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Abstract

Ornamental fish farming is a prominent sector in global aquaculture, generating billions of dollars and
playing a significant socioeconomic role. Howewer, increased fish farming density and inadequate
sanitary management favor the occurrence of bacterial diseases, especially those caused by
Aeromonas spp., leading to the recurrent use of synthetic antimicrobials. This scenario has
contributed to the emergence of resistant strains and adverse environmental impacts, requiring safer
and more sustainable therapeutic alternatives. In this context, the use of medicinal plants emerges
as a promising strategy, particularly Terminalia catappa, a species widely distributed in tropical
regions and recognized for its pharmacological properties. Studies hawve reported that almond leaf
extracts are rich in phenolic compounds, tannins, flavonoids, and terpenes, which are responsible for
their antioxidant, antimicrobial, and immunomodulatory effects in ornamental fish. The application of
the leavwes or their extracts improves water quality, reduces stress, increases resistance to
pathogens, and can partially replace the use of synthetic antibiotics. Thus, T. catappa stands out as
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a natural and ecological alternative for the health management of ornamental aquaculture, thereby
contributing to the sector’s productive and environmental sustainability.

Keywords: Almond tree; ornamental fish; herbal medicines; antimicrobial resistance; aquaculture
sustainability.

Resumo

A piscicultura ornamental € um setor de destaque na aquicultura mundial, movimentando bilhdes de
dolares e desempenhando importante papel socioecondémico. No entanto, 0 aumento da densidade
de cultivo e as falhas no manejo sanitario favorecem a ocorréncia de enfermidades bacterianas,
especialmente as causadas por Aeromonas spp., levando ao uso recorrente de antimicrobianos
sintéticos. Esse cenério tem contribuido para o surgimento de cepas resistentes e impactos
ambientais adwersos, exigindo alternativas terapéuticas mais seguras e sustentaweis. Nesse
contexto, o uso de plantas medicinais surge como uma estratégia promissora, destacando-se a
Terminalia catappa, espécie amplamente distribuida nas regides tropicais e reconhecida por suas
propriedades farmacoldgicas. Estudos relatam que os extratos foliares da amendoeira séo ricos em
compostos fendlicos, taninos, flawonoides e terpenos, responsaweis por efeitos antioxidantes,
antimicrobianos e imunomoduladores em peixes ornamentais. A aplicacdo das folhas ou de seus
extratos melhora a qualidade da agua, reduz o estresse, aumenta a resisténcia a patégenos e pode
substituir parcialmente o uso de antibidticos sintéticos. Assim, a T. catappa se destaca como uma
alternativa natural e ecoldgica no manejo sanitario da aquicultura ornamental, contribuindo para a
sustentabilidade produtiva e ambiental do setor.

Palavras-chave: Amendoeira; peixes ornamentais; fitoterdpicos; resisténcia antimicrobiana;
sustentabilidade aquicola.

Resumen

La piscicultura ornamental representa un sector destacado en la acuicultura mundial, generando
miles de millones de dolares y desempefiando un importante papel socioeconémico. Sin embargo, el
aumento de la densidad de piscicultura y la gestion sanitaria inadecuada favorecen la aparicion de
enfermedades bacterianas, especialmente las causadas por Aeromonas spp., lo que lleva al uso
recurrente de antimicrobianos sintéticos. Este escenario ha contribuido a la aparicién de cepas
resistentes e impactos ambientales adwersos, lo que requiere alternativas terapéuticas mas seguras
y sostenibles. En este contexto, el uso de plantas medicinales surge como una estrategia
prometedora, en particular, Terminalia catappa, una especie ampliamente distribuida en regiones
tropicales y reconocida por sus propiedades farmacoldgicas. Estudios indican que los extractos de
hojas de almendro son ricos en compuestos fendlicos, taninos, flavonoides y terpenos, responsables
de efectos antioxidantes, antimicrobianos e inmunomoduladores en peces ornamentales. La
aplicacion de las hojas o sus extractos mejora la calidad del agua, reduce el estrés, aumenta la
resistencia a patdgenos y puede reemplazar parcialmente el uso de antibidticos sintéticos. Asi, T.
catappa se destaca como una alternativa natural y ecoldgica para la gestion sanitaria de la
acuicultura ornamental, contribuyendo a la sostenibilidad productiva y ambiental del sector.
Palabras clave: Almendro; peces ornamentales; fitoterapia; resistencia a los antimicrobianos;
sostenibilidad de la acuicultura.

