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Abstract. The experiment was conducted to assess the use of Abelmoschus esculentus leaves powder as binders in 
the production of fish feed pellets. Six experimental diets were formulated with three containing starch as binder while 
the other three contained A. esculentus as binder. Each diet contained maize or wheat individually or in combination as 
energy source. The diets were designated as MAI (Maize only), WHE (Wheat only), MAW (Maize and Wheat only), MAA 
(Maize and A. esculentus), WHA (Wheat and A. esculentus) and MWA (Maize, Wheat and Abelmoscus esculentus). 
Physical properties and dietary effects of the diets were assessed using Oreochromis niloticus fingerlings. There was 
significant difference (P<0.05) in the sinking rate (cm.sec-1), thickness strength (mm), water absorption index, hardness 
(mm) and water stability (%) and bulk density (g.cm-3) of experimental diets. Diet MAI (Maize only with corn starch) had 
a significantly slower sinking rate of 6.77±0.10 cm.sec-1 when compared to the other diets. Diets MAA (Maize only with 
A. esculentus) and MAW (Maize and Wheat with corn starch) had the highest water stability (88.90±0.46%) while the 
lowest was diet MAI (85.20±0.10%). Crushing load value for the diet MWA (Maize and wheat with A. esculentus) of 
357.00±0.00N was the highest and 119.00±0.00 N for diet MAI was the least. There was significant difference (P<0.05) 
in the friability of experimental diets at different revolution speed. There were no significant differences (P>0.05) in the 
mean final weight, mean weight gain, specific growth rate, feed conversion ratio, and feed efficiency of experimental 
fish fed with the experimental diets. Fish fed diet MAA had a significantly higher (P<0.05) mean weight gain, specific 
growth rate, feed efficiency ratio compared to the fish fed other diets. The results from this experiment showed that A. 
esculentus leaf soaked for 24 hours can be used as binder in fish feed production.
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Introduction

Aquaculture requires optimisation of nutrition to 
efficiently raise fish for the purpose of food production. The 
digestibility of nutrients in the feed can affect aquaculture 
production efficiency and impact the environment. The 
bioavailability or digestibility of the diet is the proportion 
of nutrients in the feed that is digested and absorbed 
by the fish. According to Shipton and Hassan (2013), 
Sub-Saharan Africa generally lacks access to locally 
manufacturing capacity, and primarily relies on on-farm 
feeds or imported commercially produced feeds. On-
farm feeds typically comprise simple ingredients that, 
depending on the culture systems, are fed as simple 

mixtures, doughs or compressed pellets. While the quality 
of the on-farm feeds is dependent upon the formulation 
applied, the quality and availability of ingredients and 
the manufacturing processes, they are generally more 
affordable than commercially manufactured feeds, and 
remain the primary feed source for many semi-intensive 
farms. The relatively low cost of farm made/locally 
produced feeds enable poor farmers to produce feed 
required at any one time. This is promoting affordability 
and enabling them to better manage their on-farm cash 
flows. Nigeria has significantly improved in the area of fish 
feeds production between 2014 and 2015.

In most fish feed industries (floating and sinking pelleted 
feeds), there is great demand for the use of binders. However, 
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the type of binders used in most cases are synthetic in 
nature which are imported, adding to the prohibitive cost of 
feed as well as unavailability of the synthetic binders. There 
is the need for local sourcing of natural binders (starches) 
to assist small scale fish farmers who should rely principally 
on on-farm aqua feed. Great potential has been observed 
in the tropics for the establishment of starch manufacturing 
industries in view of abundance of grain crops that could be 
harnessed for starch production which could also be used 
as binders for on-farm aqua-feed production. Among most 
common agricultural cereal grains are: millet (Pennisetum 
typhoides), rice (Oryva stiva), guinea-corn (Sorghum 
vulgare), maize (Zea mays) and wheat (Tritichum aestiuum). 
Mucilaginous plants like Corchorus olitorius (Jute plant) leaf,  
Abelmoschus esculentus (Okra) contains mucil that have 
varying viscosity values that made them good adhesive 
agents. They have been used as binders in the production 
of drugs in pharmaceutical industries (Okoye et al., 2009). 
Also, Oke et al. (2017) had used Abelmoschus esculentus 
fruit as binders in the feed of catfish.

