blood samples were collected from 
the ear veins of rabbits chosen randomly from each treatment of rabbit treatments, 
respectively, before, during, and after pregnancy, for the evaluation of thyroxine hormone 
concentrations and serum metabolite. The rabbits’ ability to reproduce was also evaluated. 
Thyroxine secretion and serum glucose increased significantly(p<0.05) after kindling. The 
vitamin antioxidants improved the reproductive performance of the Does (p<0.05). The 
rectal temperature significantly (p<0.05) decreased while the serum metabolites of the 
kits increased in the BFPM treatments. Supplementing with BFPM, a naturally occurring 
antioxidant can help reduce stress by heat in reproductive Does. BFPM might be a part of 
a reproductive diet in the tropics for efficient reproduction. 
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INTRODUCTION 
 
Rabbit production has the potential to alleviate 
micronutrient and protein malnutrition while 
positively contributing to the sustainable increase 
in smallholder agriculture. Various factors such as 
genetics, nutrition, environment, and overall 
health influence rabbit breeding and 
reproduction. Previous studies reported that 
hyperthermia and heat stress significantly 
affected rabbits and their reproduction efficiency 
(Anoh et al., 2018). Cows exposed to heat stress 
after fertilization have been reported to have a 
decrease in the quality and number of embryos 
in cows (Hussin and Al-Taay, 2009; Luceno et al., 

2020) and also a negative effect on intrauterine 
development in mice (Silva et al., 2024), and a 
decrease of thyroid stimulating hormone and 
thyroid hormones in lambs (Omidi et al., 2015), 
and variation in hormonal concentration at 
various gestation stages of black Bengal goat 
(Kumar et al., 2015). Heat stress has been 
reported to cause oxidative stress in animals 
through the excessive production of reactive 
oxygen species (ROS) or by lowering the potency 
of the antioxidant defences, including Vitamin C 
(Chauhan et al., 2014; Yin et al., 2018). 
Increased free radicals in animals can damage 
reproductive cells, affecting fertility, embryo 
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development, and overall reproductive success 
(Ruder et al., 2009).   

Thyroxine hormone concentration is an 
indicator of stress. Thyroxine levels in the serum 
of rabbits (Marai et al., 2004), poultry (He et al., 
2018; Vandana et al., 2021), as well as sheep 
(Todini, 2007), have been reported to be altered 
due to heat stress. Sivakumar et al. (2010) 
reported that thyroid hormone concentration 
decreased in heat-stressed goats, as a response 
to reducing the metabolic rate and heat 
production in goats exposed to antioxidants.  

The use of antioxidants to alleviate heat 
stress in rabbits may be physiologically safer 
compared to other methods. Antioxidants can 
help reduce oxidative stress which is induced by 
heat stress by neutralizing free radicals, thereby 
protecting reproductive cells and supporting 
reproductive health. Supplementing rabbits’ diets 
with antioxidants can positively impact 
reproductive parameters (Oloruntola et al., 2015; 
Anoh et al., 2017) including litter size.  Vitamin C 
can dissolve in blood and cytosol and can act 
quickly before cell damage occurs. Sodium 
bicarbonate (Na2HCO3) was found to improve 
oxidative stress and heat tolerance by immune 
modulation (Peng et al., 2013). Increase 
performances of heat-stressed poultry birds and 
rabbits treated with sodium bicarbonate have 
been reported in growth (Ahmad et al., 2005; 
Khattak et al., 2012; Peng et al., 2013), egg 
quality (Kaya et al., 2004; Jiang et al., 2015) and 
improved blood profile (Kurtoglu et al., 2007).  

There is a prospect for the use of organic 
products in livestock production because 
synthetic products may be hazardous. This 
inspired our interest in the use of organic 
products for rabbit production, that are viable 
and physiologically safe. Plants and their parts 
have served as phytobiotics and antioxidants in 
livestock production (Dhama et al., 2015; 
Valenzuela-Grijalva et al., 2017) because of the 
presence of Vitamin C and other phytochemicals 
in them (Anoh et al., 2018; 2022). Some 
phytochemicals in plants improve antioxidant, 
anti-microbial, feed flavour, and palatability, 
which can increase feed intake and animal 
performance (Valenzuela-Grijalva et al., 2017). 
These tropical plants are available because of 
their rapid growth which is enhanced by 

favourable climatic and environmental factors. 
Baobab has been well described by Asogwa et al. 
(2021). The fruit pulp meal contains high 
amounts of Vitamin C (Stadlmayr et al., 2020), 
can increase growth performance, and alleviates 
heat stress in rabbits (Anoh et al., 2017).  