1. Introduction

Ornamental fish farming is an aquaculture activity of growing economic
importance, established as a global sector generating billions of dollars annually.
The global market was valued at approximately US$ 5.4 billion in 2021, with a
projected annual growth rate of over 8% through 2030, underscoring its significance

in generating income and employment opportunities in several countries (Hoseinifar
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et al, 2023). Ornamental aquaculture cultivates a diverse range of aquatic
organisms, including fish, mollusks, crustaceans, amphibians, and reptiles
(Siqueira, 2017). Among the most commercialized ornamental fish are koi (Cyprinus
carpio), goldfish (Carassius auratus), bettas (Betta splendens), and guppies
(Poecilia reticulata), prized for their diverse colors and shapes (Rezende; Fujimoto,
2021).

The ornamental fish sector, driven by innovation and demand for unique
species, requires the supply of healthy and visually attractive animals (Rezende;
Fujimoto, 2021). However, poor management and water quality contribute to the
emergence of infectious and parasitic diseases, often associated with stress and the
presence of opportunistic pathogens (Anjur etal., 2021).

Bacterial diseases are among the primary obstacles to aquaculture production,
as they affect various stages of the production chain, from fish cultivation to
transportation (Rezende; Fujimoto, 2021). Among the most important pathogens,
the genus Aeromonas stands out for causing hemorrhagic septicemia in several fish
species. Species such as A. veronii and A. hydrophila are associated with severe
infections in catfish (Ictalurus punctatus) (Hoai et al., 2019), tilapia (Oreochromis
niloticus) (Hassan et al, 2017; Raj et al., 2019), and goldfish (C. auratus)
(Shameena et al., 2020), among many others.

Conventional treatments with synthetic antimicrobials have demonstrated
limited efficacy and pose risks of bacterial resistance and environmental harm. In
this context, interest in the use of herbal medicines in ornamental fish farming is
growing as a natural, economical, and ecologically sustainable alternative (Allessi;
Carvalho Filho; Marengoni, 2019; Anjur et al., 2021).

Among the plants with therapeutic potential, the almond tree (Terminalia
catappa) stands out. It is a species widely distributed in tropical regions, and its
leaves contain bioactive compounds such as tannins, flavonoids, phenols, and
saponins, which are associated with antioxidant, immunomodulatory, and
antimicrobial actions (Allessi; Carvalho Filho; Marengoni, 2019). The use of T.
catappa leaf extracts has been reported in ornamental fish farming systems, with
beneficial effects on immunity, stress resistance, and the prevention of bacterial

diseases, especially those caused by A. hydrophila.
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This review aimed to gather and discuss the primary scientific evidence on the
phytotherapeutic potential of T. catappa leaf extract in ornamental fish farming,
highlighting its effects on the health, immunity, and performance of ornamental fish,
as well as its potential applications as a natural alternative to conventional

antimicrobials.
2. Literature review

2.1. Ornamental aquaculture worldwide and in Brazil

The term ornamental aquaculture, also known as aquariophily, is defined by
SAP/MAPA Ordinance n°. 17/2021 as the breeding or sale of aquatic organisms
kept in aquariums, tanks, or lakes for leisure or entertainment purposes. According
to this regulation, ornamental use encompasses both living and non-living
organisms, used for decorative or aesthetic purposes (Brazil, 2021).

Ornamental aquaculture involves the maintenance and reproduction of marine,
brackish, and freshwater aquatic species, including algae, plants, invertebrates, fish,
amphibians, and reptiles (Rezende; Fujimoto, 2021). From an economic
perspective, ornamental fish farming is highly profitable, as several species achieve
significant values in national and international trade (Carvalho et al., 2017). In
addition to its economic aspects, the activity has recreational and educational
components, driven by the aesthetic appreciation of the species (Novak; Kalous;
Patoka, 2020). The global pet market, encompassing ornamental fish, is
experiencing sustained growth. In 2022, the total number of pets increased by 2%
compared to 2021, with ornamental fish representing the largest group, exceeding
642 million individuals (ABINPET, 2023). This popularity is attributed to their
practical handling and reduced daily care requirements (Novak; Kalous; Patoka,
2020).

On the international scene, Indonesia, Singapore, and Japan stand out as the
primary producers and exporters of ornamental fish, recognized for their diverse
range of species and high export capacity (Rezende; Fujimoto, 2021; Costa et al.,
2024).
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In Brazil, according to the Brazilian Association of the Pet Products Industry
(ABINPET, 2023), the pet sector saw a 3.6% increase in 2022, totaling 167.6 million
individuals, placing the country as the third-largest global market in terms of
revenue (US$ 7.4 billion). Ornamental fish account for approximately 22.2 million
animals, representing a 4% increase compared to 2021, surpassing the growth
observed in dogs (3.5%). In during the same period, the global pet market grew by
3.2%, generating US$ 149.82 billion.

