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Introduction

Abstract

This study evaluated effects of fishmeal replacement with a mixture of lupin and grass
pea meal (LGM) at inclusion levels of 0, 25, 50, and 75% as potential plant protein
sources in the diets of Nile tilapia fingerlings on growth performance, feed utilization,
and carcass composition. Experimental diets were formulated to be iso-nitrogenous
(36g 100 g1), iso-lipidic (10g 100 g1) and iso-energetic (18 KJ g1), and fed at 6-10% of
their body weight dayL. Total of 276 tilapia fingerlings with average initial body weight
of 1.37+0.06 were stocked into 4 treatments using completely randomized design.
Results revealed replacement of 25, 50, and 75% of fishmeal by LGM meals did not
significantly (P>0.05) affect most of growth and feed utilization parameters. However,
fish fed with 25% LGM meal revealed enhanced final body weight and improved feed
intake. Compared to control diet, increasing LGM meals in diets significantly increased
hepatosomatic index. Replacement of fishmeal by LGM meal has also resulted in
comparable carcass composition. In general, there are promising nutritional
justifications for replacing fishmeal with a mixture of lupin and grass pea protein
sources in diets of Nile tilapia considering growth parameters, feed utilization, and
carcass composition up to 75% level.

al., 2018). Fish meal have been considered as a highly
preferred ingredient for formulating aqua-feeds

Aquaculture is among the fastest-growing food
production systems globally, producing nearly half
(47%) of the total world fish production (FAO, 2018)
which depends heavily on aquafeed input. It has
become responsible for the continuing impressive
growth in the supply of fish in contrast to the relatively
static growth of capture fishery. The rapid growth of the
aquaculture sector results from the progressive
intensification of wusing quality aqua-feeds and
production systems (FAO, 2006). However, aqua-feed is
the major determinant factor for up to 60% of the total
aquaculture production costs in semi-intensive and
intensive types of systems (El-Sayed, 2004; Dorothy et
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through feed production mainly depending on many
protein and energy ingredient sources (El-Saidy and
Gaber, 2003; Khalil, 2012). However, the limited source
of feed ingredients, such as fish meal, fish oil and
soybean meal are also the main reason for increase in
the price of aqua-feed. Furthermore, an increasing
human demand for nutrients derived from those
ingredients could reduce the contribution of those feed
ingredients towards satisfying the demand for
sustainable aqua-feed production. Thus, there is a
serious concern about the long term access and
availability of these feed ingredients for use in aqua-
feed production (Kumar et al., 2013). The necessity to
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search and identify alternative sources of protein to
formulate and develop low-cost feed ingredients based
on sustainable and renewable feed sources for
subsistence and commercial scale fish farmers is very
indispensable (Madalla, 2008; FAO, 2010). Besides, it’s
also important to consider that the selected feed
ingredients should not compete with the accustomed
food security interests (Tacon et al., 2001; Madalla,
2008). Replacing fish meal with plant-based protein
ingredients show that plant proteins can be successfully
used in fish feed instead of fish meal for about 30 to 50%
(Francis et al., 2001).

Plant proteins are not only less risky, but they are
also abundant offering a more suitable option as
alternative protein sources in fish feeds (Naylor et al.,
2009; Yalew et al., 2019) although they often contain
anti-nutritional factors (ANFs), which can affect growth
performance and fish health. For these reasons, Lupin
(Lupinus albus) and grass pea (Lathyrus sativus) are
expected to be one of the potential plant species to be
a cheap protein source for fish feed production in the
future if anti-nutritional factors and toxicants are well
detoxified.

Lupin and grass pea are plant species which are
widely distributed in many subtropical and tropical
countries including Ethiopia. Lupin and grass pea have a
nutritional quality comparable with most legumes as
they contain similar nutritional quality in the proportion
of protein, fat, minerals, and vitamins (Caruso, 2015;
Lambein et al., 2019). Therefore, it is expected to be an
excellent feed ingredient in the future to replace fish
meal and soybean meal. Despite the fact that a high
content of protein with an excellent amino acid profile
and good proportion of carbohydrates, the levels of
toxic substance and anti-nutritional substances like
phytate, lectins, protease inhibitors, haemagglutinins,
saponins, alkaloids, glycosides, oxalic acids and
lathyrogens) restricts its use in animal feed production
(Viola et al., 1988; Francis et al., 2001). The purpose of
this research was therefore, to evaluate the effect of
partial replacement of fish meal by a mixture of lupin
and grass pea-meal (LGM) on the growth performance,
feed utilization, and carcass proximate composition of
Nile tilapia fingerlings and contribute to developing
sustainable aquaculture feed resources.

Materials and Methods
Culture Facility and Growth Trial

The study was conducted at the Center for
Aquaponics and Recirculating Aquaculture System of
the Department of Zoological Sciences in the College of
Natural and Computational Sciences, Addis Ababa
University. The fingerlings of Chamo strain Nile tilapia
were produced in the hatchery unit within the center
and fingerlings were stocked an average weight of
1.34+0.03 gram with 23 fish per aquarium (60 liters
each) in a closed recirculation system. They were

acclimatized to the experimental conditions for two
weeks while being fed with the control diet. During the
feeding trial, fish were hand-fed to apparent satiation
three times a day (8:00, 12:00, and 16:00) for 10 weeks.
The amount of feed was adjusted every week according
to the new mean fish weight in each treatment. The
recirculation system was supplied with continuous flow
(2 L min') of physically, biologically and UV light filtered
and aerated water from a sump tank heated at
27.78£0.12°C and subjected to the natural 12h of light
and 12h of dark period. The study was conducted with
three experimental diets and a control diet, fed in
triplicates using a completely randomized design. In the
system, water quality parameters measured during the
experiment averaged (+SD): pH, 7.85+0.08; ammonia,
0.0240.002 mg L%, DO, 5.78+0.08 mg L% nitrate,
0.39+0.035 mg L%; nitrite, 0.21+0.11 mg L and they
were within acceptable ranges for tilapia culture
(Table 2).

