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Abstract- This study investigated the histological effects of
processed African fan palm meal (PAFPM) on the
reproductive organs of Clarias gariepinus. A total of 60
mature broodstock (average weight 850 g) were assigned to
five dietary treatments containing graded levels of PAFPM
(0.0, 0.5, 1.0, 1.5, and 2.0 g/kg) in a completely randomized
design with three replicates. The fish were fed
isonitrogenous diets (35% crude protein) for 56 days.
Proximate composition of the African fan palm meal
revealed high carbohydrate (72.06%) and moderate fibre
content (13.88%). Water quality parameters remained
within acceptable limits for fish culture throughout the
study. Histological examination of gonadal tissues showed
progressive variations in oocyte development stages and
testicular structure across treatments. Predominantly
vitellogenic oocytes were observed at higher inclusion
levels, with some evidence of atresia in certain treatments.
The results suggest that inclusion of processed African fan
palm meal influences reproductive histology in C.
gariepinus, with potential implications for broodstock
management and  reproductive  performance in
aquaculture.
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L INTRODUCTION

Aquaculture continues to expand as a major source of
animal protein globally, with Clarias gariepinus being
one of the most widely cultured fish species in Africa
due to its fast growth, hardiness, and high market
value. However, the rising cost of conventional feed
ingredients such as fishmeal and soybean meal has
necessitated the search for alternative, locally
available feed resources (Fagbenro and Adebayo,
2005).

Plant-based feed ingredients have gained increasing
attention as sustainable substitutes in aquafeeds due to
their availability and cost-effectiveness (Craig et al.,
2002). One such resource is the African fan palm
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(Borassus aethiopum), a widely distributed plant in
tropical Africa known for its nutritional and economic
importance. Its fruit pulp has been identified as a
potential energy source due to its high carbohydrate
content, making it a viable ingredient in fish diets
when properly processed.

Despite the growing interest in alternative feed
ingredients, their effects on fish health—particularly at
the histological level—remain insufficiently studied.
Histological evaluation of fish organs, especially
reproductive tissues, provides critical insights into the
physiological and reproductive status of fish exposed
to different dietary treatments (Diaz et al., 2006).
In addition, maintaining optimal water quality is
essential in aquaculture systems, as it directly
influences fish health, growth, and reproductive
performance (Omotayo et al., 2011; Sogbesan and
Ekundayo, 2014). Therefore, evaluating both dietary
effects and environmental conditions is crucial in
determining the suitability of alternative feed
ingredients. Therefore, this study aimed to evaluate the
histological effects of varying inclusion levels of
processed African fan palm meal on the reproductive
organs of Clarias gariepinus.

IL. MATERIALS AND METHODS

Experimental area

This research experiment was conducted at the
Teaching and Research farm, Department of Fisheries,
Modibbo Adama University of Technology Yola,
Adamawa state, Nigeria. Adamawa State is located at
the North Eastern part of Nigeria. It lies between
latitude 7° and 11° N of the equator and between
longitude 11° and 14° E of the Greenwich meridian. It
shares boundary with Taraba State in the South and
West, Gombe State in its Northwest and Borno State
to the North. Adamawa State has an international
boundary with the Cameroon Republic along its
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eastern boarder. The State covers a land area of about
38,741 km?. It is divided into 21 local Government
Areas (Mohammed, 2020). It has a population of
3,168,101 (National Bureau for Statistics, 2007).
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Figure 1: Map of Adamawa state showing study area
Experimental Set up