This study evaluated the influence of 
synthetic and natural antioxidants on the 
performance of heat-stressed rabbits Does 
reproductive function in Nigeria, a country in the 
tropics. 
 
MATERIAL AND METHODS 
 
Study Location: This study was carried out at 
the National Animal Production Research 
Institute (NAPRI), Shika, Zaria, Nigeria (11o 12’ 
42” N and 7o 33’ 14” E) at an altitude of about 
691 m above sea level (Achi et al., 2021). Zaria 
has the following annual average conditions: 
rainfall of 1100 ± 50 mm, which starts from late 
April and early May to mid-October, temperature 
of 37 ± 5 0C, and relative humidity (RH) of 75 ± 
5%. 
 
Housing: The rabbits were raised in perforated 
metallic cages measuring 75 x 75 x 75 cm3, raised 
85 cm above the ground. The hutches were 
properly cleansed using a disinfectant 
manufactured locally; and left to dry for a week 
before the rabbits were introduced. Each hutch 
had feeding and watering troughs constructed of 
burnt clay. Each rabbit was placed in its cell with 
a legible label. 
 
Chemicals, Drugs and their Preparation: 
The sodium bicarbonate and the carbonate 
anhydrous salts were purchased from Mike-
Ventures equipment and chemicals stores in 
Samaru-Zaria Nigeria. The Vitamin C used in this 
study was the feed grade Vitamin C, it was 
purchased from a feed additive vendor in 
Samaru-Zaria Nigeria. The buffer solution was 
produced according to the methods of (Mohan, 
2003). 
 
Baobab Fruit Pulp Meal: Baobab fruit pulp 
meal is a white, powdery substance obtained 
from the endocarp of Baobab. The pulp 
completely dry at maturity is obtained from the 
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endocarp of the Baobab and after that crushed 
and sieved to produce the powdery substance. 
Two hundred grams (200 g) of the powdery 
Baobab were included in a kg of feed in this 
study. 
 
Experimental Animals, Design, and Diets: A 
total of 36 New Zealand White Cross adult rabbits 
with an average weight of 2600 ± 32 g were used 
in this study. Using a completely randomized 
design, the rabbits were randomly distributed 
into the four treatment groups, replicated thrice 
with each replicate having three rabbits (two 
Does and one Buck), totalling nine rabbits (six 
Does and three Bucks) per treatment group. 
Group A - control rabbits were fed the standard 
diet and water only, Group B – rabbits were given 
the standard diet and sodium bicarbonate buffer, 
Group C – rabbits were given 250 g/kg of Vitamin  
C mixed in the standard diet, and  Group D – 
rabbits were fed 200 g/kg of BFPM mixed in the 
diet. All rabbits in the different treatments were 
fed their respective diets and water ad libitum. 
The standard diet used was commercial feed 
(Vital Feed Broiler Starter, 18.00 ± 0.50 g/100g 
crude protein, and 2106.00 kcal/kg metabolizable 
energy, Vital Feed, Grand Cereals Limited, Jos, 
Plateau State, Nigeria). The sodium bicarbonate 
(NaHCO3) solution and water were changed daily 
in the morning. The study lasted for 20 weeks 
(February 21 - June 30, 2024). 
 
Estimation of the Temperature-Humidity 
Index: The readings of the micro-climate 
(temperature and relative humidity) of the pen 
were taken at 08:00 and 15.00 hours daily during 
the study period, from February through June. 
The temperature of the pens was measured 
using a Cocet Digital Thermometer Iris (KFT-04 
Hard Head) (Cocet, Shenzhen, Guangdong, 
China). The humidity of the rabbit pens was 
measured using a 736710 Sling Psychrometer, 
Sper Scientific, USA. A modified version of the 
temperature-humidity index (THI) for rabbits, 
which serves as a measurement of the animals’ 
degree of thermal comfort in the enclosures: THI 
= t - [(0.31 – 0.31 × RH) (t – 14.4)] was used to 
determine the THI of the pen. The values of THI 
obtained for the tropical regions are classified as 
< 27.8oC = absence of heat stress, 27.8 – 28.9oC 

= moderate, 29.0 – 30oC = severe, and > 30oC 
= highly severe (Asemota et al., 2017).  
 
