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Abstract

Asian Seabass (Lates calcarifer) fingerlings (4.21+0.68
g) were subjected to a 90-day feeding trial to
evaluate the effects of various feeds and probiotic
supplementation on growth performance, body
composition, and digestive enzyme activities under
controlled nursery conditions.The fish were fed
three experimental diets: Feed CPFA and Feed
CPFB, which are Commercial Pellet Feeds (CPF),
and Feed C, which is a basal diet containing of trash/
low-valued fish without probiotics. The other
treatments included these basal diets supplemented
with probiotics - SSP (Single-strain probiotics) and
MSP (Multi-strain probiotics). Nine treatments, with
three replicates, tested three diets, which included
without probiotics, single-strain, and multi-strain
probiotics.Fingerlings were stocked at 10 fish per 80-
liter tank.The results indicated that growth param-
eters were significantly influenced (P<0.05) by
different diets. The fish fed on multi-strain probiotics
had significantly higher final body weight (46.17+0.90
g), weight gain (41.0720.40 g), daily growth rate
(0.45+0.00 g/day), specific growth rate (1.42+0.02 g/
day), survival rate (100%), and feed conversion ratio
than those fed on single-strain probiotics and
without probiotics. Statistically significant differ-
ences (P<0.05) in proximate composition were also
observed among the fish-fed different diets. Probiotic
feeding improved the protein, fat, and moisture
content of Seabass fingerlings. Probiotics also
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enhanced the activities of digestive enzymes such as
amylase, lipase, and protease, and altered the fatty
acid profile. These findings highlight the potential
of probiotic-enriched diets in enhancing growth,
digestion, and nutritional quality in Asian Seabass,
supporting their application in sustainable aquacul-
ture practices.

Keywords: Asian Seabass, probiotics, growth per-
formance, body composition, enzyme activity,
fattyacid profile.

Introduction

Aquaculture is one of the fastest-growing sectors in
global food production (Kong et al., 2020). In devel-
oping countries, it plays a crucial role in enhancing
food security and providing additional income for
fish farmers. The rapid growth of the human popu-
lation, along with the rising demand for affordable
protein sources and the decline in fish catches from
natural inland lakes, has intensified the urgent need
for the rapid development of aquaculture (El-Saadony
et al, 2021). Aquaculture production heavily de-
pends on the external supply of aquafeeds or nutri-
ents to sustain the aquaculture system (Tacon &
Metian, 2015). Since nutrition plays a pivotal role in
fish production systems, it directly influences the
quality of the meat. Advances in nutritional science
now allow for the formulation of balanced and
comprehensive diets for commercially important
species. Adequate nutrient supply, both in terms of
quantity and quality, is essential for the growth,
health, and reproduction of all cultured species. In
aquaculture systems, particularly, feed quality and
feeding practices significantly influence sustainability,
profitability, and the overall well-being of the species
(Syamala, Khandagale, & Dias, 2014).
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Disease outbreaks and growth limitations are major
constraints on aquaculture production and trade,
negatively impacting economic development in
many countries. To address these challenges, vari-
ous alternative methods have been explored to
enhance the quality and sustainability of aquacul-
ture production. Among these methods, probiotics
have demonstrated a crucial role in improving
aquaculture practices (Hai, 2015). A growing body
of research highlights the potential of functional
feed additives, such as probiotics, in aquaculture
nutrition. Probiotics promote fish growth, enhance
digestive enzyme activity, improve serum biochemi-
cal and hematological parameters (Dawood,Abo-Al-
Ela, & Hasan, 2020), regulate intestinal microbiota,
and strengthen immune responses (Yilmaz et al,,
2022), including complement activation, lysozyme
activity (Ringe et al., 2020), and respiratory burst
functions. In aquaculture, probiotics have demon-
strated efficacy in improving feed intake, growth
performance, and overall health in various species
of fish and shrimp (Lara, Olvera-Novoa, Guzman-
Méndez, & Lopez-Madrid, 2003; Das, Lyla, & Khan,
2006). Probiotic supplementation also offers addi-
tional benefits, such as improved water quality,
enhanced nutrient utilization through supplemental
digestive enzyme production, disease mitigation,
and increased survival rates (Verschuere,Rombaut,
Sorgeloos, & Verstraete, 2000). Probiotic strains like
Lactobacilli and Enterococci, commonly used in
terrestrial animal systems, have shown promising
results in fish health applications. These findings
emphasize the importance of prioritizing research
on the appropriate use of probiotics in fish farming
systems.

