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ABSTRACT

Bacterial infections are a major problem in fish farming, causing significant economic losses. Excessive use of
antibiotics can lead to the risk of resistance and environmental pollution, making the use of safe and environmentally
friendly natural antimicrobials crucial. Sargassum, a type of brown macroalgae, has the potential to act as a natural
immunostimulant that can enhance fish's non-specific immune resistance to bacterial infections. Various species
Sargassum, including S. kjellmanianum, S. muticum, S. polycystum, S. ilicifolium, and S. vulgaris, have been explored
as a bioactive source through methods such as ethanol extraction, solvent fractionation, sequential extraction,
phytochemical screening, and probiotic fermentation. In compound identification, phenolics, flavonoids, terpenoids,
saponins, sulfated polysaccharides, and fucoidan have been found to be the dominant components. Administration
through feed or seaweed supplements has been shown to increase immune gene expression (IL-18, IL-8, TNF-«,
IGF-1, LGBP, peroxinectin, prophenoloxidase, TLR, penaeid), leukocyte count, lysozyme activity, total complement,
NBT, bactericidal activity, growth performance, and resistance to bacterial stress or challenge (Aeromonas
hydrophila, Vibrio harveyi, Vibrio parahaemolyticus) in target species such as rainbow trout (Oncorhynchus mykiss),
Asian seabass (Lates calcarifer), oscar fish (Astronotus ocellatus), common carp (Cyprinus carpio), yellow catfish
(Pelteobagrus fulvidraco), and black tiger shrimp (Penaeus monodon). These findings indicate that Sargassum has
great potential as a crucial feed immunostimulant to support the health and growth of fish and shrimp.
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ABSTRAK

Infeksi bakteri merupakan salah satu masalah utama dalam budidaya ikan yang dapat menyebabkan kerugian ekonomi
yang signifikan. Pemakaian antibiotik secara berlebihan dapat memicu risiko resistensi dan pencemaran lingkungan,
sehingga kebutuhan akan penggunaan antimikroba alami yang aman dan ramah lingkungan menjadi sangat penting.
Sargassum, jenis makroalga cokelat, memiliki potensi sebagai imunostimulan alami yang dapat meningkatkan
ketahanan imun non-spesifik ikan terhadap infeksi bakteri. Berbagai spesies Sargassum, termasuk S. kjellmanianum,
S. muticum, S. polycystum, S. ilicifolium, dan S. vulgare, telah dieksplorasi sebagai sumber bioaktif melalui metode
seperti ekstraksi etanol, fraksinasi pelarut, ekstraksi berurutan, skrining fitokimia, dan fermentasi probiotik. Dalam
identifikasi senyawa, telah ditemukan bahwa fenolik, flavonoid, terpenoid, saponin, polisakarida tersulfatisasi, dan
fucoidan merupakan komponen-komponen yang dominan. Pemberian melalui pakan atau suplemen rumput laut
terbukti meningkatkan ekspresi gen imun (IL-18, IL-8, TNF-«, IGF-1, LGBP, peroxinectin, prophenoloxidase,
TLR, penaeidin), jumlah leukosit, aktivitas lisozim, komplemen total, NBT, aktivitas bakterisidal, performa
pertumbuhan, dan ketahanan terhadap stres atau tantangan bakteri (Aeromonas hydrophila, Vibrio harveyi, Vibrio
parahaemolyticus) pada spesies target seperti rainbow trout (Oncorhynchus mykiss), Asian seabass (Lates calcarifer),
oscar fish (Astronotus ocellatus), common carp (Cyprinus carpio), yellow catfish (Pelteobagrus fulvidraco), dan
Black tiger shrimp (Penaeus monodon). Temuan tersebut mengungkapkan bahwa Sargassum berpotensi besar sebagai
imunostimulan pakan yang krusial untuk menunjang kesehatan dan pertumbuhan ikan maupun udang.

Kata kunci: akuakultur, imun non-spesifik, infeksi bakteri, Sargassum
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INTRODUCTION

It is common for intensive aquaculture to
face several problems. These include infections
caused by pathogens like bacteria, fungi, and
viruses. These infections pose a major challenge
in intensive aquaculture practices (Irshath et al,
2023; Mahardika et al., 2020; Mugimba et al.,
2021). The outbreak of such disease epidemics
in aquaculture settings occurs mainly due to a
disturbance of the balance that exists among
environmental factors, aquatic microorganisms,
and the fish hosts (Deng et al, 2023; Linayati
et al., 2024). Moreover, higher stocking rates in
intensive aquaculture practices also pose another
contributory factor. These conditions often trigger
stressful reactions in fish, which in turn causes
immune function impairment in fish (Muahiddah
& Isnansetyo, 2023; Yarahmadi et al., 2016).