Abelmoschus esculentus (L) Moench (Okra) belongs 
to the family Malvaceae. Commonly known as lady’s 
finger, it is known under various local names in Nigeria 
as “Ila” in Yoruba, “Kubewe” in Hausa and “Okwale” in 
Igbo (Kolawole et al., 2011). It is a vegetable valued for 
many of its properties including its mucilaginous property. 
The leaves are of medicinal values for pneumonia and 
bronchitis (Kurian, 2010). The parts used are mostly the 
fruit and seed (Odugbemi and Akinsulire, 2008), it is grown 

for its edible pods.
The aim of this research was to study the physical 

and dietary effects of Abelmoschus esculentus leaves as 
binders in the diet of Oreochromis niloticus fingerlings.

Material and methods

Assessment of physical characteristics of 
experimental feed and feeding trial

Preparation of experimental feeds
Six diets with 35% crude protein were prepared. Feed 

materials were purchased from a feed mill in Akure. The 
feed ingredients were ground separately to fine particle. 
The main ingredients were fish meal, groundnut cake, 
maize and wheat. Maize and wheat were used separately 
and in combinations with any of Abelmoschus esculentus 
leaf powder and corn starch. The inclusion level of the 
ingredients was calculated using Pearson square method 
of feed formulation. Vitamin, mineral premix and oil were 
included at fixed inclusion level. The ingredients were 
weighed in the right proportion. Corn starch or dried leaf 
powder of Abelmoschus esculentus at 5% inclusion level 
were mixed directly with other ingredients. One litre of 
hot water (100°C) was added to the dry mash (Table 1). 
The prepared six diets had been mixed thoroughly to get 
homogenous mixture of the feed. The diets were pelleted 
after the conditioning using a Hobart A-2007 pelleting 
and mixing machine (Hobart Ltd, London). Pelleted feeds 
were air-dried.

Table 1. Gross composition of experimental diets (g/100g) and proximate composition

Ingredients MAI WHE MAW MAA WHA MWA
Fish Meal (65%CP) 15 15 15 15 15 15
Soya Bean Meal (42%CP) 27 27 27 27 27 27
Groundnut cake (48%CP) 30 30 30 30 30 30
Maize 18 - 9 18 - 9
Wheat - 18 9 - 18 9
Vegetable oil 3 3 3 3 3 3
*Vitamin/Mineral Premix 2 2 2 2 2 2
Corn Starch 5 5 5 - - -
Abelmoschus esculentus - - - 5 5 5
Total 100 100 100 100 100 100
Proximate composition
Moisture Content 9.81 9.91 9.66 9.81 9.89 9.87
Crude Protein 35.06 35.05 35.13 35.08 35.14 35.43
Ash Content 9.64 9.83 9.91 8.66 9.56 8.66
Lipid 14.64 14.61 14.45 14.86 14.64 14.42
Crude fibre 7.87 7.81 8.18 8.87 8.61 8.87
NFE 22.98 22.79 22.67 22.72 22.16 22.75
Keys: MAI: Maize only, WHE: Wheat only, MAW: Maize and Wheat only, MAA: Maize and Abelmoscus esculentus, WHA: Wheat 
and Abelmoscus esculentus, and MWA: Maize, Wheat and Abelmoscus esculentus

*Vitamin/Mineral Premix: Vitamin/Mineral premix – A Hi-Nutrients® International Ltd product containing the following per kg of 
premix: A = 4000000 I. U, D3 =   800000 I.U, E = 40000 I.U, K3 = 1600 mg, B1= 4000mg, B2= 3000, B6= 3800, B12 = 18000 
mcg, panthothenic acid = 5 mg, nicotinic acid = 8000 mg, folic acid   = 800 mg, biotin = 100 mcg, choline = 150 mg, cobalt 
= 150 mg, copper = 4.5 mg, iron = 8000 mg, manganese =  6000 mg, iodine = 400 mg, selenium= 40 mcg, zinc = 8000 mg, 
antioxidant = 25000 mg, lysine= 10000 mg, methionine= 10000 mg, inositol= 10000 mg, vitamin C (coated)= 60000 mg, 
choline chloride= 120000 8mg.
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Physical properties of experimental feed
Determination of water absorption index 
The water absorption index was determined by 

subtracting the final mass from the initial mass of the 
pellet. The difference is then divided by the initial mass 
of the pellet before being immersed in water. The used 
equation is the following:

