
Indian J Anim Health (2025), 64(1) - Special Issue: 55-65
DOI: https://doi.org/10.36062/ijah.2025.01925

Phytotherapy as a natural alternative to antibiotics in aquaculture
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Abstract
The aquaculture industry, despite its significant economic contributions, faces considerable challenges from infectious

diseases and the growing threat of antimicrobial resistance (AMR). Phytotherapy, the use of plant-derived bioactive
compounds, presents a promising alternative to conventional pharmaceuticals for disease management. Medicinal plants
have demonstrated antiparasitic, antibacterial, and antifungal properties, enhancing fish immunity and overall health.
Incorporating herbal supplements into aqua feeds can reduce dependence on synthetic chemotherapeutics, mitigating
environmental risks and supporting sustainable aquaculture practices. Additionally, phytotherapy has been shown to
improve growth performance, bolster disease resistance, and enhance fish welfare, ultimately leading to increased production
efficiency. With rising consumer demand for sustainably farmed seafood, integrating phytotherapy into aquaculture can
enhance the industry’s sustainability and market competitiveness. This review explores the potential of phytotherapy in
revolutionizing disease management strategies and promoting environmentally responsible aquaculture.
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Highlights
 Phytotherapy has antiparasitic, antibacterial, and antifungal effects in humans and animals
 Plant-derived compounds can enhance fish health and immune responses
 Phytotherapy can reduce reliance on chemotherapeutic parasiticides, minimizing environmental risks
 Herbal supplements can improve growth performance, immune response, and disease resistance in fish
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INTRODUCTION
Global aquaculture production reached a record

130.9 million tonnes in 2022, valued at USD 313
billion. This comprised 94.4 million tonnes of aquatic
animals and 36.5 million tonnes of algae. Asia
dominated the sector, contributing 91.4% of the global
output, followed by Latin America and the Caribbean
(3.3%), Europe (2.7%), Africa (1.9%), North America
(0.5%), and Oceania (0.2%). The top ten producing
countries - China, Indonesia, India, Vietnam,
Bangladesh, the Philippines, South Korea, Norway,
Egypt, and Chile - collectively accounted for 89.8%
of the total production (Dongyu, 2024). The growth of
the aquaculture industry is hindered by various
challenges, with infectious diseases being a significant
factor. Disease outbreaks often stem from poor fish
health management, including inadequate water
quality, insufficient nutrition, improper sanitation, and
high stocking densities (Chong et al., 2020).

The use of pharmaceuticals in aquaculture,
including antimicrobials, disinfectants, pesticides, and
other chemicals, faces an uncertain future due to their
potential adverse impacts on the aquatic environment,
as well as on animals and humans (Rico and Van den
Brink, 2014). Currently, approved antibiotics for use
in aquaculture include tetracycline, penicillin,
quinolones, sulphonamides, and trimethoprim (Conti
et al., 2015). In contrast, the use of chloramphenicol,
nitrofurans, vancomycin, dimetridazole, and cimaterol
is banned due to their harmful effects, such as
carcinogenicity, bone marrow suppression, aplastic
anemia, and acute nephrotoxicity (Bondad-Reantaso
et al., 2012; Conti et al., 2015).

Herbal medicine has garnered significant interest
in aquaculture since the 1990s, primarily due to the
bioactive compounds they contain, such as flavonoids,
alkaloids, terpenoids, tannins, polysaccharides, and
essential oils. These compounds serve not only as



chemotherapeutics but also as feed additives to boost
the immune response of aquatic species (Tadese et al.,
2020; Zhu, 2020; Amiruddin et al., 2021). Research
has demonstrated that medicinal plants possess a
variety of biological properties, including stress-
relieving, antimicrobial, antiviral, and antiparasitic
effects. Additionally, they are characterized by low
toxicity (Stratev et al., 2017; Zhu, 2020) and offer
environmental and economic benefits (Cawthorn and
Hoffman, 2015).

Many plant species have been used as medicinal
plants for humans since ancient times. Plants synthesize
diverse chemical compounds to defend against insects,
fungi, pathogens, and herbivores. Numerous bioactive
substances have been identified for their therapeutic
potential. In developing countries, herbal medicines
derived from plants are commonly used for treatment.
For instance, in Indonesia, herbal medicine is a well-
known approach for healing. However, the bioactive
substances or secondary metabolites found in a given
plant species can vary significantly in both type and
concentration, depending on factors such as soil
composition, climate, plant age, and other ecological
conditions (Effendi et al., 2022).