Between 2013 and 2017, 14 Brazilian states stood out as exporters of
ornamental fish, with five main hubs: Belém (PA), Manaus (AM), Fortaleza (CE),
Vitoria (ES), and Goiania (GO) (Brazil, 2018). Another notable region is the Zona da
Mata in Minas Gerais, particularly the municipality of Muriaé, which is responsible
for around 90% of the national production of freshwater species, with approximately
12 million units sold annually. In the North and Northeast regions, extractive fishing
and the capture of ornamental marine organisms are predominant, with the state of
Ceara serving as an example of government incentives for this activity (Aquaculture
Brazil, 2022).

In the national market, the most commercialized ornamental fish species
include goldfish (Carassius auratus), Platy (Xiphophorus maculatus), Betta (Betta
splendens), Oscar (Astronotus ocellttus), Guppy (Poecilia reticulata), Cardinal tetra
(Paracheirodon axelrodi), Mato Grosso (Hyphessobrycon eques), Flag angelfish
(Pterophyllum scalare), and Discus angelfish (Symphysodon discus), with the
diversity and intensity of colors being determining criteria for their commercial value
(Rezende; Fujimoto, 2021).

In Brazl, the commercial exploitation of these resources requires prior
authorization from the competent authority, as stipulated in Law No. 11,959 of 2009,
which aims to ensure the sustainable use of resources and protect communities that
hold traditional knowledge (Brazil, 2009).

Given the economic and ecological importance of the sector, it is essential to
develop sustainable strategies that promote the well-being and health of ornamental
fish, including the use of natural products with therapeutic properties, such as plant

extracts of phytotherapeutic value.
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2.2. Carassius auratus as a model species in ornamental aquaculture

Brazil, home to remarkable biodiversity, is home to approximately 3,147
species of Neotropical fish distributed across different regions (Antunes; Alcantara,
Santos, 2021). Despite this native richness, exotic species such as Carassius
auratus (Linnaeus, 1758), popularly known as goldfish or kinguio, have played a
fundamental role in both the ornamental market and scientific research. Belonging
to the class Actinopterygii, order Cypriniformes, and family Cyprinidae, this species
is native to Asia and closely related to the common carp (C. carpio), with which it
shares genetic and behavioral aspects relevant to studies of reproduction,
physiology, and management (Moyses et al., 2015).

In Brazil, C. auratus stands out for its widespread use in aquariums and the
growing economic importance of ornamental fish farming, which drives the adoption
of more sustainable management practices. The species is widely studied for its
adaptation to various environmental conditions; however, it is susceptible to
parasitic infestations and bacterial diseases when kept under conditions of
inadequate water quality and high population density (Rocha et al, 2017).
Biologically, goldfish are omnivorous fish with herbivorous tendencies, high
fecundity, and short reproductive cycles, characteristics that favor their intensive
reproduction and widespread dissemination (Dananjaya et al., 2020; Chen et al.,
2020).

The species exhibits significant phenotypic diversity, resulting from centuries
of artificial selection, which is reflected in variations in coloration, morphology, and
behavior. These differences influence not only aesthetics but also physiological and
adaptive parameters. Due to its hardiness, attractive appearance, and ease of
handling, the goldfish is widely recommended for beginners in aquarium
maintenance. Regarding water quality, it tolerates a temperature range of 15° and
to 28°C, a neutral pH (7.0) to slightly alkaline (7.2), and low dissolved oxygen levels
(< 4 ppm). In hypoxic situations, it exhibits a unique mechanism for converting
lactate to ethanol, eliminating it through the gills, thus avoiding metabolic acidosis
(Chen et al., 2020).

C. auratus can reach up to 30 cm in length and adapts easily to different

environmental conditions, making it a versatile experimental model for physiology,
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toxicology, and immunology studies. Its hardiness and well-characterized immune
response justify its frequent use in experiments evaluating the effect of natural
compounds, including herbal medicines, on disease resistance (Dananjaya et al.,
2020; Araujo et al., 2020).

However, due to its widespread distribution and intense commercialization,
goldfish are frequently affected by opportunistic pathogens, especially bacteria from
the genera Aeromonas, Shewanella, Citrobacter, and Vibrio, which can cause skin
ulcers, eye lesions, septicemia (Zhang; Xu; Shoemaker, 2016), and even skin
neoplasms (Armando et al., 2021). These diseases compromise the well-being and
longevity of the fish, resulting in the recurrent use of synthetic antibiotics for
treatment (Armando et al., 2021).

In recent years, the use of herbal products has emerged as a promising and
environmentally safe alternative for the health management of ornamental fish
(Elgendy et al, 2024). Thomas et al. (2023) observed a significant
immunomodulatory effect of Andrographis paniculata leaf extract on C. auratus
infected with A. hydrophila, with efficacy observed at low concentrations (50 pg/mL).
However, studies focusing on the control of bacterial infections in goldfish using
herbal extracts remain limited (Allessi; Carvalho Filho; Marengoni, 2019). Most
research on herbal products focuses on species of zootechnical interest for human
consumption, highlighting a significant gap in ornamental aquaculture. In this
context, investigations into the phytotherapeutic potential of tropical plant species,
such as the almond tree (T. catappa), represent a sustainable and innovative
alternative for controlling bacterial diseases in ornamental fish, especially C.

auratus.

