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Abstract
The study was carried out to evaluate the effect of Garcinia kola (biter kola) seed flour incorporated at 0,
1, 3, and 6% on reproductive traits (fecundity, egg diameter and gonado-somatic index (GSI)) and growth
performance of Nile tilapia (Oreochromis niloticus L.). Eighty-four females and twenty-four males were
grouped into the 4 dietary treatments (0, 30, 60 and 120gkg-1diet) labeled T0, T1, T3 and T6 and stocked
at a sex ratio 7females:2males/treatment. Fish were fed 3% of their ichyno-mass for 44days
corresponding to 4 spawns (11days/ spawn). Results showed that increased incorporation level of G. kola
decreased fecundity (p< 0.05) irrespective of spawn and reduced by 35.3%, 83.28% and 83.45%
respectively at 1, 3 and 6% when compared to the T0 at the last spawn. GSI increased with incorporation
level (0.1%, 0.05%, 0.11% and 0.36 respectively at 0, 1, 3 and 6%) while egg diameter decreased
(1.77mm, 1.90mm, 1.76mm and 1.71mm respectively at 0, 1, 3 and 6%) with incorporation level. Weight
gain, specific growth rate and feed conversion ratio showed significant differences (p<0.05) among the
dietary treatments with T6-fed fish exhibiting the best growth response (20.71g and 0.66%days -1) and
feed utilization (1.52). This study proved that G. kola which is accessible year round in the tropics could
be used by fish farmers to significantly control prolific breeding of Nile tilapia.
Keywords: fecundity, Garcinia kola, Oreochromis niloticus, spawning, prolific breeding

1. Introduction
Tilapia considered as “aquatic chickens” and recently as “food fish of the 21 st century [1]
possess aquaculture potentials amongst which are high tolerance to environmental conditions,
ability to withstand a wide range of salinity, feed converters, relatively low-priced commodity
and high yield potentials [2].
Its farming is however constrained by its early maturity, uncontrolled reproduction in ponds
leading to increased competition for food and reduction in growth rate resulting in a
phenomenon referred to as stunting [3].
Several control methods and techniques for the efficient and sustainable development of tilapia
culture have been reviewed by Fagbenro [4], Guerrero and Guerrero [5] and Mair and Little [6].
Such control methods include; hybridization, androgenuos hormone sex reversal, manual
sexing, use of predators etc. However, all these population control methods have their
limitations; for example, widespread adoption of hybridization had been found to possibly lead
to introgression of tilapia species with deleterious implications for the conservation of tilapia
genetic resources, hormonal sex reversal had been observed to have negative effects on human
health, furthermore its use had been prohibited in some countries of the world, while achieving
100% manual sexing had been found not to be possible. These limitations led to the search for
less expensive and appropriate technology to control tilapia recruitment in ponds using natural
reproductive inhibitory agents occurring in some plants [3].
Several plant materials had been reported to possess antifertility properties that induce sterility
in laboratory animals [3, 7-11]. Garcinia kola commonly called “bitter kola” is a perennial crop
distributed throughout West and Central Africa and is accessible given that their seeds are
available all year round [12]. Studies on the incorporation of bitter cola seed extracts and flours
in the diets of animals to effectively control their reproduction have been carried out [7, 8]
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There is, however, no information on the use of this plant
material as a control breeding agent for fish in general and
Nile tilapia in particular. Thus, the aim of this study was to
evaluate the effect of G. kola (bitter kola) seed on Nile tilapia,
Oreochromis niloticus broodstock via incorporating various
concentrations of bitter kola flour into their diets.
2. Materials and Methods
2.1 Study area
This study was carried out at the fingerling production unit of
the Institute of Agricultural Research for Development
(IRAD, by its French acronym), Foumban, West region,
Cameroon and ran from April-August 2017.
Eighty-four(84) female broodstock and 24 male broodstock of
respective weights of 60.51±5.89g and 62.11±4.51g were
obtained from the Fingerling production unit. The broodstock
was divided into 2 and acclimated in happas immersed in an
earthen pond for 2 weeks and fed with a locally formulated
feed (30% crude protein) twice a day.
2.2 Preparation of bitter kola flour
Bitter coat seeds (3.5kg) were purchased from a local market
and brought to the Food Technology Laboratory of IRAD for
processing. The outer coats of bitter kola seeds were removed
and sun-dried for one week. The dried seeds were milled
using a local mill into a fine powder and kept in plastic bags
for further use.
2.3 Preparation of experimental diet
Fishmeal, yellow corn flour, soybean cake, rice bran, wheat
bran, concentrate, premix, bicalcic phosphate, soya oil and
palm oil were also purchased from a local market.
Four experimental diets were formulated at 30% crude protein
using the algebraic method. In each diet, bitter cola seed flour
was incorporated at 1, 3 and 6% representing respectively
30,60 and 120g of bitter kola/kg of diet) into the experimental
diets. No incorporations were done at the control level of 0
gKg-1. The diets were coded T0, T1, T3 and T6.The weights
of ingredients that were mixed to obtain the experimental
diets are shown in Table 1.