The use of antibiotics is a common approach
in managing bacterial infections in fish farming
(Legrand et al., 2020). However, the continuous
use of antibiotics without regulation and even
using improper doses has shown an ability to
encourage the emergence of bacteria resistant
to the drugs (Bernika, 2023; Peng et al., 2024;
Prasaja et al., 2024; Yuan et al., 2023). Apart
from the problem of antibiotic resistance, the
residues of the antibiotics themselves pose serious
risks to the health of the consumers (Ebtasaria &
Aini, 2024; Hakimah er al, 2021). In order to
mitigate the negative impact that occurs through
the use of antibiotics, it is necessary to use natural
compounds as immunostimulants as an alternative
strategy (Gruber et al., 2025; Thépot et al., 2021).

An immunostimulant can be defined as
a substance or chemicals that can enhance
the immune system of fish both specific and
non-specific immunity. The use of natural
immunostimulants, such as those found in
macroalgae extract, is acknowledged as a useful
strategy to boost the non-specific immune system
of fish without causing any problems linked with
antimicrobial resistance or residue formation.
The former two factors are usually observed
when antibiotics are used for a prolonged period
of time (Doan et al., 2023; Thépot et al., 2021).
Seaweed belonging to the genus Sargassum has
been acknowledged as one of the most successful
natural immunostimulants (Melchor-Martinez
et al., 2025; Siddik et al., 2023; Wazzan, 2016).
There are many bioactive substances, like sulfated
polysaccharides, polyphenols, and terpenoids,
present in the seaweed, which can help boost the

immune responses in fish and shrimp (Khanzadeh
et al., 2025; Kim et al., 2022).

In a similar manner, according to Noyanti et
al. (2023), there are many secondary metabolites,
like alkaloids, saponins, and steroids, present in
the Sargassum seaweed. In addition to this, Al-
Mur & Alsiary (2025) have found that seaweed
possesses many biological activities, such as
antibacterial, anticancer, anti-inflammatory, and
antioxidant activities. It should be noted that
despite the proven efficacy of Sargassum in various
in vitro and in vivo experiments, some challenges
remain associated with studies investigating the
use of immunological markers longitudinally in
intensive farming systems in tropical conditions.
In particular, these challenges involve the optimal
dose of bioactive agents and the duration of
their administration, as well as the effect of
these components on fish immune response
signaling pathways. Hence, an integrated study
methodology must be developed that will allow
for applying Sargassum as an immunostimulant
effectively, measurably, and adaptively in the
environment and, as a consequence, to replace
antibiotics as a fish pathogen therapy. The aim of
this mini-review is to conduct a systematic review
concerning the use of various types of Sargassum
as immunostimulants in aquaculture.

METHODS

The present study involves conducting a
literature review that is a compilation of scholarly
articles indexed through the use of databases such
as Scopus, Web of Science, PubMed, and Google
Scholar, between the years 2015 and 2025. The
main aim of this review will be to evaluate the
possibility of using different varieties of the
Sargassum seaweed as feed immunostimulants
for fish and shrimp with a particular focus on
their ability to promote growth and enhance the
immune response. These data will be collected
through the use of methods such as ethanol
extraction, solvent fractionation, sequential
extraction, phytochemical screening, or probiotic
fermentation with major active substances
including phenolics, flavonoids, terpenoids,
saponins, sulfated polysaccharides, and fucoidan.
The target organisms include rainbow trout
(Oncorhynchus mykiss), Asian seabass (Lates
calcarifer), oscar fish (Astronotus ocellatus),
common carp (Cyprinus carpio), yellow catfish
(Pelteobagrus fulvidraco), and black tiger shrimp
(Penaeus monodon) while the analyzed variables
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will include immune gene expression, number of
leukocytes, lysozyme activity, total complement,
NBT, bactericidal activity, growth performance,
and tolerance to stress or pathogen challenge
by Aeromonas hydrophila, Vibrio harveyi, and
Vibrio parahaemolyticus.