Immunomodulatory effects of phytogenic com-
pounds in aquacultured fish

The immune system comprisesinnate (non-specific
or natural) immunity and adaptive (specific or
acquired) immunity, with the innate immune system
serving as the first line of defense against pathogens
(Carbone and Faggio, 2016; Ahmadifar et al., 2019).
The innate immune system can be further divided into
epithelial barriers, humoral factors, and cellular
components (Magnadottir, 2010; Bruce and Brown,
2017). In fish, mucus, gills, and scales constitute the
primary physical barriers. Fish mucus containslectins,
immunoglobulins, lysozymes (LYZ), and complement
proteins (Uribe et al., 2011; Elumalai et al., 2019).
Integumentary secretions also harbor antimicrobial
peptides that lyse bacterial cell walls (Uribe et al., 2011;
Vallejos-Vidal et al., 2016).

The humoral components of fish innate immunity
include lysozymes (LYZ) and the complement system,
while the primary cellular components consist of
monocytes, macrophages, and granulocytes
(Magnadottir, 2006, 2010; Van Hai, 2015; Burgos-
Aceves et al., 2019). Other key players include
transferrin, antimicrobial peptides, and antiproteases.
Physical barriers such as the epidermis, mucosal
surfaces, and scales act as the first line of defense,
preventing the intrusion of foreign agents (Esteban,

2012). The fish gut has gained considerable focus in
immunity studies (Caipang and Lazado, 2015) due to
its role as a primary pathway for pathogen entry
(Birkbeck and Ringø, 2005).

The mucosal immune system in fish relies heavily
on gut-associated lymphoid tissue (GALT), which
serves as a critical defense mechanism (Reverter et al.,
2014; Lauriano et al., 2023). The posterior intestine is
immunologically active, containing B cells, T cells,
macrophages, and granulocytes (Magnadottir, 2010).
Innate immune responses in fish include the generation
of reactive oxygen and nitrogen species, as well as the
activity of various enzymes, notably the extensively
studied peroxidase. Activation is essential for immune
cells to perform their functions. In adaptive immunity,
B-cell receptors recognize antigens, triggering memory
B-cell proliferation. This, in turn, activates
T lymphocytes and triggers the release of cytokines
(Reverter et al., 2014).

To defend against pathogens such as bacteria,
parasites, and viruses, fish utilize phagocytosis as a
cornerstone of their innate immunity. The lectin,
classical, and alternative pathways further enhance
phagocytosis via pathogen opsonization (Boshra et al.,
2006; Elumalai et al., 2019). Non-specific cytotoxic
cells, functionally similar to mammalian natural killer
cells, have been identified in fish species such as catfish
(Clarias gariepinus), rainbow trout (Oncorhynchus
mykiss), common carp (Cyprinus carpio), Nile tilapia
(Oreochromis niloticus), gilthead seabream (Sparus
aurata), and European sea bass (Dicentrarchus labrax)
(Ortuño et al., 2002).

Macrophages and neutrophils, key phagocytic
cells in fish, eliminate bacteria through mechanisms
like respiratory bursts. They also harborhydrolytic
enzymes and lysozymes (LYZ). Tumor necrosis factor
activates macrophages in species like sea bream,
goldfish (Carassius auratus), and catfish, boosting
bacterial phagocytosis (Uribe et al . ,  2011).
Additionally, cytokines such as interferons  and β
play a vital role in defending against viral infections.
For instance, interferons in Atlantic salmon (Salmo
salar) have been found to induce antiviral activity
against infectious pancreatic necrosis virus (Jensen and
Robertsen, 2002).

Fish adaptive immunity effectively recognizes
pathogens and establishes immunological memory
(Secombes et al., 2005; Randelli et al., 2008).
Immunostimulants enhance both innate and adaptive
immunity, boosting disease resistance in fish and
shellfish (Deivasigamani and Subramanian et al., 2016;
Ringø et al., 2012). While these substances can be
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administered via injection or as dietary supplements,
the latter is generally preferred for its practicality and
reduced stress on. Although injection allows for precise
dosing, it is labor-intensive and stressful due to the
required handling and manipulation (Selvaraj et al.,
2005).

