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ABSTRACT: Fish feed plays a critical role in aquaculture; it influences production costs, fish growth, health and fish
production. One of the approaches to tackle this problem has been to experimentally test the use of agro-industrial
byproducts to grow fish in ponds. Thirty (30) fingerlings of Nile tilapia were stocked in each pond and fed with five percent
of their body weight twice a day. Fish growth was measured using measuring board and sensitive balance and recorded
fortnightly. Feed 1 performed better body weight gain (BWG) and Feed 3 produced the lowest BWG. The formulated Feed
1 which formulated from 50% of leftover flours from local grain mill machine and 50% of common bean indicated also a
better profit index than others. In addition, Feed 1 showed the highest mean PR 88.59, which indicates the yield that it
can produce in the given area and showed statistically significant (ANOVA (F = 2.39), P = 0.02). It is ascertained that the

formulated Feed 1 can be recommended for farming Nile tilapia in the study area.
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INTRODUCTION

As the human population continues to grow, the problem
of food security is becoming a greatest challenge around
the globe. As a result, healthy diet with high protein content
is very important to ensure the food and nutritional security
for the highest growing population. Fish protein has a high
nutritional value due to a well-balanced amino acid profile,
ample amount of poly unsaturated fatty acids (PUFA) as
well as a number of vitamins and minerals
(Edwards,1997). Fish is one of the important protein
sources contributing to more than 200 million people living
in rural and urban areas of the African countries (Béné and
Heck, 2005). However, harvesting of the only wild fishes,
crustaceans and other aquatic species cannot meet the
increasing demand of the growing human population.
Unless fish supply is increased through sustainable
aquaculture production, fish protein will become scarce

and the price of the fish will highly increase (FAO, 2012).
The present water bodies are also unable to meet the
growing demand of fish. This calls for an increasing focus
on stocking and enhancement of artificial water bodies and
the development of aquaculture in Africa (FAO, 2012).

As in more traditional forms of animal production, fish
feed plays a crucial role in aquaculture production,
because it influences not only the production costs, but
also growth, health and production volume (da Silva and
Anderson, 1995). For the fast growth and health of fishes,
they should feed on nutritionally balanced diet which are
cheap and should have efficient ingredients (Tacon, 1990).
This needs the investigation of appropriate feeds that
enhances the fish growth in economically safe way. To
evaluate the effects of feeds on the growth performance,
fish should feed with proper amount of feed without
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degrading water quality and avoid nutritional deficiency
diseases (Davis, 1968).

Today, there is high competition for the same food stuffs
between human being and his domestic animals. For both
economic and practical reasons, fish feed should be
prepared by using locally available ingredients, preferably
from those that are unsuitable for human consumption
(Hossain and Jauncey,1989). Therefore, formulating diets
well suited to target species will overcome financial
challenges, contributing to the long-term sustainability of
aquaculture. Moreover, diets can be formulated to reduce
effluents and dependence on resources not renewable in
the short term (i.e., fishmeal) (Gatlin and Hardy, 2002).
The population of Ethiopia was estimated at about 96.5
million in 2015, with an annual growth rate close to 2.6 %.
The country often suffers risks of food in security largely
due to recurring drought that affects crop production. The
agriculture sector, parse, dominated by small scale
farmers with low productivity could not lend itself to ensure
food security and poverty alleviation to the fast-growing
population.

In Ethiopia, the demand for fish has increased
significantly over the past two decades according to the
Addis Ababa Chamber of Commerce and Sectorial
Associations Agri- business Support Facility Project of
May (2015). However, fish stocks in the lakes and rivers
are being depleted due to uncontrolled fishing activities
(Abegaz et al., 2010). Due to the increasing human
population, the need of fishes for additional nutritional
security and reduction of wild fish catches from Ethiopian
water bodies makes it mandatory and timely to look for
alternative ways of fish production (Wakjira, 2013).
Therefore, there is a need to develop fish feed as an
alternative solution to increase fish culture in the context of
increasing demand. With this aim, the study were
conducted by using the cheap feed ingredients (common
bean and leftover flour of local grain mill machine), as
alternative source of protein to develop low-cost diets for
small and medium scale fish farmers, and to test their
efficiency in the growth of Nile tilapia (Oreochromis
niloticus) with in earthen pond at Nono District, Ethiopia.

