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Abstract
Background and Aim: Garcinia kola seed (GKS) is used to prevent and cure a number of gastric-related ailments. GKS 
contain a copious amount of polyphenols and can be utilized as a natural growth promoter in the nutrition of weaned rabbits. 
This study aimed to determine the dietary effects of GKS meal (GKSM) on the growth performance, hematology and serum 
biochemical parameters of weaned rabbits.

Materials and Methods: GKS were dried and ground into powder. Thirty-two 8-week-old crossbred rabbits with an 
average weight of 614 g were randomly divided into four dietary groups. The diets were designated as follows: Control 
(corn-soybean based diet with 0% GKSM) and the GKSM-supplemented diets with 1.5% GKSM, 3% GKSM, and 4.5% 
GKSM. On the 56th day of the feeding trial, blood was collected from the marginal ear vein of all rabbits and transferred 
into two separate labeled tubes. The first set of blood was used to determine the hematological indices. The second set of 
blood was transferred into plain bottles and allowed to coagulate. The coagulated blood was subjected to standard methods 
of serum separation, and the sera were harvested and used to evaluate serum biochemical parameters.

Results: Although the average final body weight was highest in rabbits fed with 1.5% GKSM; this value was similar to 
rabbits fed with 0% and 4.5% GKSM. The average daily weight gain was highest in rabbits fed with 1.5% GKSM, while 
the feed conversion ratio was improved in the 0% and 1.5% GKSM groups. The dietary treatments also had a significant 
effect on the red blood cell count (RBC) and hemoglobin (Hb) concentration, while other blood parameters did not 
differ significantly (p>0.05). Higher inclusion levels (3% and 4.5%) of GKSM led to a significant increase in RBC and Hb 
values (p<0.05). The total protein increased at all levels of GKSM inclusion (p<0.05). Bilirubin, sodium, and potassium 
levels significantly decreased at 4.5% GKSM inclusion (p<0.05). Urea levels were lowered at 1.5% and 4.5% GKSM 
inclusion, while cholesterol levels were decreased at 3% and 4.5% dietary levels.

Conclusion: From the results of the present study, the supplementation of up to 4.5% GKSM revealed no harmful effect 
on the hematological and serum biochemical parameters of weaned rabbits, while their growth performance improved at a 
1.5% inclusion level of GKSM.

Keywords: Garcinia kola, performance, production, rabbits, supplementation.

Introduction

Rabbit production is regarded as an important 
source of protein, income, food security, and employ-
ment generation in sub-Saharan African countries, 
including Nigeria [1,2]. With the increase in the 
human population, most African countries are battling 
the growing concern about the supply deficit in meat 
and other animal products [3]. In Nigeria, many of the 
available crop and animal protein sources are usually 

not sufficiently produced to meet the minimum daily 
protein needs of an average adult [3]. Hence, the reli-
ance on rabbit production as a source of cheap animal 
protein in solving malnutrition cannot be overempha-
sized. Rabbits have a high reproduction rate, early 
maturing ability, rapid growth rate, and efficient feed 
utilization and can produce meat of high nutritional 
value [4]. From a nutritional and health standpoint, 
rabbit meat is suitable for all consumers [5]. This 
preference and attractiveness of rabbit meat over other 
animal meat sources may be due to its high amount of 
polyunsaturated fatty acids, low calorie, sodium, cho-
lesterol, and fat contents [6,7]. Rabbit meat is a rich 
source of proteins, essential amino acids, B-vitamins, 
and minerals. It is highly digestible, wholesome, tasty, 
and contains higher energy that is mostly attributed 
to proteins. It also contains a low amount of purines 
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with no uric acid [7,8]. There is an increased depen-
dence on medicinal herbs as viable treatment options 
for several ailments by a large proportion of the 
worlds’ population, including 80% of those living 
in Africa [9]. Therefore, it has become necessary to 
investigate the possibilities of incorporating parts of 
plants in livestock and poultry feeds that will serve 
as growth enhancers and prophylactic agents [10,11]. 
Plant-derived medicines are relatively safe, accessi-
ble, and affordable, particularly to low-income earn-
ers in Africa [12]. Bitter kola (Garcinia kola Heckel) 
is among the spectrum of medicinal plants considered 
as traditional herbs in the health-care management of 
livestock [13,14].