T0
250
200
165
165
150
25
5
20
10
10
0
1000
29.9

T1
250
200
165
165
150
25
5
20
10
10
10
1000
29.8

T3
250
200
165
165
150
25
5
20
10
10
30
1000
29.9

2.5 Data collection
The evaluation of reproductive performance, growth response
and feed utilization were done according to the following
parameters:
-

T6
250
200
165
165
150
25
5
20
10
10
60
1000
30.0

Total fecundity= Number of eggs in the spawn.
Gonado-somatic Index = 100 (Wg/W)

Where W represents the total mass of the animal and Wg
represents gonad mass.

-

Table 1: Weight (g) of ingredients used for production of
experimental diets at various incorporation levels (g/kg) of bitter
kola seed flour
Ingredients
Fishmeal
Soyabean cake
Rice bran
Wheat bran
Yellow corn flour
*Mineral premix
Vitamin premix
Bicalcic phosphate
Soya oil
Palm oil
Bitter kola flour
Total
Calculated crude protein (%)

2.4 Experimental setup
Twelve holding concrete tanks were randomly assigned to
four treatments which differed only on the basis whether held
breeders were fed with 0, 30, 60 and 120g/kg formulated diets
corresponding to 0, 1, 3 and 6% incorporation levels of
Garcinia kola flour in their diets. These concrete tanks (each
having a carrying capacity of 250L and dimension
2x0.67x0.7m3) containing 200L of clean water were each
randomly assigned 09 breeders (07 females and 02 males) and
equipped with hide-outs made of palm fronts. The tanks were
grouped into 4 with each group in triplicates for the four bitter
cola incorporated feeds labeled T0, T1, T3, and T6.
Prior to the commencement of the experiment, the breeders
were starved for 24 hours so as to eliminate their stomach
contents and enhance appetite. They were fed thrice a day (8h,
12h, and 16h) at 3% of their total body weight and the
quantity adjusted every 2 weeks throughout the 44 days
duration of the experiment.
The weight was taken initially and every 11 days until the end
of the experiment using a beam balance. Every day, waste and
deaths were removed to maintain a good water quality and
determine survival rates respectively. The buccal cavities of
the females were checked every 11 days (the period in which
the first eggs were discovered in the buccal cavity) and those
with eggs in the mouth were removed and the eggs quantified
through direct counting as described by Beganal [13] and their
diameters measured.

Weight gain (WG) = Final weight (g) – Initial weight (g)
Specific growth rate (SGR) = LogeWf– Loge Wi 100
T2–T1 (in days)

Where Wf is final body weight (g) at time T2 in days, W i is
the initial body weight (g) at time T1 in days and loge =
natural log to base e.
- Survival rate (SR)
SR= Initial number of fish stocked –mortalityx100
Initial number of fish
- Feed intake (FI) = this is the amount of feed given
throughout the period of the experiment.
- Feed conversion ratio (FCR) = Feed intake (g)
Net weight gain (g)

After weighing of ingredients, they were mixed thoroughly in
a bowl for 20minutes to enhance homogeneity. The dough
was pelleted wet using a pelletizer (SHARKS). The pelleted
dough was sun-dried to constant weight for 3 days and
packaged in plastics for further use.