MATERIALS AND METHODS
Description of the study area

The present study was conducted at Nono District, West
Shoa zonal administration, Oromia Regional State,
Ethiopia, which is located at a distance of 100 km from
Ambo to the south west and 214 km from the capital city
of Ethiopia Addis Ababa. It has a good climate condition
and high water potential for fish production. Corn or maize
(Zea mays), sorghum (Sorghum bicolor) and teff or taf
(Eragrostistef) are the major crops being produced in the
district, which contribute to the main economy of the
region.

Experimental pond construction

Seven experimental earthen ponds with similar size (3 m
width x 3 m length x 1.5 m height) were constructed. The
ponds were covered with plastic sheet to control the
seepage. The ponds bottom was fertilized with animal
manure to promote algal growth before stocking the fish.
The ponds were filled with water two week before stocking
the fingerlings (Table 1).

Feed preparation

The experiment consisted of four experimental diets, each
with two replications but not for control diet. The
experimental feeds were prepared by using locally
available feed stuffs i.e. leftover flours from local grain mill
machine (LGMM) and common bean (Phaseolus vulgaris)
were used for fish feed preparation. Experimental diet |
was formulated from 50% of leftover flours from local grain
mill machine and 50% of common bean; experimental diet
Il was formulated from 75% of leftover flours from local
grain mill machine and 25% of common bean;
experimental diet Ill was formulated from 25% of leftover
flours from local grain mill machine and 75% of common
bean and experimental diet IV was kept as control, which
fed on 100% of diet collected from  Alemakoudjis
concentrate feed. In addition, a constant amount of linseed
cake (30% of combined ingredient) was used as
supplementation for all formulated feed. The feeds were
blended by composing these ingredients in different ratios
in order to get different concentration quality as shown in
Table 1.

Stocking and feeding rate
Stocking of fish

The 210 fingerlings of O. niloticus with a body length that
range from 5 to 15 cm were obtained from Sebeta National
Fisheries and other Living Aquatic Resources Research
Center on 24th December, 2017 and held in seven small
ponds constructed at the study area. Based on the stock
density recommended by El-Sayed (2008) for O. niloticus
in one pond (2 to 5 fingerlings per m2), 30 fingerlings were
stocked in each pond. The fingerlings were acclimatized
for two weeks by randomly giving the formulated feeds.
Then weight and length of the fish were measured at 10
days after stocking. They were regularly fed and regular
measurement of the fish length and weight continued for
12 consecutive weeks.

Feeding of fish

After 10 days of acclimatization period, Pond 1 A&B were
supplied with diet1; Pond 2 A&B were supplied with
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Table 1. Experimental pond with stocking size and experimental feed.

Experimental feed

Treatment pond Stocking density

Remark

Feed No. Ratio of ingredient
T2&T6 30 fingerlings Feed 2 25% CB & 75% LO Equal amount of LOC is
T1&T5 30 fingerlings Feed 1 50% CB & 50% LO supplemented (i.e 30% of
T3&T7 30 fingerlings Feed 3 75% CB & 25% LO combined ingredients)
T4 30 fingerlings Feed 4 Alemakoudijis concentrate feed Control feed

T = Treatment Pond; CB = common bean; LO = left over; LOC = linseed oilcake.

experimental diet 2; Pond 3 A&B were supplied with diet 3
and Pond 4 were fed with diet 4 (control feeding only with
Alemakoudjis concentrate feed). The feeds were given to
the fish as pellets. The feeding rate was two times per day
(morning and evening) with an amount of 5% of their body
weight. Feeding of the fish was done always at the regular
time. A daily record of feeds given and fish mortality was
also recorded. This helped to determine the efficiency of a
feeding program and interpret if the experiment was
successful or not.

Fish growth parameter

Fish samples were collected by hand net per two weeks
from each pond. Length and weight of the fish were
measured by using measuring board nearestto 0.1 cm and
sensitive balance nearest to 0.1 g, respectively. However,
prior to sampling, the fish were not fed for 24 hours, to
obtain the real weight gain. For the length and weight
measurement, about 2/3 of the fish stocks were covered.
Then growth and nutrient utilization were determined in
terms of feed intake (FI), specific growth rate (SGR), feed
conversion ratio (FCR), protein efficiency ratio (PER) and
survival rate of the fish. These were calculated based on
the Ridha (2006) methods as described below:

dry weight of feed given

Feed convertion ratio (FCR) = weight of gain

weight(g)