G. kola is a medium-large tree of the Clusiaceae 
family that is commonly grown in West and Central 
Africa [10], which plays a key role in the African eth-
nomedicine and traditional ceremonies [15]. Apart 
from being one of the most traded non-timber for-
est products in these two regions of Africa, Garcinia 
kola seed (GKS) is a popular masticatory stimulant 
used by rural and urban dwellers to avoid and cure 
gastric related problems or simply for its distinctive 
astringent taste. GKS has received increased attention 
in recent times due to its rich content of flavonoids 
and other essential phenols. GKS contains an import-
ant compound known as kolaviron bioflavonoid [16]. 
Due to its bioflavonoid content, GKS has been 
reported to possess antimicrobial, antibacterial, anti-
oxidant, anti-hepatoxic, hypoglycemic, hepatoprotec-
tive, growth-enhancing, radical scavenging, and aph-
rodisiac properties [17-20]. Arogba [21] reported that 
GKS contains 65% nitrogen-free extract (NFE) (car-
bohydrate), 70% moisture, 3.5%, crude protein (CP), 
6.2% ether extract (EE), 1.5% ash, and 9.4% crude 
fiber (CF). GKS is a good source of essential fatty 
acids, such as linoleic (36 mg/kg) and oleic (38 mg/kg) 
acids, and amino acids, including leucine (1.9 g/kg), 
lysine (2.4 g/kg), and valine (1.7 g/kg) [22]. It also 
contains high amounts of Vitamin C [23] and miner-
als, such as potassium (25-722 mg/kg) and phospho-
rus (3.3-720 mg/kg) [24]. GKS contains low amounts 
of anti-nutritional factors, such as phytate, tannins, 
and oxalate, indicating a non-toxic consumption with 
no detrimental effect on humans and animals [23]. 
The low levels of oxalate in GKS show that it does 
not impair the absorption of important minerals (iron, 
magnesium, calcium, potassium, etc.) and the enzy-
matic digestion of proteins [25].

On the other hand, hematological and biochemi-
cal parameters are important diagnostic tools that are 
used to assess the physiological status of animals [26]. 
There are existing reports on feeding GKS meal 
(GKSM) to rats [19], fish [27,28], broilers [29,30], 
and layers [31]. However, there are a few studies to 
ascertain the dietary effects of GKSM on growth, 
hematology, and serum biochemical parameters of 
weaned rabbits. Therefore, this study was conducted 
to determine the growth performance and biomarker 

indices of weaned rabbits fed with different dietary 
levels of GKSM.
Materials and Methods
Ethical approval

All experimental procedures in the present study 
were performed according to the guidelines for the 
use of animals in biomedical research as approved 
and prescribed by the ethical research committee of 
the University of Nigeria, Nsukka.
Study period and location

The experiment lasted for 56 days and was con-
ducted in August and September, 2018 at the Rabbit 
Unit of the Department of Animal Science Teaching 
and Research Farm, University of Nigeria Nsukka 
(UNN), Nigeria. UNN lies at a latitude of 6.250N and 
a longitude of 7.240E.
Procurement and processing of GKS

GKS were procured from the Ogige market in 
Nsukka, Enugu State, Nigeria. Processing of the seeds 
was done as previously described by Uko et al. [32] 
and Iwuji and Herbert [33]. The seeds were chopped 
into smaller pieces, air-dried, and milled into fine par-
ticles of 2 mm in diameter using a hammer mill.
Proximate and phytochemical analysis