Determination of Thyroxine (T4) Concentration 
and Serum Metabolites: Blood samples (5 ml) 
were collected from the ear vein of the Does, 
before (24 hours before mating), during (14th day 
of pregnancy), and after gestation (24 hours 
after kindling); and from the three weeks old 
kittens for serum metabolite evaluation. The 
samples were collected into a tube without 
anticoagulant and allowed to clot and then 
centrifuged at over 2500 rpm for 14 minutes. The 
sera obtained was stored at -12oC pending use 
for assay of the thyroxine and serum metabolite 
levels. The serum metabolites assayed for in this 
study (glucose, total protein, albumin, and 
cholesterol concentrations) were evaluated using 
an auto-analyzer and specific biochemical 
commercial test kits that were purchased from 
Stanbio Laboratory Incorporated, USA whereas 
the thyroxine concentration was determined for 
the Does and Kittens using ELISA kits (thyroxine) 
obtained from Liaison, Byk-Sangtec Diagnostica, 
Dietzenbach, Germany according to the 
manufacturer’s instructions. The sensitivity of 
this assay, or Lower Limit of Detection (LLD) was 
set at 10 ng/ml. 
 
The Reproductive Performance of Rabbits 
Does: Mating was done after four weeks after 
the start of the study. Does were brought to the 
buck for mating at a ratio of 1 buck: 2 
Does/replicate. 7th-day weight increment and 
abdominal palpation were used to confirm 
pregnancy. Does who were not pregnant were 
re-serviced. The parameters evaluated included 
the date of the Kindle, litter size, litter weight, kit 
weight, and kit weight at weaning (Di Meo et al., 
2004). Data were obtained from two parities and 
the interval between these two parities was four 
weeks. The experiment lasted for 20 weeks. 
  
Physiological Performance of Kits: The 
evaluation rectal temperature (RT) and heart rate 
(HR) of the kits were measured when they were 
3 weeks old. The readings were taken between 
14.00 15.00 hours twice a week for 3 weeks. A 
digital thermometer was used to measure the 
rectal temperature, while the heart rate (HR) was 



Anoh et al.   5835 

Animal Research International (2024) 21(3): 5834 – 5844 

determined by counting the heartbeat of each 
rabbit in their respective treatments for one 
minute with the help of a stethoscope. Weekly 
weight (g) gain was also determined for 6 weeks 
from the first day of kindling using a digital 
weighing balance.  
 
Statistical Analysis: Data from the study were 
subjected to a one-way analysis of variance 
(ANOVA) using the general linear model (SAS, 
2002). Least Square Difference (LSD) was used 
to separate the differences in significant means 
at p<0.05. The following model was used: Yij = 
µ + Ti + Eij, where Yij is the observed value, µ, 
is the overall mean value, Ti is the random effect 
of the natural and synthetic antioxidants, and Eij 
is the random error. 
 
RESULTS 
 
Temperature Humidity Index of the Rabbit 
House: The monthly THI inside the rabbit house 
during the experimental period is shown in Figure 
1. THI in the mornings averaged 26.44 ± 1.03oC 
while in the afternoon THI averaged 28.74 ± 
1.63oC. This graph also shows that the THI 
values kept increasing from February with a peak 
in May. There was a decline in THI in June 2024. 
 

Figure 1: Monthly temperature-humidity index 
of the rabbit pens 
 
Thyroxine Concentration of Does: The thyroxine 
concentrations of the Does obtained 24 hours 
before mating (Table 1) were generally low and 
were not significant amongst the treatment 
group. During pregnancy (14th day of pregnancy), the 
rabbits fed Vitamin C and BFPM significantly 
(p<0.05) increased thyroxine concentration 
compared to the buffer. The values were slightly 
above the values that were recorded 24 hours 
before mating. Thyroxine concentration was 

significantly (p<0.05) high in the rabbits fed 
Vitamin C and BFPM diet. 
 