100
L3(cm) X

Condition factor (k) =

Final total fish number
Survival = — - x100
Initial total fish number

Wet weight gain

Feed efficiency(FE = Total feed intake

Wet weight gain

Protein efficiency ratio(PER) = Total protein intake

Final total fish weight

Production rate =
Water volume

Total feed intake per fish

FI (g fish/day) = —F——— of days

_ In final weight — In Initial weight

SGR 100
time 2 — time 1
BWG (%) = 2 —BW 100
) =—pw ¥

Where BWG = body weight gain, FBW = final body weight
and IBW = initial body weight

Proximate composition of experimental feeds
Moisture content

Moisture content in the ingredients and the feeds were
determined by the oven drying method following the
procedure of AOAC (1990) by measuring the weight of a
sample before and after the water was removed by
evaporation.

Moisture content = (Weight of wet sample - Weight of dried
sample) X 100

Crude protein

Crude protein in the feeds and the ingredients were
guantified by Kjeldahl method (AOAC, 1990). The nitrogen

content was estimated using the following formula:

% N = N HCI x (Volume of HCl titrates sample - Volume of
HCl titrates blank) x 14 g x 100

Then the amount of total protein was calculated as:
Crude protein = 6.25 x N

Where 6.25 is the conversion factor.

Fat content

Total lipid was determined following the modified Bligh and
Dyer method (1959). The method was used to collect the
fat from the feeds using the methanol and chloroform
solvent, which was calculated as:



44 Glo. J. Fish. Sci.

% Fat content = Weight of fat x 100

Total carbohydrates

Total carbohydrate was determined by subtracting the sum
of % fat (F), % CP and % ash contents (A) from 100
(Onyeike et al., 2000) by using the following equation:

Percentage of total carbohydrates = 100 — (% moisture +
% ash + % crude protein + crude fat)

Gross energy

Gross energy value (kcal/lg) was calculated by overall
addition of the protein content multiplied by 4 and the total
lipids content multiplied by 9 and using Atwater’s
conversion factors. The result was expressed as kcal per
100 grams

Gross energy value = ((4 x protein content) + 9) x fat
content

Physico-chemical parameters of the water

The water quality parameters were monitored daily. The
water samples were collected per two weeks from each
pond for the measurement of physico-chemical
parameters based on APHA (1998) method. The
parameters (water temperature, pH and conductivity) were
measured in situ at the time of sampling using digital
probes. Monitoring the level of dissolved oxygen in each
pond was also done regularly. In ponds with low dissolve
oxygen (DO) concentrations, fish eat less and do not
convert food to flesh efficiently. Therefore, routine pond
cleaning and stock inventory works were done regularly.
This is because aquatic macrophytes remove inorganic
nutrients and limit phytoplankton growth. In addition, the
combination of food and wastes makes the water turbid
and increases the stress that is already placed on fish by
the breeding and harvesting process.

Length-weight relationship and condition factor

The relationship between total length and the total weight
of the fish were computed using power function of Bagenal
and Tesch (1978) as given below:

TW =axLb

In addition, the well-being or plumpness of fish was
calculated by using Fulton condition factor (Bagenal and
Tesch, 1978) as given below:

FCF = TW/TL3 x 100

Where, TW = total weight (g), TL = Total length (cm), a =

intercept of the regression line and b = slope of the
regression.

Economic analysis

A simple economic analysis using incidence cost and profit
index calculations was conducted at the end of the study
to assess the cost-effectiveness of diets used in the feed
trial. In addition, the value of fish produced during the trial
was calculated. The incidence cost and profit index were
calculated as:

Incid (= Cost of feeding fish
neidence cost = Weight of fish produced
Profit index = Value of fish

roftndex = Cost of feeding

Data analysis

Descriptive statistics, ANOVA and Regression analysis
were carried out using Microsoft Office Excel 2010.

RESULTS
Proximate analysis of formulated feeds

The proximate compositions of the formulated feeds are
presented in Table 2. The mean protein content recorded
in feed formulated was14.57+3%. The result indicated that
Feed 3 had the highest protein content (17.07%) and Feed
1 showed the lowest protein content (10.42%). Similarly,
the mean gross energy content measured in this study was
131.02+11 kcal/g, where the highest energy content
(1440.10%) was measured in Feed 1 and the least energy
content (124.3%) was measured in the Feed 2. Feedl
showed a better fat content followed by Feed 2. The result
also indicated that the moisture content in Feed 3 was the
highest (9.28%) and the content recorded in Feed 1 was
the lowest (7.45%). Generally, the result did not show a
significant variation in its proximate contents among the
formulated feeds (Table 1) (ANOVA, p>0.05).