The methods described by the Association of 
Official Analytical Chemists [34] was used to deter-
mine the proximate contents of CP, CF, EE, ash, and 
NFE in GKSM (Table-1). A moisture-free 2.0 g of 
GKSM sample was weighed, placed in a crucible, and 
oven-dried for 24 h at 1000°C. The dry samples were 
removed from the oven, allowed to cool, weighed, and 
the dry matter (DM) was then determined. For ash 
determination, 10 g of the sample was incinerated in 
a muffle furnace for 6 h at 550°C. A 2.0 g of the sam-
ple was used for the CP analysis based on the Kjeldahl 
method. To determine the CP in the sample, the results 
were expressed in % nitrogen (N), which was multi-
plied with the conversion factor of 6.25 (N×6.25). 
The CF of the sample was determined based on the 
gravimetric method, 2 g of the sample was digested 
in a diluted sulfuric acid and sodium hydroxide, and 
the residue was then incinerated in a muffle furnace 
that was maintained for 5 h at 550°C. EE was extracted 
through the Soxhlet apparatus using petroleum ether 
as the extractant. The carbohydrate was obtained by 
the difference and was expressed as NFE. The flavo-
noid, saponins, and alkaloid contents of GKSM were 
determined using the gravimetric method described by 
Harborne [35]. The Folin–Dennis Spectrophotometric 
method described by Kirk and Sawyer [36] was used to 
determine the tannin content of the samples. Hydrogen 
cyanide determination was done using the method 
described by Onwuka [37]. Tables-1 and 2 show the 
proximate and phytochemical composition of GKSM.
Experimental diets

Four experimental diets that were isocaloric and 
isonitrogenous were formulated to meet the rabbits’ 
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dietary nutrient requirements. The diets were desig-
nated as follows:
1. Control diet: Maize-soybean-based diet with 0%

additives
2. Control diet + 1.5% GKSM
3. Control diet + 3% GKSM, and
4. Control diet + 4.5% GKSM.

The nutrients and ingredients composition of the 
experimental diets is shown in Table-3.
Management of experimental animals

Thirty-two 8-week-old crossbred rabbits with 
an average weight of 614 g were randomly selected 
and assigned to four experimental treatment groups of 
eight rabbits, each in a completely randomized design 

(CRD). The rabbits were housed in standard galva-
nized iron cages. Diets and clean water were given 
to the rabbits on an ad libitum basis throughout the 
feeding trial period.
Evaluation of growth performance traits

At the beginning of the feeding trial, each rabbit 
was weighed to generate the initial weight of the animal 
before assigning them to different experimental pens. 
Thereafter, the rabbits were weighed weekly until the 
56th day (last day) of the feeding trial. The average daily 
weight was calculated using weekly weight readings. 
To calculate the average daily feed intake (ADFI), the 
daily feed refusal in the feeding trough was subtracted 
from the feed offered. The average daily weight gain 
(ADWG) and feed intake values were used to deter-
mine the feed conversion ratio (FCR) of the rabbits.
Evaluation of hematology and serum biochemical 
parameters

Before blood collection, the rabbits were feed-
fasted for 4 h in an attempt to allow the stabilization 
of various plasma constituents. Blood was collected 
in the morning to further reduce the variability of the 
measured plasma constituents. On day 56 of the feed-
ing trial, 6 mL of blood was collected from the mar-
ginal ear vein of all rabbits using a sterile syringe and 
needles for the hematological and serum biochemical 
analysis. Blood collected was emptied into two sepa-
rate labeled treated bottles. The first 3 mL of the blood 
was transferred into Bijou bottles containing ethylene 
diamine tetra-acetic acid and used for the determination 
of hematological parameters, such as packed cell vol-
ume (PCV), hemoglobin (Hb), red blood cell (RBC), 
white blood cell (WBC), and differentials leucocyte 
count, based on standard procedures [38]. The second 
3 mL of the blood was transferred into plain bottles 
and allowed to coagulate. The coagulated blood was 
subjected to standard methods of serum separation, 
and the sera were harvested and used for evaluation 
of serum biochemical parameters. The total protein 
(TP), urea, cholesterol, bilirubin, and creatinine were 
determined using the Quimica Clinica Aplicada test 
kits (Quimica Clinica Aplicada, Spain) and a Spectrum 
lab 21A Spectrophotometer (Spectrum lab, England), 
following the manufacturers’ procedures [39,40].
Statistical analysis

Data generated on performance, hematological and 
serum biochemical parameters were analyzed using the 
analysis of variance appropriate for CRD. Separation of 
means was done using the Duncan multiple range tests, 
and the statistical model used was described as follows: 
Yij = µ + Ti + Eiϳ, where; µ= overall mean effect, Ti= effect 
of the dietary treatment, and Eiϳ = Residual error associ-
ated with the observation of ij.
Results
Proximate and phytochemical analysis

The results on the proximate composition of 
GKSM used in this study (Table-1) showed that 

Table-1: Proximate composition of Garcinia kola seed 
meal.

