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ABSTRACT

A 70-day feeding trial was conducted to evaluate the effects of MOLM on growth performance and
nutrient digestibility in L. rohita fingerlings. MOLM was added in the diet by replacing fish meal at
the levels of 0%, 10%, 20%, 30% and 40%. Triplicate tanks were used for each treatment having 15
fingerlings. These fingerlings fed at the rate of 5% of live wet weight. Chromic oxide as an inert marker
was also added in the diets. Feces from each tank were collected twice a day to estimate the nutrient
digestibility parameters. The maximum weight gain (304%) and minimum FCR (1.33) values were
noted at 10% replacing level for above mentioned diet showed that fish was in more healthy condition
as compared to control (0% MOLM) and other test diets. Digestibility coefficients for MOLM based
diet at 10% replacement level of fish meal, increased 13.98%, 14.29% and 10.52% for crude fat, crude
protein and supposed gross energy when compared to control diet, respectively. The next higher growth
performance and nutrient digestibility values were observed at 20% replacement level based diet. It was
concluded that the 10% replacement level of fish meal with MOLM is optimum which release adequate
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amount of chelated nutrients for maximum growth performance of L. rohita fingerlings.

INTRODUCTION

lobal fish demand has been increased due to rapid

increase in fish consumption and world population
growth. The worldwide population is estimated to be
increased up to 9 billion in 2050. Almost 50% more food
will be required to meet the demand of rapidly growing
population (Diana et al., 2013). The aquaculture expansion
will help to meet the growing fish demand and also will
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relieve pressure on steadily declining capture fisheries
(Tacon and Metian, 2013). Fishmeal is an exceptional
protein source in aqua-feeds due to its high palatability
digestibility, and excellent composition of minerals, fatty
acids and essential amino acids (Olsen and Hasan, 2012).
Moreover, in previous three decades fish meal prices have
also increased in real terms and are expected to be increased
further with continuous growth in demand. This rapid
increase in fish oil and fishmeal prices may have negative
effect on the commercial aquaculture projects (Naylor
et al., 2000). Fishmeal has also been used as major feed
component in intensive livestock farming, i.e. pork and
poultry. However, aquaculture sector is utilizing greater
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share of global fishmeal resource, as alternates for poultry
and livestock are more easily available (Bostock et al.,
2010). Due to the finite supply and rising cost of fishmeal,
aquaculture feed industry and research institutions have
conducted a large number of studies to reduce dependency
of aquaculture industry on fishmeal (Tacon et al., 2006;
Rana et al., 2009). A shift towards partial replacement of
animal and plant proteins as protein source in fish feed
is widely accepted in commercial aquaculture (Naylor et
al., 2000). In order to attain economically unassailable,
environment friendly and viable production, researchers are
evaluating unconventional protein sources predominantly
from plant by-products such as leaves, seeds and other
agricultural feed stuff due to their high protein contents
(Richter et al., 2003; Abo-State et al., 2014). Plant based
ingredients used in aquaculture feeds are required to
possess certain nutritional values such as low level of
starch, fibers and anti-nutrients. There must be present
relatively high protein contents, nutrient digestibility
and palatability with favorable amino acid profile. The
variety of plants and their ingredients in aquaculture feeds
includes canola, barley, peas/lupins, corn, cottonseed,
wheat and soybeans has been used. Overall, the potential
of replacing plant-based proteins into aquaculture feeds is
very high but depends upon their availability, relative price
and palatability for cultured species (Naylor ef al., 2009).
Plant-based proteins are ideal and probably will continue
to be the main substitute of fishmeal in aquaculture diets
(Gatlin et al., 2007; Olsen and Hasan, 2012).