Physico-chemical parameters of the treatment ponds

The results of physico-chemical parameters of the
treatment ponds are presented in Table 3. The DO+SD
content ranges from 9.82 t013.49 mg/L with the mean DO
content of 11.53+0.63. The highest DO content was found
in the first pond (pond 1) (13.49 mg/L), and the least DO
content was recorded in pond 2 and pond 6, which is
replication of each other (9.82 mg/L). The highest water pH
was recorded in pond 3,5 and 7 (8.6) and the least pH
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Table 3. Physico-chemical parameters of water in the treatment ponds.

Water Treatment pond

parameter TlmeantSD T2 meantSD T3 meantSD T4 meantSD T5 meantSD T6 mean+SD T7 mean+SD
DO mgl/l 13.49+0.14 9.82+0.2 12.15+0.09 9.84+0.2 13.49+0.12 9.82+0.03 12.15+0.03
PH 8.4+0.04 8.5+0.03 8.6+0.20 8.5+0.10 8.6+0.12 8.5+0.21 8.6+0.13
Tempin °C 24.1+0.1 23.3+0.2 23.9+0.1 23.7+¢0.1 23.8+0.1 23.940.0 23.7+0.0

T = treatment pond DO = dissolve oxygen; SD = standard deviation.

Table 4. Growth parameters of Nile tilapia fed on different formulated feeds.

Experimental feed

Growth parameters

Feed 1 Feed 2 Feed 3 Feed4 (control)

Mean initial length (cm) 9.06 8.04 8.41 8.31
Mean final length (g) 14.62 11.36 9.27 11.72
Mean initial weight (g) 14.58 9.76 12.72 12.15
Mean final weight (g) 39.86 30.52 22.1 32.63
Mean weight gain in g 39.86 30.52 22.1 31.54
Body weight gain (%) 173.43 139.12 73.67 168.37
Specific growth rate (%) 1.11 1.26 0.06 1.09
Feed conversion ratio (%) 3.62 3.56 6.61 4.9
Protein efficiency ratio 114.77 74.31 38.84 51.15
Survival rate (%) 100 100 100 100
Production rate (g/m3) 88.59 67.82 49.12 70
Feed in take (g fish/day) 1.753 1.2 1.62 1.71
Feed efficiency 0.92 0.85 0.7 0.83
Condition factor 1.25 1.95 2.07 1.99
Incidence cost (birr/g) 0.02birr 0.021 0.39 0.05
Profit index 7.02 7.02 3.78 2.54

value was measured in the pond 1 (8.4) with the mean pH
of 8.52+0.02. Similarly, the water temperature recorded
ranged from 23.3 10 24.10°C with the mean temperature of
23.77+0°C. The highest temperature (24.10°C) was
recorded in the pond 1 and the lowest water temperature
was recorded in the pond 2 (23.3°C). However, the result
did not show any significant variation in physico-chemical
parameters between experimental ponds (ANOVA (F =
0.03), P =0.99).

Growth performance parameters of Nile tilapia

The growth responses and food utilization of Nile tilapia
fingerlings under different feeding condition are presented
in Table 4. The body weight gain observed in all of the feed
types ranged from 22.10 to 39.86 g with the mean body
weight gain of 31.00+3.63g. The highest mean body
weight gain (39.86 g) was observed in fish fed on Feed 1,
which indicated about 173.43% increments, whereas the
fish fed on Feed 3 showed the least weight gain (22.10 g)
with the only 73.67% increment. The result showed a
significant difference in weight gain among the Nile tilapia

feed on different formulated feeds (ANOVA (F = 2.39), P =
0.02).

The specific growth rate of Nile tilapia fed on different
feeds in the present study also ranged from 1.26 to 0.06%
with the mean growth rate of 0.88+0.27% (mean SD). The
highest specific growth rate was observed in fish fed on
Feed 2, which showed 1.26% of specific growth rate, and
the least growth was recorded in fish fed on Feed 3, which
showed only 0.06% of specific growth rate. The variation
in growth rate of Nile tilapia fed on the formulated feeds
was statistically highly significant (ANOVA (F = 0.05), P =
0.98).