Where:
M2 = mass of pellet after immersion in water
M1 = mass of pellet before immersion in water

Determination of sinking rate
Sinking rate was determined by observing the time 

taken by the pellets to reach the bottom of water column 
of 30cm height. Sinking rate was calculated using the 
formula by Moond et al. (2004);

Determination of thickness swelling
The thickness swelling of the pellets was determined 

using a Vernier calliper before immersion in water (T1). The 
thickness swelling was measured after immersion of the 
pellet in water (T2) (Adeparusi and Famurewa, 2011). The 
thickness swelling of the pellets sample was determined 
by dividing the difference of T1 and T2 by T1, i.e.

Where,
T1= the thickness of the pellets sample before 

immersion (cm)
T2= the thickness of a pellets sample after being 

immersed in water for three minutes (cm)

Determination of water stability
Triplicates samples (10g each) of each pelleted feed 

were placed in a nylon sieve tied with rope and slowly 
immersed in 500 cm3 of tap water. Aeration was done 
using ceiling fan. There was occasional shaking for 10 
seconds every 2 minutes. The pellets were allowed in 
the water medium for a period of 20 minutes. At the end 
of each test time, the sacks were removed with the aid 
of the rope. The crumbles were allowed to drain for one 
minute and the content put in a petri-dish and oven dried 
at 105°C for 2 hours. It was then cooled at a desiccators 
and weighed. The new weight represents the left over 
from the original 10g.

Water stability of the pellets was calculated as the 
percentage of the weight retained against the initial total 
sample dry weight using the equation as described by 
Solomon et al. (2011);

Friability test
Ten grams of the pelleted feed were put in a container 

and adapted to a rotary machine as described by Orire 
et al. (2010). Centrifuge machine (IEC clinical centrifuge, 
International Equipment Company, USA) were used at the 
laboratory of the Department of Fisheries and Aquaculture 
Technology. The dust generated was collected through a 
sieve and was weighed. The weight was expressed as a 
percentage of the sample.

Hardness test
The hardness test for the experimental feeds was 

carried out using a Californian bearing ration machine 
(Model №BS1377) at the Department of Applied Geology, 
FUTA. The load-measuring device was connected to 
compression machine. The mould with the sample and the 
surcharge weight was placed in the machine. A plunger 
was seated on top of the specimen and it was done to 
allow free movement of the plunger from the surcharge 
weight. The seating load was applied by weight. The 
displacement-measuring device was adjusted to zero. 
The motor drive was switched on the loading started with 
a loading rate of 1mm/min. The breaking point was noted 
(Operating Manual).

Experimental fish and feeding trial
Oreochromis niloticus fingerlings (3.99±0.1g body 

weight) used for this study were obtained from the hatchery 
of the Department of Fisheries and Aquaculture Technology, 
Federal University of Technology, Akure. The fish were 
acclimatized to laboratory condition for seven days and fed 
commercial feed. Healthy fish were randomly distributed 
into thirty-six plastic tanks (75×45×30 cm3) at a stocking 
density of 15 fish per 40 litres of water in each tank.

The feeding trial lasted for seventy days. Fish were 
hand fed with experimental diets between 08:00-09:00h 
and 14:00-15:00h GMT. Fish were fed diets at the fixed 
rate of 5% body weight per day. Fish were batch weighed 
fortnightly to monitor growth and adjust feeding rates 
accordingly.
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Monitoring of water quality parameters
Monitoring of culture water was carried out daily 

and the parameters assessed include: Temperature 
(oC), hydrogen-ion concentration (pH) and dissolved 
oxygen (DO). Dissolved oxygen and temperature were 
measured using combined digital YSI Do Meter (YSI, 
Model 57) while pH was monitored using a portable pH 
meter (Hanna, USA). 