A total of 60 matured males and gravid females’
catfish (C. gariepinus) were purchased from
Abdulfana fish farm Yola south LGA, Adamawa state
with the same age of 7 months and average weight of
850g. They were acclimatized and fed commercial
feed for 7 days. The fish were randomly assigned to 12
fish per treatment with 3 replicate in a Completely
Randomized Design in a concrete pond of size 3 by 4
by 1m. The fish were starved for 24 hours prior to
commencement of the trial to allow utter digestion of
any food in their stomach. In second trail after
hatching the fish were reared for the period of 60 days
and fed with commercial feed. A total of 60 fish were
then selected at random with 12 fish from each
treatment and stocked to each of the treatment tanks.
Five isonitrogenous diets (D1, D2, D3, D4 and D5)
were formulated from practical ingredients based on
the formulation defined for African Catfish (C.
gariepinus) Fagbenro and Adebayo (2005). The
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control (D1) basal diet was without processed African
fan palm meal and the others had the following
inclusion level of Processed African Fan Palm Meal
(PAFPM) at 0.5g, 1.0g, 1.5g, and 2.0g/kg respectively.
The experimental diets were formulated to contain
35% crude protein. All dietary ingredients were
weighed with a weighing load balance (Metler Toledo
PB 8001 London). Ingredients such as vitamin premix
were mixed with Processed African Fan palm meal
thoroughly to obtain a homogenous mass before
mixing with other ingredients and pelleted. The pellets
were sundried for some time, packed in a sack and kept
until the commencement of experiment. The
experimental diets were assigned randomly to the
tanks and each group of fish was fed at 3% body
weight twice per day for 56 days. Every week, all the
fish were batch-weighed to determine the growth
performance.

Monitoring of water quality parameters

The water quality parameters such as temperature, pH,
ammonia, and dissolved oxygen concentration were
monitored daily throughout the study period using
mercury-in-glass thermometer, pH meter and
dissolved oxygen meter.

Collection and Processing of African Fan Palm Meal

10kg of Fresh African Fan Palm fruit was purchased
from Song market, in Song local government of
Adamawa state; it was then washed cleaned and dried
in a room temperature. The dried sample was
pulverized into powder using pestle and mortar and
then sieved. The powdered sample was stored in a
clean polythene bag until when required for analysis.

ihoh ople

Plate i: Photomacrograph of African Fan Palm
(Borassus aethiopum) Tree.
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Experimental Diet

The experimental diets were formulated and pelleted
in the wet laboratory of Department of Fisheries
Moddibo Adama University Yola, Adamawa state.
The feeds were formulated at 35% CP for the
broodstock fish. Five different feeds were formulated
based on the inclusion level of processed African fan
palm meal at Og/kg (control, D1), 0.5g/kg (D2),
1.0g/kg (D3), 1.5g/kg (D4) and 2.0g/kg (D5). The
quantity of feed ingredients was calculated using the
Pearson square method. The ingredient used in
formulating the feed included Fish meal, Groundnut
cake, Soybean, White Maize, Vitamin premix, Salt,
Lysine and Methionine.

Soybean was toasted for 10 minutes and allowed to
cool down. The toasted soybean, groundnut cake,
maize and fish were grounded in machine into fine
powder form separately. The feed ingredients were
measured using weighing balance. The feeds
ingredients were thoroughly dry mixed, sufficient
water was added and pelleted in a pelleting machine.
The pelleted feed were dried under the sun to reduced
the moisture contain packaged in batches base on the
daily feed of each treatment. It was stored at room
temperature inside a cover rubber container.

Proximate composition of Borassus aethiopum

The proximate composition of Borassus aethiopum
was carried out in the Department of Fisheries,
Modibbo Adama University Yola, and Adamawa
State. The proximate composition was determined
according to the Association of Official Analytical
Chemists (AOAC, 2011).

Experimental Design, Layout and Other Activities

The fish were randomly assigned to 12 fish per
treatment with 3 replicate in a Completely
Randomized Design in a concrete pond as D1, D2, D3,
D4 and D5. The sizes of the fish range between 800-
900g. The adult fish in the first trail were divided into
five equal experimental groups with three replicate
containing equal number of male and female fish per
treatment. The fish were fed with the experimental diet
for the period of 56 days at 3% of their body weight
twice daily morning and evening. The experimental
fish weight and length were taken weekly and the
quantity of feed was adjusted at the rate of 3% of the
total body weight. Total feed consumed and regular
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fish weights were taken and use to calculate the growth
parameters. Sampling was carried out bi-weekly to
determine the growth parameters and adjust the
quantity of feed.

Condition factor (k)

This expresses the health status of fish as a result of the
experimental treatment and will be computed at the
beginning and end of the experiment using the Fulton’s
Condition Factor Formula as expressed by Bagenal
(1978) as:

k=100W
L3

Where W = weight of fish

L =length of fish

Histological analysis

The testes/ovaries of the fish were remove and put into
a bottle containing 5% formalin solution and
transported to Department of Biotechnology
Laboratory at University of Ibadan for analysis.