The food conversion ratio (FCR) of formulated feeds
ranged from 3.56 to 6.61 with the mean conversion ratio of
5.085+1.525. Feed 3 showed the highest value of FCR
(6.61) and Feed 2 showed the least conversion ratio
(3.56). The result of conversion ratio also indicated
significant variation among the feeding differences
(ANOVA (F = 0.20), P = 0.88).

Protein efficiency ratio (PER) of fish fed on different
feeds ranged between 38.84 and 114.77 with a mean
efficient ratio of 69.76+16.70. Fish fed on Feed 1 showed
the highest PER (114.77), whereas fish fed on Feed 3
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Figure 1. (a) The length-weight relationship of Nile tilapia fed on feed formulated from F1, (b) The length-
weight relationship of Nile tilapia fed on feed formulated from F2, (c) The length-weight relationship of Nile
tilapia fed on feed formulated from F3, (d) The length-weight relationship of Nile tilapia fed on feed formulated

from F4.

showed the least PER (38.84). The feed efficiency rate of
Nile tilapia ranged from 0.83 to 0.92 with the mean
efficiency rate of 0.87+0.05. The highest efficiency rate
was found in fish fed on Feed 1 and the least efficient rate
was recorded in fish fed on Feed 3. The result of fish body
condition factor was found to be highest in fish fed on Feed
3 (2.07) and the lowest value was measured in fish fed on
Feed 1 (1.25). Generally, the Feed 1 showed the highest
profit index (7.02), and the Feed 3 showed the lowest profit
index (3.78). The growth parameters also showed a
significant variation among the fish fed on the feeds
(ANOVA, P=0.91).

Length-weight relationship of fish fed on the

formulated feeds

The length-weight relationship of Nile tilapia fed on
different feeds was curvilinear and statistically significant
(x3, P =0.24). Furthermore, the fish fed on Feed 1 showed
the isometric growth types (b = 3.17) and the length-weight
relationship for fish fed from other feeds indicated the
negative allometric growth types (Figure 1a to d).

DISCUSSION
Proximate analysis of formulated feeds

The mean protein content observed in this study
(14.57+£1.91%) is less than the limit of the protein content
requirement for growing Nile tilapia (28 to 30%) (Stickney,
1979). Less protein content in the present study could be
due to low quality of the ingredients used in formulation of
the feeds. The highest protein content recorded in feed
formulated from 75% of common bean (CB), 25% of
leftover flour of local grain mill machine (LLGMM) and 30%
of linseed oil cake (LOC) could be attributed to the large
amount of common bean ratio used in the formulated feed.
Common beans are very rich in protein (20 to 25%) content
(Gepts and Bliss,1984). However, the protein quality is
affected by essential amino acid composition, amino acid
imbalance, digestibility and biological availability of the
amino acids, and by the anti-nutritional activity of some
components of the feeds (Kakade and Evans, 1965). The
level of protein in the present experiment was less than the
feed formulated using poultry diet, wheat bran and brewery
waste (13.7-31.2) used as supplementary diet by Eniyew



et al. (2016) in earthen ponds. The mean gross energy
content observed in this study (131.02+5.72 kcal/kg) is
also below the recommended energy requirement (2500 to
2800kcal/kg) of Nile tilapia growth (FAO, 2018). The low
energy content in the feeds may be due to the presence of
fiber content in the common bean which is more than 22%
(Gepts and Bliss, 1984). The highest energy content
obtained for Feed 1, composed from 50% CB, 50 LLGMM
and 30 %LOC might be associated with balancing of the
ingredient. The mean fat content of all the feeds used was
(8.08+£2.06%). The Feed 1 had 11% of total lipid content
which is within the recommended range (5 to 15%) of lipid
for growth of Nile tilapia (Hasan and New, 2013). The
finding is also similar to the report of Eniyew et al. (2016)
with feeding of Nile tilapia with supplementary feed
(poultry diet, wheat bran, brewery waste) in earthen pond
(6.01 to 10.6%). The mean moisture content observed in
this study is also within the limit of moisture content
requirement for Nile tilapia growth (8 to 12%) (Azim and
Little, 2008).