Experimental Design and Diet Preparation

The study utilized a completely randomized design
with four diets formulated for the experiment, each
being iso-nitrogenous (36% protein), iso-lipidic (10%
lipids), and iso-energetic (18 KJ g*) based on Nile tilapia
requirements (Table 3). The control diet was formulated
with a fish meal protein and this was replaced at
different levels (25, 50, and 75%) with a mixture of lupin
and grass pea-meal (LGM) (mixed 1:1 ratio). The diets
were formulated on a fed basis, and fish meal was a
main dietary protein source, and wheat and corn grains
were used as a main carbohydrate source in the
experiment. Experimental diets were prepared by
supplementing the basal formulated diet with different
levels of mixture of lupin and grass pea meal (Table 1).
The experimental diets (lupin and grass pea grains) were
soaked for 48 hrs with a continual water change, dried,
roasted, dehulled, ground, sieved and then mixed in a
1:1 ratio before being incorporated into the feed
formulation in order to minimize astringent effect
(antinutritional factors). Diets were prepared by wet
extrusion using a meat mincer (TJ22 model). A poultry
grade vitamin/mineral premix (AMINOVIT) at 34.4 g Kg'*
and binder carboxymethyl cellulose, high viscosity at 20
g Kg! were added. The proportion of the feed
ingredients in the experimental diets was prepared
using WinFeed version 2.8 feed formulation packages
after proximate analysis of each ingredient was done as
presented in Table 3. Feed ingredients and prepared
experimental diets were separately analyzed for a
proximate composition to check the nutritional quality.

Estimation of Growth Performance and Production
Parameters

Fish samples from each treatment were collected,
including the control treatment, and euthanized by
using concentrated clove oil to minimize fish stress and
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Table 1. Composition of feed ingredients in the diets (g Kg* as-fed) fed to Nile tilapia fingerlings in the replacement of fish meal

with a mixture of lupin and grass pea-meal.

Feed ingredients Control diet LGM25 LGM50 LGM75
Fish meal 323.00 242.25 161.50 80.75
Wheat grain 120.00 120.00 120.00 120.00
Corn grain 109.80 109.80 109.80 109.80
Soybean grain 362.80 362.80 362.80 362.80
LGM 0 80.75 161.50 242.25
cMC 20.00 20.00 20.00 20.00
VMP 34.40 34.40 34.40 34.40
SBO 30.00 30.00 30.00 30.00
Table 2. Some representative water quality parameters of recirculating aquaculture system.

Treatments

Parameters Control LGM25 LGM50 LGM75

Temperature (°C) 27.9+0.1402 27.7+0.1272 27.740.122 27.8+0.1082

DO (mg L?) 5.83+0.0722 5.80+0.081°2 5.77+0.0792 5.71+0.083?

pH 7.81+0.0842 7.89+0.0722 7.830.077° 7.87+0.0962

NH3(mg L?) 0.02+0.0022 0.02+0.0022 0.02+0.0022 0.02+0.0022

NO3 (mg L?) 0.39040.031° 0.410+0.031° 0.380+0.0212 0.384+0.0162

Table 3. Proximate composition (g Kg1), energy content (KJ g'1) and prices (Birr Kg1) of individual feed ingredients used in the study

Components (g Kg1) Control LGM25 LGM50 LGM75
DM 905.8 902.6 903.7 910.7
CpP 376.0 366.4 362.6 358.3
CL 117.3 109.6 120.1 113.3
CF 46.5 53.8 67.5 79.5

Ash 46.4 47.4 45.0 44,7

NFE 319.6 3254 308.5 314.9
GE (KJ g'1) 19.14 18.71 18.74 18.48

treat ethically. Fish samples were weighed by electronic
balance and measured by measuring table to collect the
required data and returned in to the respective glass
aquaria. Following the aforementioned protocol, all fish
were weighed and measured every week and growth
performance and production parameters were
calculated following the procedures described in
(Kaushik and de Oliva Teles, 1985):

. S f individual weight at the beginni
Average initial weight (IBW, g) = um of individual weight at the beginning (1)

Total number of fish

, . _ Sum of individual weight at the end
Average final weight (FBW, g) = Totl namber of fiar (2)
Weight gain (WG, %) = T2 x 100 (3)

In (FBW)—In (IBW)

- o _
Specific growth rate (SGR, % per day) = Culturing days

X100  (4)

Total weight of dry feed given

Feed conversion ratio (FCR) = - - — (5)
Total live weight gain by fish
. o/\_Number of fish harvested
Survival rate (SR, %)=—————————— x 100 (6)
Fulton’s condition factor (FCF) = (Wt/L3) x 100 (7)

Where Wt = body weight and L= length of the fish.
Feed intake (Fl) was determined by adding the total
amount of feed consumed by the fingerlings in each

treatment for the whole experimental period. It was
extrapolated by using the weekly feed ration adjustment
of each treatment where fingerlings were fed at 10% of
their body weight for the first four weeks and then
reduced to 6% of their body weight based on weekly
weight gain.