Parameters Quantity

DM % 91.80
Ash % 0.95
EE % 0.90
Fiber % 3.65
Protein % 3.66
Carbohydrate % 82.64

EE=Ether extract, DM=Dry matter

Table-2: Phytochemical composition of Garcinia kola seed 
meal.

Parameters Quantity (%)

Flavonoid 8.10
Alkaloids 8.20
Saponins 3.20
Tannins 0.02
Cyanide (mg/100) 0.64

Table-3: Ingredients and calculated nutrient composition 
of experimental diets.

Ingredients T1(0%) T2(1.5%) T3(3.0%) T4(4.5%)

Maize 45.00 44.00 43.00 42.50
Wheat offal 40.00 39.50 39.00 38.00
Garcinia kola 0.00 1.50 3.00 4.50
Fish meal 2.00 2.00 2.00 2.00
Blood meal 7.00 7.00 7.00 7.00
Soybean meal 4.00 4.00 4.00 4.00
Bone meal 0.25 0.25 0.25 0.25
Lysine 0.25 0.25 0.25 0.25
Methionine 0.25 0.25 0.25 0.25
Salt 0.25 0.25 0.25 0.25
Vit/min premix 1.00 1.00 1.00 1.00
Calculated 
composition %
CP 17.21 17.09 16.98 16.85
Crude fibre 4.68 4.67 4.65 4.62
ME (kcal/kg) 3822 3789 3757 3725

*Supplied: Vit A: 10,000,000 IU; Vit. D3: 20,00,000 IU;
Vit. E: 23,000 mg; Vit. K3: 2000 mg, Vit. B1: 1800 mg; 
Vit. B2: 5500 mg; Vit. B6: 3000 mg; Vit. B12: 15 mg; 
Niacin: 27,500 mg: Pantothenic acid: 7500 mg; Folic acid: 
750 mg; Biotin: 60 mg; Chlorine: 300,000 mg; Co: 200 
mg, Mn: 40,000 mg; Fe: 20,000 mg; Zn: 30,000 mg; 
I: 1000 mg; Cu: 3000 mg; Se: 200 mg; Antioxidant: 
1250 mg. CP=Crude protein
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GKSM contains low moisture (8.2%) and high carbo-
hydrate (82.64%) contents but had low amounts of CP 
(3.66%), CF (3.65), ash (0.95%), and EE (0.90%). The 
result of the phytochemical composition of GKSM in 
this study is presented in Table-2. The result showed 
that GKSM contained significant amounts of flavo-
noid (8.10%), alkaloids (8.20%) and saponin (3.20%), 
and small amounts of tannin (0.019%), and cyanide 
(0.64 mg/100 g).
Performance characteristics

As shown in Table-4, the dietary supplementa-
tion of GKSM had a significant (p<0.05) effect on 
the average final body weight (AFBW), ADWG, and 
FCR, while the ADFI did not differ (p>0.05). Rabbits 
fed with 1.5% GKSM had the highest (p<0.05) AFBW, 
though their AFBW value was similar to those that 
received 0% (control) and 4.5% GKSM. The lowest 
AFBW was recorded in rabbits fed with 3% GKSM. 
ADWG was highest in rabbits fed with 1.5% GKSM 
and lowest in those that received 3% GKSM diets. 
Rabbits fed with a 1.5% GKSM diet had an improved 
FCR than the other treatments and similar to the con-
trol (0% GKSM diet).
Hematological indices

Table-5 represents the hematological traits of rab-
bits fed with different inclusion levels of GKSM. The 
dietary treatments significantly (p<0.05) influenced 
the RBC count and Hb concentration, while the PCV, 
WBC count, lymphocyte, neutrophils, monocytes, 
basophils, and eosinophil did not differ (p>0.05). The 
RBC value was highest (p>0.05) in rabbits fed with 
4.5% GKSM, statistically similar with rabbits that 
fed 1.5% and 3% GKSM diets, while the lowest RBC 
value was recorded in the control group. The highest 