Moringa oleiferais one of the potential protein sources
for inclusion in aquaculture diets (Chiseva, 2006). Basically
it is the most widely cultivated plant species belonging to
genus Moringa, the only genus of family Moringaceae
containing high crude protein (251 g/kg DM) in the leaves,
with low content of tannins and other anti-nutritional
compounds (Nouala et al., 2000). Moringa leaves are rich
in crude protein content which varies from 25% (Makkar
and Becker, 1996) to 32% (Soliva et al., 2005). Due to
high proportion of pepsin soluble nitrogen (82-91%) a
high proportion of this protein is potentially available for
digestion due to a high amount of pepsin soluble nitrogen
and low proportion (1-2%) of acid detergent insoluble
protein, the protein is potentially available for digestion
(Makkar and Becker, 1996). The protein comprises high
levels of sulphur containing amino acids and compares
well with soybean, which is usually considered as a source
of high quality plant protein (Francis et al., 2001). Its crude
lipid contains n-3 fatty acids in the form of linolenic acid
which account for about 67% of total fatty acids (Soliva
et al., 2005). The leaves of Moringa plant are significant
source of carotenoids, minerals, ascorbic acid and iron.
Earlier studies have shown that M. oleifera is considered

as promising source of protein for inclusion in fish diets at
low levels (Ayotunde et al., 2011). Leaves of Moringa are
the best source of high amount of nutrients such as crude
protein, crude fat and gross energy efc. (Bosch, 2004;
Grubben and Denton, 2004). It is also potential protein
substitute in fishmeal based diets which can minimize
the use of fishmeal in aquaculture due to its nutritional
value of total soluble protein and high pepsin. Because
of the favorable amino acid profile and wide availability
throughout the tropical and subtropical regions, Moringa
leaves can be regarded as a potential feed component of
fish diet to make aquaculture production cost effective
(Tagwireyi et al., 2014).

Labeo rohita is one of the most important major
carp species cultured in Pakistan on large scale. It is
grown under poly-culture system with the other species of
major and Chinese carps (Hussain ef al., 2011). Regional
culture practices are mostly based on semi-intensive
culture systems. No cost effective feed is available to
local fish farmers. However, various crude formulations
are being used in the form of mesh feeds to further
enhance the fish production (Hussain et al., 2015, 2016).
Available literature has revealed that M. oleifera is under
investigation as possible substitution for fish meal in diet of
various fish species, however a lesser amount of literature
is available on the M. oleifera leaf meal (MOLM) based
diets for Indian major carp i.e. L. rohita. Therefore, the
present research work is conducted to find out the best and
least cost protein sources such as Moringa leaf meal for
commercially important L. rohita to enhance its production
and to overcome the problems of costly fish meal.

MATERIALS AND METHODS

The present research was conducted to study the
effects of varying levels of M. oleifera leaf meal based
diets on growth performance and nutrient digestibility of
L. rohita fingerlings. The experiment was conducted in
the Fish Nutrition Laboratory, Department of Zoology,
Government College University, Faisalabad.

Fish and experimental conditions

L. rohita fingerlings were obtained from Government
Fish Seed Hatchery, Faisalabad and then kept in V-shaped
tanks (designed for the collection of feces with 70 L
water capacity) for two weeks to acclimatize them with
experimental conditions. Before the initiation of feeding
trial, L. rohita fingerlings were treated with NaCl (5g L)
to prevent the fingerlings from ectoparasites and to make it
sure that there is no further fungal infection (Rowland and
Ingram, 1991). During the period of acclimatization the L.
rohita fingerlings were provided with the basal diet once
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a day to apparent satiation (Allan and Rowland, 1992).
Water quality parameters such as water temperature, pH
and dissolved oxygen were monitored through pH meter
(Jenway 3510), DO meter (Jenway, 970) and electrical
conductivity (EC) meter (HANNA: HI. 8633) on daily
basis. Aeration (24 h) was supplied to all the experimental
tanks through capillary system.

Processing of Moringa oleifera leaf meal

Moringa leaves were obtained and soaked overnight
in a tank to remove saponins and other water soluble anti-
nutritional factors. A wire mesh was used to drain excess
water by placing the leaves on it, and then the soaked
leaves were spread on plastic sheets to dry under shade to
prevent loss of vitamins through photodynamic damage or
oxidation. The dried leaves were threshed from stalks to
reduce crude fiber content in the meal. The dried leaves
were then subjected to grinding and converted them into a
fine powder by the use of a hammer mill (Lab Mill, screen
size 0.2 mm) and the powder then stored in plastic bags at
room temperature.

