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Abstract

An experiment was conducted to find out the
efficacy of cocoa pod husk incorporated feed in the
diet of grass carp as protein substitute. Seven
isonitrogenous diets were prepared with proportion
of cocoa pod husk powder varying from 0 to 30%,
replacing fish meal. The diets were fed to advanced
fry of grass carp in three replicates. Growth
performance was assessed by using indicators such
as net weight gain, weight increment per day,
percentage weight gain, specific growth rate, feed
conversion ratio, protein efficiency ratio and appar-
ent digestibility coefficient. Net weight gain, weight
increment per day and protein efficiency ratio were
higher for diet containing 25% cocoa pod husk
powder.  Percentage weight gain and specific
growth rate were higher for diet containing 15% and
25% cocoa pod husk powder. The results revealed
that the inclusion of cocoa pod husk powder upto
25% could promote the growth of advanced fry of
grass carp better than the control diet with 40% fish
meal.
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Introduction

Feed and labour are the major cost incurring
components of aquaculture practices. Reducing feed

costs is considered to be crucial for ensuring long
term sustainability of aquaculture industry. One
way to reduce feed costs is by the use of low cost
ingredients such as plant protein sources (Hertramp
& Piedad-Pascual, 2000; Booth et al., 2001; Khan et
al., 2003; Cremer et al., 2003; Muzinic et al., 2004).
A variety of ingredients ranging from oil seed meals,
pulses, leaf meals and agricultural by-products have
been shown to be capable of supporting fish growth
(El-Saidy & Gaber, 2003; De Silva, 2006).  This is
especially true in the case of purely herbivorous fish
like grass carp (Ctenopharyngodon idella) which
makes use of carbohydrate for its growth and as
main source of energy. Studies conducted by Law
(1986) have revealed that in the diet of grass carp,
fish meal could be replaced with Napier and carpet
grass meals with best results.

Cocoa (Theobroma coccao) is an economic cash crop
in tropical African, Asian and Latin American
countries. Cocoa pods constitute about 75% of the
weight of whole cocoa fruit and are waste products
after cocoa processing.  The cocoa pod husk, with
crude protein in the range of 5.69 – 9.69%
(Nambuthiri & Shivshankar, 1985), has been evalu-
ated as a component in poultry feed, pig rations
(Branckaert et al., 1973) and for fish (Lim & Dominy,
1992; Falaye et al., 1999). It was found to be
desirable, being relatively inexpensive and abun-
dantly available throughout the year.  Therefore, in
the present study, an attempt has been made to find
out the feasibility of using cocoa pod husk powder
for replacing fish meal in the diet of advanced fry
of grass carp (C. idella), which is an important
species used in aquaculture, particularly in the
tropics.  The species was chosen as it is herbivorous
and has better ability to digest and utilize plant
components in the diet for growth and energy
requirements.

Fishery Technology 50 (2013) : 16 - 20

© 2013 Society of Fisheries Technologists (India)



Materials and Methods

The ingredients used for the preparation of the test
diets were cocoa pod husk powder, fish meal,
ground nut oil cake, wheat bran, tapioca flour and
vitamin and mineral mixture. In order to determine
the apparent digestibility coefficient of protein in
the diet, chromic oxide was included at 1% level in
all the experimental diets. Fresh cocoa pods were
peeled and dried in a hot air oven at 1000C for
10 h. All the ingredients, except vitamin were
powdered and made into a dough. It was  steam
cooked for 30 min and was cooled to room
temperature. Vitamin powder was then added and
again mixed thoroughly. Seven isonitrogenous diets
(29.83 ± 0.36% crude protein content) were prepared
with a control diet containing 40% fish meal
without cocoa pod husk powder. In all the other
experimental diets, fish meal was progressively
replaced by cocoa pod husk powder. Pelletising was
done in a hand operated extruder to obtain pellets
of about 3 mm diameter.  Pelletised feeds were dried
in a hot air oven at 60oC  to a moisture content of
less than 10%. The dried pellets were crumbled,
cooled to room temperature and stored in airtight
containers for further use.

All the seven diets were analyzed for crude protein,
fat, fibre, moisture, ash and total carbohydrate using
standard methods (AOAC, 1990).  Crude carbohy-
drate was estimated by the method of Maynard &
Loosli (1969) by subtracting the sum of protein,
lipid, moisture, ash and fiber from 100.

The experiment was conducted in an indoor rearing
system comprising of 21 tanks of 100 l capacity. The
tanks were filled with 80 l of fresh clean water and
mild aeration was provided.  Healthy advanced fry
of grass carp of uniform size (3±0.24 cm) were
obtained from a local fish farm. They were stocked
at a rate of 4 numbers per tank area (0.2 m2) after
acclimatization. Each diet was fed to fish in three
tanks. Thus for 7 diets, 21 tanks were maintained.
The fish were fed respective diets once daily.  For
digestibility assessment, faecal matter was collected
using a glass canula from the second day onwards
and dried to constant weight at 60 oC in  an oven
and stored in air tight containers for subsequent
analysis (Ramachandran & Ray, 2007). The tanks
were cleaned and 75% of water was exchanged daily.
Water quality parameters such as temperature, pH,
dissolved oxygen and ammonia were monitored as
per AOAC (1994) throughout the study. The

experiment was carried out for a period of 50 days.
The length and weight of the fish were recorded at
fortnightly intervals. Mortality was recorded daily.

