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Introduction

The present study was carried out to evaluate the impact of fish silage (FS) on the
growth performances, protease enzyme activity and muscle compositions of Nile
tilapia. In this regard, FS was produced from the waste parts of carp, pangus and tilapia
and five iso-nitrogenous (containing 35% crude protein) diets were formulated in
which fishmeal (FM) was used as the primary protein source in the control diet (0%
FS, T1). The remaining four diets were formulated by replacing 25% (T2), 50% (T3), 75%
(T4), and 100% (T5) FM protein with the FS. These diets were fed to tilapia at 8-6% of
their body weight rearing them in glass tanks at the density of 15 fish/tank in
triplicates. After fifty-days feeding trial, survival (%) of fish remained unaffected among
the dietary treatments. Tilapia fed with 75% FS based diet showed improved growth
and lower FCR, whereas those fed a diet with 100% FS exhibited lower growth rates.
Notably, protease enzyme activity (mg/ml/min) increased with higher levels of FS
inclusion. Increased crude protein content was observed in the fish fed the 75% FS
diet. These findings underscore the potential of including FS up to 75% to enhance the
growth performance of Nile tilapia.

seafood processing plant in Bangladesh (Islam and
Pefiarubia, 2021). In general, the amount of fish wastes

Bangladesh has achieved self-sufficiency in fish
production since 2018 with a total current production of
4.76 million metric ton (Parvez et al., 2021; DoF, 2023).
Carps (indigenous and exotic), pangus and tilapia are the
major aquaculture groups which contributes more than
50% of the total fish production (DoF, 2023). Generally,
the major portion of the fish production is locally
consumed for meeting protein demand after being
processed. A substantial amount of waste is generated
during processing in local fish market, home kitchen,
processing plant and factories in Bangladesh every year.
It has been reported that annually more than 43
thousand tons of seafood waste are generated from the
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generated during processing ranges from 20 to 80 %
depending on the level of processing and type of fish
(Ghaly, 2013; Alfio et al., 2021). According to DoF (2023),
a significant amount of fish and fishery products (74100
MT) is exported to more than 52 foreign countries after
being processed from 107 fish processing plants in
Bangladesh. Currently, only a small portion of the waste
is used locally for human consumption or as feed for
aquaculture species in raw form, and there is no
established supply chain or formal marketing system
regarding the utilization of these wastes in the country.
Unfortunately, the major portion of the wastes is usually
discarded in the environment due to the lack of proper
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waste management system that resulting
environmental pollution, poor resource utilization and
economic loss (Islam et al., 2021). The contribution of
the fisheries sector would be higher if these wastes
could be bio-converted into silage and incorporated it
into the fish diet.

Fish feed constitutes a significant portion of cost in
aquaculture operations, representing approximately 50-
60% of the overall production expenses (Adikari et al.,
2017). Among various ingredients used in formulating
feed for fish and crustaceans, fish meal (FM) has long
been recognized as a high-quality animal protein source
due to its balanced nutritive compositions and high
palatability (Hardy and Barrows, 2003). However, in
recent times, it has become expensive and scarce in the
aqua feed industry due to inconsistent supply and
unsustainable exploitations (Samaddar et al.,, 2015;
Hussain et al.,, 2024). Therefore, to ensure the
sustainability of aqua feed sector, there is a need to
explore nutritionally balanced and economically viable
alternative protein sources is warranted. To address this
issue, biomass from fish processing wastes (i.e., heads,
viscera, bones, fins, scales, appendages etc.) could
effectively be utilized as a potential protein source. The
waste biomass has been identified as a low-cost
nutrient-rich product with the potential to serve as
novel proteins, bioactive peptides, enzymes, omega-3-
rich oils, minerals, and chitin (Mo et al., 2018; Cretton et
al., 2021; Wassef et al., 2023). However, raw fish wastes
cannot be directly used as ingredients in fish feed
because they are highly perishable items that have
potentials for four categories of loss viz., physical,
nutritional, quality and market loss. To reduce the loss,
therefore, these must be converted into value-added
products such as fish silage, and fish protein hydrolysate
through proper treatment to ensure nutritional quality
(Nor et al., 2011; Saleh et al., 2022).