2.3. Main diseases in ornamental fish farming

The success of ornamental fish farming depends on the adoption of good
management practices, including strict water quality control, quarantine of new
batches, balanced feeding, and preventive biosecurity measures, which are
essential to reduce losses caused by infectious outbreaks. Intensified and increased
stocking densities can increase stress levels in fish, compromising their immune

systems and favoring the emergence of diseases, which can result in significant
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economic losses. Modern management strategies have incorporated the use of
functional nutritton and immunomodulators (vitamins, amino acids, and minerals),
which can strengthen the immune response, increase resistance to environmental
stress, and reduce dependence on synthetic antibiotics (Abdul Kari, 2025).

Water quality is another determining factor in maintaining the health of
ornamental fish. According to Sipauba-Tavares, Baccarin, and Braga (2006), proper
management of water's physical, chemical, and biological parameters is essential to
reduce pathogen proliferation and maintain the homeostasis of aquatic organisms.
Allessi, Carvalho Filho, and Marengoni (2019) emphasize that, although ornamental
fish farming shares similar principles to broiler farming, it requires specific
adaptations, such as proportional tank sizing, efficient filtration systems, and less
stressful fishing methods suited to ornamental species.

Observing clinical and behavioral signs is a crucial tool for early disease
diagnosis. Changes in swimming behavior, isolation of individuals, and loss of
appetite are indicative of physiological imbalance and may reflect bacterial
infections or changes in environmental quality (Rezende; Fujimoto, 2021).

Several bacterial genera have been reported to cause disease in ornamental
fish, including Aeromonas, Pseudomonas, Edwarsiella, Streptococcus,
Flavobacterium, Vibrio, and Enterococcus (Zhang; Xu; Shoemaker, 2016; Jatoba et
al., 2018). The genus Streptococcus is one of the most relevant, as it can infect both
symptomatic fish and apparently healthy individuals, is transmitted through water,
and is often responsible for high-mortality outbreaks. Systemic infection caused by
Streptococcus spp. can reach the central nervous system, leading to bacterial
meningoencephalitis, characterized by disturbed swimming, ocular necrosis, and
changes in the sclera and cornea (Hernandez-Hernandez et al., 2023).

Another notable agent is Flavobacterium columnare, which causes "Columnar
disease," easily recognized by the presence of pale spots and reddish areas on the
skin of fish. Ornamental species such as goldfish (C. auratus), carp (C. carpio),
zebrafish (Danio rerio), platys (Xiphophorus maculatus), swordtails (Xiphophorus
helleri), mollies (Poecilia latipina and P. sphenops), and guppies (P. reticulata) are
among the most susceptible to infection (Declercq et al., 2013). The disease, which

initially affects the epidermis and gills, can progress to systemic conditions and is
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often exacerbated by co-infection with other pathogens, such as Aeromonas spp.,

Edwardsiella tarda, and E. ictaluri (Rezende; Fujimoto, 2021).

Ferreira et al. (2022) investigated the virulence of F. columnare in pacu (P.

mesopotamicus) and reported that after 40 minutes of exposure (1 x 102 CFU/mL),

the animals exhibited symptoms such as lethargy and gray spots on the dorsal

region within 24 hours.

Table 1 presents studies that systematize the main symptoms of bacterial

diseases affecting ornamental fish, as well as the species involved.

Table 1. Some of the main infectious diseases in fish are caused by bacteria.

Bacteria FHsh species Main symptoms References
Streptococcus Til4pia (O. niloticus) Eye with exophthalmos, hemorrhage,and | Hernandez-
agalactiae corneal opacity. Brain with hemorrhage | Hernandez

and diffuse fibrinous exudate. Ulcer, | etal. (2023).
hemorrhage, and caseous necrosis atthe
base of the caudal peduncle.
Vibrio cholerae and | Kinguio (C. auratus) and | Darkening of the skin, lethargy, anorexia, | Rezende;
V. anguillarum Paulistinha (P. reticulata) | skinulcers and septicemia, eye damage, | Fujimoto
ascites, and anemia. (2021)
Aeromonas Tilapia (O. niloticus) Skin hemorrhages, fin hemorrhages, and | Aboyadak et
hydrophila exophthalmos. al. (2015)
Francisella asiatica | Tilapia (Oreochromis sp.) | Lethargy, loss of appetite, gill pallor, and | Rezende;
(F. noatunensis | and ornamental cichlids | spiral orcircular swimming patterns, skin | Fujimoto
subsp. orientalis) | (various species) erosions, and loss of scales. (2021)
and F. noatunensis
Mycobacteriosis Neon tetra | Loss of appetite, weak and isolated fish; | Rezende;
(Mycobacterium (Paracheirodon sp.), | unilateral or bilateral exophthalmos, skin | Fujimoto
spp.) Black cichlid (C. | ulcerations, abdominal distension, | (2021)
bimaculatum), Goldfish | subcutaneous masses and nodules in the

(C. auratus), Blackfish (A.
ocellatus) and Napoleon
fish (C. undulatus)

main organs.