Antimicrobial resistance in aquaculture
Antimicrobial resistance (AMR) is a global

concern, causing an estimated 1.27 million deaths in
2019, with disproportionate impacts on low- and
middle-income countries. Aquatic ecosystems act as
major reservoirs and transmission pathways for
AMR (Murray et al., 2022). The use of antibiotics
directly in aquaculture systems is not the only factor
contributing to the global spread of AMR; integrated
fish farming systems also play a significant role. These
systems - especially prevalent in Asia and Africa - are
key AMR transmission pathways (Watts et al., 2017).
Depending on the biodegradabil ity, ini tial
concentration, and physical and chemical properties,
fish feces and uningested food may maintain the
antimicrobial residues (Burridge et al., 2010). This
prolonged selective pressure promotes the emergence
of antimicrobial resistance determinants. The
antibiotic environment’s fluctuation compels the
bacteria to adapt, which in turn leads to their selection
for survival through a variety of mechanisms (Baquero
et al., 1998). Selection pressure alters aquatic
biodiversity through genetic shifts that either
generate new AMR variants or replace susceptible
populations with resistant ones (Cabello et al., 2013).
According to Chiew et al. (1998), the main drawback
of selection pressure is that, if resistance is developed,
the determinants may persist in the community even
in the absence of effective antibiotics. The use of
antibiotics in cultivated open systems, like ponds,
raises the possibility that AMR genes may persist and
spread throughout the system because there is less
frequent water exchange and more time for bacterial
adaptation (Neela et al., 2015). Aeromonad pathogens
on the gut and skin of treated fishes and biofilms
developed multidrug resistance against streptomycin,
sulfamethoxazole, quinolones and fluoroquinolones,
oxytetracycline, florfenicol, chloramphenicol,
and trimethoprim after receiving flumequine
treatment in pond water and rainbow trout farms. This
facilitated the transfer of pertinent genes to broader
aquatic environments during harvest (Naviner et al.,
2011).

 Different types of herbs are used in aquaculture and
their properties

The efficacy of medicinal plants is closely linked
to the abundance of bioactive compounds, which are
influenced by various factors such as geographical
location, the specific plant part utilized, and the age
of the harvested plant. Additionally, the type of plant
material used (e.g., dried powdered plant or extract)
plays a significant role in determining the metabolite
profile and biological potential. Reverter et al. (2021)
noted that powdered plants were the most commonly
employed material, followed by ethanolic extracts,
essential oils (EO), and aqueous extracts. This
preference reflects production cost-effectiveness and
safety considerations. Alcoholic solvents are preferred
over aqueous due to their intermediate polarity,
facilitating broader-spectrum phytochemical
extraction and greater bioactivity. However, solutions
rich in bioactive molecules may sometimes exhibit
toxic effects on treated fish and crustaceans. The
biological activity of plant extracts largely depends
on the extraction methods employed, including factors
such as solvent polarity, equipment, and temperature,
which influence the composition and abundance of
bioactive compounds in the extract. Variations in the
availability of phytochemicals can significantly affect
therapeutic outcomes. Beyond plant extracts and
powdered forms, essential oils (EO) are also widely
utilized as feed supplements in aquaculture due to their
low toxicity. Moreover, EO has been recognized as
safe (GRAS) by the US Food and Drug Administration
(FDA, 2016) (Table 1).

Phytotherapy as an alternative to antibiotics in
aquaculture

Phytotherapy involves treating diseases with
medicinal plant-based products for prevention, cure,
or relief (Reverter et al., 2014). Their antiparasitic,
antibacterial, and antifungal efficacy has been
demonstrated in both human and veterinary medicine
(Silva and Fernandes-Júnior, 2010). While herbal
medicines have long been used in human health, their
application in aquaculture is gaining attention as safer
alternatives to conventional drugs, which threaten
aquatic ecosystems. Research on plant-derived
antimicrobials has driven studies on controlling
parasitic infections in humans, animals, and fish
(Abd El-Galil and Aboelhadid, 2012). In aquaculture,
their use can reduce reliance on chemical parasiticides,
promoting more sustainable fish farming with lower
environmental impact. These natural treatments help
manage fish diseases, preventing mortality and
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Cont. Table 1.

Table 1. Different types of herbs are used in aquaculture and their properties
Scientific Common Part Bioactive Compounds Properties References
Name Name Used
Azadirachta Neem Leaf Azadirachtin, Antibacterial, Islamy et al., 2024
indica extract nimbolinin, nimbin, antifungal,

nimbidin, nimbidol, antimicrobial,
sodium nimbinate, antioxidant, anti-
gedunin, salannin, inflammatory
and quercetin

Scutellaria Chinese Aerial Baicalin, baicalein, Antimicrobial, Xia et al., 2023
baicalensis skullcap part 7-O-glucuronide, antioxidant,

oroxylin A anticancer, anti-
inflammatory

Castanea Sweet Shell Trigalloyl-HHDP- Antibacterial, Imperatore et al.,
sativa chestnut (phenolic glucose, gallic acid, antioxidant 2023

extract) quercetin

Pandanus Screw pine Leaf p- Antibacterial, Cheng et al., 2022
tectorius powder Hydroxybenzaldehyde, antioxidant

extract syringaldehyde,
E-ferulaldehyde,
E-sinapinaldehyde,
vanillin,
5-hydroxymethylfurfural