Asian Seabass, a commercially significant food fish,
is widely cultivated in cage culture systems in
Kerala due to its high market value and adaptability
to aquaculture environments. While Asian Seabass
farming is widespread in Kerala, farmers face a
significant challenge in sourcing adequate and
sustainable feed. Currently, the primary feed source
for Asian Seabass culture is trash/low-valued fish.
During the initial two months of culture, chopped
trash/low-valued fish is fed at 10% of the total
biomass twice daily, with feeding intensity reduced
thereafter. However, concerns over the sustainability
of trash/low-valued fish, both in quality and
availability, have led to an interest in alternative feed
formulations (Syamala et al., 2014). To address these
issues, research on alternative feeding options,
including various pellet feed formulations and the
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application of probiotics, is essential. Such studies
aim to evaluate the efficacy of different feeds and
probiotic treatments in improving growth perfor-
mance, feed efficiency, and disease resistance. By
introducing diverse feed types tailored to Seabass’s
nutritional requirements, this research could pro-
vide farmers with viable alternatives, promoting
sustainable and profitable farming practices in the
region.

Given the limitations associated with trash/low-
valued fish as a feed source and the growing
demand for sustainable aquaculture practices, the
use of formulated feeds supplemented with
probiotics is becoming a necessity. By testing and
evaluating different feed formulations and probiotic
treatments, this research could lead to the develop-
ment of reliable and nutritionally balanced feed
options, ultimately supporting the adoption of
sustainable, profitable Seabass farming practices in
Kerala, India.

Material and Methods

Asian Seabass fingerlings (mean weight: 4.21+0.686
g; length: 6.97+0.388 cm) were procured from Rajiv
Gandhi Centre for Aquaculture (RGCA), Kochi. The
fingerlings were transported in oxygen-filled bags
during the evening. Upon arrival, the fish were
acclimatized to the laboratory conditions.

Before the feeding trials, the fish were acclimated
for one week in the experimental setup. A total of
300 fingerlings were selected and maintained under
controlled conditions to minimize stress during
acclimation. During this period, the fish were fed a
standard commercial diet twice daily to ensure
uniform conditioning and adaptation to the experi-
mental environment. This acclimation process aimed
to stabilize the physiological condition of the fish
and standardize their initial health status for
subsequent trials. This standardized acclimation
ensured the fingerlings were in optimal health and
uniformly prepared for evaluating the effects of
different diets and probiotic supplementation.

The experiment used 27 tanks, each with an 80-liter
capacity, arranged in a completely randomized
design. Nine dietary treatments (T1-T9) were
evaluated, with each treatment randomly assigned
to three replicate tanks.

The dietary treatments were categorized into three
groups based on the inclusion of probiotics, as
follows:
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1. Basal diets without probiotics

o TI1: Commercial pellet feed A (CPFA) without
probiotics.

o T2: Commercial pellet feed B (CPFB) without
probiotics.

o T3: Trash/low-valued fish (C) without
probiotics.

2. Basal diets supplemented with multi-strain
probiotics (MSP):

o T4: CPFA supplemented with multi-strain
probiotics.

o T5: CPFB supplemented with multi-strain
probiotics.

o Té: Trash/low-valued fish supplemented with
multi-strain probiotics.

3. Basal diets supplemented with single-strain
probiotics (SSP):

o T7: CPFA supplemented with single-strain
probiotics.

o T8: CPFB supplemented with single-strain
probiotics.

o T9: Trash/low-valued fish supplemented with
single-strain probiotics.

This categorization allowed for the assessment of
the effects of multi-strain and single-strain probiotic
supplementation across different feed types.

The composition of commercial pellet feeds A and
B, along with the average proximate composition of
trash/low-valued fish, is summarized in Table 1.
Probiotic supplementation was applied at 5 g of
MSP per kg feed and 100 g of SSP per 5 kg feed,
following the manufacturer’s specifications.
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Probiotics were incorporated into the feed using a
growth promoter binder or water, uniformly coated
onto the feed, and air-dried. Fish were fed twice
daily, at around 08:30-09:00 hrs and 17:30-18:00 hrs,
at a feeding rate of 10% of body weight. The
quantity of feed and probiotics was measured using
a calibrated electronic balance (Citizen scale, model
CG 2202, S.No. 3140922, capacity: 2200 g, precision:
0.2 g).