Assessment of growth parameters and nutrient 
utilization

The following growth and nutrient utilization indices 
were evaluated as described by Fasakin et al. (2003) 
and Ridha (2006):

Weight gain

Where W2 is the final weight of fish and W1 is the 
initial weight of fish in each tank.

Specific growth rate

Where; W1 and W2 = initial and final fish weight, 
respectively, and t = duration of the feeding trial.

Where: N1 = Total number of fish survival in pond at 
end of experiments.

N0 = Total number of fish in tank at the beginning of 
experiments.

Feed conversion ratio (FCR)

Feed efficiency ratio (FER) 

Proximate analysis of experimental fish
Fish were sampled at the beginning and the end of 

the feeding experiment for proximate analysis using the 
methods described by AOAC (2010). A representative 
for each treatment was taken, dried and grounded to 
powder. The powder was kept in air-tight polythene bag 
before analysis.

Statistical analysis
One-Way Analysis of Variance (ANOVA) was used 

for analysis of data. Tukey’s method was used to separate 
means where significant difference occurs (P<0.05) using 
the Statistical Package for Social Sciences (SPSS v.20). 

Results and discussion

The physical properties of experimental diets are 
presented in Table 2. There was significant difference 
in the sinking rate, thickness swelling, water absorption 
index, water stability and crushing load test. Diet MAI had 
a significantly slower sinking rate of 6.77±0.10 cm. sec-1 
when compared with other diets. The significant difference 
that was recorded in the sinking rates might have been 
due to the relationship of the inclusion levels of maize and 
wheat in the diets with either corn starch or A. esculentus. 
Only diet MAI (bounded with corn starch) had a slower 
sinking rate when compared with the other diets bound with 
A. esculentus powder. MAW and MWA (both containing 
mixture of maize and wheat) sunk faster than other diets. 
The highest thickness swelling was recorded in diet WHE 
(0.12±0.01 mm) and the lowest one was recorded in diet 
WHA and MWA (0.07±0.01 mm). Water absorption index 
value of diet MAI was the highest (1.44±0.09 g) while that 
of diet MAA was the lowest (1.13±0.01 g). 

Diet MAA was the most stable in water with water 
stability value of 89.59±0.06% while diet MAI was the 
least stable in water with value of 88.31±0.05%. The 
water stability of MAA was significantly higher than 
MWA and WHA for diets bound with A. esculentus leaf. 
The inclusion of a binding agent during manufacturing 
is necessary to reduce dry matter loss not to exceed 
10% after 60 min of immersion (Lim and Cuzon, 1994).
The water stability recorded in this study is higher than 
the water stability of yam starch bound diets by Orire 
et al. (2010). The differences in the water stability 
of diets showed that the inclusion of maize or wheat 
alongside the binders is of great importance. The 
results are similar to the results of Momoh et al. (2016) 
experimenting on the effects of ingredients substitution 
on the binding, water stability and floating properties of 
farm-made feeds.

Crushing load value for diet MWA of 357.00±0.00 
N was the highest and 119.00±0.00 N for diet MAI was 
the least. Diet MWA having the highest crushing load 
also had the fourth lowest water stability, fifth lowest 
sinking rate, third highest water absorption index and the 
sixth highest thickness swelling. WHA had higher water 
absorption index for diets bound with A. esculentus leaf 

(%d-1) =
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compared to MWA and MAA. Chevanan et al. (2007) 
suggested that any change in water absorption index 
can be due to structural modifications of the ingredients 
composition, such as starch gelatinization and protein 
denaturation. There was significant difference in the water 
absorption index of experimental diets. The inclusion and 
non-inclusion of wheat and maize and the binders used 

are responsible for these differences. Water absorption 
index of experimental diets in this study are actually lower 
compared to the result of Oke et al. (2017). Oke et al. 
(2017) used two stages maturity of Okra (immature and 
mature) as binders and yeast as an agent of buoyancy. 
The current study makes use of mucilaginous leaves as 
binders at 5% inclusion level. 