Experimental design

M. oleifera leaf meal (MOLM) was used as test
ingredient to replace costly fishmeal and formulation of
test diets having varying levels of replacement. The feed
ingredients were procured from a commercial feed mill
and analyzed for chemical composition following standard
methods (AOAC, 1995) before the formulation of the
experimental diet. The feed ingredients were grinded
and sieved to require particle size before formulation of
experimental diet (Table I). MOLM was used in the diet
formulation by replacing fishmeal at the rate of 0%, 10%,
20%, 30% and 40% and the feed was given to five fish
groups which were stocked in water tanks having 70 L
water capacity. There were three replicates each tank
having 15 fingerlings used for every treatment. V-shaped
tanks were designed especially for the collection of fecal
material from water media. Fingerlings were fixed up
with 12 h dark and night period throughout the trial. Total
experimental duration was 70 days during which 5g feces
were collected for proximate analysis from each replicate.
MOLM based diets were subjected to comparison with
each other and with control diet in relation to determine
optimum level of fish meal replacement for different
parameters of nutrient digestibility by using completely
randomized design (CRD). The trial consisted of two
overlapping sections: first section was comprised of
assessment of growth performance in terms of weight
gain, weight gain (%) and FCR whereas second section
consisted of assessment of the nutrient digestibility
coefficient (ADCs) of crude protein, crude fat and gross

energy of the control and test diets by using chromic oxide
as an inert marker.

Table L.- Ingredient composition (%) of test diets.

Ingredients TD-I TD-II TD-IIT TD-IV TD-V
MOLM* 0 103 20/6  30/9 40/12
Fish meal 40/20  34/17 28/14 22/11  16/8
Wheat flour 3450 30.50 26.50 2250 18.50
Corn gluten (60%) 16.6 16.6 16.6 16.6 16.6
Fish oil 4.9 49 49 4.9 4.9
Vitamin premix 1.0 1.0 1.0 1.0 1.0
Mineral premix 1.0 1.0 1.0 1.0 1.0
Ascorbic acid 1.0 1.0 1.0 1.0 1.0
Chromic oxide 1.0 1.0 1.0 1.0 1.0
Total 100 100 100 100 100

MOLM*, Moringa oleifera leaf meal; TD-I, test diet-I (control); TD-II,
test diet-II (MOLM 10%); TD-III, test diet-III (MOLM 20%); TD-1V, test
diet-IV (MOLM 30%); TD-V, test diet-V (MOLM 40%).

Feed ingredients and formulation of experimental diets

The feed ingredients which were purchased from a
commercial feed mill and then subjected to analysis for
chemical composition following AOAC (1995) prior to the
formulation of the test diets. The basal diet with sufficient
levels of required nutrients for the normal growth of fish
was prepared (Table I). All ingredients were subjected to
mixing in an electric mixer for 10 min and fish oil was
gradually added during mixing of diet. Chromic oxide
(1%) was incorporated as inert marker. During mixing 10-
15% water was added to feed ingredient to prepare suitable
texture (Lovell, 1989). Then these mixed feed ingredients
were extruded to form floating pellets (3mm) through Lab
Extruder (SYSLG30-IV Experimental Extruder). All diets
were treated equally in the given extruder to formulate one
control diet and four MOLM based test diets. All prepared
diets were dried and then stored at 4°C until use.

Feeding protocol and sample collection

The fingerlings of L. rohita were fed on the base of on
their prescribed diets at the rate of 5% of live wet weight.
After completing feeding session of two hours, the uneaten
diet was drained out from all experimental tanks by
opening the valves of the tanks. The tanks then subjected
to washing which causes the removal of the particles of
diets and then refilled the tanks with water. After that,
the fish was restocked in tanks. After two hours intervals,
the feces were collected from the fecal collection tube of
each tank by opening the valves subsequently. In order
to minimize the leaching of nutrients, breakage of fecal
strings was prevented. Fecal material from each replicated
treatment was oven dried at 60°C, ground and stored for
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chemical analysis.