Serum Metabolite of Does: The effect of buffers, 
Vitamin C and BFPM on serum metabolites of the 
Does (Table 2) shows that apart from calcium, 
the initial serum metabolites like glucose, total 
protein, albumin, cholesterol, triglyceride, and 
phosphorous did not show any significant 
difference across the treatments. During 
pregnancy, the Does administered Na2CO3 had 
significantly increased (p<0.05) phosphorous, 
compared to the control, Vitamin C and BFPM 
treatments. The values of albumin and 
triglycerides were statistically similar (p>0.05) 
across the treatments. After kindling, the values 
of the serum metabolites did not follow any 
particular pattern. Serum glucose and total 
protein respectively, were significantly increased 
(p<0.05) in the Vitamin C and BFPM diets. 
Albumin, phosphorous as well as triglyceride, and 
calcium did not show any significant difference 
(p>0.05). It was also observed that most of the 
serum metabolites were reduced during pregnancy 
compared to before and after pregnancy.   
 
Reproductive Performance of Does: There 
was a significant increase (p<0.05) in the 
average weight of litter size at birth (Table 3) in 
Does fed Vitamin C and BFPM diets. The BFPM 
diet significantly increased (p<0.05) litter size 
and weight at weaning compared to the Na2CO3 
and Vitamin C treatments but similar to the 
control group. However, Na2CO3 treatment 
showed a significantly lower (p<0.05) average 
litter size at birth but a higher average weight of 
kits than the rest of the groups. 
 
Physiological Performance of Kits: The result of 
the physiological performance of the kits (Table 
4) shows that rectal and ear temperatures were 
significantly decreased (p<0.05) by the 
antioxidants. The values of the rectal 
temperature were however lower in the Vitamin 
C and BFPM treatments than kits administered 
Na2CO3. The Na2CO3 buffer increased heart rate 
(139.94 ± 0.56) more than the groups treated 
with Vitamin C (135.75 ± 0.56) and BFPM 
(136.10 ± 0.56), but was lower than the control 
(140.44 ± 0.56).  

5837 



Effect of synthetic and natural antioxidants on the performance of heat-stressed        5836 
rabbits Does reproductive function  

Animal Research International (2024) 21(3): 5834 – 5844 

Table 1: Thyroxine concentration of heat-stressed does treated with synthetic and natural 
antioxidants in a tropical climate 

Parameters Group A 
(Control) 

Group B 
(Na2CO3) 

Group C 
(Vitamin C) 

Group D 
(BFPM) 

Thyroxine concentration (ng/ml)  
Initial (24 hours before 
mating) 

56.00 ± 1.20a 55.33± 1.20a 62.67 ± 1.20b 64.67 ± 1.20b 

During pregnancy (14th Day)  66.67 ± 0.57c  68.33 ± 0.57bc 76.35 ± 0.57ab 82.42 ± 0.57a 
After (24 hours after kindling) 68.50 ± 0.43b 70.00 ± 0.43a 70.33 ± 0.43a 71.00 ± 0.43a 

abc = Means within a row with different superscript letters are significantly different (p<0.05), BFPM = Baobab fruit pulp 
meal, Na2CO3 = Sodium bicarbonate buffer 
 
Table 2: Serum metabolites of heat-stressed does treated with synthetic and natural 
antioxidants in a tropical climate 

Parameters  Group A 
(Control) 

Group B 
(Na2CO3) 

Group C 
(Vitamin C) 

Group D 
(BFPM) 