Non-specific immune parameters in evaluating
the effectiveness of immunostimulants

Generally, fish have an immune system made
up of two major immune systems, namely the
non-specific (innate) immune system and the
specific (adaptive) immune system, which work
together in defending against diseases (Hopo et
al., 2024; Mokhtar et al., 2023; Muahiddah &
Diamahesa, 2022). The non-specific immune
system acts as the first immune defense system
comprising phagocytic cells such as neutrophils
and macrophages, soluble lysozyme, and
complement proteins, while the specific immune
system consists of T-cells and antibodies from
B-cells (Dezfuli et al., 2023; Jones & Cain,
2023; Mokhtar et al., 2023). The evaluation of
the immunity status in fish is usually done based
on various physiological factors, some of which
include the total leukocytes count, the differential
leukocytes profile such as lymphocytes,
neutrophils, monocytes, and phagocytic index
(Do-Huu et al., 2023; Singh et al., 2024; Yu et
al., 2025). The presence of an increase in the
number of leukocytes, especially neutrophils
and monocytes, signifies that there are pathogens
or immunostimulants in the fish (Alarape et al.,
2024; Witeska et al., 2023).

Aside from using blood indicators, molecular
indicators, which include pro-inflammatory
cytokines like Tumor Necrosis Factor alpha
(TNF-a) expression, are also employed to
determine the activation of the immune system
(Kong et al., 2021; Mufidah et al., 2022; Sakai et
al., 2021). TNF-a is an essential protein involved
in the regulation of inflammatory responses
and activates immune cells (Kong et al., 2021;
Liyanage et al., 2020). The increase in the levels
of the pro-inflammatory protein can therefore
serve as an indication that the immune system has
been activated due to infections like those caused
by Aeromonas hydrophila.

Bioprospecting of Sargassum as a Source of
Bioactive Compounds

The genus Sargassum, consisting of brown
macroalgae belonging to the order Phaeophyceae,
has a worldwide distribution range, including

the coastlines of Indonesia (Forestin et al.,
2024; Ghazali et al., 2024). Sargassum is a
seaweed which contains a variety of bioactive
components, including polysaccharides (e.g.,
alginate, laminarin), phenols, flavonoids, and
other bioactive pigments that possess various
biological properties (Table 1), among which are
antibacterial and immunostimulating activities
(Datu et al., 2024; Sedjati et al., 2024; Widyaswari
etal., 2024). Sargassumhas traditionally been used
as raw material in the food and pharmaceutical
industries, and recently, it received much interest
in the field of aquaculture due to its ability to
provide bioactive compounds naturally (Catarino
etal., 2023; Melchor-Martinez et al., 2025; Zaidan
etal., 2019). Bioprospection of Sargassum implies
the discovery, identification, and characterization
of different bioactive compounds contained in
Sargassum species, especially those capable of
stimulating immunity in cultured organisms, for
example, fish (Gora et al., 2018; Khanzadeh et
al., 2024).

More than 300 species of Sargassum exist
worldwide, and among them are those that have
been noted to possess economic value and great
bioactivity. These species include Sargassum
polycystum, Sargassum crassifolium, Sargassum
fusiforme, Sargassum ilicifolium, and Sargassum
sp. (Alvarez-Canali et al., 2024; Puspita et al.,
2020; Yip et al., 2020). Within Southeast Asia
and specifically in Indonesia, extensive growth
of Sargassum is evident in coastal areas despite
the fact that Sargassum has been considered a
vastly unexploited biological entity within the
region (Litaay et al., 2022; Sutrisno et al., 2024;
Widyaswari et al., 2024). They are harvested
mainly from the wild but some countries are
already making efforts towards domestication.
The wide species variety makes them suitable to
be used as sources of natural immunostimulants
owing to the diverse nature of their bioactive
components (Garcia-Pozza et al., 2020;
Widyaswari et al., 2024)

Immunostimulatory Effects of Sargassum in
Aquaculture

Immunostimulants are natural or synthetic
compounds that enhance the immune response of
organisms against pathogens by stimulating the
innate and/or adaptive immune systems (Aly et
al., 2024; Jain et al., 2022; Kamaliah et al., 2025;
Vijayaram et al., 2022). In aquaculture practices,
immunostimulants have been widely employed
to enhance disease resistance in fish and serve
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as alternatives to antibiotics, which are known to
contribute to the emergence of resistant strains
and harmful residues in fish products (Nafiqoh
et al., 2021; Pelic et al., 2024). One of the most
commonly used groups of immunostimulants is
polysaccharides, particularly B-glucans, which
are structural components of the cell walls of
fungi, yeast, and certain algae (Ching et al., 2021;
Khanjani et al., 2022; Lee et al., 2018; Muahiddah
& Isnansetyo, 2023; Rodrigues et al., 2020).