2.6 Statistical analysis
Data were tested for normality using the KolmogorovSmirnov test. Fecundity, egg diameter, gonado-somatic index,
weight (initial and ﬁnal), specific growth rate and feed
conversion were subjected to analysis of variance (ANOVA).
Differences were considered significant at p<0. 05.
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3. Results
3.1 Effect on reproductive traits of female Nile tilapia fed
varying dietary Garcinia kola levels
The effect of G. kola diets on the number of eggs is illustrated
in Figure 1 while the effect on egg diameter and gonadosomatic index (GSI) are presented in Table 2. Results showed
that apart from the first (11 days) and second (22days) spawns
where T1-fed fish exhibited a slight increase in the number of
eggs when compared to the control diet-fed ones, T3 and T6fed fish significantly (p< 0.05) reduced the number of eggs
spawned. This reduction was more remarkable at the fourth
spawn (44days) as reduction rates were 83.28% and 83.45%
for T3 and T6 respectively and only 35.3% for T1 when
compared to the control.

Table 2 presents the effect of G. kola diets on diameter and
gonad-somatic index of O. niloticus. Egg diameter decreased
with increased levels of G. kola when compared to the
control. The gonado-somatic index decreased considerably in
T1 fed-fish and increased in T3 and T6 incorporation levels
when compared to the control.
Table 2: Effect of G. kola diets on diameter and gonado-somatic
index of O. niloticus
Dietary treatment
T0
T1
T3
T6
DO (mm)
1.74 0.08 1.90 ± 0.05 1.76 ± 0.02 1.71 ± 0.09
Gonado-somatic
0.10 ± 0.16 0.05 ± 0.11 0.11 ± 0.13 0.36 ± 0.11
index (%)

3.2 Effect of G. kola incorporation levels on growth
performance in diets of O. niloticus
The effect of the different dietary incorporation levels of G.
kola on growth performance of O. niloticus is presented in
table 3. Weight gain, specific growth rate (SGR), total feed
intake andfeed conversion ratio (FCR) showed significant
differences (p<0.05) among the dietary treatments. The best
growth response was obtained in T6-fed O. niloticus while
control-fed ones exhibited lowest weight gain.
A similar trend was observed with SGRs’ as the values
increased with increasing incorporation levels of G. kola
while FCRs’ showed an inverse relationship.
Survival rates were relatively high in all the treatments and
were not related to the dietary incorporation of G. kola flour.

Fig 1: Effect of G. kola diets on the fecundity of Nile tilapia

Table 3: Growth performance and feed conversion of O. niloticus fed different levels of dietary G. kola
Diet
Initial weight (g)
Final weight (g)
Weight gain (g)
Specific growth rate (%.days-1)
Total feed intake (g)
Feed conversion ratio
Survival rate (%)

T0
61.31±5.20
69.08±7.52
7.77
0.27
22.00
2.83
95.24±8.25

4. Discussion
4.1 Effect on reproductive traits of female Nile tilapia fed
varying dietary Garcinia kola levels
G. kola contains flavonoids such as apigenin which is an
effective inhibitor of the enzyme aromatase: - important in
estrogen synthesis [14, 15]. The drastic reduction in fecundity of
T6-fed O. niloticus may be due to the presence of this
enzyme. The reduction of a number of eggs (fecundity) with
increase incorporation levels of G. kola is in consonance with
the works of Akinloye et al. [8] and Braidie et al. [16] who
reported that G. kola could be used to control reproduction in
animals. Moreover, the decrease in fecundity could also be
due to the capacity of chemical substances present in G. kola
to induce either directly or indirectly the synthesis of
androgens like testosterones to the detriment of oestrogens in
female O. niloticus, since it is known that increasing levels of
male sex hormones in females disturb ovogenesis which can
lead to an absolute sterility [17]. Further studies are needed to
confirm if isolating and studying the active substances can
reveal whether or not these substances have similar effects
and can act in unison or in combination with one another.
The dosage used in this study was lower than that used by
Bradie et al. [16], the reason being that there was no such
previous work on fish to provide the guiding information on
the dosage. This study therefore, could provide such data

