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Abstract: The study was conducted to evaluate the effect of replacement of wheat (Triticum aestivum )
bran for cocoa (Theobroma cacao) bean shell on juvenile catfish (Clarias gariepinus). There were five
treatments with T1 (basal diet without cocoa bean shell which served as the control), T2 (basal diet with
2.5% of cocoa bean shell), T3 (basal diet with 5.0% of cocoa bean shell), T4 (basal diet with 7.5% of
cocoa bean shell), T5 (basal diet with 10% of cocoa bean shell), the experiment was conducted for 63
days. Data were subjected to analysis of variance (ANOVA) in a completely randomized design (CRD) of
five treatments and each treatment replicated thrice. The chemical analysis of the feed showed a
decreasing trend in crude protein across the treatments from T1 to T5 and an increasing trend in crude
fibre from T1 to T5. There were significant differences (p<0.05) in the results of growth performance
obtained from the experiment among the treatments except for the total feed intake (p>0.05). The
organoleptic results for each treatments shows that: T2 has the best color with a mean of 8.16, T3 has the
best taste with a mean of 8.10, T5 has the best texture with a mean of 8.32, T3 has the best smell with a
mean of 8.00, T5 has the best appearance with a mean of 8.45 and T3 has the best overall acceptability
with a mean of 8.26, values obtained for mean weekly body length increment, mean weekly body width
increment and mean weekly head and tail length were not affected by inclusion of CBS in the diets of
catfish. The values obtained for carcass characteristics of catfish were not significantly different (P >
0.05) and so not affected by the treatments. Cocoa bean shell could be included in the diet of catfish up to
2.5 % inclusion rate without causing any deleterious effect on the growth of the fish.
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INTRODUCTION

Fish is an important and the cheapest source of animal protein and account for about 37% of Nigeria total
protein requires (FAO, 2002). Fish provides approximately 16% of the animal protein consumed by the
world population (FAO, 1997). It is particularly an important protein source in require where livestock is
relatively scarce.

Billions of people mostly in developing countries depend on fish as a primary source of animal protein
(FAO, 2000). FAO estimated that by the year 2010, demand of fish will increase by 13.5%-18.5% or to
about 105-110% million metric tons (FAO, 2000). Further increase in capture fisheries are not anticipated
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under the current global condition (Dunham et al., 2001). Faturoti (1999) noted that recent trends all over
the world pointed to a cleared in landing from capture fisheries which are all indicator that fish stock have
approached or even exceeded point of maximum sustainable yield. The food and agriculture organization
recommended that an individual takes 3 series per capture of animal protein per day for sustainable growth
and development. However, the animal protein consumption in Nigeria is less than 8g per person per day
which is a far cry from the FAO polonium recommendation. The rapid growth of Nigeria population has
led to insufficiency in supply of animal protein source food consequently also led to tremendous efforts
resulting in increasing animal production. Fish is a major source of animal protein source and an essential
food item in diet of many people in Nigeria. Fish is also a good source of Thiamine, Riboflavin, Vitamin A
and D, Phosphorus, Calcium, and Iron. It is also very high in polyunsaturated fatty acids which are
important in lowering blood dialectal level, it is therefore suitable for complementing high carbohydrate
diets typical of low-income group in Nigeria (Areola, 2008; Alagbe, 2019). Apart from being food, fish is
also an important source of income to many people in developing countries including Nigeria. FAO (1996)
confirms that as much as 5% of the African population have 35million people depending wholly or partly
on fisheries sector for their livelihood.

Catfish of the family Claridae comprise the most commonly cultivated fishes in Nigeria, the growth of
aquaculture in Nigeria is now largely being boosted by a steady rise in catfish culture, inadequate
availability of seed stocking and feed use to be major problems. The favoured catfish species in Nigeria
aquaculture includes Clarias gariepinus, Heterobranchus bidorsalis and Clarias nigrodigitatus.
Heterobranchus species is the more commonly cultured fish in the South eastern parts of Nigeria. Africa
catfish is popular in the market and has great potentials to boost the rapidly growing Nigeria aquaculture.
Clarias gariepinus is generally considered to be one of the most important tropical fresh water fish species
for aquaculture whose aquaculture potential have been documented (Dada and Wonah, 2003). Bruton
(1979) pointed out that C.gariepinus has also high fecundity rate, grows faster, tolerates high density and
environmental extremes. It also accepts wide range of natural and artificial food and adapts to a variety of
feeding modes in expanded niches.