The supplementation of B-glucans in fish diets
has been shown to improve phagocytic activity,
leukocyte proliferation, and the production of
key immune molecules such as lysozyme and
pro-inflammatory cytokines (Hadiuzzaman et
al., 2022; Purbomartono et al., 2024; Rodrigues
et al.,, 2020; Saha et al., 2023; Siwicki et al,
2015). These immune responses are triggered
through the recognition of 3-glucans by pattern
recognition receptors (PRRs) on macrophages
or other immune cells, leading to intracellular
signaling pathways and the upregulation of
immune-related genes such as TNF-a and IL-13
(Han et al., 2020; Petit et al., 2019). Moreover,
B-glucans exhibit immunomodulatory effects that
can contribute to the enhancement of long-term
specific immune responses (Hadiuzzaman et al.,
2022; Purbomartono et al., 2024).

Numerous studies have demonstrated that
Sargassum extracts can enhance hematological
parameters in fish, including increased hematocrit
and leukocyte differentials, as well as stimulate
phagocytic activity an essential component of the
non-specificimmuneresponse (Yudiatietal., 2022;
Yuliana et al., 2021). Enhancing the phagocytic
activity of immune cells, including macrophages
and neutrophils, contributes to increased resistance
in fish against bacterial infections, particularly
those caused by opportunistic pathogens such
as Aeromonas hydrophila (Gazali et al., 2024;
Sonmez et al., 2021). This phenomenon is
corroborated by multiple investigations (Table 2).
An analysis of the collected data indicates that
the immunostimulating properties of Sargassum
polycystum have been confirmed in two aquatic
organisms. Thus, in rainbow trout (Oncorhynchus
mykiss), an extract of S. polycystum demonstrated
the ability to increase transcriptional expression of
several genes of inflammatory cytokines, namely
IL-1pB and IL-8. This effect led to higher survival
rates after infections caused by Aeromonas
hydrophila (Sonmez et al., 2021). At the same
time, in black tiger shrimp (Penaeus monodon),

an extract of S. polycystum was found to enhance
transcriptional expression of important immune
genes, including LGBP (lipopolysaccharide and
B-1,3-glucan binding protein), peroxinectin,
prophenoloxidase, toll-like receptors, and
penaeidin. These effects were involved in the
nonspecific immune response against infections
with Vibrio parahaemolyticus (Chin et al., 2024).
Therefore, these results indicate a broad spectrum
of immunostimulating effects in aquatic animals.

Moreover, S. ilicifolium has been found to
possess strong immunomodulatory effects as
shown by upregulation of TNF-a, IL-1f3, and IGF-
1 genes and increased survival rate after being
challenged with Vibrio sp. in Asian seabass (Lates
calcarifer) (Khanzadeh ef al., 2025). Other studies
also revealed that S. ilicifolium supplementation
for oscar fish (Astronotus ocellatus) resulted in
the elevation of immune factors like the number of
leukocytes, lysozyme activity, total complement,
NBT activity, and bactericidal activity along
with growth enhancement (Khanzadeh et al,
2024). Such findings highlight the effectiveness
of S. ilicifolium as an immune booster in terms
of both gene expression and physiological
aspects. Likewise, Sargassum linearifolium
supplementation for Asian seabass (Lates
calcarifer) yielded promising results in terms of
immune stimulation, resistance against Vibrio
harveyi, and growth performance (Siddik et al.,
2025).

It has been demonstrated that Sargassum
vulgare significantly increases the levels of a
variety of hematological and immunological
biomarkers among common carp (Cyprinus
carpio) by boosting their hematocrit, hemoglobin,
HDL, total protein, globulin, lysozyme activity,
and complement activation. This demonstrates
the extensive range of benefits offered by S.
vulgare for improving the well-being and
nonspecific immunity of fish (Sabzi et al., 2023).
On the other hand, Sargassum kjellmanianum
has shown significant potential as an additive for
yellow catfish (Pelteobagrus fulvidraco) through
improved growth, immune response, antioxidant
capacity, and resistance to ammonia toxicity (Hu
et al., 2024). Although the effect on pathogens is
not included in this study, it can be reasonably
assumed that S. kjellmanianum may offer both
protective and adaptive properties.