Fish waste can be inexpensively bio-converted by
treating it with chemicals (such as organic or inorganic
acids) or by biological means (fermentation using lactic
acid bacteria) into a non-homogenous liquid feedstuff
called fish silage (FS) (Tatterson, 1982; Vidotti et al.,
2002). FS contains a liquid mixture of hydrolyzed
proteins, lipids, and minerals, making it a potentially
high-quality feed ingredient comparable to FM in terms
of nutritional compositions (Stone et al., 1989; Shao et
al., 2020). The ensiling treatment process of FS
facilitates the production of hydrolyzed proteins that
can be easily digested and absorbed by aquatic animals
(Arruda et al., 2007; Siddik et al., 2021). Peptides and
free amino acids resulting from protein hydrolysis can
act as stimulants of nonspecific immunity of fish.
Moreover, the chemicals (organic/inorganic acid) added
during the ensiling process have been shown to increase
disease resistance in tilapia due to its antibacterial
properties and preservative nature (Ramli et al., 2005;
Toppe et al., 2018; Penarubia et al., 2020). The nutrient
content of the FS largely depends on the raw materials
used during processing. It has been reported that FS

produced from different fish wastes has the potential to
substitute FM at different inclusion levels, successful
replacements observed in several fishes and
crustaceans, including tilapia (Soltan and Tharwat, 2006;
Goosen et al.,, 2016), carps (Haider et al.,, 2016;
Muttharasi et al., 2019), sea bass (Liang et al., 2006; Nor
et al,, 2011), shrimp (Rodriguez-Gonzalez et al., 2018;
Lobato et al., 2019; Shao et al.,, 2020), and catfish
(Fagbenro et al.,, 1998; Soltan et al., 2008). The
production of FS is a novel concept for animal feed
manufacture in Bangladesh and is expected to be a
positive development (Islam and Pefiarubia, 2021).

In this context, to minimize feeding cost as well as
to promote sustainable resource management, the
waste generated during processing of major
aquaculture species in Bangladesh was used to produce
FS and incorporated as an alternative protein source in
the diet of Nile tilapia (Oreochromis niloticus). Nile
tilapia is one of the most cultivated omnivorous fish
species globally including Bangladesh due to its broad
consumer acceptance and commercial value. Therefore,
the present study aimed to assess the impact of FS on
zootechnical performances, feed utilization, enzyme
activity and body compositions of Nile tilapia.

Material and Methods
Fish Silage Production

Fish silage was produced using waste of three
commercially important group of fish namely carp
(three species: Labeo rohita, Catla catla and Cirrhinus
cirrhosus), pangus (Pangasianodon hypophthalmus) and
tilapia (Oreochromis niloticus). The fish were bought
from local markets and their waste parts such as guts,
skins, viscera and fins were removed and gathered,
combined in equal amounts (carp 1: pangus 1: tilapia 1),
and ground into a fine texture using an electric blender.
The FS was produced according to the procedures
described by Haider et al. (2016) and Goosen et al.
(2016). One kilogram of minced raw waste was mixed
with 4.5% formic acid (95% concentrated) and stored at
25-309C in a plastic bucket for 30 days with regular
mixing. A 250 mg of butylated hydroxytoluene (BHT)
was added to the silage mixture as an antioxidant to
reduce lipid oxidation. The extra oil floating on the
upper layer of silage was decanted occasionally. After 30
days, the silage was sun-dried six hours daily for three
days followed by drying in an electric oven at 552C for
24 hours to produce powder silage. Proximate
composition of the silage was determined as described
below in the ‘chemical composition’ section.

Experimental Design and Diet Preparation

The experiment was followed in a completely
randomized design, employing five dietary treatments
(T) with three replications for each. Five isonitrogenous
experimental diets containing 35% crude protein were
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formulated in which FM served as the main animal
protein source in control diet (T1; 0% FS) due to its high
digestibility and balanced amino acids profile. The
remaining four diets were formulated by replacing 25%
(T2), 50% (T3), 75% (T4), and 100% (T5) FM protein with
the FS (as indicated in Table 1). All ingredients other
than FS used for the experimental diets (Table 1) were
obtained in dry form from local feed ingredient
suppliers. Before manufacturing diets, all ingredients
were grounded separately into small homogenous
particles and proximate compositions (specified in
chemical composition sub-section) of representative
samples were determined for formulating diets
appropriately. Afterwards, the ingredients were mixed
at the formulated ratios (Table 1) ensuring proper
mixing of all ingredients with water to obtain moist
mashes. Then, sinking wet pellets were manufactured
from the mashes by passing it manually through a small
sieve (2.0 mm diameter) of a hand pellet machine.
Finally, the pellets were dried at 50°C in an oven until
the moisture content reached around 10-12%.