Source: The author.

Given the

increasing

incidence of bacterial

diseases and the risk of

antimicrobial resistance, it is essential to seek safe and environmentally sustainable

therapeutic alternatives.

antimicrobial

and

In this context, the use of natural compounds with

immunomodulatory properties, such as plant extracts, has

generated increasing interest in ornamental aquaculture due to their potential to

reduce the use of synthetic antibiotics and promote fish welfare.

2.4. The genus Aeromonas
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The genus Aeromonas, belonging to the class Gammaproteobacteria, order
Aeromonadales, and family Aeromonadaceae, also encompasses the genera
Tolumonas and Oceanonimonas. Currently, 32 species of Aeromonas are
recognized (Figueras et al., 2017). These bacteria are short, Gram-negative,
facultatively anaerobic, oxidase- and catalase-positive rods (Pessoa et al.,, 2019).
They range in size from 0.3 to 1.0 ym in diameter and 1.0 to 3.5 ym in length
(Percival; Wiliams, 2014). They ferment glucose and tolerate NaCl concentrations
ranging from 0.3% to 5% (Parker; Shaw, 2011).

Considered emerging pathogens, Aeromonas possess broad adaptability and
can colonize a variety of aquatic and terrestrial hosts (Elala; Afifi; Taha, 2015). In
addition to being present in water and sediments, they are also isolated from food
and various animals, including fish, birds, and invertebrates (Pessoa et al., 2019).
Their health importance stems not only from their high pathogenicity but also from
the growing issue of antimicrobial resistance, a critical challenge for modern
aquaculture (Devi et al., 2016).

Aeromonas species are associated with several diseases in fish, being
responsible for hemorrhagic septicemia and skin lesions, and are thus one of the
main etiological agents in culture systems (Devi et al.,, 2016). Virulence is
associated with the production of extracellular enzymes, including hemolysins and
aerolysins (Anjur et al, 2021). Hemolysins degrade hemoglobin, promoting
hemolysis of erythrocytes, where a-hemolysin causes partial and reversible lysis,
while B-hemolysin forms pores in the cell membrane, resulting in complete lysis due
to osmotic imbalance (Pemberton; Kidd; Schmidt, 1997). Aerolysins, in turn, bind to
glycoprotein receptors in the eukaryotic membrane, inserting themselves into the
lipid bilayer and compromising cellular integrity (Uma et al., 2010). Other enzymes,
such as proteases, lipases, and collagenases, act in the degradation of proteins,
lipids, and collagen, intensifying tissue destruction (Peixoto et al., 2012).

Another important virulence factor is the ability to form biofilms, which confer
resistance to adverse environmental conditions and antimicrobial treatments,
favoring the persistence and recurrence of infections in aquaculture systems
(Parker; Shaw, 2011).

10
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The infective dose of Aeromonas varies according to the species, host, and
environmental conditions. Chen et al. (2012) reported that A. schubertii caused 50%
mortality in snakehead fish (Channa maculata) at a concentration of 1.4 x 104
CFU/g. Liu et al. (2018) reported that doses of 3.75 x 108 CFU/g resulted in 100%
mortality in tilapia within two days, while concentrations of 107 CFU/g were lethal to
100% of zebrafish (D. rerio) within 24 hours.

Clinical signs in infected fish include fin erosions and hemorrhages (Figure 1),
abdominal distension, gill bleeding, and lesions in internal organs such as the liver
and kidneys (Barcellos et al., 2008). Aeromonas are classified into two main groups
based on their motility and the range of growth temperature. The first group, called
motile mesophilic, develops between 5° and 37°C, with optimal growth between 35°
and 37°C. It includes species pathogenic to humans and fish, such as A. hydrophila,
A. caviae, and A. sobria (Tavares et al., 2015). Among the species of greatest
health importance, A. veronii is considered an emerging pathogen, associated with
infections in catfish (Hoai et al., 2019), tilapia (Raj et al., 2019), European sea bass
(Smyrli et al., 2017), goldfish (Shameena et al., 2020), and cyprinids (Ran et al.,
2018).

