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Abstract
The use of alternative feeds aims to increase productivity and reduce the feed costs in aquaculture
production. This objective of this study was to determine the nutritional value and optimal rate of
fermented Leucaena Leaf Meal (LLMF) as well as the replacement of soybean meal (SBM) by LLMF in
diets for Nile tilapia (Oreochromis niloticus). Five different iso-proteinous diets were prepared and fed to
three replicates trial of group tilapia. Fish were fed 28% protein diets with substitution of LLMF 0%,
25%, 50%, 75%, and 100%. The parameters that have been observed consist of the survival rate (SR),
specific growth rate (SGR) and feed efficiency (FE). The results showed that the best results of SR, SGR
and FE were observed in LLMF 0% group; 100%, 1.27%, and 31.47%. However, these results were not
significant differences (P>0.05) from LLMF 25% group; 93.33%, 1.19%, and 28.25%. The experimental
study from the present work suggested that LLMF can be used to substitute until a 25% level which can
provide the survival rate, specific growth rate and feed efficiency as well as feeds without LLMF.
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1. Introduction
Soybean meal (SBM) is currently is the most common plant-based protein for commercial fish
culture due to its high protein content, balanced amino acid profile, consistent quality and
abundant supply [1]. Due to its high demand as a protein-based for diets, the SBM is a
competitive ingredient and its cost increased significantly [2]. In order to reduce feed costs,
alternative resources from the plant are considered as an economical and environmentally
friendly for feed ingredients.
Leucaena leaf meal (LLM) has a high enough protein content (of approximately 25%), good
amino acid composition and a high β-carotene [3]. However, the utilization of Leucaena has
been limited due to the presence of a toxic non- protein amino acid or anti-nutritional factor
called mimosine [4]. The effects of the anti-nutritional factor mimosine have been demonstrated
in rats [5] and fish [6]. In addition, its presence a negative impact on decreasing the growth
performance if consumed intensively [7]. It has been reported that mimosine can be reduced to
a relatively less toxic form through various methods of processing such as by sun drying,
soaking, boiling [6, 8] and inoculating with specific strains of gut bacteria [8].
One of the microbes used in the processing ways was lactic-acid bacteria [3, 8]. Lactid-acid
bacteria is a proteolytic microbe that has been proven to secrete protease enzymes and increase
the digestibility of feed protein sources [3]. One way to improve the quality of LLM is to utilize
the services of proteolytic bacteria.
The use of 20% Leucaena leaf which soaked and dried for three days as a substitute for fish
meal gave the best specific growth rate for Catfish (0.31%) [9]. Substitution of Leucaena leaf at
the level of 25% for Oreochromis niloticus diets after being soaked in the water for 48 hours
obtained a daily growth rate of 1.8% [6]. Similar findings were reported by Falaye [10] observed
that substitution of peanut meal by LLM for the diet of tilapia fingerlings could be used up to
25% level after 48 hours of soaking and 24 hours drying.
The present study aimed to investigate the nutritional value of LLM as a substitutional meal
for Nile tilapia after being dried, soaked, and fermented by proteolytic bacteria in order to
improve the quality of LLM and provide the best survival rate and growth rate of Nile tilapia.
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2. Materials and Methods
2.1 Processing of Leucaena leaf powder
Leucaena leaves were collected manually from CIFOR,
Bogor, Indonesia. Leaves were thoroughly removed from the
branches, rinsed with water, and then soaked in freshwater for
72 hours, sun-drying 48 hours, and ground by hammer mill
became Leucaena leaf powder at Research Institute of
Freshwater Aquaculture, Bogor, Indonesia.
2.2 Fermentation process
Fermentation of Leucaena leaf using the lactic-acid bacteria,
namely the proteolytic bacteria which inoculated from goat
rumen fluid and was determined as Lactobacillus spp. with
108cfu ml-1 of bacteria suspension. At pre-experimental stage,
those bacteria were tested for proteolytic activity into the
LLM with three-level treatments of the biomass of LLM,
namely, 25ml 100g-1, 50 ml 100g-1, and 75 ml 100g-1. The
best result with the highest protein level was 50ml/100g-1.
Afterward, a sample of 2 Kg of finely fermented LLM was
used for the experimental diets namely Leucaena Leaf Meal
Fermented (LLMF).
2.3 Experimental animals and conditions
The experimental fish, Nile tilapia Oreochromis niloticus,
were obtained from a farmer at The Parung fish market,
Bogor, Indonesia. They were acclimatized for seven days in
polyethylene cylinder tank of Research Institute of Freshwater
Aquaculture, Bogor, Indonesia and they were fed with
commercial diets. After being kept in a polyethylene cylinder
tank, they were moved and maintained into the aquarium in
the indoor room. They were divided into five types of
experimental treatments with three types of replication. At the
first step of the experiment, the initial body weight was
weighted and the initial length was measured, and the mean
wet weights were different between each treatment. The
average body weight was 11.00 ± 0.25 g and the length
ranged 8-9 cm. Each trial group was separately reared in a
50cm x 50cm x 30cm square aquarium for about fifty days.
Each tank reared 10 fish and each group was supplied with 10
l min-1 of filtered and aerated water in a circulation system.
Every 10 days the total biomass of each tank was weighted
for sampling, the supplemental fish were prepared to change
the dyed fish during the experimental periods. Temperature,
pH, and DO were measured during the experiment. At the end
of the experiment, fish were weighted to obtain the final body
weight.
2.4 Preparation of the experimental diets
Five iso-nitrogenous (Approximately 28% Crude Protein and