Stocking and Feeding Regime

The experiment was conducted in fifteen (15)
rectangular glass tanks located at the wet laboratory of
Khulna University, Bangladesh. Each tank had a 120 L
volume (dimension: 27.52x15.75x16.9 inch) containing
90 L usable capacity for water filling which was equipped
with an air stone and uninterrupted aeration system for
ensuring continuous oxygen supply. A total of 500 tilapia
juveniles were obtained from BRAC hatchery Khulna,
Bangladesh, and acclimated to the tank unit located at
the laboratory for seven days. During acclimation, fish
were fed a 32% protein rich commercial feed (Quality
feed, Dhaka, Bangladesh). Before stocking the fish in

Table 1. Formulations and compositions of experimental diets

experimental tanks, they were starved for 24 hours to
empty their gastrointestinal tract. Visually healthy fish
of uniform sizes were then individually weighed to
maintain similar tank biomass. A total of 225 tilapia
(mean weight 6.89+0.06g) were stochastically
distributed into the tanks at a density of 15 fish/tank.
The five experimental diets were randomly assigned to
tanks in triplicates. The diets were fed to the fish for 50
days at 8% of their body weight for the first 20 days,
after which it was reduced to 7% for 15 days and 6% for
the last 15 days. The feeding rate and amount was
adjusted by sampling at ten days interval considering
the satiation levels and feeding behaviour of the fish.
The total amount of feed was divided into two equal
rations and provided at 09:00 and 18:00.

Water Quality Monitoring

During the growth trial, fifty percent (50%) of
water was renewed daily to maintain water quality
parameters. The key water quality parameters such as
temperature, pH and dissolved oxygen (DO) were
checked daily at 8:30, while total ammonia nitrogen
(TAN) and nitrite nitrogen (NO2) were measured at
every other day. Water temperature was recorded by
using a Celsius thermometer, and TAN, NO2", pH and DO
were measured by using API test kits (Mars Fishcare
North America, Inc., USA).

Sampling Methods and Analytical Procedures

Growth was observed regularly at 10 days interval
by collecting all fish from each tank and their live weight
(g) was taken by using an electric balance. Before final
weighing fish were starved for 24 hours to empty their
gastrointestinal tract. Final weight of all fish in each tank

on dry matter basis

Experimental diets

Ingredients (g/100g)

T1 T2 T3 T4 T5
Fish meal? 32.11 24.08 16.06 8.03 0.0
Fish Silage! 0.0 10.44 20.89 31.33 41.77
Soybean meal?! 32.11 33.02 33.91 34.85 35.84
Wheat flour!? 11.31 10.72 10.23 9.56 8.74
Rice polish? 9.90 8.46 7.04 5.58 3.94
Corn flour?! 7.07 5.78 4.37 3.15 2.21
VM premix? 2.0 2.0 2.0 2.0 2.0
Soybean oil 3.0 3.0 3.0 3.0 3.0
Binder 1.0 1.0 1.0 1.0 1.0
Di-calcium phosphate 1.0 1.0 1.0 1.0 1.0
Sodium chloride 0.5 0.5 0.5 0.5 0.5
Composition (%)
Protein 35.01+1.22 34.9710.20 34.98+0.91 35.10+0.78 35.29+1.28
Lipid 12.85+1.23 14.84+1.72 15.72+1.32 14.63+3.14 15.54+1.15
Ash 11.65%3.96 10.87£2.76 11.86+1.30 12.01+0.60 11.2241.19
Moisture 10.87+1.25 11.82+2.86 10.67+1.10 11.19+2.83 12.22+2.83

IMean protein content in fish meal: 56.59%, soybean meal; 40.95%, fish silage: 43.50%, wheat flour: 17.12%, rice polish: 12.55% and corn flour: 7.13%.

2Vitamin and mineral premix contain (per kg): Vitamin A, 2600000 1U; Vitamin D3, 400000 |U; Vitamin B2, 800 mg; Vitamin K, 800 mg; Vitamin B6, 40000;
Vitamin E, 300 IU; Vitamin B12, 3200 mg; L-Lysin, 10000 mg; DL-Methionine, 20000 mg; Calcium chloride, 44000 mg; Calcium, 600000 mg; Phosphorus,
120000 mg; Iron, 8000 mg; Zinc, 16000; Copper 400 mg; Magnesium, 1200 mg; Cobalt, 2400 mg.
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was recorded for growth analysis at the end of the
experiment, while the number of fishes was counted for
determining survival rate. The amount of experimental
diet fed to the fish in each tank and weight of fish
obtained from the tank was used to calculate FCR. To
determine condition factor, weight (g) and length (cm)
of individual fish were measured by using a sensitive
weighing balance and a measuring board, respectively.
Three (03) fish from each tank were randomly selected
and sacrificed after euthanizing using 2-phenoxyethanol
anesthesia at the rate of 0.3 ml/liter. Immediately the
viscera, liver, intestine, and muscle were separated
carefully. Liver and viscera were weighed individually for
determining hepatosomatic index and viscerosomatic
index respectively, while intestines and muscles were
mixed separately to prepare pool samples for analyzing
protease enzyme activity and proximate compositions
respectively.