Statistical Analysis

Data obtained from the experiment were subjected
toone-way analysis of variance (ANOVA).
Differences between the means (P<0.05) were
determined using Duncan Multiple Range Test
DMRT, Duncan (1985) using SPSS version20.

. RESULTS

Table 2: Proximate Composition Percentage of
African Fan Palm Meal

Proximate Composition Percentage (%)

Carbohydrate 72.06
Protein 3.73
Lipid 2.56
Fibre 13.88
Moisture 4.87
Ash 3.55
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Mean Water Quality Parameters

The mean water quality parameters are presented in
Table 5. The values observed were within the tolerant
range of Clarias gariepinus. Treatment 2 was
observed to have the highest temperature value of
27.80+0.23* followed by Ds, D4 and Dsrespectively
with the values of 26.20+0.22°, 25.76+0.23° and
25.65+0.23% respectively. D1 was observed to have the
least temperature value when compared with the other
treatments with a value of 23.50+0.23°.

Treatment 2 was observed to have the highest
dissolved oxygen value of 7.30+0.332 followed by Ds,
D4 and Dsrespectively with the values of 7.10+0.32°,
6.95+0.32° and 6.90+0.319 respectively. D; was
observed to have the least dissolved oxygen value
when compared with the other treatments with a value
of 6.50+0.31°.

Treatment 2 was observed to have the highest water
pH value of 8.10+0.51*ollowed by D4, D3 and
Dsrespectively with the values of 7.78+0.51°,
7.65+0.52¢ and 7.45+0.52%espectively. D; was
observed to have the least water pH value when
compared with the other treatments with a value of
7.20+0.52°¢.

Table 5: Water parameters

Treatmen Temperatur Dissolved Water pH

t e (%) oxygen
(mg/T)
Dy 23.50+0.23° 6.50+0.31 7.20+0.52
D> 27.80+0.22* 7.30+0.33  8.10+0.51
Ds 25.65+0.23¢  6.90+0.31  7.65+0.52
d c
D4 25.76+0.23  6.95+0.32 7.78+0.51
c c b
Ds 26.20£0.22  7.10£0.32  7.45+0.52
b b d

Means of Data on the same row with different
superscript are significantly different (p<0.05).
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Histology

The histological sections of C. gariepinus fed diet 1
are presented in Plate iv. Plate iv showed the
prominent stages in which the primary oocytes are
seen indicating perinucleolar stages. Only vitellogenic
stages were seen as matured follicles (Plate v). Plate vi
showed a fairly equal proportion of both perinucleolar
and vitellogenic stages. And only vitellogenic stages
were seen as matured follicles in Plate vii. On Plate
viii, mostly vitellogenic stages were seen and very few
primary stages were also seen. In Plate ix mostly
vitellogenic stages were seen and very few primary
stages seen. Plate x consists of only vitellogenic stages
predominant, and few of the vitellogenic stages are
undergoing atresia, and a very small population is
primary oocytes. Plate xi indicated only vitellogenic

stages seen which are matured follicles and Plate xii
showed vitellogenic stages which are predominant and
there are some pre-vitellogenic stages with cortical
alveolus.

Plate iv: Histological Section of C. gariepinus ovary
Fed Og/kg Inclusion Levels of Processed African Fan
Palm (Borassus aethiopum) Meal.
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Plate v: Histological Section of C. gariepinus Ovary Plate vii: HistologicalSection of C. gariepinus ovary
Fed 0.5g/kg Inclusion Levels of Processed African Fed 1.5g/kg Inclusion Levels of Processed African
Fan Palm (Borassus acthiopum) Meal. Fan Palm (Borassus acthiopum) Meal.

Plate vi: Histological Section of C. gariepinus ovary Plate viii: Histological Section of C. gariepinus ovary
Fed 1.0g/kg Inclusion Levels of Processed African Fed 2.0g/kg Inclusion Levels of Processed African
Fan Palm (Borassus aethiopum) Meal. Fan Palm (Borassus aethiopum) Meal.
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Plate XII: Histological Section of C. gariepinus Male

) ) ) ) Testes Fed 1.5g/kg of the Experimmental Diet.
Plate ix: Histological Section of C. gariepinus

MaleTestis Fed 0g/kg of the Experimmental Diet.