6% Lipid) experimental diets were prepared with different
levels of Leucaena leaf meal fermented (LLMF) after through
the fermentation process as mentioned above; including a diet
without LLMF as a control. LLMF was added to the
formulated experimental diets at 0% (LLMF0), 25%
(LLMF25), 50% (LLMF50), 75% (LLMF75) and 100%
(LLMF100) replacement level of Soybean meal (SBM) as a
protein source. Each experimental diet was mixed and dried
as 3 mm pellets at 60 °C and then subsequently stored at 4 °C
until use. Each experimental diet was randomly assigned to
three different replication tanks and the rearing period was 45
days. Fish were fed three times a day with a feeding rate of 23% of BW for the appropriate feeding rate for Nile tilapia.
2.5 Proximate analyses
The proximate analyses of the raw materials of LLM, LLMF,
and experimental diets were carried out following the
procedures described in Official Methods of Analysis of
AOAC International 17th edition, AOAC 2003. Chemical
compositions were analyzed at the Nutrition Laboratory of
Faculty of Animal Husbandry, Padjadjaran University. The
analysis of moisture was measured by drying diets to show a
constant weight in an oven at 105 0C. The analysis of total
crude protein was carried out by Kjeldahl method. The
analysis of lipid content were carried out by The Soxhlet
method using extraction with petroleum ether. The analysis of
crude fiber were measured by an automatic analyzer. Total
ash content was measured by mineralization of the sample at
temperature 600 0C for 2 hours.
2.6 Data analysis
The growth performance of experimental fish was evaluated
by determining the survival rate (SR), Feeding Efficiency
(FE), and Specific Growth Rate (SGR). Fish were selected
from each experimental tank and measured after rearing
periods. The formulae used are as follows:
SR (%) = (Total number of alive fish/total number of fish) × 100

FE (%) = [100× (final weight–initial weight) × (initial number
of fish + final number of fish)]/ dry weight of feed delivered
SGR (%) = 100 × [ln (final weight) – ln (initial weight)] /days
Prior to statistical analyses, all growth data were analyzed by
the ANOVA test to determine if each parameter was
significantly different and using SPSS software.
3. Results
3.1 Proximate analyses of LLM
The proximate analyses of LLM showed that it contained
11.77% crude protein, 0.21% crude lipid, and 20.33% crude
fiber (Table 1).

Table 1: Proximate analyses of LLM and LLMF ingredient used in the experimental diet (Dry weight basis)
Present Study
Falaye et al (2002)
Bairagi et al (2004)
LLM
LLMF
LLM*
LLM
LLMF**
Crude Protein
27.58
28.12
24.05
20.35
29.77
Crude Lipid
3.08
3.88
2.05
5.35
5.02
Crude Fiber
38.02
36.96
20.20
6.15
5.92
Nitrogen-free Extract
25.66
23.88
35.20
52.35
N/A
Moisture
1.20
2.10
7.50
7.35
N/A
Ash
4.46
5.06
11.00
8.45
N/A
*LLM were processed by soaking in water for 48 hours and sun drying for about 24 hours
**LLM was inoculated (treated) with Bacillus subtilis and Bacillus circulans culture separately at the rate
of108 bacterial cells per gram of dried LLM
Chemical composition

The nutritive value of the experimental feeds is shown in
Table 2. The total crude protein in each treatment was similar

(28.16-28.30%), and total crude lipid ranged 60.1-62.5 g kg-1
DM. Diet palatability was assessed by direct observation of
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fish behavior and responses to the diets.

mortality recorded during the 50 days feeding experiment.
The highest SGR and FE were obtained from LLM0 in all
rearing conditions, and SGR and FE in LLM100 were the
lowest results. Specifically, SGR and FE of male Nile tilapia
in the individual rearing condition treatment ranged 0.681.27%/day and 17.88-33.66%, respectively. SGR and FE of
fish in LLM25 were significantly (p<0.05) greater than fish in
LLM75 an LLM100 but not different from fish in LLM0 and
LLM50.