Growth Performance, Survival, Feed Utilization and
Somatic Index

At the end of the experiment, growth performance
indicators, feed utilization as FCR, survival rate (SR),
condition factor (CF), and somatic index were
determined using the following equations:

Mean final weight, FW (g) = Total weight of fish at
harvest (g)/No of fish survived;

Mean weight gain, WG (g) = Final mean weight (g) —
Initial mean weight (g);

Weight gain, WG (%) = (Final mean weight (g) — Initial
mean weight (g)) x 100/Initial mean weight (g);

Specific growth rate, SGR (%/day) = (In final weight — In
initial weight)gx100/days;

Survival rate, SR (%) = (Final number of fish
harvested/Initial number of fish stocked) x 100;

Feed conversion ratio, FCR = Total weight of feed given
(g)/Total wet weight gain of fish (g);

Condition factor, CF = (Final live individual weight
(g)/Final individual length3) x 100;

Hepatosomatic index, HSI (%) = (Liver weight/whole
body weight) x 100;

Viscerosomatic index, VSI (%) = (Viscera weight/whole
body weight) x 100.

Protease Enzyme Activity
The intestine samples were taken in eppendorf

tubes containing 0.1 M Tris-EDTA buffer (pH 8). The
samples in the eppendorf tubes placed in an ice-filled

container were homogenized using a tissue
homogenizer. Then, it was centrifuged at 12000 rpm for
10 minutes at 4°2C for collection of supernatants
containing the enzyme. Protease activity was
determined using casein as a substrate following the
casein digestion method of protease activity as
described by Walter (1984). Briefly, aliquots of 200 pl of
the sample were mixed with 200 pl soluble casein
(Concentration like 0.65% w/v) and incubated for 30
minutes at 35°C by incorporating 200 pl of trichloracetic
acid (100 mM) into the mixture. This mixture was then
centrifuged at 12000 rpm and 4°C for 10 minutes and
the absorbance of the resultant centrifugation was
quantified spectrophotometrically at 280 nm using a
double beam spectrophotometer (HITACHI, U-2910,
Japan). Finally, the protease activity was measured after
developing a standard curve of tyrosine where one unit
of enzyme activity was defined as the amount of enzyme
required to produce 1lug tyrosine for protease in 1
minute at 35°C.

Chemical Composition

Proximate compositions including crude protein,
lipid, ash and moisture of all feed ingredients,
experimental diets and muscles samples of the fish fed
experimental diets were determined according to the
methods of Association of Official Analytical Chemists
(AOAC, 2012). Moisture and ash were determined
gravimetrically by oven drying at 1052C for 24 hours and
by incineration in a muffle furnace at 5502C for 16 h,
respectively. Crude protein (N x 6.25) was determined
by the Kjeldahl method after digestion with
concentrated H2S04, while crude lipid was determined
gravimetrically using chloroform and methanol
according to Bligh and Dyer (1959). In addition, amino
acid (AA) profile of FM and FS were determined in an
amino acid analyzer (LA 8080, Hitachi, Japan). In this
regard, a 200 mg of the sample was hydrolyzed in 25 ml
of 6 N HCI for 24 hours heated in a sand bath at 110°C.
Then it was dried and diluted in 15 ml distilled water,
and filtered using 0.45 um syringe filter. Finally, AA
profiles in the sample were determined in the AA
analyzer (LA 8080, Hitachi, Japan) equipped with a
Hitachi high-performance cation-exchange column at
57°C column temperature according to Isra et al. (2022).
The proximate compositions of the experimental diets
are presented in Table 1 and the AA profiles of the FM
and FS are presented in Table 2.

Statistical Analysis

All the experimental data are presented as means
with standard deviation (meantSD). Treatment wise
mean datasets were compared by analysis of variance
(ANOVA) using statistical package (SPSS) (version 16.0).
Post hoc Duncan’s Multiple Range Test was carried out
to determine significant differences among the
treatment means at P<0.05.
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Table 2. Amino acid profile (AA) (g/100g) of fishmeal, fish silage and five experimental diets on dry matter basis

Amino acids Ingredients Contribution of FM and FS in the experimental diets*
FM FS T1 T2 T3 T4 T5