Aloe vera Aloe vera Leaves 7-Hydroxyaloin A, Antibacterial, Amri et al., 2022
7-hydroxyaloin B, antifungal,
8-O-methyl-7- antiviral
hydroxyaloin A,
S-O-methyl-7-
hydroxyaloin B

Elaeagnus Russian Leaf Cyanidin-3-O-glucoside, Antimicrobial, Hoseini et al.,
angustifolia olive extract gallic acid, anthocyanin antioxidant, 2021

antimutagenic

Coffea Arabian Coffee Chlorogenic acids, Antibacterial Van Doan et al.,
arabica coffee silver caffeine, trigonelline, 2021

skin melanoidins, diterpenes

Citrus Lemon Lemon Caffeoyl N-tryptophan, Antibacterial, Harikrishnan
limon peels hydroxycinnamoyl-O- antifungal et al., 2020

glucoside acid, vicenin 2,
eriocitrin, kaempferol-3-O-
rutinoside, quercetin-
3-rutinoside

Nigella Black Seeds Thymoquinone, Antibacterial Latif et al., 2020
sativa cumin thymohydroquinone,

dithymoquinone, p-cymene,
carvacrol, 4-terpineol,
t-anethole, sesquiterpene,
a-pinene, thymol

Arum Cuckoo Leaves 1,1-Diphenyl-2- Antimicrobial, Farahmandfar
maculatum pint picrylhydrazyl (DPPH), antioxidant, et al., 2019
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Table 1., Cont. ...

Scientific Common Part Bioactive Compounds Properties References
Name Name Used

β-Carotene, tocopherols antibacterial,
antimutagenic,
anticarcinogenic,
cardioprotective

Thymus Common Oil Borneol, carvacrol, cymol, Antibacterial, Gedikoðlu et al.,
vulgaris thyme linalool, thymol, tannin, antifungal, 2019

apigenin, luteolin, antioxidant
saponins, triterpenic acid

Achillea Gandrain Oil Camphor, 1,8-cineole, Antioxidant, Eruygur et al.,
cucullata isoborneol antibacterial, 2019

antimicrobial,
enzyme-inhibition

Anisomeles Malabar Leaves β-Sitosterol, ovatodiolide, Antioxidant, Krishna et al.,
malabarica catmint anisomelic acid, malabarie antibacterial 2019

acid, anisomelol, triterpene
betulinic acid

Cynara Cardoon Oil 5-O-Caffeoylquinic acid, Antioxidant, Scavo et al.,
cardunculus 3,5-O-dicaffeoylquinic anti-inflammatory, 2019

acid, luteolin-7-O- antifungal,
glucoside, luteolin-7-O- antibacterial
malonylhexoside,
fatty acids

Melocanna Muli bamboo Leaf β-Sitosterol, E-phytol, Antifungal, Khan et al.,
baccifera β-amyrin, syringic acid, antibacterial, 2018

blumenol B, antiprotozoal,
tianshic acid antitussive,

immunomodulatory

Thymus Himalayan Oil Thymol, carvacrol, Antimicrobial, Shirazi, 2018
linearis thyme thymyl acetate, antioxidant,

p-caryophyllene antiseptic

Excoecaria Mangrove Leaf Squalene, tocopherol, Antimicrobial, Laith et al.,
agallocha terpenoids antibacterial, 2017

immunomodulatory

Mentha Peppermint Oil Menthone, iso-menthone, Antimicrobial, Adel et al.,
piperita menthol, germacrene D, antibacterial, 2015

-pinene, limonene, 1, immunostimulant
8-cineole

Ocimum Tulsi Leaves Ursolic acid, oleanolic Antioxidant, Das et al., 2015
sanctum acid, salrigenin antimicrobial,

antibacterial,
antidiabetic,
antiviral

Citrus Fingered Fruit Limonene, geranial, neral Antifungal, Hu et al., 2014
medica citron antibacterial

Cont. Table 1.
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Table 1., Cont. ...