Body Proximate Composition of Fish

At the end of the experiment, whole body
proximate, energy content, and hepatosomatic index
(HSI) were determined. Ten fish were randomly sampled
from each aquarium during harvest for the final carcass
composition analysis. Fish were killed by immersing into
an overdose of clove of solution and dried in an oven at
60 °C until a constant weight was achieved. The dried
fish carcasses were ground in order to analyze
proximate composition. Analysis for crude fat (lipid),
crude protein, moisture and ash of experimental diets as
well as fish carcass were done using standard methods
of (AOAC, 2002) procedures: dry matter (130°C to
constant weight), ash by the gravimetric method
(combusted at 550°C to constant weight), crude protein
(Nx6.25) by the Kjeldahl method, and crude lipid
extracted by the Soxhlet extraction method. All analyses
were performed in triplicate, and ingredients and
proximate composition of experimental diets presented
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in Table 4 and expressed as a percentage of dry weight
basis. Simultaneously, fish samples from each treatment
were collected, including the control treatment, and
euthanized by using concentrated clove oil to kill the fish
ethically, dissected and livers were removed, weighed
and used to estimate HIS (El-Sayed, 1990).

_ Liver weight

HSI x 100% 8)

- Bodyweight
Statistical Analysis

The results are expressed as Mean + SD by using
SPSS version 20, and figures were produced using Sigma
plot version 11.0. The differences among treatments
were analyzed using One-Way Analysis of Variance
(ANOVA) and significant mean differences were
compared using Tukey’s Multiple Comparison Test. The
statistical significance was set at P<0.05, and SPSS for
Windows version 20 (SPSS, Michigan Avenue, Chicago,
IL, USA) was used.

Results

Physicochemical Parameters

The physicochemical parameters such as
temperature, pH, DO, NHs, and NOs™ recorded in the
culture system are shown in Table 1. During the whole
experimental period water temperature ranged from
25.4-29.8°C, DO from 5.24-6.23 mg L, pH from 7.22-
8.16, and NHs3 and NOs exhibited considerably low
concentrations as stated in Table 1. There were no
significant differences in physicochemical parameters
among treatments during the whole experimental
period, indicating that the experimental diets did not
have a detrimental effect on the surrounding water
quality where the cultured Nile tilapia fingerlings had
been stocked. These physicochemical parameters are
expressed as mean values * SD as presented in Table 1.
Thus, the growth performance and feed utilization of
Nile tilapia fingerlings were not significantly affected by
the physicochemical parameters of the culture system
and all fish were in normal condition.

Proximate Composition and Energy Contents of Feed
Ingredients

As stated in Table (3) lupin and grass pea meals
contained good protein content (38.08% and 25.58%,
respectively), high-fat content (12.29.% for lupin), and
allowable ash content, while nitrogen-free extract
recorded were with moderate to higher value (39.73%
to 60.33%).

Proximate Composition and Energy Contents of
Experimental Diets

The experimental diets were generally formulated
and prepared to be almost iso-nitrogenous (36%

protein), iso-lipidic (10% lipids), and iso-energetic (18 KJ
gl). Any differences in the performances of the cultured
Nile tilapia fingerlings that received such diets could be
attributed to the quality of the feed, feeding value of the
experimental ingredients and level of replacement. The
proximate composition and energy contents of the
experimental diets including the control diet are
presented in Table 6. The CP contents of diets ranged
(358.3- 376.0 g Kg1), CL (109.6-120.1 g Kg't), CF (46.5-
79.5 g Kg'), ash (44.7-47.4 g Kg1), NFE (308.5-325.4 g
Kgl). The GE content of experimental diets varied little
within a narrow range (18.71-19.14 KJ g?). The CF
content in diet 3 (LGM75) (79.5g Kg?) was higher almost
double to the CF content of control diet (46.5 g Kg*) and
it was the highest CF content found among the rest of
experimental diets from the nutritional viewpoint. All
experimental diets were accepted readily by the stocked
Nile tilapia fingerlings. Feed was given in hand
moistened expeller-like strands to improve palatability
and fingerlings were fed actively in all experimental
groups and within approximately 15-20 minutes, all
feeds had been consumed from the aquaria. No
abnormal Nile tilapia or disease symptoms were
observed during the experimental feeding trial. No
health-related behavioral issues were observed in
response to the experimental diets.

Growth Performance and Production Parameters

The growth and feed utilization responses of Nile
tilapia fingerlings fed lupin and grass pea mixture meal
at different fish meal replacement levels are presented
in Table 5. The highest final weight gain was recorded in
LGM25, and improved feed intake was recorded in all
experimental diets as compared to the control diet.
However, there were no significant differences (P<0.05)
in IBW, %WG, SGR, SR, FCR, and FCF. No significant feed-
related mortality was observed during the whole
experimental period. However, the survival rate of the
fish that fed on control and LGM50 resulted in a little
lower than the fish groups fed on the rest of the
experimental diets. The recorded mortality of fish was
clear since continuous signs of sexual competition
behavior for courtship were observed at the end of the
ninth and tenth weeks. The results of the present study
revealed that all experimental diets were well accepted
by tilapia fingerlings. This implies that the different
experimental feed ingredients did not negatively affect
the palatability of the diets, and diets were actively
eaten by fingerlings.