At the beginning of the feeding trial, fish were
deprived of feed for 24 hours to ensure gut
evacuation. Following this, the fish were pooled,
and 10 fish were randomly stocked into each
experimental tank. To maintain optimal water
quality, various parameters were regularly moni-
tored and kept within their respective optimal
ranges: pH (7.00), temperature (27°C), dissolved
oxygen (DO) (5.50 mg/L), phosphate (0.03 mg/L),
nitrite (0.10 mg/L), nitrate (0.50 mg/L), and ammonia
(0.01 mg/L).

Water temperature was measured using a thermom-
eter, pH was determined with a pH meter
(EutechPC5500, accuracy =+0.01), and dissolved
oxygen concentrations were assessed using the
titrimetric Winkler method. Nitrite, nitrate, ammo-
nia, and phosphate concentrations were analyzed
using spectrophotometric methods. Additionally,
70% of the water in each tank was replaced every
alternate day to maintain water quality within the
desired parameters.

Fish samples were collected and weighed individu-
ally to calculate the growth parameters using the
formulae:

Growth parameters

Daily growth rate (DGR-g/day)
Final weight (g) - initial weight (g)

Culturing days

Table 1. Proximate composition of commercial pellet feeds “Feed CPFA, Feed CPFB and Feed C” used as food for

the Asian Seabass during the experiment.

Feed Crude Protein (%) Crude Fat (%) Crude fibre (%) Moisture (%)
1 CPFA 45 10 3.0 12
2 CPFB 44 07 3.0 11
3 Trash/low-value fish 42 09 2.6 08
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Specific Growth Rate (SGR-g/day)
In (Final weight) - In (Initial weight)

Culturing days
Weight gain (g)
= Final weight — Initial weight
Food Conversion Ratio (FCR)
Dry food given (kg)
Weight gained (kg)

Survival Rate (%)
Number of fish harvested

= x 100
Number of fish stocked
Biological indices
Hepatosomatic index (HSI) (%)
Liver wet weight
= x 100
Body wet weight
Viscerosomatic index (VSI) (%)
Visceral wet weight
= x 100

Body wet weight
Length-weight relationship (LWR)

Condition factors were estimated by using the
equation:

Modified condition factor as K = 100*W/LP

W= total body weight (g), L= total length (cm), b=
b value in length-weight relationship.

Fulton’s condition factor = 100*W/L3

Where W is the weight of the fish in g, L is the total
length of the fish in mm, and the factor 100 is used
to bring K close to unity.

Relative condition factor = W/alP

Where a and b are the exponential form of the
logarithmic length-weight equation’s intercept and
slope.

Fish body composition analyses were performed
using the standard methods (AOAC International,
2005) to estimate moisture, crude protein, crude
lipid, ash and crude fibre levels. The Kjeldahl
method was used to determine the crude protein
content of fish. After digestion, crude protein
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content was analyzed using a semi-automated
Kjeldahl system (FOSS Kjeltec 2300). Crude lipid
content was determined by the ether-extract method
with a Soxhlet system (FOSS Soxtec 2043). The
moisture level of the fish was evaluated by oven-
drying to constant weight at 60°C. Ash content was
determined by incinerating the sample in a muffle
furnace at 550°C for 3 hours. Crude fibre content
was measured through acid digestion, followed by
alkali digestion.

Fish intestinal samples were homogenized using a
cold homogenizing buffer before centrifugation. The
supernatant was then separated and used to
measure the activity of digestive enzymes. Protease
activity was analyzed using the casein digestion
method (Drapeau, 1976). A mixture of 2.5 ml casein
(0.01 N NaOH, 0.05 M tris-phosphate buffer, pH.7.8)
and 0.1 ml tissue sample was incubated for 10 min.
The reaction was stopped with 10% trichloroacetic
acid, filtered, and OD measured at 280 nm.Amylase
activity was analyzed using the DNS method (Rick
& Stegbauer, 1974). A mixture of 1% starch solution,
phosphate buffer (pH 6.9), and 5% tissue homoge-
nate was incubated at 37°C for 30 minutes. After
adding DNS, the mixture was heated for 5 min,
cooled, and diluted with distilled water, and OD
was measured at 540 nm. Lipase activity was
estimated using the method of Cherry and Crandall
(1932). The tissue homogenate was mixed with
distilled water, phosphate buffer, and olive oil,
incubated at 37°C for 24h. The mixture was then
treated with 95% alcohol and phenolphthalein and
titrated with 0.05N NaOH until a permanent pink
colour appeared.