There are certain active components of
Sargassum, namely sargachromanol and fucoidan,
which exhibit significant anti-inflammatory
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properties. They help regulate the production
of inflammatory cytokines like TNF-a and IL-
1B, which have an important role in immune
responses to various pathogens and stressors
(Chang et al., 2023; Jayawardena et al., 2020;
Liyanage et al., 2023; Park et al., 2024). Moreover,
the extracts of Sargassum have been reported to
be effective against various pathogenic bacteria,
such as Vibrio spp. (Datu et al., 2024; Lambert
et al., 2024; Senggagau & Bond, 2023), and
Aeromonas hydrophila (Ali et al., 2016; Waruwu
et al., 2024). The suppression is either due to its
antibacterial properties or improved immunity
of the hosts. Thus, incorporating Sargassum into
the fish diet as an immunostimulant could prove
quite beneficial for their disease resistance in a
sustainable manner.

It can be noted from Table 1 that there
are differences in the profiles of the bioactive
compounds present in the Sargassum genus.
These differences are associated with the specific
characteristics of the species in question, the
method used to extract them, and even the
solvent used to do so. It is therefore possible
that the differences in bioactive composition
between various species of Sargassum could

affect its performance as an immunostimulator
in aquaculture, since each compound performs a
different role in stimulating the immune system.
Sulfated polysaccharides present in Sargassum
spp. (Rushdi et al., 2020) are known to interact
with pattern recognition receptors (PRRs) and
trigger innate immunity as a result of these
interactions. Moreover, high levels of total
phenolics and flavonoids found in S. muticum
(Bouzenad et al., 2024) and S. polycystum (Sobuj
et al., 2024) can help protect immune cells
from oxidative stress caused by inflammation
due to pathogens. Furthermore, the presence
of multiple other bioactive compounds such as
alkaloids, terpenoids, and saponins may also help
to increase phagocytosis and the formation of
immune mediator compounds in fish.

However, it should be noted that at present
the obtained results do not have sufficient ability
to link the level of bioactive compounds in each
Sargassum type with the immune responses found
in aquatic animals. Therefore, in order to reveal
the most effective Sargassum species and to find
out the exact dosage required for its application
in practice, it is essential to carry out full-scale
studies including phytochemical analysis and in

Table 1. Bioactive compounds in various Sargassum species.

Dominant Bioactive

No.  Sargassum Species Extraction Method & Solvent Reference
Compounds
. . (+)-Kjellmanianone, .
| Sargassum Solvent fractionation (n-hexane, Sareassumlactam. sulfated (Rushdi et al.,
’ kjellmanianum dichloromethane, n-butanol) 8 > 2020)

Sequential extraction (methanol,
ethyl acetate, n-butanol)

2. Sargassum muticum

Extraction using 100%, 70%,
50% methanol; FTIR and DPPH

polysaccharides (SKP1-3)

Vanillin, Chrysin, total
phenolics: 235.67 £ 1.13
ug GAE/mg

(Bouzenad et
al., 2024)

Total phenolics: 80.13 mg

3 Sargassum analvses GAE/g, total flavonoids: (Sobuj et al.,
’ polycystum Y 38.33 mg QE/g, 2024)
terpenoids, saponins
Qualitative phytochemical
4 Sargassum screening (Harborne method) Flavonoids, alkaloids, (Sarika et
’ polycystum phenolics, tannins al.2024)
Ethanol extraction;
spectrophotometric .
Sargassum determination of total phenolics Flav0n.01ds, P hen(?l (Widyaswari et
5. . hydroquinone, tannins,
polycystum and flavonoids . al., 2024)
saponins
6 Sargassum Ethanol extraction; DPPH and h lzllraglolﬁ?lfr?é P 21?11:1(1)1115 (Widyaswari et
’ ilicifolium IC50 antioxidant activity assay yareq ; ’ al., 2024)