Before pregnancy (24 hours before mating) 
Glucose (mg/dl) 4.77 ± 0.08 4.63 ± 0.08 4.47 ± 0.08 5.0 ± 0.08 
Total protein (mg/dl) 63.63 ± 0.39 66.00 ± 0.39 66.67± 0.39 67.00 ± 0.39 
Albumin (mg/dl) 35.67 ± 0.20 37.00 ± 0.20 37.33 ± 0.20 36.00 ± 0.20 
Cholesterol (mg/dl) 1.60 ± 0.02 1.60 ± 0.02 1.43 ± 0.02 1.30 ± 0.02 
Triglyceride (mg/dl) 0.93 ± 0.02 0.86 ± 0.02 0.83 ± 0.02 0.87 ± 0.02 
Calcium 2.34 ± 0.02ab 2.21 ± 0.02a 2.39 ± 0.02b 2.34 ± 0.02ab 
Phosphorous 1.05 ± 0.02 1.00 ± 0.02 1.10 ± 0.02 1.11 ± 0.02 
During gestation (14th day of pregnancy) 
Glucose (mg/dl) 4.30 ± 0.05 4.47 ± 0.05 5.00 ± 0.05 5.22 ± 0.05 
Total protein (mg/dl) 61.67 ± 0.37 64.34 ± 0.37 64.00 ± 0.37 63.33 ± 0.37 
Albumin (mg/dl) 37.33 ± 0.28 39.00 ± 0.28 38.08 ± 0.28 41.17 ± 0.28 
Cholesterol (mg/dl) 1.70 ± 0.02 1.63 ± 0.02 1.57 ± 0.02 1.57 ± 0.02 
Triglyceride (mg/dl) 1.03 ± 0.03 1.43 ± 0.03 1.20 ± 0.03 1.30 ± 0.03 
Calcium 2.28 ± 0.01 2.36 ± 0.01 2.41 ± 0.01 2.35 ± 0.01 
Phosphorous 0.95 ± 0.02 0.52 ± 0.02 1.14 ± 0.02 1.17 ± 0.02 
After kindling (24 hours after kindling) 
Glucose (mg/dl) 4.13 ± 0.04a 4.57 ± 0.04ab 4.73 ± 0.04b 5.27 ± 0.04c 
Total protein (mg/dl) 67.33 ± 0.20ab 68.00 ± 0.20b 69.33 ± 0.20c 64.33 ± 0.20a 
Albumin (mg/dl) 37.17 ± 0.15 40.35 ± 0.15 41.33 ± 0.15 38.00 ± 0.15 
Cholesterol (mg/dl) 1.46 ± 0.01 1.47 ± 0.01 1.47 ± 0.01 1.37 ± 0.01 
Triglyceride (mg/dl) 0.87 ± 0.02 0.86 ± 0.02 0.77 ± 0.02 0.92 ± 0.02 
Calcium  2.43 ± 0.01 2.21 ± 0.01 2.34 ± 0.01 2.19 ± 0.01 
Phosphorous 1.01 ± 0.01 1.08 ± 0.01 1.07 ± 0.01 1.09 ± 0.01 

abc = Means within a row with different superscript letters are significantly different (p<0.05), BFPM = Baobab fruit pulp 
meal, Na2CO3 = Sodium bicarbonate buffer 

 
Table 3: Reproductive performance of heat-stressed does treated with synthetic and 
natural antioxidants in a tropical climate 

Parameters Group A 
(Control) 

Group B 
(Na2CO3) 

Group C 
(Vitamin C) 

Group D 
(BFPM) 

Number of Does 6 6 6 6 
Average litter size at birth  5.67 ± 0.06b 4.00 ± 0.06a 6.00 ± 0.06c 6.00 ± 0.06c 
Average weight of litter (g) 236.67 ± 1.67b 180.00 ± 1.67a 200.00 ± 1.67ab 200.00 ± 1.67ab 
Average weight of kit (g) 41.78 ± 0.02ab 45.00 ± 0.02b 40.00 ± 0.02a 40.00 ± 0.02a 
Average litter size at 
weaning 

4.00 ± 0.07bc 2.67 ± 0.07a 3.67 ± 0.07b 4.67 ± 0.07c 

Average weight at weaning 
(g) 

500.00 ± 3.08a 550.00 ± 3.08ab 540.00 ± 3.08ab 600.45 ± 3.08b 

abc = Means within a row with different superscript letters are significantly different (p<0.05), BFPM = Baobab fruit pulp 
meal, Na2CO3 = Sodium bicarbonate buffer 
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Table 4: Physiological performance of kittens from heat-stressed does treated with 
synthetic and natural antioxidants in a tropical climate 

Parameters  Group A 
(Control) 

Group B 
(Na2CO3) 