The fatty acid profile of fish fed with various diets
was analyzed using AOAC official method (AOAC
International, 2019). For fatty acid methylation, the
sample (approximately 50 mg for oil) was trans-
ferred to a glass vial and evaporated to dryness at
40°C in a water bath. The dried sample was treated
with 4 ml of 0.5M potassium hydroxide in methanol
and heated at 70°C for 2 minutes. Subsequently, 7
ml of 14% boron trifluoride in methanol was added
and heated again at 70°C for 5 minutes. After
cooling, 5 ml of water, 1 ml of hexane, and 1 g of
sodium sulphate were added, followed by shaking.
The upper layer was transferred to another vial
containing 1 g of Na,SO, and injected into a Gas
Chromatography-Flame lonization Detector. For
standard preparation, 1 pl of FLAME MIX standard
was directly injected into the system. The sample
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weight and extracted fat weight were recorded in
an Excel sheet for calculation, with the area
percentage from the chromatogram used for com-
parison.

The normality and homogeneity of variance of the
datasets were assessed using the Shapiro-Wilk test
and Levene’s test, respectively, in SPSS software.
Data that did not meet the assumption of normality
were analyzed using Kruskal Wallis Test, whereas
normally distributed data were subjected to one-
way analysis of variance (ANOVA) followed by
Tukey’s HSD (Honestly Significant Differences) post
hoc test. A significance level of 5% (P<0.05) was
applied to all statistical analyses.

Results & Discussion

When different dietary treatments were adminis-
tered to Asian Seabass fingerlings, significant
variations were observed in growth parameters.
Tukey’s HSD (Honestly Significant Differences) post
hoc test revealed a highly significant effect of
different dietary treatments on final weight, weight
gain, and daily growth rate of Asian Seabass
fingerlings (PP<0.05). Diet CPFA supplemented with
multi-strain probiotics (T4), CPFB supplemented
with multi-strain probiotics (I5), trash/low-valued
fish supplemented with multi-strain probiotics (T6),
CPFA supplemented with single-strain probiotics
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(T7), and CPFB supplemented with single-strain
probiotics (T8) significantly increased FW compared
to the trash/low-valued fish without probiotics (13),
with T5 and T6 showing the most positive impact.
Diets T6, T5, and T9 exhibited significantly greater
weight gain compared to T3, T1, and T2. The
Kruskal- Wallis test revealed a significant overall
difference in SGR across the different diets (P=0.008).
However, fish fed diets T5, T4, and T2 attained
higher specific growth rates. Fish-fed diet T5
attained a better FCR of 1.41 and a higher survival
rate (100%) (Table 2).

The hepatosomatic index (HSI) and viserosomatic
index (VSI) of Asian Seabass fish-fed on different
diets were significantly different (P=0.002) and T2
and T5 showingsignificantly better results com-
pared to other diets. The modified CF, Fulton CF,
and relative CF revealed a tendency for an elevated
response to probiotic treatment. The probiotic-
supplemented diet group exhibited significantly
better CF than the other groups (Table 3).

The study results revealed significant variations
(P<0.001) in dry matter, crude protein, and crude fat
content among the diets (Table 4). Fish fed probiotic-
supplemented pellet feed (diets T4 and T5) exhib-
ited higher protein content compared to the other
treatments. Probiotic supplementation enhances
nutrient digestion, absorption, and assimilation,

Table 2. Effect of different feeds and incorporation of probiotics on growth performance, survival rate, and FCR of

Asian Seabass

Daily Specific Relative Survival Rate FCR

Treat- Final Weight Growth Rate Growth Rate Growth Rate (%)

ments Weight (g) Gain(g) (g/day) (g/day)

T1 34.35+1.20¢ 29.37+0.37¢ 0.326+0.00¢ 1.00+0.00b¢ 7.00+0.04b¢ 80.00+0.00? 1.51+0.01°
T2 34.74+0.84¢ 31.87+0.11f 0.37+0.008 1.06+0.034 7.52+0.24¢d 80.00+0.002 1.40+0.002
T3 27.08+0.33P 23.57+0.25P 0.26+0.00P 0.98+0.00° 6.70+0.13b¢ 90.00:£0.00b 2.94+0.03¢
T4 41.05+0.20f 36.17+0.838 0.40+0.00" 1.02:+0.06¢ 7.49+1.07¢d 100.0+0.00¢ 1.50£0.00P
T5 46.17+0.908 41.07+0.40" 0.45+0.00 1.42+0.02¢ 8.06+0.744 100.0+0.00¢ 1.41+0.01°
T6 28.80+0.90b¢ 24.93+0.45¢ 0.27+0.00¢ 0.96+0.04° 6.47+0.74P 90.00:£0.00b 2.88+0.014
T7 30.03+0.70¢d 26.17+0.41¢ 0.29+0.004 0.98+0.02b¢ 6.74+0.35b¢ 90.00:£0.00b 1.61+0.01¢
T8 31.07+0.404 27.63+0.324 0.30+0.00¢ 1.06+0.004 8.10+0.144 90.00:£0.00b 1.50£0.00P
T9 22.27+0.47° 20.33+£0.552 0.22+0.002 0.83+0.012 4.67+0.102 90.00:£0.00b 3.03+0.05f