Parameters like net weight gain (NWG), weight
increment per day (g day-1), percentage weight gain
(PWG), specific growth rate (SGR) and feed
conversion ratio (FCR) and protein efficiency ratio
(PER) were computed using appropriate formulae
as given below,

NWG = Mean final body weight-mean initial body
weight

WI (Weight increment) day-1 = Net weight gain/
Number of days of experiment

PWG = Mean weight gain × 100/ Mean initial weight

SGR = (Loge W2 - Loge W1 ) × 100/ (T2-T1)

Where,

W2 = Weight of fish at time T2 in days

W1 = Weight of fish at time T1 in days

Loge = Natural log to base e

FCR = Weight of dry feed fed (g)/ Live weight gain
of fish (g)

PER = Gain in weight of fish (g)/ Protein consumed (g)

Apparent digestibility coefficient (ADC ) of protein
was calculated according to Zhao et al. (2006) by
using the formula,

ADC = [100 - (100 × % Cr2 O3 in diet × % protein
in diet)]/ (% Cr2 O3 in faeces × % protein in faeces)

The experiment was carried out by using completely
randomized design and data obtained was analysed
using analysis of variance technique at 1% level of
significance. Comparison of means was done using
Tukey’s Honesty significant difference test (Snedecor
& Cochran, 1991).

Results and Discussion

Proximate analysis of feed ingredients is given in
Table 1. The proportion of the ingredient of the
experimental diets are given in Table 2.  Proximate
composition of the six formulated diets and the
control diet is given in Table 3.

During the course of the experiment, there was no
mortality of experimental fishes. The mean net
weight gain, percentage weight gain, specific growth
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Table 1.  Proximate composition of feed ingredients used in the formulation of feed

Ingredients Moisture Fat Protein Ash Fibre Carbohydrate
(%) (%) (%) (%) (%) (%)

Cocoa pod husk powder 8.7 0.41 7.48 11.1 31.48 40.83

Fish meal 9.4 5.78 58.41 19.2 3.1 4.11

Ground nut oil cake 6.1 6.78 41.18 2.35 14.2 29.39

Wheat bran 9.8 2.85 14.32 3.52 13 56.51

Tapioca flour 10.89 2.09 2.85 1.25 2.6 80.32

Table 3. Proximate composition of the formulated diets

Diets Moisture Fat Protein Ash Fibre Carbohydrate
(%) (%) (%) (%) (%) (%)

Control 4 3.8 30.67 15 6.58 39.95

T1 (5% Cocoa 3.5 3.6 30.38 13 8.01 41.51
pod husk powder)

T2 (10% Cocoa 3 3.5 30.12 14 10.1 39.28
pod husk powder)

T3 (15% Cocoa 4.5 4.12 30.09 13.5 11.81 35.98
pod husk powder)

T4 (20% Cocoa 3 3.45 30.02 12 13.76 37.77
pod husk powder)

T5 (25% Cocoa 3.5 3.61 30.06 13.25 16.1 33.48
pod husk powder)

T6 (30% Cocoa 3 3.42 30.01 16 17.2 30.37
pod husk powder)

Table 2.  Ingredient proportion of the test diet

Treatment/ingredient Control T1 T2 T3 T4 T5 T6

Cocoa pod husk powder _ 5 10 15 20 25 30

Fish meal 40 35 30 25 20 15 10
Wheat bran 20 20 15 15 12 5 2

Ground nut oil cake 15 20 25 30 38 45 51

Tapioca flour 20 15 15 10 5 5 2

Vitamin premix1 2 2 2 2 2 2 2

Mineral premix2 2 2 2 2 2 2 2

Cr2O3 1 1 1 1 1 1 1

Total 100 100 100 100 100 100 100

1. One kg of vitamin premix: Vitamin A- 400 000 I.U.; D3- 200 000 I.U.; E- 5000 I.U.; K3- 1g; B1- 1 g; B2- 1.5 g; B6- 1 g;
Pantothenic acid- 5 g; Niacin- 3 g; Folic acid- 0.5 g; B12- 2 mg; Biotin- 100 mg; Vitamin C- 20 g.