T1
61.31±5.20
71.27±5.49
9.96
0.34
24.90
2.5
76.19±29.74

T3
61.31±5.20
76.47±5.63
15.16
0.50
27.80
1.83
95.24±8.25

T6
61.31±5.20
82.02±6.09
20.71
0.66
31.40
1.52
90.47±16.50

which could be used in future studies.
Gonadal development is aﬀected by nutrients, especially in
species that exhibit continuous spawning with short periods of
vitellogenesis [18] thus an increase in GSI occurs when there is
an increased demand for egg yolk for growing oocytes [19].
This fact can explain the increase of the GSI in the treatments
T3 and T6. It is possible that this increase in GSI is due to the
richness of bitter kola in vitamin C [12] which has an
antioxidant function due to the recovery of α-tocopherol by
regeneration and/or spare [20].
4.2 Effect of G. kola incorporation levels on growth
performance in diets of O. niloticus
The growth performance in terms of weight gain and SGRs
observed in G. kola-fed O. niloticus agreed with the works of
Dada and Ajilore [21] who showed that G.kola acts as a growth
promoter in fish. This stimulation of growth is due not only to
the presence of bioflanovoid- identified as a plant growth
promoter in G. kola seeds [21] but also to their capacity to
render feed more appetizing.
The decreased in FCR values of G. kola-fed O. niloticus when
compared to the control ones is in accordance with the works
of Sogbesan and Ugwumba [22] who stated that lower feed
conversion ratios indicated better feed utilization of feed by
the fish. This could have been the case in this study.
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The deaths observed were mostly caused by handling rather
than environmental factors given that the physicochemical
parameters measured were within acceptable intervals for the
survival of tilapia [23].
5. Conclusion
This study showed that incorporation of bitter kola seed flour
in the diets of Nile tilapia at 1, 3 and 6% reduced significantly
the number of eggs spawned when compared to the control
diet. Given the lack of information on the use of bitter kola as
fertility control agent on fish in general and the Nile tilapia in
particular, this result could provide preliminary guiding
information on the dosage of bitter kola seed flour to be
incorporated in their diet.

12.

13.
14.
15.

16.

6. Conflict of interest
All authors declare that there are no conflicts of interest.
7. Acknowledgements
All the staff of the Laboratory of Food Technology and Fish
Hatchery Unit of the Institute of Agricultural Research for
Development (IRAD) is duly acknowledged.

17.