(p<0.05) Hb value was recorded in rabbits fed with 
3% and 4.5% GKSM diets, while the lowest value was 
seen in the control and 1.5% GKSM-treated rabbits.
Serum biochemical parameters

The serum biochemical parameters of rabbits fed 
with different inclusion levels of dietary GKSM are 
presented in Table-6. The supplementation of dietary 
GKSM influenced the TP, bilirubin, urea, cholesterol, 
sodium, and potassium contents (p<0.05). However, 
the concentrations of creatinine, albumin, calcium, and 
phosphorus did not differ (p>0.05). The TP concentra-
tion was highest in rabbits fed GKSM-supplemented 
diets (p<0.05), while the lowest concentration was 
seen in the control diet (p<0.05). The highest bilirubin 
contents were recorded in rabbits fed with the con-
trol diet (p<0.05), although statistically similar with 
those that received 1.5% and 3% inclusion levels of 
GKSM, while rabbits fed with 4.5% GKSM had the 
lowest value for bilirubin (p<0.05). Rabbits fed with 
3% and 4.5% GKSM had the lowest values for choles-
terol (p<0.05), while the highest cholesterol content 
was observed among the control group and the 1.5%-
GKSM supplemental group (p<0.05). The highest urea 
content was recorded in rabbits fed on the control diet 
(p<0.05), statistically similar with those that received 
the 3%-GKSM diet. Rabbits fed with 1.5% and 4.5% 
GKSM diets had the lowest values for urea (p<0.05). 
Sodium (Na) and potassium (K) concentrations were 
lowest in rabbits fed with the 4.5%-GKSM diet than 
rabbits fed on other dietary treatments (p<0.05). The 
highest potassium values were seen in rabbits fed with 
1.5% and 3% GKSM diets and those fed on the con-
trol diets (p<0.05), while the highest sodium concen-
tration value was recorded in rabbits fed on the control 
diet (p<0.05).

Table-4: Performance characteristics of rabbits fed dietary Garcinia kola seed meal.

Parameters T1(0%) T2(1.5%) T3(3%) T4(4.5%) SEM p-value

Av. initial body weight (g) 615.00 616.50 616.50 614.00 3.17 0.98
Av. final body weight (g) 1193.50ab 1224.50a 1041.50b 1145.00ab 28.65 0.05
Av. daily BWG (g) 10.33b 10.85a 7.59d 9.48c 2.85 0.01
Av. daily feed intake (g) 78.31 89.17 73.58 90.66 3.21 1.61
FCR (g/g) 7.58bc 8.22b 9.69a 9.56a 0.15 0.01
a,b,cMeans within columns with different superscripts differ significantly (p<0.05). PCV=Packed cell volume, Av=Average, 
BWG=Body weight gain, SEM=Standard error of mean, FCR=Feed conversion ratio

Table-5: Hematological indices of rabbits fed varying dietary levels of Garcinia kola seed meal.

Parameters T1(0%) T2(1.5%) T3(3.0%) T4(4.5%) SEM p-value

PCV (%) 26.50 26.50 26.00 27.00 0.59 0.98
WBC (x103/mm3) 11.40 10.50 11.05 11.50 2.39 0.71
RBC (x1012/L) 9.43b 10.12ab 10.35ab 10.56a 0.52 0.04
Hb (g/dl) 10.50b 10.95b 11.80a 11.60a 0.22a 0.04
Lymphocyte (%) 74.00 78.00 73.50 81.00 1.80 0.50
Neutrophil (%) 25.00 20.00 24.50 18.50 1.70 0.54
Monocyte (%) 0.51 0.51 1.50 0.51 0.25 0.48
Basophil (%) 0.51 0.50 0.51 0.01 0.18 0.81
Eosinophil (%) 0.01 0.51 0.01 0.01 0.12 0.48
a,b,cMeans within columns with different superscripts differ significantly (p<0.05). PCV=Packed cell volume, WBC=White 
blood cell count, RBC=Red blood cell count, Hb=Hemoglobin concentration, SEM=Standard error of mean
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Discussion
Proximate and phytochemical analysis of GKSM