Table 2: The composition of dietary ingredients in the experimental
diets (g kg-1 dry matter)
Ingredients
Fish meal
SBM*
LLMF**
Rice bran
Polard
Tapioca
Casein
Fish oil
Premix
CMC
Total

LLM0
10.0
34.0
0
21.0
20.0
10.0
0
2.0
2.0
1.0
100

LLM25
10.0
25.5
8.5
21.0
20.0
7.5
2.5
2.0
2.0
1.0
100

LLM50
10.0
17.0
17.0
21.0
20.0
5.5
4.5
2.0
2.0
1.0
100

LLM75
10.0
8.5
25.5
21.0
20.0
3.5
6.5
2.0
2.0
1.0
100

Chemical Composition
Crude Protein
28.16 28.29 28.23
Crude Lipid
7.13
7.29
7.43
Nitrogen-free extract 49.19 45.63 42.65
Ash
8.69
8.44
8.20
Crude Fiber
3.83
7.16
10.13

28.17
7.57
39.67
7.97
13.09

LLM100
10.0
0
34.0
21.0
20.0
1.0
9.0
2.0
2.0
1.0
100

Table 3: Growth performance of Nile tilapia fed diets supplemented
with different levels of LLMF in different types of rearing condition1
Survival Feed Efficiency
Specific Growth
rate (%)
(%)
Rate (%fish/day)
LLM0
100a
33.66±1.43d
1.27±0.05d
a
cd
LLM25
100
31.47±1.67
1.19±0.04cd
a
c
LLM50
100
28.25±2.06
1.07±0.07c
LLM75
100a
21.66±2.49b
0.81±0.10b
LLM100
100a
17.88±1.00a
0.68±0.04a
1Each value is the mean ± S.E.M. of data from replicate groups.
Within a column, means with different letters
indicate a significant difference (P<0.05).
Treatments

28.30
7.73
36.11
7.72
16.42

Growth Performance
The results of the growth performance of Nile tilapia fed with
various levels of LLMF are shown in Table 3. There was no

The results of regression analysis determined the relationship
between the effects of the substitution level of LLMF on the
growth rate specifically showed a linear model with the
equation: Y = 1.320 - 0.006x (Fig 1).

Fig 1: Regression analysis of daily growth rate (%) for Nile tilapia fed by various different level substitution of LLMF (CP 28%) during
50 days rearing periods.

Water quality parameters measured during the study were
water temperature, pH, and DO. The measurement results
showed that water quality during the experimental periods

was in the range of the appropriate level for Tilapia culture
(Table 4).

Table 4: Range of water quality analysis during the experimental periods in Nile tilapia rearing condition fed by various
substitution level of LLMF.
Treatments
LLM0
LLM25
LLM50
LLM75
LLM100

Water Temperature (0C)
27.8-28.1
28.4-28.9
27.6-28.9
28.1-28.8
27.7-28.6

4. Discussion
Based on the results presented in Table 1, the crude protein of

pH
6.93-6.96
6.00-6.30
6.79-7.05
6.79-6.97
6.90-6.94

DO (mg/L)
3.64-3.71
3.54-3.92
3.29-4.22
3.78-4.42
3.74-4.42

LLM after fermentation (28.12%) was higher than before
fermentation (27.58%). The result of the crude protein level
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of LLM before fermentation in the present study was higher
than those in previous studies about LLM diets, which
contained 24.05% [10], and 20.35% CP [8]. Different results
might be caused by the processes used in each research were
different. After being fermented using proteolytic bacteria
(Lactobacillus sp.), the percentage of CP in the present study
was increased to 28.12%. In line with previous study [8],
bacteria could help to increase the crude protein of LLM.
However, the increasing level of crude protein of LLM
fermented by Lactobacillus sp. in the present study was lower
(0.54%) than LLM inoculated by B. subtilis and B. circulans
(9.42%) [8].
Although the fermentation could decrease crude protein and
decrease the crude fiber of LLM, the crude fiber contained in
LLM of the present study was still quite high in the level of
38.02% before fermentation and decreased to 36.96% after
fermentation. This result was quite higher than the previous
research [10] with the soaking method was resulted in 20.20%
of crude fiber and inoculating with Bacillus sp. showed 5.92%
of crude fiber [8]. Differences in nutrient contents were
thought to be due to the initial leaves used in each study
according to the statement of [11] that the nutritive values of
Leucaena leaf vary according to age, location, and species.
The leaves used in this study contain high crude fiber so that
even though fermentation has been done, it was still not
enough to reduce the crude fiber. Even though before
fermentation, LLM in our present study was sundried for 72
hours. In line with Agbo et al. [12] that the best time to
sundried the LLM to increase the crude protein was 72 hours.
Our results showed that a 25% substitution of LLMF in diets
can be added as the optimum result for SGR and FE for tilapia
culture. From five experimental rearing conditions, the
highest SGR values (P<0.05) were observed from treatment
without LLM (LLM0) substitution (Table 3), although no
significant differences with group fish in (P>0.05).
In our present study, the increasing addition of LLMF in diets
decreased the growth performance because adding more
LLMF might produce negative impact contributing to low
growth rates. In accordance with previous studies which
mentioned that the decrease in growth rate apparently due to
the presence of anti-nutritional factors such as mimosine and
tannins which could not fully being reduced and became the
inhibitor of a protein, thus, the protein contained in LLM
cannot be completely used for the growth [8, 10].
Studies about the utility of LLM in fish diets have been
reported that LLM could be used for a fish feed up to 25%
such as in African catfish, Clarias gariepinus, the inclusion
levels of up to 30% but it is efficacious and cost-effective at
20% inclusion level [9]; in Nile tilapia, O. niloticus, the
inclusion level of soaked LLM for 48 hours at level 25% gave
the highest growth rate [6, 10].