Body Proximate Composition

The whole-body proximate composition of all
experimental fish samples including a control group is
presented in Table 6. The moisture content of carcasses
increased little with the increased replacement of fish
meal at higher levels (LGM75) protein, however, fish fed
the control diet, LGM25 and LGM50 had not shown
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Table 4: Proximate composition and energy contents of experimental diets fed to Nile tilapia

Components (g Kg1) Control LGM25 LGM50 LGM75
DM 905.8 902.6 903.7 910.7
Ccp 376.0 366.4 362.6 358.3
CL 117.3 109.6 120.1 113.3
CF 46.5 53.8 67.5 79.5
Ash 46.4 47.4 45.0 44,7
NFE 319.6 3254 308.5 314.9
GE (KJ g?) 19.14 18.71 18.74 18.48
Table 5: Growth performance and feed utilization of Nile tilapia fingerlings fed different experimental diets
Parameters Experimental diets

Control LGM25 LGM50 LGM75
IBW (g) 1.34+0.032 1.41+0.102 1.35+0.042 1.37+0.082
FBW (g) 9.0310.0452 9.49+0.052b 9.11+0.1292 8.92+0.0352
WG (%) 573.38+18.762 583.85+42.212 576.24+27.522 551.09+47.612
SGR (%) 2.72+0.042 2.73+0.102 2.73+0.062 2.62+0.092
SR %) 99.52+0.482 100+0.002 99.52+0.482 100+0.002
FCR 2.304£0.172 2.3740.232 2.334£0.19°2 2.50+0.262
FI (g fish1) 17.65+0.202 19.15+0.16P 18.07+0.38% 18.87+0.31P
FCF 2.69+0.012°2 2.7310.0292 2.6210.0382 2.6610.0122

Table 6: Whole body proximate composition (% dry weight), gross energy and HSI of Nile tilapia fingerlings fed the different

experimental diets

Experimental Diets

Components Control LGM25 LGMS50 LGM75

MC 21.63+0.18? 21.76+0.122 21.87+0.252 23.43+0.34b
cp 57.33+0.132 57.35+0.052 57.13+0.232 56.95+0.022
CL 18.42+0.082 18.49+0.102 18.40+0.092 17.3040.08
Ash 13.12+0.072 12.96+0.092 13.05+0.152 13.13+0.092
GE 20.91+0.042 20.93+0.042 20.86+0.062 20.38+0.03
HSI 2.70+0.082 2.88+0.092b 3.16+0.17° 3.23+0.09°

significant differences (P>0.05) on moisture content.
The crude lipid and gross energy contents of whole-body
proximate were significantly affected (P<0.05) by the
replacement of lupin and grass pea mixture meal in Nile
tilapia fingerlings fed LGM75 diet as compared to fish
fed on a control diet. The crude protein and ash contents
of all whole-body proximate were not significantly
different. Highest HSI value was recorded from fish fed
with LGM50 and LGM75 diets.

Discussion
Growth Performance and Production Parameters

The result of the present study indicated the
potential of lupin and grass pea mixture meal (LGM) as
a major protein source replacing fish meal in the diets of
Nile tilapia fed at higher levels with success. Fish fed
with mixtures of lupin and grass pea meal resulted in
enhanced body weight gain (Figure 1). This might be
associated to reduced exposure to ANFs in the diet
responsible for suppressing feed intake, palatability and
digestibility resulted from the combined preprocessing
techniques in the feed preparation. Similarly, combining

several plant protein sources with inherent ANFs can
reduce the exposure of fish to those ANFs due to lower
inclusion levels of each of the individual protein sources
in the combined mixture (Borgeson, 2005). This is in
agreement with Francis et al. (2001) who reported that
mixing plant proteins may also lead to interactions
between various ANFs or with other components in the
diets resulting in the reduction of their deleterious
effects. For instance, Fish et al. (1991) reported that
interaction between tannins and lectins removed the
inhibitory action of tannins on digestive enzyme
amylase, and interactions between tannins and
cyanogenic glycosides reduced the deleterious effects of
cyanogenic glycosides (Goldstein and Spencer, 1985).
Besides, result of the present study agrees with the
findings of (Yones, 2010) who reported replacement of
fish meal with a mixture of extruded lupin kernel meal
(Lupinus albus) at 25, 50, and 60% inclusion levels in
diets of red hybrid tilapia that found best growth
performance. Similarly, the results of the present study
confirmed the previous work of Zhang et al. (2012) who
reported a better growth performance of Nile tilapia fed
on a mixture of lupin and soy protein concentrate than
fish groups fed on a fish meal-based diet. The current
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Figure 1. Growth response of Nile tilapia fingerlings fed LGM diets for 10 weeks.

finding also agrees with the study reported by Fournier
et al. (2004) who found that replacing fish meal up to
50% by plant protein mixtures of lupin, wheat and corn
gluten meal in the diets of juvenile turbot (Psetta
Maxima) had not significantly affected growth
responses. Similarly, a study conducted by El-Saidy and
Gaber (2003) found that partial or complete
replacement of fish meal by mixtures of plant protein
sources such as soybean, cottonseed, sunflower and
linseed meals (all in equal proportion of 25%) in the diets
of Nile tilapia did not exhibit significant differences in
growth performances as compared to a control diet.
Furthermore, Al-Thobaiti et al. (2018) evaluated the
replacement of fish meal with mixtures of corn gluten
meal, wheat gluten meal, and bagasse kenna meal on
growth performance of Nile tilapia fingerlings. They
found that fish groups fed with 20% of fish meal
replaced diet by plant protein mixtures revealed
enhanced growth performance and improved feed
utilization efficiency as compared to 100% fish meal
based diet.