Scientific Common Part Bioactive Compounds Properties References
Name Name Used
Zingiber Ginger Root Zingiberene, p-bisabolene, Antioxidant, Hassanin
officinale -farnesene, p- antibacterial, et al., 2014

sesquiphellandrene, anti-inflammatory
-curcumene, 6-gingerol,
6-shogaol

Cinnamomum Chinese Tree Cinnamaldehyde, Antioxidant, Ji et al., 2012
cassia cinnamon bark cinnamon oil, eugenol, anti-inflammatory,

salicylaldehyde, antibacterial
trans-cinnamic acid

Eriobotrya Japanese Leaves Corosolic acid, Antioxidant, Kim et al.,
japonica medlar 3-epicorosolic acid, anti-inflammatory, 2012

euscaphic acid, antibacterial
oleanolic acid, maslinic
acid, methyl arjunolate,
betulinic acid

Tinospora Guduchi Leaves Berberine, choline, Antibacterial Alexander
cordifolia tinosporin, tinocordiside, et al., 2010

furanolactone, â-sitosterol
Withania Ashwagandha Root Withanolides, Antibacterial Sharma et al.,
somnifera withasomnine, somnirol, 2010

somnitol, withanic acid,
phytosterol, ipuranol

Toona Chinese Leaves Ursolic acid, betulinic Antibacterial, Wu et al., 2010
sinensis cedar acid, cedrellin, phytol, antiviral,

scopoletin antioxidant,
anticancer, anti-
inflammatory

Punica Pomegranate Leaves Ellagic acid, gallic Antiviral, Harikrishnan
granatum tannins antibacterial et al., 2010
Thymus Thyme Oil Thymol, p-cymene, Antiseptic, Pirbalouti
daenensis 1,8-cineole, ã-terpinene, antimicrobial, et al., 2009

carvacrol antispasmodic,
antioxidant,
antitussive

Indigofera Indian indigo Leaves Syringic acid, p-coumaric Antibacterial Leite et al.,
suffruticosa acid, vanillin, 2006

syringaldehyde, salicylic
acid, quercetin,
isoliquiritigenin,
formononetin

Camellia Tea plant Leaves, Catechins, epicatechins, Antiparasitic, Suzuki et al.,
sinensis buds theaflavins, flavonol antibacterial 2006

glycosides, L-theanine,
caffeine, theobromine

Allium Garlic Tuber Allicin, alliin, diallyl Hypolipidemic, Sahu et al.,
sativum sulfide, diallyl disulfide, antibacterial, 2007

diallyl trisulfide, ajoene, antihypertensiv,
S-allyl-cysteine hepatoprotective

(Source:  Semwal et al., 2023)
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economic losses. Interest in phytotherapeutics for
treating fish parasites emerged several years ago
(Ekanem et al., 2004a, b; Steverding et al., 2005).
Aquaculture phytotherapy primarily reduces
chemotherapeutic dependence, simultaneously
mitigating environmental risks, controlling diseases,
and preventing mortality-related economic losses
(Harikrishnan, 2003). Herbal remedies in fish health
management are administered as decoctions
(individually), concoctions (combined), or in
conjunction with other medications (Harikrishnan,
2003). The primary rationale behind incorporating
phytotherapy in aquaculture is its potential to minimize
reliance on chemotherapeutic parasiticides, thereby
lowering environmental risks. Additionally, it aids in
treating fish diseases, reducing mortality, and
preventing economic losses. The use of
phytotherapeutics also reduces the likelihood of fish
developing disease resistance (Kulkarni et al., 2013)
due to their multi-target mode of action (Bakkali
et al., 2008). Plants biosynthesize diverse bioactive
secondary metabolites (SMs) for environmental
adaptation, stress tolerance, and pathogen defense.
These metabolites include alkaloids, essential oils,
phenolics, saponins, terpenes, and carbohydrates
(Varijakzhan et al., 2020).The overuse of antibiotics
in aquaculture has raised significant concerns
regarding antimicrobial resistance, environmental
contamination, and food safety. As a sustainable
alternative, phytotherapy-the use of plant-derived
compounds for disease prevention and treatment-has
gained attention for its effectiveness in enhancing fish
health while mitigating these concerns.

Conclusion
In conclusion, while the global aquaculture

industry has made significant strides in production

and economic contribution, it must navigate the
challenges posed by infectious diseases and
antimicrobial resistance. The exploration of herbal
medicine as an a l ternative  to t radi t ional
pharmaceuticals offers a promising pathway to
enhance f ish heal th and immune responses,
potentially transforming the industry’s approach to
disease  management and sustainabil i ty. By
embracing innovative solutions rooted in natural
remedies, the aquaculture sector can work towards a
more resilient and responsible future. Additionally,
the use of herbal supplements may promote overall
health and growth in fish, leading to improved
production outcomes. Furthermore, as consumers
increasingly seek sustainably sourced and
environmentally friendly seafood options, the
adoption of herbal medicine could enhance the
industry’s reputation and marketability.
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