EAA

Arginine 0.53 0.66 0.17 0.20 0.22 0.25 0.28
Histidine 2.35 1.23 0.76 0.70 0.64 0.57 0.51
Isoleucine 2.44 0.81 0.78 0.67 0.56 0.45 0.34
Leucine 1.18 1.86 0.38 0.48 0.58 0.68 0.78
Lysine 1.21 0.80 0.39 0.38 0.36 0.35 0.33
Methionine 0.73 1.05 0.24 0.29 0.34 0.39 0.44
Phenylalanine 5.67 0.66 1.82 143 1.05 0.66 0.28
Threonine 3.81 1.22 1.22 1.05 0.87 0.69 0.51
Valine 0.32 4.07 0.10 0.50 0.90 1.30 1.70
NEAA

Alanine 0.70 0.94 0.22 0.27 0.31 0.35 0.39
Aspartic acid 0.51 1.04 0.16 0.23 0.30 0.37 0.43
Cysteine 6.01 3.94 1.93 1.86 1.79 1.72 1.65
Glutamic acid 7.01 3.95 2.25 2.10 1.95 1.80 1.65
Glycine 0.88 2.46 0.28 0.47 0.65 0.84 1.03
Proline 0.77 1.12 0.25 0.30 0.36 0.41 0.47
Serine 2.25 1.24 0.72 0.67 0.62 0.57 0.52
Tyrosine 2.70 0.18 0.87 0.67 0.47 0.27 0.08

*Values were calculated theoretically using the percentage values of inclusion of FM and FS (without considering the rest of the ingredients), EAA denotes
essential amino acid while NEAA denotes non-essential amino acid. All values represent in the above table are presented as mean of two replications.

Results
Water Quality

The key water quality parameters recorded during
the experiment exhibited uniformity and consistency,
with insignificant variation (P>0.05) among all the
treatments. The water quality parameters, including
temperature, pH, DO, TAN, and nitrite remained within
the ranges of 28 to 32°C, 7.0 to 8.8, 4 to 6 mg/I, 0.5 to 2
mg/l and 0.0 to 0.5 mg/I, respectively (Table 3).

Growth Performances, Survival, Feed Utilization and
Somatic Index

Growth performances, survival rate and somatic
indexes of tilapia are presented in the Table 4. The initial
weight was similar among dietary treatments (P > 0.05).
Following the 50-day feeding trial, the inclusion of FS up
to 75% had a general impact on the growth performance
of the fish. The fish fed with the T4 diet exhibited the
highest mean final body weight (FBW), mean weight
gain (WG), and specific growth rate (SGR) compared to
any other treatment diet (P<0.05). FBW, WG and SGR
increased with the increasing replacement level of FM
by FS up to its 75% inclusion (T2-T4) compared to control
(T1), although there was insignificant difference among
the treatments (P>0.05). Diet T5, containing 100%
replacement of FM by FS, significantly reduced growth
performance of the fish compared to the T4 diet,
although the growth reduction was insignificant
compared to the other treatments (T1-T3). Similarly,
Nile tilapia fed on the T4 diet increased feed efficiency
by reducing FCR compared to those fed with any other
treatment diets, whereas diet the T5 significantly
increased FCR compared to T4 diet.

Dietary treatments of FM replacement by FS had
no effect (P>0.05) on the survival rate (SR). The
condition factor (CF) of the fish was also not affected
(P>0.05) by the diets, ranging between 1.54 and 1.75
across all treatments. However, the hepatosomatic
index (HSI) and viscerosomatic index (VSI) of fish were
insignificantly increased in the fish fed with T3 and T4
diets as compared to the control diet (Table 4). The HSI
for both T3 and T4 diets were considerably greater
(P<0.05) than those fed T2 and T5 diets. The VSI for both
T3 and T4 diets were considerably greater (P<0.05) than
T2 but insignificantly higher than T5.

Protease Enzyme Activity

Protease activities (PA) in the intestine of fish fed
experimental diets are presented in the Figure 1. In
comparison to control diet (T1), intestinal PA increased
with the increasing inclusion levels of FS, although the
increasing rates were not proportional to inclusion
levels. PA of both T4 and T5 diets was significantly higher
(P<0.05) than that of other treatments; however, the
difference was insignificant in the activity between T4
and T5 treatments (P>0.05).

Proximate Composition of the Fish

After the 50-day feeding trial, crude lipid, ash, and
moisture content in the muscle of the fish remained
unaffected by the dietary treatments (p > 0.05). There
was a significant difference in crude protein content in
fish fed different levels of FS diets. When compared to
fish fed diets with 25% and 100% FS, fish fed a 75% FS
diet had the highest protein levels (Table 5).
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Table 3. Key water quality parameters recorded (means+SD) during the experiment
Parameters T1 T2 T3 T4 T5
Temperature (2C) 29.31+0.65° 29.23+0.79° 29.29+0.752 29.17+0.562 29.28+0.61%"
pH 8.08+0.182 8.10+0.282 8.13+0.312 8.12+0.252 8.0410.192
DO (mg/l) 5.08+0.562 4.97+0.622 5.06+0.57° 5.01+0.652 5.06+0.72°
TAN (mg/1) 0.68+0.512 0.64+0.41° 0.69+0.362 0.66+0.352 0.72+0.342
Nitrite (mg/I) 0.05+0.132 0.06+0.132 0.07+0.152 0.060.132 0.07+0.142

* Mean values in the same row with different superscripts are significantly different (P<0.05).