Growth study

During experiment, the fish in each tank were bulk
weighed every 15" day to examine the growth performance
of L. rohita fingerlings. Weight gain (%) and feed
conversion ratio of experimental fingerlings was evaluated
by using standard formulae:

Final Weight — Initial weight
Weight gain % = — . x¥ 100
Initial weight

_ Total dry feed intake (g)
T Wet weight gain (g)

Chemical analysis of feed and feces

The samples of fish feed ingredients, experimental
diets and feces were homogenized by using mortar and
pestle and were analyzed by standard methods (AOAC,
1995). To determine Moisture contents the samples were
oven-dried at 105°C for 12 h whereas crude protein (N x
6.25) was determined by micro kjeldahl apparatus. Ether
extract (EE) was extracted by petroleum ether extraction
method through Soxtec HT2 1045 system; crude fiber
(CF) as loss on ignition of dried lipid-free residues after
digestion with 1.25% H,SO, and 1.25% NaOH whereas
ash by ignition at 650°C for 12 h in electric furnace
(Eyela-TMF 3100) to constant weight. Total carbohydrates
(N-free extract) were calculated by difference i.e., Total
carbohydrate % = 100-(CP%+EE%+CF%+Ash%). Gross
energy digestibility was determined with the help of
adiabatic oxygen bomb calorimeter (Parr Instrument Co.,
Moline, USA).

Digestibility studies

After the two hours feeding session the water tanks
were washed completely to remove the particles of diets
and then refilled the tanks with ground water stored in
holding tanks at room temperature that was changed
manually on daily basis. By opening the valves of each
tank subsequently the feces were collected from the
fecal collection tube. Fecal material from each replicated
treatment was oven dried, then subjected to grinding
and stored for chemical analysis. Chromic oxide content
was estimated both in diet and feces after oxidation with
molybdate reagent using UV-VIS 2001 Spectrophotometer
at 370 nm absorbance (Divakaran et al., 2002). The
apparent nutrient digestibility coefficients (ADC %) of
crude protein, crude fat and apparent gross energy for fish
were calculated indirectly at the end of the experiment
using chromic oxide as inert marker.

ADC (%) of diets was calculated by the following

formula (NRC, 1993):

Somarker in diet % %nutrient in feces

ADC{%) = 100 — 100 x
(%) Somarker in feces x %nutrient in diet

Statistical analysis

Data of nutrient digestibility and growth performance
of control diet and test diets were subjected to one-way
analysis of variance (ANOVA) (Steel et al., 1996). The
differences among means were compared by Tukey’s
Honestly Significant Difference Test and considered
significant at p<0.05 (Snedecor and Cochran, 1991).
The CoStat computer software (Version 6.303, PMB
320, Monterey, CA, 93940 USA) was used for statistical
analysis.

RESULTS

The growth performance of L. rohita fingerlings fed
on MOLM based test diets by replacing the fishmeal with
MOLM at 0%, 10%, 20%, 30% and 40% is shown in Table
II. In the present study MOLM based test diets enhanced
the nutritional quality. A significant (P<0.05) increase in
weight gain commensurated with 10% replacement level
after which further increase in replacing level decreased the
weight gain of fish. The maximum weight gain (22.96g) of
L. rohita fingerlings was on MOLM based test diet having
10% replacement level and this value was significantly
different (P<0.05) from the weight gain on control diet and
remaining MOLM replacement levels based test diets. The
significant increase in weight gain (%) was also observed
at the same level; that was 349.59% whereas control diet
showed 263.33%.

The minimum weight gain (16.48g) was observed at
40% level of MOLM. The results revealed that weight gain
on control diet, 30% MOLM and 40% MOLM based diets
were statistically similar. Results showed that fish meal
replacement at 10% with MOLM, the weight gain increased
as compared to control diet. It was further observed that
30% and 40% levels of MOLM replacement could not
show significant improvement in growth performance of L.
rohita fingerlings as compared with fish fed on control diet
(MOLM 0%). The feed intake at control, 30% and 40%
MOLM replacement levels based diets were significantly
lower compared to the value recorded for 10% MOLM
replacement levels based diet. The FCR (1.33) of L. rohita
fingerlings was significantly (P<0.05) improved by feeding
on 10% MOLM replacement level which was significantly
different (P<0.05) from other diets including control diet.
It showed that MOLM based diets performed well and
were converted into flesh in effective way.
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Ingredients Dry matter Crude protein Crude fat Crude fibre Ash Carbohydrates  Gross energy
(%) (%) (%) (") (%) (%) (keal g)