Results are presented as mean * SD. Significant differences among feed types were determined using one-way ANOVA
(P<0.05), followed by Tukey’s HSD (Honestly Significant Differences) post hoc test to compare mean values across diets.
Mean with different superscript letters in the same column indicate significant differences (P<0.05). Values with the same
superscripts among different treatments show no significant difference (P>0.05).
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leading to an improvement in the crude protein
content of fish. In contrast, fish fed trash/low-valued
fish showed higher fibre and ash content.

Fish in the multi-strain probiotic-supplemented
groups (diets T4 and T5) exhibited significantly
higher protease activity (Fig. 1) and lipase activity
(Fig. 2) compared to other dietary groups. Addition-
ally, amylase activity (Fig. 3) in Asian seabass was
significantly elevated in the T4 and T5 groups
relative to the other treatments (P<0.001). Fatty acid
analysis of Asian Seabass fingerlings revealed that
the consumption of different diets altered the
composition of the fatty acid profile (Table 5).
Probiotic fed Seabass had higher values of palmitic
acid (Fatty acid C-16: 0), docosahexanoic acid (Fatty
acid C-22: 6), and palmitoleic acid (Fatty acid C-
16: 1).

Growth performance parameters in aquaculture are
strongly influenced by feed quality, quantity, and
environmental conditions, making them critical
indicators of production yield. This study examined
the effects of different feed types and probiotic
supplementation on the growth performance, body
composition, and digestive enzyme activity of Asian
Seabass (Lates calcarifer) fingerlings. The observed
differences between treatments were analysed by
considering the variability within replicates to
ensure the robustness of the findings. The results
revealed significant differences in performance
among dietary treatments, with diet T5 showing the
highest efficacy.
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Statistical analyses, including ANOVA and Tukey’s
HSD (Honestly Significant Differences) post hoc
test, confirmed that these differences were due to
dietary formulations rather than random variation.
Pelleted feeds supplemented with probiotics signifi-
cantly enhanced growth parameters, survival rates,
and feed conversion ratios (FCR) compared to non-
supplemented treatments. Especially, the multi-
strain probiotic-supplemented feed B treatment
group demonstrated superior growth indices, un-
derscoring the potential of probiotics to optimize
aquaculture practices. These findings are consistent
with prior studies (Lee et al., 2021; Eissa et al., 2022;
Sokooti, Dezfoulnejad, Baboli, Sary, & Mabudi,
2022), which highlight the positive impact of
probiotics on growth performance across various
aquatic species. For instance, El-Haroun, Goda, and
Chowdhury (2006) reported marked improvements
in weight gain, specific growth rate (SGR), and
protein efficiency ratio in Nile tilapia fed diets
enriched with probiotics.

Our study demonstrates that pellet feed signifi-
cantly enhances the growth of Asian Seabass. The
observed improvements in growth performance,
including weight gain and specific growth rate,
highlight the effectiveness of formulated pellet feed
in meeting the nutritional demands of this species.
Ngoh et al. (2015) evaluated the effectiveness of
three commercial pelleted feeds for juvenile Asian
Seabass through a comprehensive analysis. Their
findings revealed significant variations in growth

Table 3. Biological indices and condition factors of Asian Seabass fed different feeds and probiotics