The present result on carbohydrates, i.e., NFE 
(Table-1) is in line with a previous report on the rich 
carbohydrate content of GKSM [41]. Carbohydrates 
serve as a ready and accessible energy source required 
for physical activity and nerve tissue regulation [42]. 
The values reported for other proximate contents, 
such as DM, CP, crude fat, ash, and crude, are similar 
to the values reported by Arogba [21] and Odebunmi 
et al. [24]. The low moisture content of 8.2% recorded 
for GKSM (Table-1) indicates its capacity for long-
term storage with minimal microbial invasion. The 
phytochemical results (Table-2) of this study were 
within the results of Adesuyi et al. [41] for all the 
parameters measured. Phytochemicals are biologi-
cally active compounds, which, though they are not 
established nutrients, contribute significantly to pro-
tecting biological systems against degenerative dis-
eases [43].
Growth performance indices

Medicinal plants can enhance growth responses 
in animals due to their antibacterial, antioxidant, anti-
microbial, and physiological properties [44,45] due to 
their inherent flavonoid and phenols content [46,47]. 
These bioactive compounds inherent in the medicinal 
plants give them the ability to decrease the population of 
growth-depressing gut microbial metabolites, thereby 
increasing the available nutrients for the animal’s uti-
lization [48]. Flavonoids are non-nutritive plant com-
ponents found commonly in different plant parts, such 
as flowers, barks, fruits, nuts, and seeds [28]. There 
are reports that GKSM promotes growth in animals 
due to its bioflavonoid contents [23]. Bioflavonoid 
compounds are known to contain estrogen, which 
enhances growth [49]. We observed that 1.5%-GKSM 
diet significantly improved the final body weight of 
rabbits with the better conversion of feed-to-meat 
ratio (Table-4), and they competed favorably with the 
control diet. The improved final body weight and bet-
ter conversion of feed-to-meat ratio recorded in rab-
bits fed dietary 1.5% GKSM may be due to GKSM 
increasing nutrient absorption from the gastrointesti-
nal tract [50] at this level (1.5% GKSM). This result 
agrees with the findings of Nyadjeu et al. [28], who 

reported that dietary GKSM significantly enhanced 
growth response in juvenile fish.

The ADWG was significantly improved at a 
1.5% GKSM inclusion than the control diet (without 
GKSM). According to Alabi et al. [50], an increase in 
ADWG was reported in rats fed with kolaviron (bio-
flavonoid complex of GKSM) supplemental diets. 
Rabbits that received higher dietary levels (3% and 
4.5%) of GKSM had reduced ADWG than the con-
trol (Table-4). Ebenebe et al. [51] reported that as the 
dietary inclusion levels of G. kola increased from 2.5% 
to 7.5%, the weight gain of the rabbits was significantly 
depressed. Higher levels of GKSM had been previ-
ously reported to have growth-depressing effects on 
rabbits [31,52] and broiler birds [30]. The growth-de-
pressing effects of higher GKSM may be due to the 
presence of tannins and oxalate. These anti-nutrient 
factors (ANFs) reduce the bioavailability of minerals, 
such as calcium, which animals use. Higher tannins 
also bind to available proteins and make them either 
indigestible or unpalatable to animals [30], reducing 
the growth response. Interestingly, GKSM used in this 
study had a considerably low tannin content of 0.02% 
(Table-2). Omeh et al. [53] and Dah-Nouvlessounon 
et al. [54] also reported that GKSM contains low 
amounts of tannins, oxalate, phytate, and trypsin 
inhibitors. Hence, it is difficult to attribute the con-
centration of tannins to the low AFBW and ADWG 
observed at 3% and 4.5% levels of GKSM inclusion in 
this study. Nonetheless, Ebenebe et al. [51] reported 
that apart from the percentage inclusion level, the 
feeding duration of GKSM to animals may also con-
tribute to its growth-depressing effect.

The FCR was improved at the 1.5% level of 
GKSM compared with 3% and 4.5% levels of GKSM. 
However, this FCR improvement did not translate into 
a better AFBW and ADWG for rabbits fed on a 1.5% 
GKSM diet (Table-4). Kaur and Shah [55] reported 
that a 3% inclusion of GKSM had a significant reduc-
tion in bile secretion and digestive enzyme activities, 
resulting in a noticeable decrease in ADWG of rab-
bits. Nonetheless, Mohammed and AbdulMalik [56] 
reported that the dietary supplementation of 5 g/kg 
GKSM significantly improved the FCR of broiler 
birds.