steroids
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vivo tests of the immune-stimulating properties
of the studied compounds under aquaculture
conditions. In this regard, the diversity of
bioactive compounds among different species
of Sargassum has considerable prospects for
developing ecological immunostimulants for
aquaculture. However, a consistent scientific
approach is necessary to apply them properly.
Various Sargassum species used as dietary
supplements in fish feed have been proven
to enhance immune responses and resistance
to bacterial infections, primarily due to their
abundance of natural bioactive compounds. One
of the key components, sulfated polysaccharides
such as fucoidan, has been shown to activate

the expression of critical immune-related genes,
including I/L-1Band TNF-, thereby strengthening
the innate immune response in fish (Khanzadeh
et al., 2025). Moreover, according to Chin et al.
(2024), the fucoidan presence in brown algae
can activate the signaling pathway of toll-like
receptors (TLRs), which plays an important role
in recognizing pathogens and activating immune
response promptly. The phenolic components of
Sargassum have strong antioxidant properties that
prevent immune cells from oxidative damage,
which usually occurs under bacteria invasion (Hu
et al., 2024; Rajivgandhi et al., 2021; Sedjati et
al., 2017). The prevention of oxidative damage
plays a significant role in sustaining the viability

Table 2. Dietary application of Sargassum species as immunostimulants in fish and shrimp.

Administration Methods and

No. S(grggsi?sm Immunomodulatory Effects in le?rql::?CSUItelériZs gs:ltleer;ale Reference
p Fish and Shrimp getsp &
Dietary supplementation with .
1 S polvevstum ethanol extract enhances IL-183 (%2:22}?: r:?l)zlbltts Aeromonas (Sonmez et
’ - potyey and IL-8 gene expression and " kli 5) hydrophila al., 2021)
improves survival rate. 4
Seaweed meal as a dietary Asian seabass
e e supplement enhances TNF-c, IL- . . (Khanzadeh
2. S. ilicifolium . (Lates Vibrio harveyi
1B, and IGF-1 gene expression . et al., 2025)
. . calcarifer)
and improves survival rate
Probiotic-fermented seaweed
administered via feed enhances Barramundi i
S. . . o . (Siddik et
3. . . immune responses, resistance (Lates Vibrio harveyi
linearifolium . . . al., 2025)
to infection, and growth calcarifer)
performance.
The extract supplemented in
the diet upregulates genes Black tiger Vibrio (Chin ef al,
4.  S. polycystum related to LGBP, peroxinectin,  shrimp (Penaeus arahaemolvticus 2024)
prophenoloxidase, TLR, and monodon) p Y
penaeidin.
Fucoidan extract administered via
feed enhances immune parameters
Oscar fish
e ep (leukocyte count, lysozyme Aeromonas (Khanzadeh
5. S. ilicifolium . (Astronotus .
activity, total complement, NBT, hydrophila et al., 2024)
.- . ocellatus)
bactericidal activity) as well as
growth performance
Seaweed extract as a dietary
supplement enhances hematocrit,  Common carp (Sabi et
6. S. vulgare hemoglobin, HDL, total protein, (Cyprinus —
. . . al., 2023)
globulin, lysozyme activity, and carpio)
complement system activity
Incorporation of seaweed meal
into the diet improves growth Yellow catfish
S. . (Hu et al.,
7. Kiellmanianum performance, immune responses, (Pelteobagrus 2024)
J antioxidant status, and resistance fulvidraco)

to ammonia stress.
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and functioning of macrophages and neutrophils,
the two major immune cells of fish (S6nmez et al.,
2021). Additionally, S. ilicifolium and S. horneri
extracts increase hemocyte numbers and activate
various immune-related gene expression, such as
prophenoloxidase, SOD, penaeidin3a, lysozyme,
a2-macroglobulin, and peroxinectin, in whiteleg
shrimp (Litopenaeus vannamei) (Lee et al., 2020;
Pourazad et al., 2024).