6. References
1. Trosvik KA, Rawles SD, Thompson KR et al. Growth
and Body Composition of Nile Tilapia, Oreochromis
niloticus, Fry Fed Organic Diets Containing Yeast
Extract and Soybean Meal as Replacements for Fish
Meal, with and without Supplemental Lysine and
Methionine. J World Aquac Soc. 2012; 43(5):635-647.
doi:10.1111/j.1749-7345.2012. 00595.x
2. Hossain S, Khalil MI, Alam MK, Khan MA, Alam N.
Upgrading of Animal Feed by Solid State Fermentation
by Pleurotus sajor-caju. 2009; 1(4):53-58.
3. Fitriliyani I, Harris E, Mokoginata I, Nahrowi.
Peningkatan Kualitas Nutrisi Tepung Daun Lamtoro
Sebagai Pakan Ikan Dengan Penambahan Ekstrak Enzim
Cairan Rumen Domba. Ber Biol. 2010; 10(2).
4. Hertrampf JW, Piedad-Pascual F. Book review:
Handbook on Ingredients for Aquaculture Feeds.
Aquaculture. 2001; 201:359-360.
5. Hylin JW, Lichton IJ. Production of reversible infertility
in rats by feeding mimosine. Biochem Pharmacol. 1965;
14(7):1167-1169. doi:10.1016/0006-2952(65)90048-1
6. Wee KL, Wang S Sen. Nutritive value of Leucaena leaf
meal in pelleted feed for Nile tilapia. Aquaculture. 1987;
62(2):97-108. Doi: 10.1016/0044-8486(87)90314-0.
7. D’Mello JPF, Acamovic T. Leucaena leucocephala in
poultry nutrition - A review. Anim Feed Sci Technol.
1989; 26(1-2):1-28. doi:10.1016/0377-8401(89)90003-5
8. Bairagi A, Sarkar Ghosh K, Sen SK, Ray AK. Evaluation
of the nutritive value of Leucaena leucocephala leaf
meal, inoculated with fish intestinal bacteria Bacillus
subtilis and Bacillus circulans in formulated diets for
rohu, Labeo rohita (Hamilton) fingerlings. Aquac Res.
2004; 35(5):436-446.
Doi:10.1111/j.1365-2109.2004. 01028.
9. Amisah S, Oteng M, Ofori J. Growth performance of the
African catfish, Clarias gariepinus, fed varying inclusion
levels of Leucaena leucocephala leaf meal. J Appl Sci
Environ
Manag.
2010;
13(1).
Doi:10.4314/jasem.v13i1.55257
10. Falaye AE, Olaniran TS, Aroso B. The Growth and
Survival Rate of Oreochromis niloticus Fingerlings Fed
with Varying Percentages of Leucaena Leucocephala
Leaf Meal Based Diets. 2002; (1):135-138.
11. Laconi EB, Widiyastuti T. Kandungan xantofil daun
lamtoro (Leucaena leucocephala) hasil detoksikasi
mimosin secara fisik dan kimia. Media Peternak. 2010;
33(1):50-54.
12. Agbo A, Balogun J, Oniye S, Auta J. Effect of different
processing methods on nutritional composition of
Leucaena leucocephala (Lam De Wit) leaves as inclusion
in Fish Feed. J Appl Sci Environ Manag. 2017;
21(4):719. doi:10.4314/jasem.v21i4.12.

5. Conclusion
In conclusion, the results also suggested by adding LLMF at
the level of 25% of inclusion could give the best growth
performance for Nile tilapia. However, because the utility of
high levels of LLM in fish diets may lead to reduce growth
performance, future research is necessary to investigate the
optimum ways to omit the anti-nutritional factors in LLM and
the maximum level of LLM that fish could accept as a
component of diets. Thus, the utility of Leucaena leaf in fish
diets could be provided a possible use for the unexploited
resource of plant protein source.
~ 163 ~