The Specific growth rate (SGR) which is described
as the percentage increase in weight of fish per day
resulted in no significant variation among treatments
(Table 5) and a similar trend was observed with the
other growth and production parameters. The growth
parameter results of the present study revealed
enhanced SGR values as compared to several reports
done on Nile tilapia fed with mixture and individual feed
ingredients. This might be attributed to the
compensatory effects of mixing plant proteins that
improve the amino acid profile, bioavailability, and
palatability of diets. This is supported by the findings of
Geremew (2015) who reported better growth
performance of Nile tilapia fingerlings fed with mixtures
of different oil seed cakes (niger seed cake and linseed
cake) than fish fed with individual feed ingredients.
Moreover, the improved growth performance recorded
in the present study might be associated with the
preprocessing techniques applied to remove ANFs and

their effects on LGM feed ingredients. For instance,
dehulling of legume grains reduce saponins and tannin
content and positively affects the appearance,
digestibility and palatability of diets. It also improves the
crude protein content of feed ingredients by (10-23%),
decrease crude fiber content by approximately (76-
83%), and increases mineral bioavailability (Brenes et
al., 2003; Khan et al., 2013; Ertop et al., 2018). Similarly,
soaking and roasting of LGM feed ingredients remove
alkaloids, water-soluble phytates, trypsin inhibitors, and
thermo-labile ANFs such as haemagglutinins (lectins)
thus maximizing their potential utilization as aquafeed
ingredients (Akande and Fabiyi, 2010). Furthermore, the
enhanced growth responses could be attributed to a
high concentration of L-homoarginine amino acid in the
LGM diets that could be a substrate for arginase, since
Lathyrus seeds are the only dietary source of this natural
amino acid (Pentyala and Rao, 1999; Lambein et al.,
2019). Besides that, this improved growth could be
attributed to the controlled and optimum
physicochemical parameters of culture system for a
healthy growth of Nile tilapia (El-Sherif et al., 2009;
Begum et al., 2014).

The SGR result of the present study agrees with the
findings of (Soltan et al., 2008; Khan et al., 2013) and
Geremew (2015) who reported SGR values ranging from
2.39t02.73,2.60to 2.73 and 2.08 to 2.76 for Nile tilapia
in a controlled environment in the replacement and
inclusion of a mixture of cottonseed, sunflower, canola,
sesame; linseed meal, rice polish, and oilseed cakes into
the basal diet, respectively. However, the result of the
present study is in contrast with the findings of
Sudaryono et al. (1999) where replacement of lupin
kernel meal in the diets of P. monodon containing 40%
CP replaced at (25, 50, 75, and 100%) of fish meal
protein with an equivalent amount of lupin protein
resulted in a progressive decline of weight performance
for those replaced over 25% of fish meal.

Unlike, to the present study, Fournier et al. (2004)
reported that replacing fish meal by plant protein
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mixtures of lupin, wheat and corn gluten meal in the
diets of juvenile turbot (Psetta maxima) at highest
replacement levels (75 and 100%) significantly reduced
growth performance. Besides, Goda et al. (2007) also
reported lower SGR ranged from 1.73 to 1.97 in the diets
of Nile tilapia fed with mixtures of different plant
proteins. Furthermore, Yalew et al. (2019) reported very
low SGR ranged from 1.68 to 2.02 in the replacement of
fish meal by sweet lupin meal at inclusion levels of 75%
and 100% in the diets of juvenile catfish. The
contradiction between the current and the
aforementioned results could be attributed to identified
or unidentified ANFs in the experimental diets which
could reduce Fl and adverse FCR (Sklan et al., 2004;
Soltan et al., 2008). The ANFs that are dominantly
abundant in lupin and grass pea grains such as phytic
acid, lectins, trypsin inhibitors, protease inhibitors,
alkaloids, saponins, and oligosaccharides could increase
the delay of diet retention in stomach affecting Fl
through feedback on satiety signals (Khan et al., 2013).
Aquafeeds made of lupin, grass pea and other pulses
contain phenolic compounds such as tannin that may
reduce palatability and reduce protein digestibility.
Besides, phytic acid in both grains negatively affect the
utilization of minerals which can be seen by its ability to
bind up 75% of all phosphorus, chelating and trivalent
metals such as Ca?*, Mg?" and Fe?* into compounds not
easily absorbed in the intestine and inhibiting digestive
enzymes (NRC, 1998).