Table 4. Growth performances, survival and somatic indexes (means+SD) of Nile tilapia fed five experimental diets with different
levels of fish silage. All values represent as mean and SD of three replicates

Parameters T: T, T3 T4 Ts

IBW (g) 6.89+0.052 6.88+0.052 6.90+0.062 6.871£0.072 6.88+0.102

FBW (g) 21.71+2.66% 21.85+1.992 23.46+2.58 24.79+0.69 20.06%£1.572
WG (g) 14.82+2.7130 14.97+2.032b 16.56+2.522 17.92+0.63° 13.18+1.642
WG (%) 215.2+40.82b 217.8+30.92b 239.8+34.623b 260.7+7.1° 191.9+25.92
SGR (%/d) 2.28+0.272b 2.31+0.202b 2.44+0.202b 2.57+0.04b 2.1440.172

FCR 2.66+0.392b 2.82+0.392b 2.49+0.382b 2.21+0.10° 3.04+0.402

SR (%) 95.56+7.702 88.89+7.702 91.11+3.852 93.331+6.67° 93.33316.672
CF 1.60+0.052 1.64+0.062 1.56+0.032 1.60+0.052 1.62+0.112

HSI (%) 2.33+0.392P 2.04+0.362 2.51+0.60° 2.52+0.44b 2.01+0.422

VSI (%) 8.42+0.902 6.76+0.85P 8.55+1.782 8.50+£1.09°2 7.82+0.652b

In the same row with different superscripts are significantly different (P<0.05).IBW=mean initial body weigh; FBW=mean final body weight, WG =
weight gain; SGR = specific growth rate; FCR = feed conversion ratio; CF = condition factor; VSI = viscerosomatic index; HSI = hepatosomatic index;
SR = Survival rate.

[
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Treatments

Figure 1. Protease enzyme activity in the intestine of Nile tilapia fed diets with different levels of fish silage. Different letters above
bars represent significant difference among dietary treatments

Discussion reported higher SGR (3.06 and 3.22% per day,
respectively) in Nile tilapia fed similar diets compared to
This study aimed to assess the potential of those observed in the present study. These

incorporating fish silage derived from carp, tilapia and discrepancies in SGR among studies may be attributed

pangus waste into the diet of Nile tilapia. Key water
qualities remained consistent among the treatments
and were within the optimum ranges required for
culturing Nile tilapia as described by El-Hack et al.
(2022). The consistent and uniform water quality
parameters among treatments revealed that the
inclusion of fish wastes and the presence of acid in silage
did not adversely impact water quality. Following the
harvest, the overall specific growth rates (SGRs) of Nile
tilapia fed the treatment diets ranged from 2.14% to
2.57% per day, exceeding the SGR (0.93% per day)
reported by Goosen et al. (2016). On the other hand,
Soltan and Tharwat (2006) and Madage et al. (2015)

to variations in basal ingredients in diets, initial fish
weight, and rearing conditions.

In general, the dietary inclusion of FS had positive
effects on the growth performance, survival, feed
utilization, somatic health and conditions, protease
enzyme activity, and muscle compositions of the fish.
The optimal protein requirement for Nile tilapia typically
falls between 30% and 35%, with specific concentrations
of ten essential amino acids (EAAs) such as 1.79%
arginine, 0.84% histidine, 1.33% isoleucine, 1.47%
leucine, 2% lysine, 0.98% methionine, 1.51% threonine,
1.23% valine, 1.19% phenylalanine, and 0.28%
tryptophan (NRC, 2011; Mai et al., 2022). Analysis of the
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Table 5. Proximate composition (meanstSD) of Nile tilapia fed five experimental diets with different levels of fish silage. All values
represent as mean and SD of three replicates (% of wet weight basis)

Parameters T1 T2
Crude protein (%) 19.51+0.99acd 19.03£0.562
Crude lipid (%) 4.8310.51° 4.85+0.79°
Ash (%) 3.35+0.512 4.10£0.622
Moisture (%) 70.6612.012 71.124+0.862

T3 T4 T5
20.16+0.542¢ 20.32+0.43¢ 18.88+0.334
4.08+0.652 4.58+1.28° 3.82+1.172
4.43+0.802 3.93+0.53¢ 3.51+0.282
69.61+1.722 70.40+1.59° 72.42+1.50°

* MeanszSD in the same row with different superscripts are significantly different (P<0.05).

