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Abstract

Aquaculture is a rapidly expanding field. To reach global protein demand it needs sustainable
and efficient methods to enhance fish growth and immunaity. The use of synthetic hormones and antibiotics
have raised a concern about residue, resistance and environmental impact and also to find natural
alternatives. This review explains the use of medicinal plants and phytochemicals as natural growth
hormone enhancers and immunostimulants in aquaculture. This study of peer-reviewed sources explains
the use of natural sources and their impact on bioactive mechanisms, efficacy and species-specific response
Jfor integrating herbal feed additives into aquaculture.
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Introduction

Aquaculture is an essential field that supplies the world with protein-rich food, but
the industry is under mounting pressure to adopt sustainable and environmentally friendly
methods. Synthetic growth promoters and antibiotics are traditionally used to boost
production. This raises a serious concern about chemical residues, the development of
antimicrobial resistance, and harm to ecosystems. This leads to the necessity in natural
alternatives, especially the medicinal plants, as feed additives. The bioactive constituents of
medicinal plants reported to improve growth performance and immunity in fish via various
biological pathways are saponins, flavonoids, tannins, and essential oils. They help to improve
feed utilization, stimulation of digestive enzymes, modulation of endocrine pathways, especially
growth hormone and insulin-like growth factor signaling, and enhancement of innate and
adaptive immune responses. Based on an analysis of twenty-seven peer-reviewed studies, this
paper highlights the potential of medicinal plants as natural growth promoters and
immunostimulants for promoting sustainable aquaculture.

Medicinal Plants as Growth Promoters
Phytochemical-Based Growth Enhancement

Saponins, flavonoids, tannins, and essential oils are the major phytochemicals found in
medicinal plants. They are very important for promoting fish growth by regulating
physiological and hormonal pathways, particularly pathways associated with growth hormone
(GH) and insulin-like growth factors (IGFs). They also exhibit anabolic effects by regulating
the endocrine system (Chakraborty et al, 2014; Faheem et al, 2022). In a study, Quillaja
saponins have been shown to significantly enhance growth in various fish species by improving
protein synthesis and nutrient absorption (Francis et al, 2005). Similarly, a study on
Oreochromis mossambicus shows that the curcumin, a polyphenolic compound from Curcuma
longa, stimulates the expression of GH, IGF-1, and IGF-2 genes. It leads to better digestion,
improved feed conversion efficiency, and overall growth performance (Midhun et al,, 2016).

Hormonal and Reproductive Effects

Several medicinal plants have direct effect on hypothalamic-pituitary-gonadal (HPG)
axis and reproduction. They influence and regulate the secretion of gonadotropins and sex
steroids that affects fish growth. These hormonal effects influence both growth and
reproductive physiology, making such plants valuable tools for selective breeding and sex
reversal in aquaculture. A study on Tribulus terrestris is an Androgenic herb, showed that it is
rich in steroidal saponins. The use of this stimulates testosterone production, leading to
enhanced secondary sexual characteristics and gonadal development (Mansour et al, 2018).
Studies on supplements of Tribulus terrestris fed to Oreochromis niloticus showed elevated
testosterone levels, increased sperm motility, and improved feed utilization efficiency an
indication of endocrine modulation (Xu et al, 2015; Mansour et al., 2018). Furthermore, 170a-
methyltestosterone, a synthetic androgen used for sex reversal in aquaculture, has alternative
herbal extracts with capacity to induce male traits. A study on herbal formulations containing
Moucuna pruriens, Withania somnifera, and Tribulus terrestris have been shown to increase sex
reversal rates in tilapia and zebrafish,
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acts as an alternative for synthetic androgens like 17a-methyltestosterone (Chakraborty et al., 20145 Xu et al., 2015). These results
focus on the potential of herbal sources as safe and environmentally friendly alternatives for promoting growth and regulating
reproduction in aquaculture.

Immune Enhancement and Disease Resistance

Apart from their growth-promoting eftects, medicinal plants contribute to the enhancement of fish immune defenses,
including both innate and adaptive mechanisms. Medicinal plants have a great effect on the immune system of fish including both
innate and adaptive mechanisms. They contribute to enhancing fish immune defences. Some plants contain diverse bioactive
compounds such as allicin, cinnamaldehyde, and gingerols. They act as immunostimulants that implement antioxidant, anti-
inflammatory, and antimicrobial activities (Van Hai, 2015; Dawood et al, 2018). The Cinnamaldehyde and Eugenol are bioactive
compounds found in Cinnamon (Cinnamomum verum) introduced into the diets of Ctenopharyngodon idella and Oreochromis niloticus
have been shown to enhance phagocytic activity, lysozyme levels, and serum immunoglobulin concentration. It has been reported
to improve resistance to bacterial infections and reduce oxidative stress (Ghafoor, 2020). Allicin is a sulfur rich compound found in
Garlic (Allium sativum), which is shown to stimulate macrophage activity, regulate cytokine expression, and promote leukocyte
proliferation. It is responsible for enhancing the fish’s ability to combat pathogens and recover from infections (Hassan et al., 2018).
An antioxidant compound found in ginger (Zingiber officinale), neutralizes reactive oxygen species (ROS), involved in tissue repair
and immune function during disease outbreaks. A study revealed that the ginger supplementation improves resistance against
Aeromonas hydrophila and Streptococcus species in fish and increases survival rates (Dawood et al., 2022). These alternatives improve
stress tolerance, enhance immunity and reduce disease risk supporting sustainable aquaculture health management.