Cocoa (Theobroma cacao L.) bean shell, a byproduct of the chocolate industry, is usually removed away
from the bean using winnowing machine and sold to fertilizer companies or own use as fertilizer. Although
the shell contains nutrients that benefit the body, for examples, polyphenols (ca. 1-2%), alkaloids such as
theobromine (ca. 1-2%), vitamins such as Vitamin D, minerals such as calcium and phosphorus, amino
acids, as well as soluble and insoluble dietary fibers (ca. 25-30%), etc., the utilization to upgrade its value
is still low. In fact, the shell covers almost seventeen percent of total cocoa bean weight. In 2017, the world
production of cocoa reached 4.7 million tons, increased from 4.0 million tons in 2016 (International Cocoa
Organization (ICO) 2017).

Cocoa shell comprises of seed coat and embryo. The shell is a dry, crisp, slightly fibrous brown husk with a
pleasant odor resembling that of chocolate. When the shell is removed, it may contain 2-3% of an
unseparated cocoa nib. Cocoa shell is a good source of energy and minerals, P and Mg for ruminants. The
fiber content is equivalent to medium quality grass hay in feeding value. The chemical composition of
cocoa bean shell indicates it might be a useful ingredient for ruminant feeding. (Meffeja et al 2006)
presented crude protein values of 5.9% and crude fiber of 21.3% (Marcel et al). asserted that cocoa bean
shell contains 17.6% crude protein, 4.6% fat, 0.36% Ca, 0.61% P, 0.06% Na, U 61% Mg and 1.6%
theobromine.

Flachowsky concluded that cacao bean shells may be used as roughages in ruminant diets up to 5% of dry
matter intake. The factor limiting the use of cocoa bean shell in feed is the theobromine level which is
dependent on the way the cacao bean is prepared for the market. Originally the shell contains a limited
amount of theobromine acquired from the nib during fermentation. The shell of most well-fermented
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commercial cacao beans contains over 1% theobromine five samples contained between 0.80 and 1.69%.
Abiola reported a level of 1.9% presented a complete analysis of a commercial sample of roasted shells; the
average theobromine content was 13 g/kg (8.0-16.9 g/kg), and the caffeine content around 1 g/kg.

The nutritive value of cocoa shell was also studied in vitro and nylon bag technique and a feeding trial was
carried out in growing cattle, the dry matter digestibility of cocoa shell was 63.5%. Approximately 30% of
cocoa shell protein disappeared from the rumen after 12 h and there was a small increase after that time.
Whereas for fat, there was an increasing amount that disappeared from the rumen after 12 h but reached the
maximum value (73%) at 48 h. (Olayinka et al, July 13th 2019).

The aim of this experiment was to determine the effect of replacement of wheat (Triticum aestivum I) bran
for cocoa (Theobroma cacao) bean shell on the growth performance, sensory evaluation and carcass
characteristics of juvenile catfish (Clarias gariepinus)

MATERIALS AND METHODS
Experimental Site

The experiment was carried out at the University of Abuja, Teaching and Research Farm Gwagwalada
located between latitudes 8°57* and 8°55*N and longitude 7°05* and 7°06'E (Balogun, 2001).

Collection and preparation of cocoa bean shell

Fresh Cocoa bean shell was collected from lle Oluji, Ondo State, Nigeria. It was identified and
authenticated at the Department of Crop Science, University of Abuja, Nigeria. The shell was sundried
until a constant weight was obtained. Thereafter, it was milled separately using laboratory grinder and
stored in a labeled container for further analysis.

Animals and their management

A total of number 300 juvenile catfish were used for the feeding trial that lasted 63days in a completely
randomized design. The fish with an average weight of 11.50 + 0.70 was purchased from a reputable farm
in Ibadan, Oyo State, Nigeria. The trial has 5 treatments and was replicated thrice with 15 fish per replicate.
Five diets were formulated which contained 0.0, 2.5, 5.0, 7.5, 10.0 % cocoa bean shell and were designated
T1, T2, T3, T4, and T5 respectively (Table 1). The fish were reared in a 65liters bowl and were kept in a
shade of 8m by 4m, the top of the bowl was covered with mosquito net to prevent predators. The
experimental diet was supplied in ad libitum. The fish in the respective bowls were fed twice a day with
33g of the basal diet with the use of a sensitive weighing scale, the weight gain was taken on a weekly
basis with the sue of sensitive weighing balance.