2. One kg of mineral premix: CaHPO4- 530 g; K2HPO4- 80 g; Na2HPO4- 90 g; MgCl2.6H2O- 100 g; KCl- 67.5 g; K2SO4- 80 g; NaCl-
30 g; KI- 0.05 g; ZnSO4.7H2O- 2.5 g; SeO2- 0.03 g; CuSO4.5H2O- 0.15 g; FeSO4.7H2O- 18 g; (NH4)6Mo7O24.4H2O- 0.01 g; MnSO4.H2O-
0.5 g; NaF- 1.2 g; CoCl2.6H2O- 0.01 g.



rate, food conversion ratio and protein efficiency
ratio showed significant difference between the
treatments (p<0.05) as given in Table 4. Net wet gain
in the treatment T4 gave significantly high value
(p<0.05) compared to all the other treatments.
Treatment T6 showed significantly low weight gain
(p<0.05). Percentage weight gain was highest (p<0.05)
for treatment T3. Here also T6 gave a significantly
low value (p<0.05). Specific growth rate showed no
significant difference between the treatments and
the control except for T6 in which the value was
significantly low (p<0.05).  There was no significant
difference in feed conversion ratio between the
treatments and control, except for T6  in which the
value was significantly high. Protein efficiency ratio
was significantly different (p<0.05) in all treatments
except T6. Apparent digestibility coefficient was 0.9
for all the treatments. The result revealed that cocoa
pod husk powder could be incorporated up to 25%
replacing fish meal in the diet of grass carp without
affecting its growth, compared to conventional diet
with 30% fish meal. But inclusion at the rate of 20%
gave better growth compared to control.

In the present study, fish meal and ground nut oil
cake served as the protein sources and wheat bran,
tapioca flour and cocoa pod husk as energy
supplements.  Although protein is used as an energy
source for fish, a number of studies have pointed
out the importance of using less expensive energy,
in the form of lipid and carbohydrate, in order to
save protein (Nandeesha et al., 1991; De Silva &
Anderson, 1995; Booth et al., 2001; Khan et al., 2003;

Cremer et al., 2003; Muzinic et al., 2004).  Carbo-
hydrates not only supply the necessary energy but
also have protein sparing effect in fish diet (Lovell,
1989).  Work on the use of cocoa pod meal in fish
feeds has been limited to a few species viz., Clarias
isheriensis and Oreochromis niloticus where 10%
inclusion level gave best growth performance
(Fargbenro, 1992; Falaye et al., 1999).  The tolerance
of fish to higher level of cocoa pod husk powder
may be attributed to the macrophytic feeding habits
of the grass carp (Jhingran, 1992).

The growth depression observed at 30% inclusion
level may be because of the toxicity of theobromine
in cocoa which has been proved to be fatal for other
domesticated animals and birds (Tarka, 1982; Haines
& Echeverria, 1955). Theobromine is an
antinutritional factor which would reduce the
activity of digestive enzymes, thereby reducing the
digestibility of feed stuffs (Krogdahl, 1989). Studies
conducted by Adamafio et al. (2011) indicated that
fermentation of cocoa pod husk powder could
reduce the theobromine content in it to a level safe
for animal consumption. Therefore, further studies
with fermented cocoa pod husk powder in fish diets
may be undertaken for higher inclusion levels of this
cheap ingredient.

In conclusion, results obtained from this investiga-
tion showed that, up to 25% cocoa pod husk powder
can be incorporated in to the diets of advanced fry
of grass carp, C. idella without any compromise in
the growth performance and deleterious effects on
health of the fish.
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Table 4. Growth performance of grass carp fry feed with the experimental diet

Treat Initial Final NWG In/day PWG SGR FCR PER ADC
Ments weight weight (g) (g)

(g) (g)

T1 1.03 ±0.04 4.68± 0.80 3.65±0.13a 0.07±0.00a 354.06±27.44a 3.00±0.07a 7.78±1.02a 0.12±0.00a 0.90

T2 1.07 ± 0.2 4.69± 0.12 3.62±0.11a 0.07±0.00a 351.45±96.12a 2.71±0.16a 8.33±1.63a 0.12±0.00a 0.91

T3 0.80 ±0.03 4.69± 0.06 3.86±0.04b 0.08±0.00a 469.79±18.51b 2.70±0.11a 7.33±0.70a 0.13±0.00a 0.91

T4 1.20 ±0.09 5.20±7 0.10 4.06±0.06b 0.08±0.00a 336.51±32.27a 2.96±0.17a 8.21±0.72a 0.14±0.00a 0.91

T5 1.02 ±0.04 4.73± 0.03 3.71±0.07a 0.07±0.00a 366.06±24.61a 3.03±0.07a 8.08±0.16a 0.12±0.00a 0.94

T6 1.01 ±0.14 3.40± 0.05 2.39±0.11c 0.05±0.00b 242.09±46.70c 2.21±0.10b 12.56±2.19b 0.08±0.00b 0.93

Control 0.92 ±0.05 4.34± 0.06 3.42±0.02d 0.07±0.00a 370.88±21.20a 2.77±0.15a 8.29±0.83a 0.11±0.00a 0.91

Values which are differently superscribed in each column are statistically different
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