Moringa leaf meal 92.84 27.69 6.54 7.89 12.34 45.54 2.39

Fish meal 91.63 47.25 7.23 1.12 25.56 18.84 4.67
Corn gluten 60% 92.06 58.79 4.28 1.37 1.65 3391 4.57
Wheat flour 93.04 11.23 2.44 3.09 3.16 80.08 3.25

Rice polish 94.86 13.48 13.17 12.70 11.09 49.56 3.59
Table IIL.- Growth performance of L. rohita fingerlings fed varying levels of MOLM based diets.

Diets Replacement Initial weight Final weight Weight gain Weight gain Weight gain Feed intake FCR

levels (8 (g 8 (%) (fish'day")g (fish'day")g

Test Diet-1 MOLM (0%) 6.62 24.05¢ 17.43¢ 263.33¢ 0.249¢ 0.401° 1.61°
(Control)

Test Diet—II MOLM (10%) 6.57 29.52¢ 22.96° 349.59° 0.328° 0.435° 1.33*
Test Diet —III MOLM (20%) 6.66 26.95° 20.29° 304.47° 0.290° 0.424* 1.46°
Test Diet -IV. MOLM (30%) 6.62 24.06° 17.45¢ 263.68¢ 0.249¢ 0.401° 1.61°
Test Diet -V~ MOLM (40%) 6.61 23.09¢ 16.48° 249.24¢ 0.235¢ 0.399* 1.70¢
PSE 0.03165807  0.26538444 0.27609582 4.78179767 0.00404693  0.00418995 0.02859662
p-Value 0.3798™ 0.0000%** 0.0000***  0.0000***  0.0000%** 0.0003* 0.0000%**

PSE, pooled standard error; Means within rows having different superscripts are significantly different at P < 0.05. Data are means of three replicates.

Table IV.- Composition of nutrients (%) in diets of L.
rohita fingerlings fed varying levels of MOLM based
diets.

Diets Crude protein  Crude fat  Gross energy
(%) (%) (%)

Test diet-I 32.81 6.70 4.61

(Control)

Test diet—IT 32.04 6.23 4.26

MOLM (10%)

Test diet-III 32.04 6.21 4.25

MOLM (20%)

Test diet-IV 32.06 6.23 424

MOLM (30%)

Test diet-V 32.10 6.23 425

MOLM (40%)

PSE 0.08726721  0.03555887  0.01220205

p-Value 0.0003 *** 0.0000 *** 0.0000 ***

PSE, pooled standard error; Means within rows having different
superscripts are significantly different at P < 0.05. Data are means of
three replicates.

The poor value of FCR was noted at 40% that
revealed at this level minimum feed was converted into
flesh. Overall, it was observed that L. rohita fingerlings

showed the best growth performance in terms of weight
gain, weight gain (%) and FCR when fed on MOLM
based diet at 10% replacement level. The results of
growth performance showed that MOLM may be better
alternative protein source for fish diets as compared to fish
meal which is of high cost.

Analyzed nutrients composition of control diet, test
diets and feces are given in Tables IV and V. The data
presented in Table V makes it clear that minimum amount
of nutrients such as crude protein, crude fat and apparent
gross energy was discharged through feces at 10% and
20% levels of MOLM replacement. It is also obvious
from the results that in comparison with control diet and
remaining MOLM based diets, 10% level of replacement
showed maximum digestibility values for crude protein
(74.03%), crude fat (73.54%) and gross energy (68.40%).
It was observed that crude protein and gross energy
digestibility values at 10% MOLM replacement level did
not differ significantly from 20% replacement level but
varied significantly (P<0.05) from the control diet and
remaining MOLM based diets, whereas, the crude fat
digestibility at 10% and 20% replacement levels MOLM
based diet remained statistically at par. Interestingly, it was
also observed that except 10% and 20% replacement levels
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MOLM based diet, remaining diets could not show increase
in crude protein, crude fat and gross energy digestibility
as compared to the control diet (MOLM 0%) diet (Table
VI). Feeds having addition of MOLM upto 30% and 40%
resulted in decreased nutrient digestibility. In general,
the results showed that maximum nutrient digestibility
values were found at 10% replacement level and started
decreasing from 20 % level of MOLM replacement.