Data collection

The head length and width, full length, tail length and width were taken with use of meter rule. At the end
of the feeding trial 5 fish was taken from each treatment for carcass analysis. The dressing percentage was
calculated as the ratio of carcass weight to live weight. Sensory evaluation was carried out by a panel of 15
members from faculty of Agriculture according to the method of Eyo (2001). The panelists were trained
and given water for washing their mouth before testing to avoid bias. Questionnaires were used by
evaluators and scoring was done to determine the most preferred/acceptable sample. Evaluation was done
on hedonic scale of 9 based on the method of Doe and Olley, (1990 as cited by Oyero 2006) A Hedonic
scale as reported by (Oyero 2006) was used as follows; 9- like extremely; 8- like very much; 7- like
moderately; 6- like slightly; 5- neither like nor dislike; 4- dislike slightly; 3- dislike moderately; 2- dislike
very much; 1- dislike extremely. Parameters tested for include; color, smell, taste, texture, appearance and
overall acceptability.
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Data analysis

All data obtained were subject to one-way ANOVA using SPSS (23). Significant means were separated
using the Duncan multiple range test where (p< 0.05)

Table 1. Gross Composition of Experimental Diets of Juvenile Catfish (Clarias gariepinus)

TREATMENT AND % TEST MATERIAL

INGREDIENTS (Kg) T, T, (2.5%) T3 (5%) T4(7.5%)  Ts(10%)
Cocoa bean shell (CBS) 00.00 00.50 01.00 01.50 02.00
Maize bran 23.00 23.00 23.00 23.00 23.00
Wheat bran 20.00 19.50 19.00 18.50 18.00
Soya bean meal 12.00 12.00 12.00 12.00 12.00
Groundnut cake 25.00 25.00 25.00 25.00 25.00
Fish meal local 15.00 15.00 15.00 15.00 15.00
Rice bran 03.20 03.20 03.20 03.20 03.20
Salt 00.25 00.25 00.25 00.25 00.25
Vitamin Premix 00.25 00.25 00.25 00.25 00.25
Methionine 00.15 00.15 00.15 00.15 00.15
Lysine 00.15 00.15 00.15 00.15 00.15
Palm oil 01.00 01.00 01.00 01.00 01.00
Total 100.00 100.00 100.00 100.00 100.00

Calculated analysis

Dry matter 93.00 91.00 93.09 92.00 90.00
Moisture 7.00 9.00 6.01 8.00 10.00
Crude protein 34.82 32.03 31.88 31.03 30.09
Crude fibre 13.08 14.15 14.88 15.03 15.05
Ether extract 8.87 6.60 6.00 5.64 5.50
Ash 11.44 12.03 12.55 12.94 13.00
NFE 37.87 40.34 45.56 42.39 41.41
Energy kcal/kg 2503.1 2500.8 2499.4 2490.5 2480.3

NFE: Nitrogen Free Extract
RESULTS AND DISCUSSION
Phytochemical composition of Cocoa bean shell

The air-dried cocoa bean shell contained some phytochemicals. Result from this study reveals the presence
of favonoids (10.74 %), alkaloids (4.06 %), tannins (6.52 %), terpenoids (7.11 %), phenols (17.22 %),
saponins (3.29 %), oxalates (0.44 %) and theobromine (22.64 %). Phytochemicals are non-nutritive plant
chemicals which plays specific pharmacological effects in animal health (Singh et al., 2021). They also
perform multiple biological activities such as antibacterial, antifungal, antioxidants, hypolipidemic, and
analgesic (Adewale et al., 2021; Shittu et al., 2021). Phenols are antioxidants capable of scavenging free
radicals thus preventing diseases (Musa et al., 2020). Adisa et al. (2010); Shittu and Alagbe (2020) reported
that tannins are known to possess antibacterial and antiviral activity. Terpenoids has high therapeutic value
and function as antimicrobial, anticarcinogenic and anti-diuretic (Olafadehan et al., 2020). Flavonoids are
known to posses antibacterial properties (Oluwafemi et al., 2020). Phenolic and flavonoid contents and
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total antioxidant capacities of cocoa are higher than that of other phytochemical-rich foods (Giovanni et al.,
2014).The tricyclic structure of the flavonoids determines their antioxidant effects; phenolic quinoid
tautomerism and the delocalization of electrons over the aromatic system scavenge free radicals (Schroeter
et al., 2006). Theobromine has been shown to possess high bioavailability and is capable of stimulating the
heart muscle, relaxes bronchial smooth muscles in the lungs and plays an important role in the transmission

of intracellular signals (Spriigel et al., 1977; Neufingerl et al., 2013).