Feed conversion ratio (FCR) which is commonly
used as indicator of quality of feed was not significantly
different among treatments (Table 5). The FCR values of
the present study ranging from 2.30 to 2.50 indicated
that 2.3 to 2.5g of feed was used to produce one gram
fish flesh. According to Stickney (1979), 1.5g of feed is
recommended to produce one gram of live weight in
aquaculture. This high FCR value of the present study
might be associated to the quality of experimental diets,
dietary protein and energy content (Awad et al., 2012;
Khan et al., 2013) and relatively higher CF content that
affects feed utilization efficiency and adverse FCR
(Soltan et al., 2008). Similarly, the increased FCR values
of the present study could be attributed to variations in
fish strain (Guimaraes et al., 2008), size and life stage of
the stock (Ridha, 2007). Besides that, the stocking
density of the present experiment could affect the FCR
values since culturing at a confined environment results
in increased energy expenditure because of increased
agonistic behavior (Diana et al., 2004). However, the FCR
value of the present study agrees with the findings of El-
Saidy and Gaber (2003) 2.03 to 2.17, Khan et al. (2013)
2.23 to 2.31, Agbo et al. (2015) 2.07 to 3.17, Al-Thobaiti
et al. (2018) 2.33 to 3.0 in the diets of Nile tilapia fed
with mixtures of different plant protein sources.
Besides, the result of present study is in agreement with
the study done by Yones (2010) who reported that the
FCR values of hybrid Nile tilapia fed with a replaced fish
meal at (25 and 50%) of basal diet by lupin kernel meal
had not shown significant variation as compared to the

control diet. Unlike the present study, high FCR values
(low feed conversion efficiencies) have been also
reported by other studies. For instance, Yalew et al.
(2019) reported very high FCR values ranging from 2.70
to 8.92 for catfish fingerlings that fed sweet lupin meal
in the replacement of fish meal at 0, 50, 75, and 100%
inclusion levels in a controlled condition. Moreover,
Workagegn et al. (2014) also reported FCR values
ranging from 3.23 to 3.38 in the diets of Nile tilapia
fingerlings fed with mixtures of different plant proteins.
This variation could be associated with the
preprocessing techniques used in the present study that
may efficiently reduce the ANFs like saponins, phytic
acids, tannin content, trypsin inhibitors and alkaloids
which can affect the digestibility, palatability, and
improve feed utilization efficiency (Brenes et al., 2003;
Ertop et al., 2018).

The feed intake (Fl) results of the present study
ranged from 17.65 to 19.15 g fish™. Fish groups fed on
all experimental diets revealed improved Fl values as
compared to control group. The slight tendency towards
a higher Fl as dietary LGM content increased can be
explained as a compensatory intake to meet demands
for protein to maintain maximum growth. This is
supported by the previous findings reported by Higuera
et al. (1988) in rainbow trout, Yones (2005) in sea bream,
and Espe et al. (2007) in Atlantic salmon, which had
shown a similar trend in feed utilization. Interestingly,
feeding with lupin and grass pea mixture meal led to
higher FI compared to the control diet, and this might
also be attributed to the actual nutritional composition
of feed ingredients, and the size and life stage of stock
affect Fl values (Abdel-Tawwab et al., 2010). Moreover,
the energy content of the control diet in the present
study is higher than others, thus fish fed on it might not
consume a high amount of feed as compared to others
that resulted in reduced Fl values.

The result of the present study is consistent with
the findings of Awad et al. (2012) who reported higher
Fl in rainbow trout as compared to the control diet,
which might be due to the mixture of feed ingredients
used (lupin, mango, and stinging nettle) had better
nutritional composition. The result of the present study
confirmed the feed intake ranging from 38.1 to 39.3
reported by Zhang et al. (2012) where an increasing
tendency with increasing fish meal replacement by
mixtures of lupin and pea proteins in the diets of
rainbow trout at different inclusion levels. The Fl results
of the present study varied from the results reported by
several authors who found a decreasing trend of Fl with
increasing the replacement levels of fish meal by
mixtures of different plant protein in the diets of Nile
tilapia. For instance, Soltan et al. (2008) reported a
decreased Fl trend ranged from 36.12 to 41.50 g fish in
the diets of Nile tilapia fingerlings where a fish meal was
replaced by a mixture of cottonseed, sunflower, canola,
sesame, and linseed meals up to 75%. Similarly, the
results of the current study deviate from the findings of
El-Saidy and Gaber (2003) who reported Fl ranging from
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30.2 to 38.4 g fish™ in the diets of Nile tilapia fingerlings
fed on fish meal replaced by mixtures of 25% for each
(soybean, cottonseed, and sunflower meals) at 25, 50,
75, and 100% inclusion levels. In contrast to the
aforementioned FI reports, the results of the present
study showed a slight tendency toward higher Fl as
dietary LGM content increased. Besides, Borgeson
(2005) reported improved feed utilization and enhanced
growth response of Nile tilapia fed with a mixture of
soybean meal, canola, whole peas and whole flax meal
at inclusion levels of 0, 33, 67, and 100%.

In the case of survival, no mortality concerning the
effect of experimental diets was recorded. The relatively
lower survival rate of 99.52% was recorded in fish
groups fed on control and LGMS50 and the survival rate
of LGM25 and LGM75 was 100%. However, there was no
significant (P>0.05) difference in survival rate among
treatments. The insignificant reduction in survival rate
obtained was due to the mortality rate recorded in both
groups during the ninth and tenth weeks of the
experimental period and some observed that cultured
fish were showing sexual competition for courtship. As
a result, lots of eggs were found while samples were
taken and dissected during hepatosomatic index
analysis in the laboratory. Generally, the survival rate
was successful which implies LGM meal can be
incorporated into the diets of Nile tilapia by replacing
fishmeal up to 75% without posing any survival problem.