Table V.- Composition of nutrients (%) in feces of L.
rohita fingerlings fed varying levels of MOLM based
diets.

Diets Crude protein Crude fat  Gross energy
(%) (%) (o)

Test diet-I 14.22° 2.84¢ 2.13°

(Control)

Test diet-I1 9.01* 1.78* 1.46

MOLM (10%)

Test diet-I1I 12.47° 2.23° 1.732

MOLM (20%)

Test diet-IV 17.14¢ 3.25¢ 2.33be

MOLM (30%)

Test diet-V 19.15¢ 3.85¢ 2.69¢

MOLM (40%)

PSE 0.54908612  0.2092845  0.07821615

p-Value 0.0000 *** 0.0000%*** 0.0000%**

PSE, pooled standard error; Means within rows having different
superscripts are significantly different at P < 0.05. Data are means of
three replicates.

Table VI.- Apparent nutrient digestibility (%) of L.
rohita fingerlings fed varying levels of MOLM based
diets.

Diets Crude protein  Crude fat  Gross energy
(%) (%) (%)

Test diet-1 59.74b 59.56° 57.88%

(Control)

Test diet-11 74.032 73.54¢ 68.40°

MOLM (10%)

Test diet-I11 64.93® 67.65* 63.30%

MOLM (20%)

Test diet-1V 53.06% 54.26° 51.78°

MOLM (30%)

Test diet-V 47.234 45.32¢ 44214

MOLM (40%)

PSE 2.11654065  1.38465559  1.45755732

p-Value 0.0000 *** 0.0000***  0.0000 ***

PSE, pooled standard error; Means within rows having different
superscripts are significantly different at P < 0.05. Data are means of
three replicates.

DISCUSSION

Fish meal is being used as a major feed ingredient
for fish in history. But limited supply as well as high cost
makes it necessary to search for an alternative protein
source. Nowadays, plant sources are being used to replace
the fish meal, either partially or totally. Practical fish feed is
an area of focus in aquaculture nutrition research recently
(Siddhuraju and Becker, 2003). In recent times, mostly
research is being focused on the inclusion of unconventional
feed stuffs such as M. oleifera as a substitute of fish meal
in fish feeds (Richter ef al., 2003; Abo-State ef al., 2014).
Moringa leaf has been studied extensively as an alternative
source of protein in fish diet and seems to be an unbeatable
protein source. Moringaleaf meal can partly replace the
conventional diets without causing any decline in growth
performance of Oreochromis niloticus L. (Afuang et al.,
2003; Richter et al., 2003).

In the present study mean weight gain in the diets
I-V is showing that all formulated diets are nutritionally
adequate. Fish fed treatment II (10% MOLM replacement)
had the highest weight gain 350% as compared to control
diet (0% MOLM) 263%. The highest/poor FCR was
recorded in treatment-V with the value of 1.70 while the
lowest/best value (1.33) was observed in treatment IT (10%
MOLM) that was significantly different from control as
well as other diets. These results are similar to those of
Richter et al. (2003) who found positive effects on growth
performance when fish was fed on MOLM based diet
at 10% replacement level. Furthermore, Kakengi et al.
(2007) suggested that the lower levels of MOLM inclusion
in diets are suitable for mono-gastric animals. They
explained that higher levels of MOLM are not good for fish
growth performance. In present study higher feed intake
was recorded in diet-II (10% MOLM) whereas the lowest
value was found at diet-V showing that higher inclusion
level of MOLM resulted in reduced feed intake and poor
FCR value. Similarly, in a study, Bello and Nzeh (2013)
found that Clarias gariepinus fed with 0%, 10%, 20%,
30%, 40% and 50% MOLM diet showed best FCR in 10%
MOLM based diet. They argued that inclusion of MOLM
at higher levels in the fish feed resulted in a decrease in
FCR. On the other hand, Afung ef al. (2003) reported that
MOLM could be replaced up to 30% of fish meal without
any negative effect on growth performance. Abo-State et
al. (2014) reported that the growth performance of fish fed
with 10 and 12% MOLM based diets was inferior to those
of fish fed with the 8% MOLM. Their results infer that raw
Moringa leaves meal might be used up to the level of 8%
of dietary protein in Nile tilapia (Oreochromis niloticus)
fingerlings diets without producing any negative effect
on growth performance, nutrient utilization and carcass
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composition