Table 2. Physical properties of diets using mucilaginous leaves powder as binders

 Sinking Rate  
(cm.sec-1) 

Bulk Density 
(x10-4g/cm3)

Thickness 
Swelling (mm)

WAI (g) Water Stability 
(%)

Crushing Load 
(N)

MAI 6.77±0.10a 1.17±0.00ab 0.08±0.01bc 1.44±0.09a 88.31±0.05a 119.00±0.00a

WHE 9.69±0.02e 1.17±0.00ab 0.12±0.01c 1.21±0.03bc 88.71±0.54ab 166.60±0.00b

MAW 9.79±0.31e 1.23±0.00b 0.06±0.00ab 1.24±0.02c 88.48±0.43ab 285.60±0.00e

MAA 7.97±0.22b 1.17±0.00ab 0.06±0.01ab 1.13±0.01ab 89.59±0.06cd 198.25±0.29d

WHA 8.08±0.22c 1.20±0.00ab 0.07±0.01ab 1.24±0.00c 88.92±0.07bc 190.40±0.00c

MWA 8.83±0.13d 1.20±0.00ab 0.07±0.01ab 1.25±0.01c 88.76±0.12ab 357.00±0.00f

Means with different superscript across rows are significantly different (P<0.05)

Friability of the diets at different revolution per minute 
is presented in Table 3. There was significant difference 
(P<0.05) in the friability of experimental diets. The highest 

friability value was recorded for diets MAA, WHA and 
MWA at 100 rpm.

Table 3. Friability of diets bound with mucilaginous leaves powder  

 35 rpm 50 rpm 70 rpm 100 rpm

MAI 0.05±0.01a 0.16±0.01a 0.33±0.00a 0.60±0.01a

WHE 0.03±0.00a 0.16±0.01a 0.44±0.01c 0.88±0.01b

MAW 0.04±0.00a 0.14±0.01a 0.57±0.00e 0.89±0.01b

MAA 0.14±0.00b 0.24±0.00c 0.96±0.00j 1.24±0.02d

WHA 0.25±0.03c 0.43±0.01d 0.76±0.01g 1.24±0.00de

MWA 0.53±0.01d 0.68±0.01e 0.91±0.01i 1.24±0.01de

Means with different superscript across rows are significantly different (P<0.05)

The pH of water used for culture was between 6.71 
and 6.78, Dissolved Oxygen ranged from 5.05 and 5.59 
mgO2/l, Conductivity was between 255.00 and 263.93 µ/l 
and temperature was 27.36°C. These ranges were within 
optimal limits recommended for the fish.

Growth performance of fish fed experimental 
diets for 70 days is presented in Table 4. There was 
significant difference (P<0.05) in the mean weight 
gain, SGR, FCR, FER and mean feed intake between 

experimental fish. Fish fed diet MAA had the highest 
mean weight gain, SGR, FER and mean feed intake. 
Diet MAA also had the lowest FCR. There was 
significant difference (P<0.05) in the crude protein, 
ash and lipid contents of the carcass of experimental 
fish fed experimental diets (Table 5). Fish fed diet MAA 
had the highest crude protein content of 59.63±0.67% 
while the lowest was recorded in fish fed diet WHA 
with 52.76±1.67%. 
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Fish fed diet MAA had a significantly higher mean final 
weight, mean weight gain, mean feed intake, SGR and 
FER when compared to those of other fish fed other diets. 
Fish fed diet MAA also had a significantly lower FCR than 
all diets. Diet MAA had the highest water stability which 
might have resulted in fish fed the diet having the highest 
mean weight gain, SGR and feed efficiency. Carcass 
proximate analysis showed that fish fed diets bound with 
mucilaginous leaves showed the metabolism of nutrients in 
the diets (Table 5). This was observed in the level of crude 
protein, lipid and ash content of the carcass. Fish fed diet 
MAA had the highest feed efficiency ratio and the highest 
carcass crude protein content which is an indication of the 