Table-6: Serum biochemical indices of rabbits fed varying dietary levels of Garcinia kola seed meal.

Parameters T1(0%) T2(1.5%) T3(3.0%) T4(4.5%) SEM P-value

Total protein (g/dl) 4.34b 6.39a 6.62a 6.98a 0.39 0.04
Bilirubin (mg/dl) 2.47a 2.44ab 2.43ab 2.38b 0.13 0.05
Urea (g/dl) 6.25a 4.55b 4.90ab 4.65b 0.30 0.05
Cholesterol (mg/dl) 74.00a 67.00ab 62.00b 60.00b 2.38 0.05
Creatinine (mg/dl) 2.47 2.39 2.70 3.47 0.26 0.54
Albumin (g/dl) 4.52 4.37 4.39 4.35 0.04 0.36
Sodium (mmol/l) 12.46a 11.70b 11.91b 10.42c 0.29 0.00
Potassium (mg/dl) 8.96a 7.38a 7.82a 4.65b 0.63 0.02
Calcium (mg/dl) 10.45 10.05 10.87 9.88 0.24 0.56
Phosphorus (mg/dl) 6.34 6.28 5.89 6.32 0.12 0.58
a,b,cMeans within columns with different superscripts differ significantly (p<0.05), SEM; Standard error of mean
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Hematological indices
Blood indices are useful pointers to the biolog-

ical effects of nutritional components on animals. 
Usually, any change in the physiological state of the 
animals suggests alterations in their hematological 
values [25,57]. In this study, we observed that the 
dietary inclusion of GKSM significantly increased 
the RBC and Hb (Table-5). RBCs contain Hb, which 
is responsible for oxygen transport to needy tissues. 
There is evidence that GKS has the potential to nor-
malize abnormal hematological indices associated 
with diabetes [58]. According to Oluyemi et al. [59], 
G. kola has erythropoietic effects due to its ability to 
inhibit the destruction of RBC by reactive oxygen spe-
cies (ROS). This ability to effectively scavenge ROS 
that destroys RBC and reduces lipid peroxidation in 
the membranous tissues of erythrocytes is due to the 
antioxidant capacity of GKS [58]. In the current study, 
the rabbits fed on the control diet had reduced RBC 
and Hb compared with the GKSM-treated rabbits. An 
earlier report [60] showed that an improvement in the 
values of circulating RBC in animals is suggestive of 
an increased ability to withstand respiratory stress. 
Similarly, Mohammed and Oloyede [61] linked the 
depletion of erythrocytes (RBCs) to anemia. Hence, 
the lower RBCs and Hb values recorded for the con-
trol rabbits may be due to the stress associated with 
anti-nutritional factors, which often cause depletion in 
the oxygen-carrying capacity of the animal’s blood, 
leading to an impaired growth response [61]. Our 
result is contrary to the findings of Ebenebe et al. [51], 
who reported a reduction in the Hb values among 
rabbits fed with GKS diets. The reports of Udenze 
et al. [58] also did not align with our current find-
ings. They reported that the dietary supplementation 
of GKSM significantly decreased the RBC of diabetic 
rats. The hematological values reported in the present 
study are within the normal physiological range for 
growing rabbits [62].
Serum biochemical parameters

The TP is made up of albumin and globulin, the 
sum of which is a pointer to the total amount of protein 
in the blood. TP is a key plasma constituent used to 
assess the health and functional status of some import-
ant organs (e.g., liver and kidney), and the nutritional 
status of animals. Elevated TP levels were observed 
at all dietary inclusion levels of GKSM compared 
with the control diet (Table-6). The result of the pres-
ent study does not agree with the findings of Ebenebe 
et al. [9], who reported that the supplemental G. kola 
reduced plasma protein in rabbits. Esiegwu et al. [31] 
also reported that serum protein did not differ with the 
dietary supplementation of GKSM in rabbits. There 
is evidence that suggests that an increase in serum 
TP may be due to the nutritional effects of the dietary 
treatments and an improved body weight gain [63]. 
Krames [64] also affirmed that elevated TP levels 
may be due to enhanced protein synthesis, which is 