Treatments Hepatosomatic Viscerosomatic Fultons CF Relative CF Modified CF
Index Index
T1 1.06+0.002 6.45+0.02°8 1.22+0.01¢ 1.95+0.03¢ 2.87+0.01°
12 1.79+ 0.04f 6.74+0.028 1.28+0.05¢ 1.89+0.03Y 2.16+0.024
T3 1.55+0.034 5.80+0.09¢ 1.22+0.00¢ 1.91£0.04b 1.08+0.042
T4 1.410.01¢ 6.58+0.01 1.20+0.07° 1.82+0.05% 1.98+0.05°
T5 1.75+0.04¢f 6.59+0.05¢ 1.22+0.06¢ 3.07+0.05¢ 3.72+0.08¢
T6 1.05+0.022 5.03+0.06* 1.22+0.02¢ 1.82+0.02% 1.97+0.07¢
T7 1.20+0.07° 5.52+0.05P 1.17+0.072 2.05+0.014 4.45+0.03h
T8 1.72+0.02¢ 6.49+0.08¢f 1.32+0.04f 2.15+0.03° 4.19+0.078
T9 1.51+0.014 6.19+0.044 1.24+0.034 1.90+0.01° 1.81+0.01°

Results are presented as mean * SD. Mean with different superscript letters in the same column indicate significant
differences (P<0.05). Values with the same superscripts among different treatments show no significant difference

(P>0.05).
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performance, nutritional composition, gut morphol-
ogy and transcriptomic responses among the differ-
ent diets. Based on these results, the study suggests
selecting feeds that not only support optimal growth
but also enhance the overall quality of the meat.

Williams et al. (2003) demonstrated that feeding
Asian Seabass with a more nutrient dense diet could
potentially enhance growth rates. However, their
findings suggest that further increase in nutrient
intake may lead to excessive lipid deposition, with
minimal improvements in somatic growth. This
highlights the need for a balanced dietary approach
to optimize growth while maintaining overall fish
health and product quality. However, the findings
of Bunlipatanon, Songseechan, Kongkeo, Abery, and
De Silva (2014) suggest a contrasting perspective.
Their study on Asian Seabass and tiger grouper
culture indicates that there are no distinct environ-
mental, cost-benefit, or resource-use advantages of
commercial pellet feeds over traditional trash/low-
valued fish.

The present study demonstrated that probiotic-
enriched pelleted feeds significantly enhanced the
protein, fat, and moisture content of Asian Seabass
fingerlings. These findings align with those of
Opiyo, Jumbe, Ngugi, and Charo-Karisa (2019), who
reported that probiotics improve growth and body
composition in Nile tilapia cultured in low-input
ponds. The effects of probiotics vary depending on
the application levels; for example, Saccharomyces
cerevisiae exhibited optimal performance at a concen-
tration of 4 g/kg, whereas Bacillus subtilis was most
effective at 10 g/kg (Abdel-Tawwab, Abdel-Rahman,
& Ismael, 2008). Goda et al. (2018) demonstrated
that incorporating feed additives such as probiotics,
phytobiotics, and exogenous digestive enzymes in
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Fig. 1. Protease activity in the intestine of Asian Seabass
fed with different diets. Mean+SD with different
superscripts is significantly different (P<0.05)
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weaning diets of European seabass larvae enhanced
growth, feed efficiency, survival, and protein depo-
sition, while reducing lipid accumulation.

The ability of S. cerevisiae to enhance feed intake and
improve body composition highlights its functional
significance in aquaculture. In the present study,
probiotic supplementation over 90 days increased
intestinal lipase, amylase, and protease activity in
Seabass fingerlings. Probiotics adhere to the intes-
tinal mucosa and utilize intestinal carbohydrates to
produce and synthesize digestive enzymes, thereby
improving nutrient digestion and absorption (El-
Saadony et al, 2021). This enhanced digestive
capacity promotes growth and reduces susceptibil-
ity to digestive disorders.

Merrifield, Bradley, Baker, and Davies (2010) re-
ported that probiotics enhance feed digestion by
modifying the intestinal environment, a finding
further supported by Assan et al. (2022), who
observed increased digestive enzyme activity in

Lipase (U/mg protein)

Control Probiotic-1 Probiotic-2

Treatments

Fig. 2. Lipase activity in the intestine of Asian Seabass
fed with different diets. Mean+SD with different
superscripts is significantly different (P<0.05)
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Fig. 3. Amylase activity in the intestine of Asian Seabass
fed with different diets. Mean + SD with different
superscripts is significantly different (P<0.05)
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Table 4. Proximate composition of Asian Seabass fed different feeds supplemented with probiotics