In the present study we observed the highest nutrient
digestibility such as crude protein (74.03%), crude fat
(73.54%) and gross energy (68.40%) at 10 % inclusion
level of MOLM. But at higher levels of MOLM based
diets decreased the utilization of nutrients in fish body.
The decreased body nutrient contents were probably due
to poor feed intake in diets at higher levels of MOLM,
which resulted in starvation and in turn led to mobilization
of body lipid reserves to meet energy requirements for
vital body functions (Madalla ez al., 2013). Bello and Nzeh
(2013) also reported that the addition of MOLM at 10%
level in fish feeds showed highest protein efficiency ratio
(PER). Similarly, Mehdi et al. (2016) conducted a study
on MOLM replacement at 0, 10, 20 and 30% level. They
found highest digestibility of crude protein at 10% in L.
rohita fingerlings. Similar results were also observed in
a study when Asian sea bass, Lates calcarifer fingerlings
were fed on 10% inclusion of MOLM in fish feed and
showed higher crude protein level in body (Erlinda and
Naret, 2014). Abo-State et al. (2014) observed higher
protein efficiency ratio (PER) in Nile tilapia fingerlings
(Oreochromis niloticus) fed on 8% replacement of fishmeal
with MOLM in fish feed.

In our results it was noted that MOLM is a good
alternative plant protein source feed ingredient for fish
fingerlings at lower inclusion levels whereas the nutrient
utilization by fish decreases as MOLM increases to
higher levels (30% and 40%). Lower levels of MOLM
replacement in fish diets are suitable for monogastric
animals whereas higher levels of MOLM show adverse
effects on nutrient digestibility (Kakengi et al., 2007). The
presence of anti-nutritional factors such as saponins and
phytate may also have contributed to inhibit pancreatic
lipase activity and hence delayed intestinal absorption of
dietary nutrients (Han et al., 2000).

The results of present study showed that minimum
amount of nutrients such as crude protein, crude fat and
apparent gross energy was discharged through feces at
10% and 20% levels of MOLM replacement. Similarly, in
a study, tilapia fingerlings were fed on raw Moringa leaf
meal based diets and it was noted that 10% replacement
of fishmeal with MOLM diet did not cause any adverse
effect on nutrients discharge (Richter et al., 2003). Ochang
et al. (2015) observed a significant decrease in nutrient
utilization by fish fed on 20% MOLM based diet. Due to
leaching of soluble nutrients, reduction of most nutrients
was observed when higher levels of moringa leaves were
used in fish diets.

In the current study, the ADC of crude lipid (68%)
was low as compared to the routinely reported range of 85-
95% (NRC, 1993). This decrease may be due to significant

amounts of indigestible wax which are present in the lipid
fraction of MOLM (Afuang et al., 2003). Our results
demonstrated that gross energy digestibility was highest
at 10% level of MOLM and it was significantly different
from values observed on other diets. According to Madalla
et al. (2012), highest gross energy digestibility value
(77%) was observed when Nile tilapia fed on MOLM
based diet and significantly different from the values of
reference diet. On contradiction, Dongmeza et al. (2006)
found the highest gross energy values on reference diet
instead of Moringa by-products based diets. Ritcher et
al. (2003) also found highest value of gross energy in fish
body at 10% MOLM replacement level based diet whereas
the gross energy values decreases with the 20% and 30%
inclusion of MOLM levels.

CONCLUSION

According to our results it can be concluded that
costly fish meal can be replaced with cost effective plant
by-product i.e. Moringa oleifera leaf meal upto 10%
without any adverse effects on fish growth performance
and nutrient digestibility of L. rohita fingerlings. It showed
that 10% MOLM inclusion is suitable for maximum
increase in fish growth performance and highest nutrient
digestibility.
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