Whole Body Proximate Composition

The moisture content among treatments of Nile
tilapia fingerlings in the present study is presented is in
Table 6. The percentage range of moisture content in
the present study is within the acceptable moisture level
required for fish commonly reported to be about 60-
80% by different authors. For instance, the moisture
content of the current study is close to the results of El-
Saidy and Gaber (2003) and Geremew (2015) who
reported moisture content ranging from 75.45+1.10 to
77.81£0.90 and 76.4+0.10 to 77.48+0.18 for Nile tilapia
fed with mixtures of different plant proteins,
respectively. Moisture content of the present study
closely agrees with the findings of Gebreanenia (2018)
who reported moisture content ranging from 77.8+0.23
to 78.1£0.06 in the growth performance and proximate
composition of three Nile tilapia strains in a controlled
condition.

Percentage crude protein (CP) content of Nile
tilapia fingerlings fed on LGM protein in the present
study ranged from 56.96 to 57.35% (Table 6) and no
significant variation was obtained in all treatments. The
percentage CP content of the present study is in the
range of permissible protein limit in dry weight basis for
fish fillets and fisheries products. This might be
associated to the dietary protein levels of feed
ingredients and experimental diets. This is supported by
the findings of Hafedh (1999) who pointed out that
carcass composition of fish is significantly affected by

the dietary protein level. Fish fed on a high-protein diet
resulted in a higher percentage of protein than fish fed
on low protein diets. The percentage CP of the present
study agrees with the CP content reported by Montoya-
Mejia et al. (2017) ranging from 57.5+0.1 to 60.0+0.8 for
Nile tilapia fed on experimental diet prepared from
mixtures of extruded bean, extruded chickpea meal,
coconut paste, jatropha curcas meal, and chickpea meal
in a controlled environment. Similarly, the CP content of
the present study closely agrees with the previous works
done by other different researchers. For instance, Awad
et al. (2012) and Mzengereza (2015) have reported CP
content ranging from 56.28+1.68 to 62.45+6.74 and
61.88+0.25 to 63.21+0.03 for rainbow trout and tilapia
fed with mixtures of mango, lupin, stinging nettle; sweet
potato, cassava, banana, and maize proteins as dietary
supplements, and as main protein sources, respectively.

However, the CP content of the present study is
lower than reports of others. For instance, Soltan et al.
(2008) reported CP ranged from 66.11 to 68.58% in the
diets of Nile tilapia fed with diets prepared from a
mixture of plant proteins in the replacement of fish meal
at inclusion levels of 15 to 100% of the basal diet in a
controlled environment. Hassaan et al. (2018) have also
reported CP content ranging from 61.75%1.17 to
65.31+1.12 for Nile tilapia grown in controlled condition.
The variation in the CP content of the present study and
formerly reported findings could be attributed to
differences in the quality of experimental diets and
protein content of feed ingredients used that affect
directly the protein content of fish fillet. This is
supported by the findings of Glencross et al. (2004) who
reported similar results where rainbow trout fed with a
mixture of plant proteins consisted of 12.5% yellow
lupin meal resulted in increased CP content as compared
to other diets, and body proximate composition of fish
depends on the composition of the feed since it affects
directly the protein content of fish fillet.

The crude lipid (CL) content of cultured fish
recorded in the present study ranged from 17.30+0.08
to 18.49%0.10. Fish group fed LGM75 protein had a
relatively lower percentage of CL content as compared
to the control diet, and there was a significant difference
(P<0.05) in CL content among fish groups fed with the
different experimental diets. This lower CL content of
fish groups fed on LGM75 might be attributed to high
moisture content of fish carcass and composition of
experimental diets. Yildirim et al. (2003) have reported
an inverse correlation between fat and moisture
content and it is common among fish species. Similarly,
FAO (2010) has pointed out an inverse relation between
moisture content and CL contents in fish fillet, and feed
composition significantly affects CL and fatty acid
profiles of fish flesh (Tadesse, 2010). The CL content
obtained in the present study is in the range of CL
content of 17.50+0.23 to 17.65+0.47 and 15.5+0.00 to
22.1+0.6 reported for Nile tilapia fed with fermented
sunflower meal, and chickpea meal, chickpea, and
Jatropha curcas meal (Mzengereza, 2015; Montoya-
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Mejia et al., 2017) in the replacement of fish meal.
Furthermore, the percentage of CL of the present study
is closely in agreement with CL contents ranged from
22.69 to 27.2% reported by Hassaan et al. (2018) in the
diets of tilapia rendalli fed with a mixture of different
plant proteins using glass aquaria.

However, CL content of the present study is lower
than the reports of Awad et al. (2012) who reported
higher CL contents of rainbow trout fed with plant
protein mixture of lupin, mango and stinging nettle as
dietary supplement ranging from 27.77+2.11 to
35.28+0.43. Unlike results of the present study,
Geremew (2015) and Yones et al. (2019) have also
reported low CL contents ranging from 5.13 to 7.81% for
juvenile Nile tilapia in the replacement of fish meal by
mixtures of different plant proteins at different inclusion
levels. The variation in the CL content of the present
study and previous works might be attributed to the
lower moisture content of the carcasses, and the
inclusion a of higher dietary protein content in the
experimental diet (Hafedh, 1999).

The percentage of ash content of the present study
is presented in Table 6. The increased ash content in the
present study might be due to increased dietary levels
of plant proteins, indicating sufficient amounts of
dietary minerals in diets and its absorption. This
increased ash content of carcasses is supported by the
reports of Zhang et al. (2012) and Hassaan et al. (2018)
that showed the same trend of ash contents in fish
carcasses. Furthermore, the increased ash content of
the present study might be attributed to processing
techniques applied to remove different ANFs that
otherwise reduces the availability of several minerals
such as calcium, magnesium, zinc, iron, and phosphorus
in the fish diets and severely affect the liver function.