Figure 1. Difftuse hemorrhage in the mouth, body, and caudal fin resulting from
Aeromonas veronii infection in goldfish (Carassius auratus). Source: The author.

The second group comprises psychrophilic species, which prefer temperatures
between 22° and 25°C (Pessoa et al., 2019; Gazal et al., 2020). Notable among
these are A. salmonicida and A. media, the latter of which is non-pathogenic to
humans but causes furunculosis in fish (Pessoa et al., 2019). Given the widespread
distribution and high pathogenicity of the genus Aeromonas, it is crucial to develop
therapeutic strategies that balance antimicrobial efficacy with environmental safety.

In this context, the wuse of natural compounds with antibacterial and
11
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immunomodulatory action, such as plant extracts, especially from T. catappa, has

emerged as a sustainable and promising alternative in ornamental fish farming.

2.5. Use of antimicrobials in ornamental fish farming

In aquaculture, as in terrestrial animal husbandry, antibiotics are extensively
used to prevent and control bacterial infections, playing a key role in maintaining
fish health and ensuring the economic viability of production (Gazal et al.,, 2020).
However, the responsible and judicious use of these substances must be aligned
with current international guidelines and regulations to minimize potential impacts
on aquatic ecosystems and public health (FAO, 2023). The route of antimicrobial
administration varies depending on to the species, pathogen, and severity of the
infection. The most common methods include immersion or bath treatments, in
which fish are exposed to antibiotic solutions through the water, and injectable
applications, typically reserved for species of higher commercial value, such as
ornamental fish and shrimp, due to their precision in dosing and therapeutic efficacy
(Cabello et al., 2016).

Although the use of antibiotics significantly reduces mortality caused by
pathogens, the indiscriminate use of these substances has contributed to the
emergence and spread of resistant bacteria in aquaculture systems (Gazal et al.,
2020). In Brazil, the use of antimicrobials in fish farming is regulated by Anvisa
resolutions RDC n°. 20/2011 and n°. 471/2021, which establishes criteria for
prescribing, dispensing, and monitoring these medications, restricting their use to
just three drugs: oxytetracycline, neomycin sulfate, and florfenicol (Pereira et al.,
2021).

The increase in bacterial resistance has been widely documented. Cizek et al.
(2010) reported resistance to oxytetracycline in 41% of Aeromonas spp. strains
isolated from carp (C. carpio). Similarly, Carriero et al. (2016), when evaluating 15
antibiotics against A. dhakensis isolated from pacu (P. mesopotamicus), observed
resistance to ampicillin (MIC = 32 pg/mL), ampicillin/sulbactam (MIC = 32 ug/mL),
cefoxitin (MIC = 64 pg/mL), and meropenem (MIC = 16 pg/mL).

Antimicrobial residues released into effluents from farming systems

compromise water quality and promote the spread of resistant strains, threatening
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aquatic biodiversity (Fauzi et al, 2021). Furthermore, the presence of resistant
bacteria poses a public health risk, as resistance genes can be transferred to
humans through direct contact with contaminated water or infected animals (Kimera
et al., 2020).

Given the growing antimicrobial resistance and the environmental impacts
resulting from the indiscriminate use of antibiotics, the search for safer and more
sustainable therapeutic alternatives has become urgent. In this context, natural
compounds of plant origin, such as phytotherapeutics, have attracted interest due to
their antimicrobial, antioxidant, and immunomodulatory properties. Obtained from
plant extracts rich in secondary metabolites such as tannins, flavonoids, and
phenols, these compounds have the potential to prevent and control infections,
reducing dependence on synthetic antibiotics and the risks associated with their use
(Elgendy et al., 2024).

Thus, the incorporation of herbal medicines into ornamental fish farming
emerges as a promising strategy for promoting fish health, mitigating environmental
impacts, and contributing to more sustainable production. Among the plant species
with the greatest therapeutic potential is the almond tree (T. catappa), whose
extracts have demonstrated broad antimicrobial activity and the ability to modulate

the immune response in aquatic organisms.

2.6. Use of herbal plants in ornamental fish farming

The use of medicinal plants dates back to antiquity, representing one of the
oldest forms of therapeutic care employed by humanity. Currently, it is estimated
that more than 3.3 billion people in developing countries rely on herbal medicines
for their primary healthcare. Plants are important sources of raw materials for the
pharmaceutical industry, as they are rich in secondary metabolites such as tannins,
alkaloids, terpenoids, saponins, phenolic compounds, steroids, and flavonoids
(Pedroso; Andrade; Pires, 2021).

The search for natural alternatives to antibiotics has driven research into plant-
based compounds, particularly extracts and essential oils, due to their antimicrobial,
antioxidant, and immunomodulatory properties (Hyldgaard; Mygind; Meyer, 2012).
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Thus, herbal remedies stand out as promising tools for controlling pathogens and
promoting fish health, supporting more sustainable aquaculture practices
(Seyedalinaghi et al., 2025).