Mechanisms of Action
Digestive and Metabolic Stimulation

Some medicinal plants are responsible for improving digestive and metabolic performance in fish. They enhance
production of digestive enzyme secretions, promote nutrient absorption and improve feed uptake. These benefits directly increase
the growth performance and overall health of the fish. In a study with dietary addition of Malva parviflora in Oreochromis niloticus
showed significant increase in activity of amylase, lipase, and protease. It facilitates the digestion of carbohydrates, fats, and
proteins (Abdel Rahman et al, 2024). This leads to higher feed conversion ratios (FCR) and enhances better nutrient uptake,
supporting weight gain and growth. Similarly, some essential oils and polyphenolic compounds present in Salvia officinalis (sage)
have been known to promote gastrointestinal health by stimulating bile secretion and enzyme production. The sage-supplemented
diets lead to improved digestive performance. It is also responsible for enhancing gut morphology and increased nutrient uptake
(Salomén et al., 2020). These herbs have antioxidant and anti-inflammatory properties. They help to maintain intestinal integrity.
They minimize the oxidative damage caused to digestive tissues. They also support a healthy gut environment and increase
metabolic capability (Tadese et al., 2022). The use of such herbs into fish diets not only improves digestion and growth but also
reduces feed waste, contributing to both economic and environmental resilience in aquaculture.

Endocrine Modulation

Medicinal plants show significant effects on endocrine functions in fish by enhancing endogenous hormone activity,
particularly within the growth hormone (GH)-insulin-like growth factor (IGF) axis, which plays a central role in balancing
somatic growth, metabolism, and tissue development. Bioactive phytochemicals, including curcumin, saponins, and flavonoids,
have been shown to interact with hormone receptors or control the expression of genes involved in endocrine pathways. A notable
example is Curcumin, a compound from Curcuma longa, which has been reported to upregulate GH, IGF-1, and IGF-2 gene
expression in Oreochromis mossambicus. This regulation improves growth performance and feed efficiency by enhancing protein
synthesis and nutrient utilization (Midhun et al, 2016). Additionally, other phytogenic compounds can act as hormone stimulators
or enhancers, binding to receptors or influencing signaling pathways related to growth promotion. For example, certain saponins
affect endocrine function by stimulating the pituitary gland, leading to increased GH secretion (Francis et al., 2005; Chakraborty et
al, 2014). Although these effects vary depending on species and dosage, plant-derived compounds present a promising and
sustainable alternative to synthetic hormones for promoting growth in aquaculture.

Species-Specific Responses

The different species of fish exhibit unique physiological responses to the same phytochemicals. They have variations in
metabolism, digestive systems, and receptor sensitivity. Therefore, it is very important to study that how bioactive compounds
interact with the biology of specific species is crucial for optimizing feed formulations. For example, Oreochromis niloticus has
demonstrated notable improvements in growth performance, immune function, and oxidative status when fed diets supplemented
with cinnamon (Cinnamomum verum) and curcumin (Curcuma longa). These additives improved digestive enzyme activity, immune
parameters, and resistance to bacterial infections (Midhun ez al, 2016; Ghafoor, 2020). In contrast, Sparus aurata (gilthead
seabream) responded more eftectively to Salvia officinalis (sage) and Lippia citriodora (lemon verbena), showing improvements in
feed intake, digestive function, and immune gene expression (Salomén et al., 2020). The study revealed the differences in herbal
treatments based on species specific nutritional and physiological profiles. It is important to concentrate on the modified and
optimal dosage and combination of herbs. Excessive use of certain phytochemicals may lead to reduced palatability, toxicity, or
metabolic burden in sensitive species (Tadese et al, 2022). Therefore, more accurate and detailed research is needed for species-
specific response and synergistic herb combinations. It is very important as they have a long term impact on health and
productivity.

Comparative Effectiveness and Synergies

The medicinal plant species have some common and some rare bioactive compounds. Although they exhibit promising
bioactivities, the more effective results are seen by combining multiple herbs. They show collaborative effects on growth and
immune responses than single-herb supplements. Some combinations of diverse phytochemicals such as polyphenols, saponins,
alkaloids, and essential oils can together target multiple physiological pathways. A study of dietary combination of turmeric
(Curcuma longa), fenugreek ( Trigonella foenum-graecum), and black cumin (Nigella sativa) demonstrated superior performance in fish
compared to individual herbs. It leads to significant improvements in weight gain, feed conversion ratio (FCR). It also enhances
antibacterial effect and antioxidant enzyme levels causing better growth (Barad et al, 2024). These results state that combining
herbs has more effective multi-functional benefits. Altogether they enhance nutrient digestion, regulates and balances hormonal
pathways, and interaction with receptors. Also responsible for improving innate immunity. The multi-herb formulations are more
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effective at lower doses. They reduce the risk of inducing toxicity and improved palatability of feed (Sahoo et al, 2024). This
strategy supports unified aquaculture by using natural additives to enhance fish welfare and reduce synthetic use.

Conclusion

Medicinal plants and their phytochemicals provide a sustainable and effective approach to enhance growth, immunity,
and productivity in aquaculture. There are some challenges including standardization of extracts and dosages, variability in plant
phytochemical composition based on origin and processing. While existing research is reliable and promising, more standardized,
species-specific, and long-term studies are necessary to integrate these solutions into commercial systems. Advancements in omics
technologies and precision aquaculture may help optimize herbal additive use.
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