nutritional value of the diet MAA. FCR results in this study 
are similar to those of Kareem et al. (2015) with FCR of 
1.32 to 1.74 for O. niloticus fed crude extracts of camphor 
bark (Cinnamomum camphora), asthma weed (Euphorbia 
hirta), neem leaf (Azardirachta indica) and papaya (Carica 
papaya).  The FER values (0.68 – 0.95) recorded in this 
study were similar to values for O. niloticus  fingerlings fed 
diets using C. olitorius leaf soaked for 24 hours as binder 
(0.74 -0.93) in a study by Oke et al. (2021). The survival 
rate was the lowest in fish fed diet MAA (68.89%) which 
is significantly lower compared to others. This does not 
make the diet bad as fish fed this diet had the best feed 
efficiency and other growth indices.

Table 4. Growth performance of Oreochromis niloticus fed experimental diets with mucilaginous leaves powder binders for 70 
days

 MAI WHE MAW MAA WHA MWA

Mean Initial 
Weight (g)

4.33±0.02a 4.33±0.02a 4.33±0.01a 4.35±0.04a 4.33±0.00a 4.33±0.02a

Mean Final 
weight (g)

7.68±0.18a 7.63±0.16a 7.72±0.25a 9.80±0.60b 7.68±0.16a 7.84±0.21a

Mean Weight 
Gain (g)

3.35±0.17a 3.30±0.16a 3.40±0.26a 5.45±0.57b 3.35±0.16a 3.51±0.21a

SGR 0.82±0.03a 0.81±0.03a 0.83±0.05a 1.16±0.08b 0.82±0.03a 0.85±0.04a

Mean Feed 
Intake (g)

4.50±0.03a 4.82±0.11a 4.28±0.29a 5.73±0.31b 4.69±0.15a 3.99±0.17a

FCR 1.35±0.08ab 1.46±0.04b 1.26±0.04ab 1.06±0.07a 1.41±0.11b 1.14±0.02ab

FER 0.74±0.04a 0.68±0.02a 0.79±0.02ab 0.95±0.06b 0.71±0.06a 0.88±0.01ab

% Survival 100.00±0.00b 100.00±00b 86.67±6.67b 68.89±3.85a 97.77±3.85b 91.11±3.85b

Means with same superscript across rows are not significantly different (P<0.05)

Table 5. Carcass composition (dry matter basis) of Oreochromis niloticus fed experimental diets with Abelmoschus esculentus 
leaves powder as binders

 Moisture Crude Protein Ash Lipid NFE

Initial 6.14±0.37 59.86±0.23 17.54±1.46 11.63±1.78 4.83±0.24

MAI 5.58±0.21a 53.89±1.07ab 18.59±1.64ab 15.17±0.99bc 6.77±1.57a

WHE 5.59±0.41a 53.47±0.74a 18.83±0.06ab 16.98±0.77c 5.13±0.47a

MAW 5.49±0.48a 57.98±2.34bc 17.92±1.04ab 13.73±1.19ab 4.88±1.36a

MAA 5.36±0.14a 59.63±0.67c 16.76±1.40a 12.44±1.45ab 5.80±1.12a

WHA 5.39±0.32a 52.76±1.67a 20.42±1.65ab 17.09±2.03c 4.34±1.08a

MWA 5.72±0.20a 58.83±1.56de 18.23±0.66ab 12.08±1.74ab 5.14±0.64a

Means with different superscript along columns are significantly different (P<0.05)
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Conclusion

The results from the study showed that diets bound 
with Abelmoschus esculentus leaf can be used as 
binders in the production of on-farm quality fish feed. 
Diet MAA had the highest water stability and fish fed 
the diet had the highest mean weight gain, lowest FCR 
and highest carcass crude protein content. The use of A. 
esculentus leaf powder as binder had dietary effects on 
growth and carcass composition that are comparable to 
the use of corn starch. It was noted that maize as energy 
source with A. esculentus as binder are better utilized by 
O. niloticus. The preparation method and availability of 
the leaves make them a good substitute for other binders 
that have food value for humans.
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