AA content in FM and FS revealed that tryptophan was
not detected in either ingredient. Histidine, isoleucine,
lysine, threonine, and phenylalanine concentrations
were higher in FM, whereas arginine, leucine,
methionine and valine concentrations were higher in FS
(Table 2). Therefore, the inclusion of either FM or FS
alone could lead to imbalances in EAAs in the final diet.
Instead, blending both ingredients ensure a balanced
amino acid content in the diet. It is evident that fish
growth correlates not only with crude protein level but
also with proper proportion of all AAs (Kaushik and
Seiliez, 2010). In our study, the inclusion of either 100%
FM or 100% FS in the diet did not enhance growth.
Instead, better growth was observed when FM was
partially replaced by FS, ranging from 25% to 75% in the
diets. This improved growth may be attributed, among
other factors, to the intake of a relatively balanced blend
of AAs from both sources of ingredients.

The growth performance in fish fed with a diet
incorporating 75% FS exhibited enhanced outcomes in
terms of mean FBW, WG, and SGR compared to other
diets. Consistent with our study, several studies have
reported improved growth performance of Nile tilapia
fed diet with different levels of FS produced through
acidic, biological or enzymatic bioconversion method
utilizing by-products and wastes from different fish and
shrimp species. For instance, Soltan and Tharwat (2006)
successfully replaced up to 25% of fish meal (FM) with
fermented fish-by-products based silage in Nile tilapia
diets, with no significant difference in growth observed
up to 25% replacement, but a significant decline
thereafter. Following a similar trend, in Red tilapia, acid-
based tilapia waste silage effectively replaced up to 50%
of dietary FM (Madage et al., 2015). Similar to our
findings, studies by El-Hakim et al. (2007) and Cavalheiro
et al. (2007) demonstrated improved growth
performances in Nile tilapia after the inclusion of 100%
acidic FS in the diet, utilizing tilapia and shrimp waste,
respectively, valorized into acidic silage as FM
substitutes. Furthermore, our findings align with several
studies that utilized FS as a protein source in tilapia and
other fishes’ diet (Plascencia-Jatomea et al., 2002; Liang
et al., 2006; Goosen et al., 2016; Gongalves et al., 2019;
Santana et al., 2023a). These studies found that partial
or complete replacement of FM with acidic or
fermented FS supported satisfactory growth rates and
did not significantly affect the growth of reared fish
compared to the control (FM) diet.

Similar to growth performances, an improved FCR
was noted in the 75% FS diet, while replacing FM with FS

up to 75% showed no significant effect on FCR.
However, complete replacement (100%) of FM with FS
led to an increase in FCR. This indicates a comparable
nutrient efficiency among the diets except for the 100%
FS diet. Additionally, the 75% FS-based diet
demonstrated superior nutrient digestibility and
retention capacity compared to others, enabling fish to
efficiently utilize nutrients and convert them into weight
gain by retaining more nutrients. As observed in the
present study, the high inclusion (>50%) FS replacing FM
has been reported to increase feed efficiency by
improving digestibility and nutrient retention which
resulted in decreased FCR and better growth
performances in various fish species such as tilapia,
Oreochromis niloticus (Madage et al., 2015; Montoya-
Mejia et al., 2017); rainbow trout, Oncorhynchus mykiss
(Guzel et al., 2011); tambaqui, Colossoma macropomum
(Santana et al., 2023a); whiteleg shrimp, Litopenaeus
vannamei (Shao et al., 2020).

Survival among dietary treatments remained
unaffected throughout the feeding trial, which indicates
that inclusion of FS up to 100% did not affect fish
survival. This might have resulted from the consequence
of improved immune stimulating effects of protein
hydrolysis products (peptides and free amino acids) in
the FS. The finding corroborates several studies that
explored wastes-based FS as sources of protein in diets
for tilapia (Goosen et al., 2016) and seabass (Cahu, 1999;
Liang et al., 2006; Kotzamanis et al., 2007), and generally
reported that FS could act as a stimulant of the cellular
non-specific immunity, thereby decreasing stress and
improving survival. In addition, formic acid, the raw
material for FS production, could act as an antimicrobial
agent (Ramli et al., 2005) that might result in enhanced
disease resistance capacity for improved survival.