Plate x: Histological Section of C. gariepinus Male

Testes Fed 0.5g/kg of the Experimmental Diet. Plate Xiii: Histological Section of C. gariepinus Male

Testes Fed 2.0g/kg of the Experimmental Diet.
IV.  DISCUSSION

Percentage Proximate Composition of African Fan
Palm Meal

Nutrient composition of the experimental diets fed
Clarias gariepinus fingerlings agreed with the
findings of Craig et al. (2002) who reported that
prepared diets may either be complete or
supplemented, which supply all the ingredients
necessary for optimal growth and health of the fish. It
was found that the moisture content of the
experimental diets at 35% and 40% CP including

Plate XI: Histological Section of C. gariepinus Male control was below 12%, andthis corresponds with the

Testes Fed 1.0g/kg of the Experimmental Diet. theoretical range of moisture content in all low
moisture food (Bradley, 1994). Therefore, African Fan

Palm experimental diets can be classified as low
moisture, biological material; hence it is safe from
biological spoilage and possible aflatoxin production
by mould (Sogbesan and Ekundayo, 2014). Crude
protein contents of the experimental diets in this study
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ranged between 34.50% - 35.10% and within the
acceptable range of prepared feeds and is in agreement
with the reports of Balogun et al. (2016). The crude
lipid content of all the diets ranged between 15.22-
16.10%, this values are within the acceptable standard
lipid requirement for most tropical fishes (Adikwu,
2003). The crude fibre (CF) content of all the
experimental diets ranged from 2.84%-3.40%, this is
in agreement with Olomu (1995); that it is necessary
to maintain fibre level at 3.5%-5% in the diets of
animals. When dietary crude fibre exceeds 10-15% of
the diet, it may depress feed intake because of
excessive bulk and reduced palatability (Braude,
1967).

Histology

Evaluation of histological sections of reproductive
organs in fish fed African fan palm dietary ingredients
generates  valuable information about their
reproductive capacity and the potential health effects
of such diets (Diaz et al, 2006). Incorporating
different inclusion levels of African fan palm in the
diets of C. gariepinusin this study caused
histopathological ~ changes. = Furthermore, the
histological sections of C. gariepinus fed control diet
1 shows the prominent stages in which the primary
oocytes are seen indicating perinucleolar stages. Only
vitellogenic stages were seen as matured follicles
(Plate II). Plate III shows a fairly equal proportion of
both perinucleolar and vitellogenic stages. And only
vitellogenic stages were seen as matured follicles in
Plate IV. On Plate V, mostly vitellogenic stages were
seen and very few primary stages were also seen. In
Plate VI mostly vitellogenic stages were seen and very
few primary stages seen. Plate VII consists of only
vitellogenic stages predominant, and few of the
vitellogenic stages are undergoing atresia and very
small population are primary oocytes. Plate VIII
indicated only vitellogenic stages seen which are
matured follicles, and Plate IX showed vitellogenic
stages which are predominant and there are some pre-
vitellogenic stages with cortical alveolus.

Mean Water Quality Parameters

The water parameters in this study were within the
tolerable limit in aquaculture (Sogbesan and
Ekundayo, 2014). The value reported by Omotayo et
al. (2011) as recommended Dissolved Oxygen level 4-
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8mgy/litre in pond were observed to be lower than what
was recorded during this experimental period,
therefore it falls within these range.

Mean Water Quality Parameters

The water parameters in this study were within the
tolerable limit in aquaculture (Sogbesan and
Ekundayo, 2014). The value reported by Omotayo et
al. (2011) as recommended Dissolved Oxygen level 4-
8mgy/litre in pond were observed to be lower than what
was recorded during this experimental period,
therefore it falls within these range.

CONCLUSION

The findings of this study demonstrate that processed
African fan palm meal can be incorporated into the
diets of Clarias gariepinus without adversely affecting
water quality parameters. However, varying inclusion
levels influenced the histological structure of
reproductive organs. Moderate inclusion levels are
recommended, as higher levels may induce subtle
histological changes that could affect reproductive
performance.
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