Group C 
(Vitamin C) 

Group D 
(BFPM) 

Rectal temperature (oC) 38.51 ± 0.04b 37.62b ± 0.04ab 37.20 ± 0.04ab 36.90 ± 0.04a 
Heart rate (beat/min) 140.44 ± 0.56b 139.94 ± 0.56b 135.75 ± 0.56a 136.10 ± 0.56a 

Thyroxine levels (ng/ml) 66.10 ± 0.5 66.78 ± 0.5 65.00 ± 0.5 65.34 ± 0.5 
Weight gain (g/day) 11.04 ± 0.24 11.68 ± 0.24 12.86 ± 0.24 12.12 ± 0.24 

abc = Means within a row with different superscript letters are significantly different (p<0.05), BFPM = Baobab fruit pulp 
meal, Na2CO3 = Sodium bicarbonate buffer 
 
The values of thyroxine obtained from the serum 
show that Vitamin C significantly reduced 
(p<0.05) the thyroxine levels compared to other 
treatments, with the buffer treatments recording 
the highest values. Daily weight gain did not 
show any significant difference.  
 
Serum Metabolite of the Newly Weaned 
Rabbits: The serum metabolite of the newly 
weaned rabbits (Table 5) did not show any 
significant difference (p>0.05). 
 

 
DISCUSSION 
 
Temperature Humidity Index: The average 
value of THI (28.74 ± 1.63oC) during the 
experimental period indicated that the rabbit 
house was thermally stressful.  

Marai et al. (2001) had previously reported that 
this value may adversely affect the rabbits’ 
performance. The values of THI obtained at 14 – 
15 hours were higher by 1.23% than THI values 
in the morning. 
 
Thyroxine Concentration of Does: In the 
present study, thyroxine was evaluated as a 
stress indicator. Thyroid hormones are the key 
hormones involved in regulating metabolism and 
in the adaption of animals to stress (Brecchia et 
al., 2010). The reason, for the increase in 

thyroxine value during pregnancy, may be 
due to the importance of the hormone in 
body metabolism, leading to an increase in 
serum protein, fat, and carbohydrates to 
fulfil the high demand of the foetus from 
glucose, amino acids, vitamins, and other 
nutrients (Brecchia et al., 2010). Thyroxine 
is considered necessary for cellular 
metabolism of the mammary gland and 
energy utilization which is an important 
factor in milk biosynthesis. The noted 
significant decrease in thyroxine levels in the 
control and concurrent increase in the 
antioxidant treatments after kindling is 
similar to the reported by Liang et al. (2022). 
Thyroxine hormone decreased significantly 
in growing male rabbits by about 16% when 
the rabbits were exposed to 35ºC for six 
hours daily (Liang et al., 2022). BFPM was 
reported to be high in Vitamin C this 
antioxidant property is known to reduce 
oxidative stress and improve body 

metabolism, leading to an increase in serum 
thyroxine (Lin et al., 2004). Hypothyroidism is 
related to oxidative stress and cellular damage 
(Cano-Europa et al., 2012). Thyroxine 
concentration increases when the quantity of 
Vitamin C or E in Japanese quails reared under 
heat stress increases (Sahin et al., 2002).   

Table 5: Serum metabolite of the newly 
weaned rabbits from heat-stressed Does 
treated with synthetic and natural antioxidants 
in a tropical climate 
Parameters Group A 

(Control) 
Group B 
(Na2CO3) 

Glucose (mg/dl) 4.50 ± 0.04 4.60 ± 0.04 
Total Protein 
(mg/dl) 

69.67 ± 0.37 67.00 ± 0.37 

Albumin (mg/dl) 34.50 ± 0.35 34.74 ± 0.35 
Cholesterol (mg/dl) 1.00 ± 0.01 1.24 ± 0.01 
Triglyceride (mg/dl) 1.00 ± 0.02 1.00 ± 0.02 
Calcium 2.00 ± 0.01 2.20 ± 0.01 
Phosphorous 1.21 ± 0.01 1.29 ± 0.01 
 Group C 

(Vitamin C) 
Group D 
(BFPM) 

Glucose (mg/dl) 4.80 ± 0.04 5.03 ± 0.04 
Total Protein 
(mg/dl) 