Table 1: Phytochemical composition of cocoa bean shell

Parameters Composition (%)
Flavonoids 10.74
Alkaloids 4.06
Tannins 6.52
Terpenoids 7.11
Phenols 17.22
Saponins 3.29
Oxalates 0.44
Theobromine 22.64

Table 3 reveals the growth performance of Juvenile catfish. The final body weight (FBW), weight gain
(WG), average daily weight gain (ADWG), feed intake (FI) and feed conversion ratio (FCR) ranged from
(24.18 - 31.70 g), (16.00 - 17.04 g), (0.19 - 0.21 g), (334.5 - 341.80 g) and (1.63 - 1.78) respectively. There
was no significant difference (p>0.05) in total feed intake among the treatments. However, weight gain,
average daily feed intake and feed conversion ration were significantly (p<0.05) influenced by the
treatments. Treatment 2 (T2) fed 2.5 % cocoa bean shell (CBS) had the highest weight gain compared to
the other treatments. This could imply that the fish were able to tolerate the test material at 2.5 % without
causing any negative effect on their growth. It was observed that the highest replacement of wheat bran
with 10 % CBS affected the growth of the fish in treatment (T5). The positive response in growth recorded
among fish in T2 could be attributed to the presence of bioactive chemicals in CBS especially theobromin
which have been reported to perform multiple biological activities in the body of animals. The results
obtained in this current study are in agreement with the findings of Omovwohwovie et al. (2018) when

melon shell was used as a replacement for maize.
Table 3: Performance Characteristics of Catfish fed Experimental diet

T1 T2 (2.5% T3 T4 T5
PARAMETERS (0% CBS) CBS) (5% CBS) | (7.5% CBS) | (10% CBS) SEM
IBW () 11.67 11.73 11.53 11.80 11.58 0.09
FBW () 28.72° 31.70° 27.76° 24.18° 28.37" 1.83
WG (g) 13.04° 16.38° 16.22° 16.08° 16.00° 1.81
ADWG (g) 0.17° 0.26° 0.24% 0.20° 0.19° 0.03
FI (g) 340.4 337.62 330.9 3345 341.8 36.01
FCR 1.71° 1.63 1.74° 1.76° 1.78° 3.79

IBW; initial body weight, FBW; final body weight, WG; weight gain, ADWG; average daily weight gain,
FI; feed intake, FCR; feed conversion ratio

SEM = Standard error of mean
CBS = Cocoa bean shell
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The sensory evaluation of catfish fed the experimental diet at different inclusion level of cocoa bean shell is
shown in Table 3. The parameters evaluated includes colour, taste. texture, smell, appearance and
acceptability respectively, which ranges from (7.97 — 8.16 %), (7.81 - 8.10 %), (7.40 - 8.32 %), (7.65 - 8.00
%), (8.19 - 8.45 %), (8.10 - 8.26 %). The results obtained shows that all the parameters evaluated (colour,
taste, texture, smell, appearance and acceptability) were not significantly affected (P<0.05) by the dietary
treatments. (Table 4) However, the dressing percentage was similar across the treatment hence the
inclusion of CBS in the diets of catfish did not alter the dressing percentage of fish negatively. The

nutrients obtained by catfish for the production of flesh in all the CBS based diets were adequate since
there was no depression in the dressing percentage.

Table 3 Sensory Evaluation of Catfish Fed Graded levels of Cocoa Bean Shell

Parameters T1 T2 T3 T4 T5 SEM
Colour 810 8.16 8.09 8.00 7.97 0.62
Taste 8.07 8.00 8.10 7.94 7.81 0.59
Texture 7.74 7.93 7.97 8.06 8.32 0.56
Smell 7.84 7.65 8.00 7.97 7.94 0.60
Appearance 8.39 8.19 8.23 8.32 8.45 0.50
Acceptability 8.26 8.16 8.19 8.10 8.16 0.67

Table 4 Carcass Analysis of Catfish Fed Graded levels of Cocoa Bean Shell

T1 T2 T3 T4 T5 SEM
LW(q) 35.66 43.33 36.33 33.00 35.33 2.89
DBW(g) 32.66 38.33 35.00 30.66 31.33 2.65
DBP(%) 101.2 89.36 96.93 94.26 88.46 3.07
HDRW((g) 26.33 24.66 21.66 21-66 20.00 1.85
HDP(%) 75.56 57.06 56.80 69.63 56.16 3.48

LW: Live weight; DBW: Dress Body Weight; DBP: dressing Body percentage; HDRW: Headless dress
Round weight; HDP: Headless Dressing Percentage

CONCLUSION

Cocoa bean shell is rich in several nutrients and bioactive chemicals that exhibit pharmacological effects
which could also be used to bridge the gap between food safety and fish production. The outcome of this
study shows that cocoa bean shell could partially replace wheat brown up to 2.5 % inclusion rate in the diet
of catfish without any negative impact on its general performance.
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