Water quality parameters

The mean DO content observed in this study (11.53+£0.63
mg/L) was within the requirement of DO content to
maintain the body functions for Nile tilapia (above 2 or 3
mg/L) (Popma and Lovshin,1995). The finding was not in
agreement with finding of Eniyew et al. (2016) who
recorded 6.5 to 9.0 mg/L in earthen pond. According to the
report of Phylly and Kutty (2005), the variation may be due
to photosynthesis. The mean pH value observed in this
study (8.52+0.02) was also found in between the range of
pH limit for aquatic life (6 to 9), where the pH range
between 6 to 9 is the best one (Pompa and Michael,1999).
The finding in this research was in agreement with finding
of Eniyew et al. (2016) (6.5 to 9.0) with feeding of Nile
tilapia with supplementary feed (poultry diet, wheat bran,
brewery waste) in earthen pond. The mean water
temperature measured (23.77+0.09°C) was also found
between the tolerance range for survival of Nile tilapia (11
and 42°C) (FAO, 2012). It was also very similar with the
report of Noor et al. (2010) (20 to 35°C) and Tadesse et al,
(2012) (19 to 26°C) using supplementary feeding of agro-
industrial by-products such as cake, wheat bran, brewery
waste in concrete ponds.

Growth performance parameters of Nile tilapia

The mean+SD body weight gain (BWG) of Nile tilapia fed
on the formulated feeds was 31.00+3.63 g. This is less
than the finding of Eniyew et al. (2016) who fed the fish
with wheat bran and reported intermediate growth rate
(88.01+0.01 g). The highest BWG that was obtained in fish
fed on Feed 1 could be due to the balanced ratio of CB and
LLGMM, in addition it had comparatively high lipid content
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than the others. The lowest BWG observed with fish fed on
Feed 3 could be associated with the highest proportion of
CB (75%) with the presence of high level of fiber and anti-
nutritional factors that can reduces their feeding value and
low digestibility and absorption of nutrients (El-Sayed,
2008). The fiber content is a portion of cellulose, hemi
cellulose and lignin. Its high content makes it potential raw
material in feed formulation since it causes good bowel
movement and aid absorption. The quality of the feed may
also have an impact on the growth of this fish (Jatta and
Sigurgeirsson, 2013). Fish growth is normally high when
good quality feed ingredients such as fish meal is used
(Furuya et al., 2004).

The mean SGR observed in this study was 0.88+0.27%.
The highest SGR recorded in Nile tilapia fed on Feed 2 (the
composite of 25% of CB, 75% of LLGMM and 30% of LOC)
was due to the highest proportion of LLGMM and lowest
proportion of CB in the formulated feed (Table 1).
According to Hopkins (1992), the SGR of fish is dependent
on body size of fish. The specific growth rate (SGR)
obtained is in this study ranged from 0.06 to 1.26 which in
agreement with the results of Ridha (2006) (0.77 to 1.43%)
feed on agro-industrial by-products in earthen pond culture
system.

The result of mean food conversion ratio (FCR) recorded
in this study was (4.67+£0.71) (Table 2). The higher FCR
was found with Feed 3 (the formulation of 75% of CB, 25%
of LLGMM and 30% of LOC) and the lowest in Feed 2 (the
formulation of 25% of CB, 75% of LLGMM and 30% of
LOC). The better result recorded in Feed 2 (the lowest
value of FCR (3.56)) indicates the possible better ability of
fishes to convert the formulated into their body than the
other formulated feeds (Fry et al., 2018). The present
result is better than the result obtained by Essa (1997) (5.56
to 7.77), who fed the Nile tilapia by utilizing standard diet
and higher than the report of EI-Sayed et al. (1996) (2.2 to
3.15), who fed the Nile tilapia on artificial feeds formulated
from supplemented pelleted diets (25% crude protein).

The mean PER (69.77+16.70) was not in accordance
with the results of Al-Thobaiti et al. (2016) who observed
(2.43 10 2.70) for feed replaced with 20% fish meal by plant
proteins. Various studies suggest that herbivores require
comparatively less amounts of proteins compared to
carnivores (Vechklang et al., 2011), based on this fact, Nile
tilapia shows good performance by low quality feed. The
highest PER recorded in feed formulated from 50% of CB,
50% of LLGMM and 30% of LOC (Feed 1) could be due to
lowest protein content in the formulated Feed 1 than other
formulated feeds, because the protein efficiency shows the
protein content in the feed is sufficient to meet the
requirements for somatic growth (Muin et al., 2017) and
the high level of lipid would have satisfied the energy
requirement for the fishes.