Crude Protein (%) Crude Fat (%) Crude Ash (%) Moisture (%) Dry Matter Crude Fibre (%)
T1 54.47+0.062P 14.85+0.202 14.53+0.27b 5.52+0.39Y 94.47+0.394 1.99+0.048
T2 55.44+0.154 21.60+0.12¢ 15.3620.09<d 9.40+0.35¢ 90.60+0.352 1.82+0.02f
T3 54.42+0.172 15.78+0.16P 17.54+0.20¢ 7.21+0.134 92.79+0.13P 2.46+0.01h
T4 55.58+0.204 19.38+0.344 14.60+0.20P 3.31+£0.142 96.69+0.14f 1.45+0.01¢
T5 56.28+0.05¢ 21.17+0.27¢ 15.50+0.144 5.36+0.28P 95.02+0.06° 1.07+0.004
T6 54.80+0.15b¢ 17.38+0.32¢ 15.62+0.114 7.417+0.364 92.58+0.36P 0.33+0.00P
T7 54.70+0.062b¢ 19.10+0.444 13.56+0.152 5.50+0.41P 94.50+0.414 1.42+0.01¢
T8 54.92+0.33¢ 17.73+0.21¢ 15.17+0.04¢ 5.38+0.29Y 94.62+0.29de 0.77+0.00¢
T9 54.65+0.282b¢ 17.29+0.64¢ 15.15+0.03¢ 6.57+0.20°¢ 93.43+0.20°¢ 0.22+0.002

Results are presented as mean * SD. Significant differences among feed types. Mean with different superscript letters

in the same column indicate significant differences(P<0.05). Values with the same letters among different treatments

show no significant difference (P>0.05).

various aquatic species. Supporting these findings,
studies on Oreochromis niloticus (Liu et al., 2017) and
prawns (Penaeus vannamei) (Wang, 2007) have
demonstrated that probiotics, particularly Bacillus
spp., significantly enhance enzyme activity, thereby
promoting more efficient feed digestion and utili-
zation.

The fatty acid profiles of Seabass in this study
showed notable variations based on feed types and
probiotic supplementation. Dietary supplementa-
tion with probiotics can alter the fatty acid
composition of fish by influencing lipid metabolism,
enhancing nutrient utilization, and modulating gut
microbiota. Probiotics improve the digestion and
absorption of dietary lipids by increasing lipase
enzyme activity, leading to better fatty acid assimi-
lation. Probiotic inclusion influenced the synthesis
of essential nutrients, such as fatty acids and
vitamins, enhancing their bioavailability (Vine et al.,
2004). This finding aligns with previous research
that demonstrated a strong correlation between
dietary composition and fatty acid profiles (Mourente
& Bell, 2006; Arslan, Sirkecioglu, Bayir, Arslan, &
Aras, 2012).

Asian Seabass (Lates calcarifer) farming in Kerala is
a growing aquaculture practice, yet it faces a critical
obstacle due to the lack of adequate and sustainable
feed options. Currently, farmers rely on trash/low-
valued fish—a low-cost but nutrient-inconsistent
feed source—leading to variable growth rates and
suboptimal health of the Seabass stock. This
variability hampers the productivity and profitabil-

ity of seabass farming. Addressing this issue
requires research into alternative, nutrient-stable
feeding strategies, including specially formulated
pellet feeds and probiotics. The rising costs of Asian
Seabass feed present a significant challenge to the
growth and profitability of seabass production. This
study underscores the importance of identifying
cost-effective and nutritionally balanced feed and
supplements to enhance growth performance and
sustainability in aquaculture. The present results
highlight that the integration of probiotics with
pelleted feeds enhances growth performance, sur-
vival rates, and nutrient utilization in Asian Seabass.
These findings contribute to the growing body of
evidence supporting the use of probiotics as an
effective and sustainable strategy for improving
aquaculture practices. Future research should focus
on optimizing probiotic dosages and formulations
to maximize their benefits in diverse aquaculture
systems.

The findings of the study indicated that Asian
Seabass fed commercial pellet feeds supplemented
with multi-strainprobiotic diet showed significantly
higher growth performance than other treatment
groups. Fish in the multi-strain probiotics incorpo-
rated into commercial pellet feed B diet group
demonstrated considerably superior proximate com-
position. Additionally, dietary interventions had a
significant influence on digestive enzyme activities,
with probiotic supplementation significantly in-
creasing these enzyme activities. The results further
highlight that dietary interventions were influenced
by the composition of individual fatty acids, with
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Table 5. Fatty acid profile of Asian Seabass fed with different feeds and probiotics.
Fatty acid profile T1 T2 T3 T4 T5 T6 T7 T8 T9

Saturated Fatty Acid (SFA)