18.
8. Funding
This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
9. References
1. Ramnarine IW. The Farming of Tilapia.2005.
www.Uwi.tt/uwitoday/2005/march/Tilapia.asp. retrieved,
2014.
2. Ridha MT. Tilapia Culture in Kuwait: Constrains and
Solutions. NAGA International Center for Living Aquatic
Resources Management Quarterly. 2006; 29(3, 4):71-73.
3. Obaroh IO, Achionye-Nzeh GC. Antifertility Effect of
Some Plant Leaf Extracts on the Prolific Breeding of
Oreochromis
niloticus.
Academic
Journal
of
Interdisciplinary Studies. 2011; 2(12):87-94.
4. Fagbenro OA. Tilapia: fish for thought. 32nd Inaugural
Lecture, Federal University of Technology, Akure,
Nigeria. 2002, 77.
5. Guerrero RD, Guerrero LA. Domestic marketing of
Tilapia in Southeast Asia. In: Subasinghe S and Singh T
(eds) Tilapia 2001, Int. Tech. and Trade Conference on
Tilapia. Infofish, Kuala Lumpur, Malaysia. 2001, 81-83.
6. Mair GC, Little DC. Population Control in farm
tilapia.NAGA ICLARM Quarterly. 1991; 17(4):6-10.
7. Abu AH, Amuta PO, Buba E, Inusa TR. Evaluation of
antispermaogenic effect of Garcinia kola seed extract in
Albino rats. Asian Pacific Journal of Reproduction. 2013;
2(1):15-18.
8. Akinloye AK, Igharna OO, Olaniyi MO, Alaka OO, Oke
BO. Preliminary investigations on the effects of Garcinia
kola (Bitter cola) on the rabbit’s testis and epididymis.
Tropical Veterinarian. 1999; 18:49-54.
9. Aliyu BS. Some Ethno-medicinal Plants of the Savanna
Region of West Africa: Description and Phytochemicals.
Triumph Publishing Company Limited, Gidan Sa’adu
Zungur, Kano. 2007, 200.
10. Gupta RS, Sharma RA review on medicinal plants
exhibiting antifertility activity in males. Natural Product
Radiance. 2006; 5 (5):389-410.
11. Mc Neil RT, Noronha CC, Kesumiju JO, Okanlawon
AO. The anti-ovulatory effect of seed extracts of Ricinus

19.

20.

21.

22.

23.

~ 510 ~

communus Linn. Nigerian Journal of Health and
Biomedical Science. 2003; 2(1):31- 34.
Buba Chukko, Ismail Okhale, Samuel E, Muazzam
Ibrahim.
Garcinia
kola:
the
phytochemistry,
pharmacology and therapeutic applications. International
Journal of Pharmacognosy. 2016; 3(2):67-81.
Bagenal T. Handbook on Methods of Assessment of Fish
Production in Fresh Waters. 1978, 166-172.
Iwu M, Igboko O. Flavonoids of Garcinia kola seeds.
Journal of Natural Products. 1982; 45:650-651.
Jeong HJ, Shin YG, Kim IH, Pezzuto JM. Inhibition of
aromatse activity by flavonoids.Archives of Pharmacal
Research. 1999; 22, 309-312.
Bradie VB, Agube CA, Essien GE, Udoh FV. Effect of
Garcinia kola seed alkaloid extract on levels of gonadal
hormones and pituitary gonadotrophins in rat serum.
Nigerian Journal of Physiological Sciences. 2003;
18(12):59-64.
Rempel MA, Schlenk D. Effects of environmental
oestrogens and antiandrogens on endocrine function,
gene regulation and health in fish. International Review
of Cell and Molecular Biology. 2008; 267:207-252.
Izquierdo MS, Fernández-Palácio H, Tacon AGJ. Effect
of broodstock nutrition on reproductive performance of
fish. Aquaculture. 2001; 197:25-42.
Barbieri G, Filho ART, Campos EC, Vermuui Jr. H,
Giamas MTD. Biologia populacional de tilapia
Oreochromis niloticus da represa de Guarapiranga, São
Paulo III Atividade alimentar. Boletim do Instituto de
Pesca. 2000; 26:15-17.
Lee K, Dabrowski K. Long-term effects and interaction
of dietary vitamins C and E on growth and reproduction
of yellow perch, Perca flavescens. Aquaculture. 2004;
230:377-387.
Dada AA, Ajilore VO. Use of ethanol extracts of
Garcinia Kola as fertility enhancer in female catfish
Clarias gariepinus broodstock. International Journal of
Fisheries and Aquaculture. 2009; 1(1):1-5.
Sogbesan AO, Ugwumba AAA. Nutritional evaluation of
termite (Macrotermis subhyalinus) meal as animal
protein supplements in the diets of Heterobranchus
longifilis (Valencienes, 1840) fingerlings. Turkish
Journal of Fisheries and Aquatic Sciences. 2008; 8:149157.
Lacroix E. Pisciculture en zone tropicale. 2004; 225.