Based on the data (Table 2), it can be concluded
that various Sargassum species demonstrate
significant potential in enhancing the immune
system and survival of aquaculture organisms
exposed to pathogens, with diverse mechanisms
depending on the species and the immunological
parameters assessed. The authors posit that the
diversity in immunostimulatory effects is not
solely related to the Sargassum species utilized
but is also influenced by the cultured organism
species and the type of challenging pathogen. For
instance, the use of S. polycystum in rainbow trout
(Oncorhynchus mykiss) and black tiger shrimp
(Penaeus monodon) has been shown to upregulate
immune-related genes such as IL-1p, IL-8, and
other non-specific defense genes, contributing to
enhanced resistance against bacterial infections
including Aeromonas hydrophila and Vibrio
parahaemolyticus (Chin et al., 2024; Sonmez
et al., 2021). Meanwhile, S. ilicifolium has been
reported to improve humoral and cellular immune
parameters, including leukocyte counts, lysozyme
activity, and the expression of TNF-« and IGF-1
genes in grouper and oscar fish, which is relevant
in strengthening the fish immune system against
harveyi and A. hydrophila infections (Khanzadeh
et al., 2024, 2025).

However, the authors point out that the above-
mentioned results prove Sargassum’s ability
to enhance innate and adaptive immunity in
various types of marine life organisms like fish
and shrimp via increased phagocytosis, increased
production of the effector molecules of immunity,
and controlled expression of genes involved in
resistance to pathogens. However, further studies
considering dose-response relations, optimal
delivery systems, and continuous assessment of
immune system parameters should be performed
to increase the efficiency o fusing Sargassum
in aquaculture as an immunostimulatory feed
additive. Furthermore, it should be mentioned that
according to the authors, in addition to its ability
to stimulate immunity, feeding with Sargassum
may positively affect other aspects like growth
performance and antioxidant condition. This

conclusion can be drawn from several cases when
S. kjellmanianum was fed to yellow catfish and S.
vulgare was added to the common carp diet (Hu
et al., 2024; Sabzi et al., 2023).

Safety and Efficacy of Sargassum Extracts

Additionally, the results have shown that,
within certain levels of concentrations, the extract
is safe in terms of lack of toxic reactions or deaths
among tested fish species (Azuwarita et al,
2021; Negara et al., 2021; Pratiwy et al., 2018).
Moreover, acute toxicity experiments conducted
using different freshwater fishes including the
African catfish (Clarias gariepinus), Nile tilapia
(Oreochromis niloticus), and golden pompano
(Trachinotus blochii) have shown that extracts
of the tested Sargassum species do not cause
significant changes to physiological parameters
like breathing rate, hematocrit index, and survival
among other aspects, only if they are at certain
concentration levels Ghazali et al, 2024. In
general, all these findings prove that the use of
Sargassum species is appropriate and safe to
be used in aquaculture practices Muahiddah &
Isnansetyo, 2023; Setiyowati et al., 2022; Yuliana
etal., 2021.

Besides their safety, extracts of the Sargassum
species have been found effective against the
pathogenic bacteria of Aeromonas hydrophila
which is responsible for the disease of MAS
in freshwater fish as noted by Waruwu et al.
(2024). The bioactive compounds contained in
this species of brown algae, such as fucoidan,
phenolics, and flavonoids, are expected to exhibit
their antimicrobial effects by causing bacteria
cell membrane disruption, protein synthesis
inhibition, and oxidative stress in bacteria cells
(Noyanti et al., 2023; Sidauruk et al., 2021). The
antimicrobial properties make Sargassum useful
not only as a prophylactic agent that enhances
the immunity of fish but also as an ecological
and sustainable means of combating pathogens.
It offers a viable alternative to antibiotics, which
have been associated with antibiotic resistance
and the development of unwanted byproducts.

CONCLUSION

There appears to be substantial evidence that
the genus Sargassum can be used effectively as a
natural immunostimulant for aquaculture because
of its capability of increasing nonspecific immune
response and improving resistance against
bacterial pathogens in fish and shrimp. The effects
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are mainly attributed to a variety of bioactive
components in Sargassum such as sulfated
polysaccharides, phenolics, and flavonoids, which
play a vital role in modulating several immune
parameters such as the number of leukocytes,
phagocytosis, lysozyme levels, as well as gene
expression of IL-18 and TNF-a. Additionally,
the use of Sargassum is associated with improved
growth indices and antioxidation properties, hence
giving the substance two roles in aquaculture as
an additive with health-improving and growth-
promoting capabilities. However, it is crucial to
conduct extensive research on dose-response
characteristics, methods of administration, and
sustained immuno-modulation in intensive
aquaculture settings. The use of Sargassum as
an immunostimulant in aquaculture systems is
expected to provide environmentally friendly
practices and a viable alternative to antibiotic
treatments.
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