an indication of the normal functioning of the liver, 
and ultimately, better growth performance. In this 
study, an improved performance (final body weight, 
ADWG, and FCR) was only observed at a 1.5% 
GKSM supplementation (Table-4). Nevertheless, 
there are reports that an elevated TP may be associ-
ated with acute inflammatory response, dehydration, 
and certain kinds of tissue damage [65]. Although no 
histopathological examination of the gut was done in 
this study, the reduced urea levels recorded among the 
GKSM groups showed that GKSM did not exert any 
toxic effect on the rabbits.

The significant reduction of bilirubin levels at a 
4.5% GKSM inclusion suggests that liver functions 
were not impaired. According to Alabi et al. [50], an 
elevation in the amount of serum bilirubin indicates 
bile duct obstruction and impairment in the secretory 
function of the liver (liver necrosis). The serum urea 
depends on the quality and quantity of dietary pro-
tein [66]. Higher levels of blood urea observed in the 
control group in this study may be due to the presence 
of ANFs, which may have reduced the protein quality 
and caused an imbalance in the amino acid composition 
of the diet [67]. An increase in the urea levels had also 
been linked to renal dysfunction [68]. Interestingly, 
at 1.5% and 4.5% inclusion levels, GKSM was able 
to significantly lower the blood urea concentration 
(Table-6), indicating that GKSM did not impair kid-
ney function. Our findings are in agreement with the 
reports of Adaramoye [69]. According to the author, 
administering kolaviron at 100 mg/kg to streptozo-
tocin-diabetic rats decreased their serum urea levels. 
The GKS and its bioflavonoid have protective effects 
against diabetic-induced renal dysfunction as a result 
of its antioxidant property [70]. The Na and K concen-
trations were lowest at a 4.5% GKSM inclusion than 
the other dietary treatments (Table-6). Increased serum 
Na and K levels had earlier been attributed to the 
inability of the kidney to properly regulate these elec-
trolytes, indicating renal dysfunction [71]. Esiegwu et 
al. [31] reported that GKSM supplementation did not 
affect serum K and Na levels in rabbits.

The onset and progression of atherosclerosis have 
been linked to hyperlipidemia [72]. Atherosclerosis 
has been implicated as a major cause of several cor-
onary heart disease conditions, such as myocardial 
infarction, stroke, and ischemic heart disease, which 
result in a huge number of deaths worldwide [73]. 
Medicinal plants with lipid-reducing properties have 
been shown as effective tools for reducing and pre-
venting coronary heart diseases [74,75]. GKS has an 
ameliorative effect in hyperlipidemia due to its biofla-
vonoid content [76]. According to Adejor et al. [77], 
GKS can reduce total cholesterol concentrations 
due to its ability to decrease the activity of hepatic 
3-hydroxyl-3-methyl glutaryl coenzyme A reductase, 
which is a rate-limiting enzyme involved in choles-
terol biosynthesis. The authors also affirmed that the 
lipid-lowering effects of GKS are attributable to its 
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ability to stimulate cholesterol-7-alpha-hydroxylase, 
which is responsible for the conversion of cholesterol 
into bile acids. We observed that GKSM used in this 
study exhibited high hypolipidemic activity at higher 
inclusion levels of 3% and 4.5% than the control and 
1.5% dietary groups (Table-6). Our results do not 
align with the reports of Esiegwu et al. [31] who did 
not record any treatment effect on serum cholesterol 
on feeding rabbits with GKSM.
Conclusion

From the results obtained in this study, it was 
observed that a 1.5% supplementation of GKSM sig-
nificantly improved the average daily body weight 
and FCR of rabbits, while the concentrations of urea, 
bilirubin, and cholesterol were significantly decreased 
at 4.5% inclusion than the control diet. Thus, we con-
cluded that supplementation of up to 4.5% of GKSM 
had no harmful effect on the hematological and serum 
biochemical parameters of weaned rabbits, while the 
growth performance of the animals was improved at a 
1.5% inclusion level of GKSM.
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