Ash content of the present study follows the ash
(11.23 to 15.12%) content reported by (Soltan et al.,
2008) for Nile tilapia fingerlings cultured in glass aquaria
in the replacement of fish meal with a mixture of
cottonseed, sunflower, canola, linseed and sesame
meals at inclusion levels of 15 to 100%. Besides, several
authors have reported similar ash content of fish
carcasses. For example, Hassaan et al. (2018) have
reported ash content ranged from 15.05+0.56 to
16.05+0.52 for Nile tilapia in a controlled environment.
Azaza et al. (2009) have also pointed out similar ash
content ranging from 14.80+0.11 to 16.51+0.49 for Nile
tilapia in the replacement of fish meal by a mixture of
plant proteins and black soldier fly maggot meal at 0, 25,
50, 75, and 100% inclusion levels. However, Zhang et al.
(2012) have reported higher ash content ranging from
20 to 23.3% for rainbow trout fed with a mixture of lupin
and pea protein concentrates in a controlled
environment. The obtained ash content of the present
study is higher than the ash content reported by other
authors. Geremew (2015) have reported ash content
ranging from 4.17+0.07 to 4.28+0.11 and 4.09+0.08 to
4.23+0.09 in dietary inclusions of linseed cake and Niger
seed cake meals on growth performance and feed

utilization of juvenile Nile tilapia, respectively.
Furthermore, Goda et al. (2007) and Yones et al. (2019)
have also found lower ash content values ranging from
5.04£0.2 to 6.7320.53 in the inclusion of mixtures of
wheat bran, corn and sorghum and full-fat soybean meal
in the diets of Nile tilapia fingerlings.

The HSI result of the current study ranged from
2.7+0.08 to 3.23%0.09. In the present study fish groups
fed LGM75 and LGMS50 had shown higher HSI as
compared to fish groups fed on control and LGM25 diets
and an increasing trend was observed with increasing
the replacement of fish meal by LGM protein at higher
levels (Table 6). This increasing tendency might be
associated with the storage of glycogen or lipid and is
most likely associated with the higher feed intake and
high energy content in the experimental diets (Zhang et
al., 2012). Hemre et al. (2001) pointed out that excessive
digestible carbohydrates in fish diet may produce
negative effects in glycogen accumulation, liver
morphology and function that indicate the nutritional
and physiological status of fish. These effects may have
a great influence on suppressing the immune system
and increasing susceptibility to infectious diseases
Abarra et al. (2017). However, the HSI result of the
present study agrees with the reports of several
researchers and it was within the acceptable range for
healthy Nile tilapia. For instance, Geremew (2015)
reported HSI values ranged from 2.26+0.76 to 3.2310.25
in the diets of Nile tilapia fingerlings fed with Nigerseed
cake meal at inclusion levels of (0, 20 and 40%) of a basal
diet. Similarly, Velasquez et al. (2016) reported HSI
ranged from 1.92+0.22 to 3.13%0.13. Furthermore,
Montoya-Mejia et al. (2017) have also reported HSI
values ranged from 2.1+0.4 to 2.9+0.9.

Conclusions

The results of the current experiment
demonstrated that Nile tilapia diets formulated with
variable levels of LGM meal as a replacement for a more
expensive fish meal protein had no discernable negative
effects on all evaluated growth performance and feed
utilization parameters and no feed-related mortality
was observed. There were no significant differences in
growth performance in response to the experimental
diets. This might be due to a compensatory-effect of
both grains which could lead to reducing ANFs and
improved palatability and amino acid profile because of
mixing feed ingredients. Evaluation of nutritional
composition of LGM to replace fish meal at inclusion
levels of 0, 25, 50, and 75% in the diets of Nile tilapia
fingerlings indicated that it is possible to be used up to
75% with no adverse effect on the whole-body
proximate composition. The results of the present study
also suggested that replacing fish meal at inclusion
levels of 0, 25, 50, and 75% with LGM meal diet as a
protein source had no adverse effect on the HSI and
hematological parameters of Nile tilapia fingerlings.
However, an increasing tendency of HSI in the increased
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replacement of fish meal at LGM50 and LGM75 was
recorded, and interestingly enhanced final body weight
and improved feed utilization efficiency of tilapia
fingerlings fed on LGM25 was obtained. This increased
HSI might be associated with higher FI and the high
energy content in the feed that resulted in increased
storage of glycogen or lipid in the liver. Since the
experimental diets used in the present study were
formulated and prepared based on the proximate
composition of feed ingredients, studies focused on
evaluating Nile tilapia diets based on the amino acid and
fatty acid profiles of mixtures of lupin and grass pea
meal are recommended as future study. Besides,
exploring sophisticated methods that reduce ANFs,
maximizing the nutritional profile and increased
bioavailability of nutrients may further step-forward the
success of complete fish meal replacement with LGM
diets. Moreover, extensive research is recommended to
see the effect of complete replacement of the expensive
and less available fish meal protein in the diets of Nile
tilapia on the digestibility, supplement of prebiotic,
immune response, intestinal histology, and stress-
related factors may also be the focus for further
succeeding studies and assure its best potential as a
replacement for fish meal.
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