69.57 ± 0.37 69.67 ± 0.37 

Albumin (mg/dl) 36.43 ± 0.35 36.50 ± 0.35 
Cholesterol (mg/dl) 1.33 ± 0.01 1.27 ± 0.01 
Triglyceride (mg/dl) 1.10 ± 0.02 1.20 ± 0.02 
Calcium 2.43 ± 0.01 2.31 ± 0.01 
Phosphorous 1.18 ± 0.01 1.11 ± 0.01 
abc = Means within a row with different superscript letters are 
significantly different (p<0.05), BFPM = Baobab fruit pulp 
meal, Na2CO3 = Sodium bicarbonate buffer 
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Serum Metabolites of Does: The increase in 
serum glucose after pregnancy is contrary to 
previous reports on cattle (Abbas et al., 2020), 
rabbits (Marai et al., 2007), and quails Sahin et 
al. (2002). Liang et al. (2022) reported a 
decrease in glucose during pregnancy. This was 
attributed to the reduction in feed intake of 
dams, an increase in water retention, and the 
high demand for the foetus at late stages of 
pregnancy. In the present study, the vitamin 
antioxidants (Vitamin C and BFPM) significantly 
increase glucose and protein levels after kindling 
in rabbits probably because of their suppressive 
effect on heat stress by counteracting the free 
radical species (Liang et al., 2022) and 
stimulating the peripheral thermal receptors by 
the environmental temperature to transmit 
suppressive nerve impulses to the appetite 
centre in the hypothalamus to trigger appetite 
(Guyton and Hall, 2006) leading to increased 
feed intake. This phenomenon can lead to 
increased serum glucose, albumin, and triglyceride.   
 
Reproductive Performance of Does: The 
improvement in reproductive performance of 
rabbits in BFPM and Vitamin C treatments was 
similar to previous reports by Fayeye and 
Ayorinde (2016) which might be due to the 
protective action of the vitamin antioxidants 
against lipid oxidation in the cell membrane 
(Castellini et al., 2003). The vitamin antioxidants 
were important for young animals because they 
exhibit a greater sensitivity to oxidative damage 
than adults, and for developing the immune 
system in young animals (Debier et al., 2005). 
Antioxidants can help reduce oxidative stress 
induced by heat stress by neutralizing free 
radicals, thereby protecting reproductive cells 
and supporting reproductive health (Sivakumar 
et al., 2010; Ganaie et al., 2012). Antioxidants 
like Vitamin C, vitamin E, selenium, and beta-
carotene have been considered for their possible 
benefits in improving reproductive outcomes in 
various animal species including rabbits 24 hours 
after kindling (Xiao et al., 2021).  Thyroxine 
concentration was similar in the Na2CO3 
treatment on Day 14th and higher 24h after 
kindling regarding the control group. 
 

Physiological Performance of the Kits: The 
rectal temperature of the newly weaned rabbits 
that were exposed to a high environmental 
temperature beyond the thermoneutral zone of 
the rabbits did not increase (Marai et al., 2001). 
This may be a result of their poorly developed 
adipose tissues. A well-developed adipose tissue 
has a way of conserving heat which can lead to 
an increase in heat load by the rabbits when 
exposed to high temperatures. Even though the 
rectal temperature of the weaned rabbits was 
within their thermoneutral zone, the BFPM-
treated groups recorded a significantly low rectal 
temperature and heart rate compared to the rest 
of the treatment groups. This finding is in agrees 
with the reports of Qota et al. (2008) and Daader 
et al. (2018). Dietary supplementation with 
mineral and vitamin antioxidants was effective 
for partial amelioration of the effects of heat 
stress on performance in growing chicks and 
rabbits respectively.  
 
Conclusion:  Heat stress unfavourably affected 
thyroxine secretion and reproductive performance of 
Does. The Na2CO3 buffer may reduce 
reproductive performance in rabbits, whereas the 
vitamins especially the organic BFPM improved 
thyroxine concentrations during pregnancy and 
after kindling impacts positively in rectal 
temperature, some serum metabolites, and kits 
weight at weaning. BFPM may be recommended 
to be used in rabbit diets during hot conditions. 
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