Several plant species have been studied in the context of ornamental fish
farming, including almond (T. catappa) and garlic (Allium sativum) (Santos et al.,
2015), rosemary pepper essential oil (Lippia sidoides) (Medeiros, 2021), cockscomb
(Erythrina crista-galli) (Siqueira et al., 2019), jurema (Mimosa tenuieflora) (Crepaldi,
2019), ginger (Zingiber officinale) (Trentin et al., 2020), seven-bark (Samanea
tubulosa) (Garcéz, 2021), among others.

In addition to their antimicrobial activityy, herbal medicines have
immunomodulatory, anti-stress, and growth-stimulating effects. Supplementing fish
diets with herbs has been shown to offer benefits, including increased weight gain,
improved feed conversion, and enhanced resistance to pathogens and
environmental stressors (Aly et al., 2016). In ornamental crops, certain plant species
are utilized directly in tanks to improve water quality and enhance the fish's immune
system. Such practices are considered ecological, sustainable, and low-impact
when compared to the use of antibiotics (Hodar et al., 2021).

The variety of bioactive compounds present in medicinal plants enables the
extraction of different classes of metabolites, including tannins, alkaloids,
terpenoids, saponins, phenolics, steroids, and flavonoids, from various parts of the
plants. Studies involving ornamental fish use extracts obtained from leaves
(Harikrishnan; Balasundaram; Heo, 2011), seeds (Ekanem et al., 2004), fruits (Pan
et al., 2013), roots (Zhang et al., 2014), rhizomes (Talpur; khwanuddin, 2013), and
barks (Zhou et al., 2017), with solvents such as petroleum ether (Ekanem et al.,
2004), water (Chyau; Ko; Mau, 2006), chloroform (Wu et al., 2011), ethyl acetate
(Hu et al, 2014), methanol (Tasneem et al., 2018) and ethanol (Wattanuruka;
Detraksab, 2023).

Garlic (A. sativum), in particular, stands out for its potent antimicrobial activity,
attributed to allicin and ajoene. Including garlic in the diet of tilapia (O. niloticus)
promoted an increase in specific growth rate, greater protein efficiency, and an

immunomodulatory effect, in addition to demonstrating action against A. hydrophila
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and pathogenic protozoa such as Spironucleus vortens and Ichthyophthirius
multifiliis (Tanekhy; Fall, 2015).

Table 2 presents some studies conducted with ornamental species,
demonstrating the antibacterial efficacy of different herbal remedies. In general, the
administration of bioactive compounds, whether by immersion, oral, or injection,
enhances the innate and adaptive immune systems of fish, providing protection

against a wide variety of infectious diseases.

Table 2. Some examples of antibacterial doses of herbal plants.

Phytotherapeutics Method of Dose Species Pathogens References
administration
Seaweed (D. Immersion with | 100-150 Tilapia P. aeruginosa | Thanigaivel
gimnospora) aqueous and [ mg/L for | (O. mossambicus) etal. (2019)
ethanolic 15 days
extract
Urtiga (U. dioica) Methanolic 0.1 and | Rainbow trout A. hydrophila | Bilenetal.
extract in feed 0.5 g/kg (O. mykiss) (2016)
Turmeric extract Methanolic 10 mg/mL | P. dilectus P. mirabilis Devi et al.
extract in feed (2016)
Almond (T. Immersion with | 0,5 g/L Betta (B. splendens) | A. hydrophila | Nugroho et
catappa) 95% ethanolic al. (2017)
extract
Rosemarypepper | Supplemented | 0,063% Carp (C. carpio) Aeromonas Medeiros
(L. Sidoides) in feed with 100 spp. (2021)
mL of cereal
alcohol with L.
sidoides oil

Source: The author.

2.7. Terminalia catappa

The genus Terminalia is the second-largest in the Combretaceae family,
comprising approximately 240 species distributed throughout the tropical regions of
Africa, Asia, Oceania, and the Americas. The trees can reach heights of between 25
and 45 meters and have simple, alternate leaves concentrated at the branch tips.
The flowers are usually unisexual or monoclinous, without petals, and the fruits are
dry, flattened, or rounded, containing seeds with convoluted cotyledons (Ramanan
et al., 2025).

Terminalia catappa, commonly known as the almond, chestnut, or parasol, has
a wide range of medicinal and pharmacological applications. Its leaves contain a
rich variety of secondary metabolites, including phenolic compounds, terpenes,

tannins, alkaloids, and nitrogenous compounds, recognized for their antioxidant,
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anti-inflammatory (Silva; Sousa; Costa, 2020), antitumor, and antidiabetic properties
(Pandya et al., 2013).