The CFs of the fish fed the five diets exhibited no
significant differences, ranging from 1.56 to 1.64. The
lack of disparity in CFs among the treatments suggests
that the fish maintained similar levels of health and
physiological conditions during the trial. The CFs
obtained in this study are similar to the findings of
Mamboya and Githunguri (2005) who recorded CFs
ranging from 0.9 to 2.2, with an average value of 1.6 in
the wild stock of Nile tilapia from Lake Victoria in
Tanzania. A feeding trial of juvenile Nile tilapia in indoor
tanks conducted by Zablon et al. (2020) reported the CF
ranges were also similar to the CFs observed in this
study. Similarity of CF ranges reveals that the fish
subjected to the treatment diets exhibited health
characteristics comparable to those of wild or captive
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stock.

Hepatosomatic index (HSI), a measure of the
relative weight of the liver, is a widely used parameter
in fish biology as an estimate of the energy status of the
fish, while VSl indicates the proportion of muscle tissue
relative to visceral tissue in fish (Nunes et al., 2011). The
HSI and VSl values of juvenile Nile tilapia observed in this
study are similar to other studies found in the fish fed
with fish waste silage (Montoya-Mejia et al.,, 2017;
Abdullahi et al., 2023). No significant disparity in HSI
among the treatments suggests similar liver sizes and
comparable fat storage and energy utilization for
cellular metabolic processes. The dietary inclusion of FS
neither negatively nor positively influenced the VSI of
the fish, which is indicative of a consistent proportion of
muscle accumulation relative to viscera in the fish.

In this study, inclusion of FS enhanced protease
enzyme activity in tilapia, indicative of improved dietary
protein digestion of FS by the assistance of higher
protease activity. During digestion, the degradation of
dietary protein is facilitated by protease enzymes,
activity of which dictates the extent of underlying
protein digestibility (Abd Elnabi et al., 2020; Gopalraaj et
al., 2024). Due to its hydrolyzed nature, protein derived
from FS exhibits higher digestibility potential compared
to intact protein such as FM, attributed to the presence
of short-chain small peptides and free amino acids
(Ngrgaard et al., 2015). This inherent property of
hydrolyzed protein in FS enhances its bioavailability
during digestion, facilitating the complete breakdown of
nutrients through the secretion of protease enzymes.
Several studies have reported that FS offers enhanced
protein digestibility (>80-93%) by stimulating protease
activities in various fish species including tilapia
(Fagbenro and Jauncey, 1998; Borghesi et al., 2008;
Santos et al., 2013), indian major carp (Haider et al.,
2017), white shrimp (Shao et al.,, 2020), tambaqui
(Santana et al., 2023b) and pacu (Vidoiti et al., 2002).
The increased protease activities observed in this study
are likely to improve protein digestibility and
absorption, thereby enhancing feed utilization (FCR) and
growth performance in fish fed diets containing FS, with
the exception of those fed a diet comprising 100% FS.

The lowest growth with decreased feed utilization
in the fish fed 100% FS diet could be attributed to the
loss of nutrients by lixiviation. The extent of hydrolyzed
protein content in FS may lead to differences in diet
quality, resulting from variations in the concentrations
of amino acids, dipeptides, tripeptides, oligopeptides,
and polypeptides. High levels of amino acids and smaller
peptides are typically more soluble, leading to cause
lixiviation (Leal et al., 2010). Although the 100% FS-
based diet containing excessive amount of hydrolyzed
protein obtained the highest protease activity during
digestion, feeding fish with the protein in the diet might
not be bio-available for absorption and utilization in the
body due to lixiviation loss of nutrients that could result
in lowest growth performances.

Lipid, ash and moisture in the muscle remained
unaffected among dietary treatments, while higher
protein content was found in fish fed 75% FS diet and it
significantly declined with the lowest value in 100% FS
diet. Higher protein content of the fish obtained in this
study supported the results of Ramasubburayan et al.
(2013) who found increasing level of crude of protein
contents in the body-muscle of common carp fed the
acid silage of marine fishery waste. Conversely, there
were no notable changes in crude lipid, moisture, and
ash content among fish fed the experimental diets, and
no discernible pattern was observed regarding the
inclusion of FS in the diets.

Conclusion

In conclusion, incorporating FS up to 75% in the
diet resulted in superior performances in terms of
growth, feed utilization, survival, organo-somatic index,
protease activity, and muscle composition compared to
a higher incorporation level (100%), which adversely
affected growth performances of Nile tilapia. The results
of this study demonstrate the potential of utilizing FS
derived from fish waste, including carp, tilapia, and
pangus, in fish diets. This utilization could offer a
pathway to promote circular bio-economy practices by
enhancing the efficient utilization of these waste
resources in Bangladesh.
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