During the experimental period, there was no fish
mortality observed, which indicated the favourable
environmental conditions throughout the experimental
periods. According to El Sherif and El-Feky (2009), the
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higher survival rate of fish is highly associated with the
favourable ecological conditions in the pond.

Generally, Nile tilapia fed well on Feed 1, which resulted
in the high percentage of weight gain (173%) and good
profit index (increment by 46.6%) than the other
formulated feeds. The high weight gain and profit obtained
in this feed is attributed to the formulation of feed with
balancing ratio of CB and LLGMM. This indicates the
highest economic feasibility of Nile tilapia farming with
formulated Feed 1; which is in agreement with the finding
of Al-Thobait et al. (2016) who recorded similar trend on
the feeds formulated from replacing of fish meal by plant
material. Generally, the results obtained in replacing fish
meal by a mixture of different plant protein sources for Nile
tilapia resulted in a good growth, lowest cost feed and
better profit index. Therefore, using these locally available
agriculture-based by-products can be used profitably for
fish production.

Length-weight relationship

The coefficient values (b) of length-weight relationship
provide information on fish growth (LeCren,1951). When b
value is 3 or nearly 3 (2.7 to 3.2), the fish growth is said to
be growing isometrically. When the value of ‘b’ is deviant
from 3, the growth is called allometric (i.e. positive
allometric growth If b>3, and negative allometric growth if
b<3). In the present study, the coefficient of length-weight
relationship values (b) indicated an isometric growth for
Nile tilapia fed on Feed 1, which indicates an increasing
trend of fish in weight and length simultaneously. Weight
and length of the fish are used for comparing the condition,
fatness, or well-being of the fish in a given area (Tesch,
1968). Based on this fact, isometric growth type recorded
in Feed 1 might be attributed to the acceptance and
effectiveness of that formulated feed. In another way, the
negative allometric growth observed in the Nile tilapia fed
on Feed 2, 3 and control feed showed an increasing trend
of fish growth in length than in its weight. The result is very
similar with the findings of Laleye (2006), who formulated
the Nile tilapia feed from rice bran, soybean, fish meal,
groundnut and mustard cake.

The condition factor (K) of a fish reflects the physical and
biological circumstances and fluctuations by interaction
among feeding conditions, parasitic infections and
physiological factors (Bagenal and Tesch, 1978). In the
present study, a better body condition seen in feed could
be due to the highest protein content (17.5%) in feed,
because CB Ingredient used in this study with high ratio is
expected to have high protein content. However, the result
of body weight gains measured in this study (Table4)
indicated that, the fish fed on Feed 1 showed a better body
condition than the others. This might be associated with
the anti-nutritional factor of ingredient in Feed 3. The result
of the body condition factor recorded in this finding is
higher than that of Laleyé (2000) (0.74 to 1.69 with the
meanzSD of 1.09+0.38) for combined sexes. Thus, the

finding in this research indicated relatively better fish body
condition with the formulated feeds.

Conclusion

Based on the present finding, the highest mean weight
gain and highest profit index were observed in Feed 1,
which was formulated from 50% CB, 50% LLGMM and
30% LOC. But the highest feed efficiency was observed in
Feed 3, which was formulated from 75% CB, 25% LLGMM
and 30% LOC. It can be concluded that the formulation of
fish feed from locally available agricultural by-product can
perform good growth of Nile tilapia without any negative
impact on fish growth performance. Using formulation feed
from local resources will not only be beneficial to achieve
better growth performance in Oreochromis niloticus but will
also cut down production costs, thereby increasing net
profit.

ABBREVIATIONS

CB = Common bean; LO = Leftover; P = Crude protein;
DFR = daily feed ration; DO = dissolved oxygen; FAOSFE
= FAO Sub-Regional Office for Eastern Africa; FCF =
Fulton’s condition factor; FCR = Feed conversion Ratio; FI
= Feed intake; GIS = Geographic Information System;
LLGMM = Leftover flour of local grain mill machine; LOC =
Linseed oilcake; NADS = National Aquaculture
Development Strategy; NDF = Number of dead fish; NSF
= Number of stocked fish; PER = Protein efficiency ratio;
PR = Production rate; SGR = Specific growth rate; SR =
Survival rate; TL = Total length; TW = Total weight.
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