In aquaculture, advances in the use of T. catappa have demonstrated
significant benefits for both water quality and fish health. The leaves release
antimicrobial and antioxidant compounds that can regulate acidity, reduce pathogen
load, and simulate the natural environment, thereby promoting well-being and
ecological balance (Wang; Taufek; Arshad, 2024). Segaran et al. (2019) reported
that acetone, chloroform, and petroleum ether extracts of T. catappa leaves exhibit
remarkable antibacterial activity against S. aureus and P. mirabilis, with the acetone
extract showing the highest inhibition zone (31 mm) at a concentration of 10 mg.
The extracts also demonstrated antioxidant and anti-inflammatory properties,
confirming the presence of bioactive compounds including phenols, alkaloids,
tannins, anthraquinone glycosides, and flavonoids.

The antioxidant effects of T. catappa have also been widely documented.
Belina, Lopes, and Oliveira (2019) identified a median lethal concentration (LCso) of
512 pg/mL in the hexane extract of the leaves, which exceeds that of the ethanolic
extract (LCso of 689 pg/mL). Gongalves et al. (2017) reported LCso values of 574
and 584 ug/mL for the methanolic and ethanolic extracts, respectively.

In ornamental fish farming, T. catappa leaves are traditionally used to improve
the physicochemical and biological conditions of the water, acting as antimicrobial
and antioxidant agents, while also reducing stress and increasing fish resistance to
disease (Santos et al.,, 2015). According to the authors, the inclusion of 0.25% leaf
meal in the diet of male B. splendens promoted improved performance and well-
being. However, there is still no standardization regarding the ideal dosage for direct

application of the leaves to tanks (Figure 2).
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Figure 2. Use of almond leaves (Terminalia catappa) in an ornamental fish pond.
Source: The author.

The plant's toxicity, however, requires attention. Hashim et al. (2020) reported
LCso values of 349.89 g/L for carp (C. carpio), 33.865 g/L for goldfish (C. auratus),
and 31.848 g/L for tiger barbs (B. tetrazona), indicating the need to define safe
concentrations to avoid lethal effects. Stratev et al. (2018) emphasize that the
inappropriate use of plant extracts can lead to adverse effects, depending on the
concentration and the sensitivity of the species.

Recent studies confirm the immunomodulatory potential of T. catappa in fish.
Yakubu et al. (2020) observed that the methanolic extract administered to red hybrid
tilapia (O. niloticus) at a dose of 62.5 mg/kg significantly increased the immune
response and resistance to infection by S. agalactiae. In contrast, Siqueira et al.
(2019) found that when using Erythrina crista-galli extract in C. auratus, high doses
(>100,000 pg/mL) did not cause mortality but altered blood parameters, such as
glucose and electrolytes, suggesting possible effects of physiological stress.

Faced with growing bacterial resistance to synthetic antimicrobials and the
search for safe alternatives, T. catappa emerges as a sustainable and economically
viable solution. Its leaves, widely available and rich in bioactive compounds, have
been show to exhibit antimicrobial, antioxidant, and immunomodulatory activities,
thereby contributing to the strengthening of fish immune systems and reducing
stress. In addition to reducing dependence on antibiotics, its use favors
environmentally friendly and low-cost management practices (Wang; Taufek;
Arshad, 2024).

The application of natural extracts from T. catappa therefore, represents a
promising approach for disease control in ornamental fish, offering biodegradable
alternatives with a lower environmental impact and reduced risk of antimicrobial
resistance. Responsible use of this plant species has the potential to promote the
gradual replacement of synthetic drugs, enhance fish health, and contribute to a

more sustainable ornamental aquaculture.
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3. Final considerations

This review highlighted the phytotherapeutic potential of T. catappa a
promising alternative for controlling bacterial infections in ornamental fish, especially
those caused by A. hydrophila. The evidence gathered suggests that its extracts
exhibit significant antioxidant and antimicrobial activity, as well as benefits
associated with fish survival and well-being, reinforcing the role of natural products
in the sustainable management of ornamental aquaculture.

In addition to their antimicrobial properties, the bioactive compounds present in
T. catappa leaves, such as flavonoids, phenols, and tannins, are notable for their
immunomodulatory effects, contributing to strengthening the fish's natural defenses.
The use of phytotherapeutic agents can reduce the environmental impact of
antibiotic disposal and minimize the risk of spreading resistant strains, a growing
challenge in aquaculture production.

Future studies are recommended to advance the standardization of doses and
application methods, the toxicological evaluation of different ornamental species,
and the analysis of long-term effects in cultivation systems. Expanding knowledge
about T. catappa and other medicinal species will contribute to the development of
safe, sustainable, and economically viable therapeutic strategies, consolidating
ethical, technically advanced, and environmentally responsible ornamental

aquaculture.
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