1 Butyric acid N.D. 0.02+0.00 N.D. 1.2#0.01  1.80+0.03 1.00+0.01 0.60+0.04 1.00£0.01  0.04+0.03
C4:0

2 Lauric acid N.D. N.D. N.D. N.D. N.D. N.D. 2.00x0.03  1.80+0.02  1.30+0.01
C-12 20

3 Myristic acid N.D. N.D. N.D. 2.60£0.02  3.00£0.01  2.20+0.05 5.50+0.02 5.60+0.06  5.10+0.04
C-14:0

4 Palmitic acid 26.60+0.1 25.80+0.13 24.00+0.15 34.20+0.11 36.10+0.09 30.20+0.07 42.60+0.05 43.80+0.04 40.90+0.03
C-16:0

5 Heptadecanoic N.D. N.D. N.D. 0.03+0.00  0.05£0.00  0.02+0.01  0.70£0.03  0.70+0.04  0.60+0.02
acid C-17:0

6 Stearic acid 19.90+0.02 19.90+0.03 19.20+0.01 9.40+0.03  8.80+0.02  8.30+0.05 9.90+0.07 10.20+0.01 9.10£0.00
C-18:0

7 Arachidic 3.60£0.03  3.20+£0.02 3.10x0.01 1.20+0.05 1.00+0.03  0.90+0.05 0.80+0.07  0.90+0.03  0.70+0.01
acid C-20:0

Total SFA 50.10 48.92 46.30 48.63 50.75 42.62 62.10 64.00 57.74

Monounsaturated Fatty Acids (MUFA)

8  Palmitoleic N.D. N.D. ND. 500005 530002 4.90+0.01 470:0.05 530:0.02 4.40+0.03
acid C-16:1

9 Oleic acid 41.7020.04 42.70x0.1 40.90+0.11 27.00£0.09 25.30+0.05 22.50£0.03 29.10+0.07 27.00£0.09 24.30+0.03
C-18:1

10 Fatty acid C-22:1 N.D. N.D. N.D. 1.60+0.04 1.70+0.04  1.50+0.09 N.D. N.D. N.D.

Total MUFA 41.70 42.70 40.90 33.60 32.30 28.90 33.80 32.30 28.70

Polyunsaturated Fatty Acids (PUFA)

11  Linolenic 2.60+0.04 2.80+0.01 2.40+0.05 4.80+0.03 4.30+0.07 4.10+0.04 3.30+0.05 2.70+0.02 2.50+0.03
acid C-18:2

12 Eicosatrienoic 2.20£0.01 2.50+0.05 2.00+0.06 1.40+0.02 1.30+0.05 1.10+0.02 1.20+0.01 1.30+0.04 1.00+0.04
acid C-20:3

13 Eicosapentaenoic 3.50+0.04 3.10+0.04 2.90+0.01 1.00+0.07 0.80+0.05 0.60+0.06 0.40+0.08 0.50+0.01 0.30+0.04
C-20:5 -

14 Docosahexanoic ~ 7.00£0.03 7.90+0.02 5.03+0.02 11.90+0.06 12.30+0.07 11.20+0.03 1.10+0.02 1.30+0.07 1.00+0.01
acid C-22:6

15  Arachidonic 1.80+£0.04 1.90+0.01 1.00+0.02 2.30+0.04 2.40+0.02 2.10+0.01 1.20£0.08 1.40+0.06 1.10+0.02
acid C-20:4

Total PUFA 17.10 18.20 13.03 21.40 21.10 19.10 7.20 7.20 5.90

Mean values with + SD are represented. N.D.: not detected

palmitic acid being the predominant saturated fatty
acid. Furthermore, the use of pellet feed and
probiotics offers substantial benefits by optimizing
fish growth and improving water quality, thereby
reducing the environmental impact of aquaculture.
Based on these findings, it is recommended that
commercial pellet feed (CPFB) supplemented with
a multi-strain probiotic be utilized for the optimal
growth and health of Asian Seabass fingerlings in

nursery conditions. The cost of feed is an important
factor for Asian Seabass production. Therefore, it is
necessary to investigate alternative sources of
inexpensive, balanced feeds to promote our local
industry and increase the profitability of Seabass
production. Future research should prioritize eluci-
dating the long-term effects of probiotics in cage
culture, focusing primarily on the underlying
physiological, microbial and immunological mecha-
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nisms driving the improvements, as well as enhanc-
ing their validation and optimize their application
in sustainable aquaculture.
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