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he rapid growth of aquaculture has greatly contributed to global food security; however, 

disease outbreaks and environmental stressors still create major challenges for 

sustainable production. The widespread use of antibiotics to control diseases has led to 

antimicrobial resistance, environmental contamination, and disruption of aquatic microbial 

ecosystems. Recently, phytoadditives, which are plant-derived bioactive compounds, have 

become effective and eco-friendly alternatives to improve fish health. These compounds have 

immunostimulatory, antioxidant, and antimicrobial effects, helping to enhance disease 

resistance and physiological performance in aquatic organisms. Phytoadditives contain 

flavonoids, alkaloids, terpenoids, and phenolic compounds that act at cellular and molecular 

levels to modulate immune responses and support homeostasis. Considering these benefits, 

Phytoadditives are increasingly recognised as a promising natural solution for improving fish 

health and reducing dependence on antibiotics, making aquaculture more sustainable and 

environmentally friendly. 

Introduction 
Aquaculture has become one of the fastest-growing sectors in animal food production, 

supplying a substantial portion of the global demand for fish protein. However, 

intensification of aquaculture systems has increased the susceptibility of cultured species to 

infectious diseases, leading to significant economic losses. Traditionally, antibiotics and 

chemotherapeutic agents have been used extensively to control disease outbreaks, but their 

indiscriminate application has resulted in serious consequences such as the emergence of 

antimicrobial resistance, accumulation of drug residues in aquatic environments, and negative 

impacts on non-target organisms. These concerns have prompted the search for alternative 

strategies that are both effective and environmentally sustainable. In this context, 

phytoadditives derived from medicinal plants have gained considerable attention due to their 

natural origin, biological activity, and compatibility with aquatic ecosystems. These plant-

based compounds have been widely used in traditional medicine and are now being explored 

for their potential to enhance immune function, improve growth performance, and increase 

disease resistance in aquaculture species. 

Phytoadditives in Aquaculture 
Phytoadditives are plant-derived substances incorporated into aquafeeds or administered 

through water to improve the health and productivity of aquatic organisms. They include a 

wide range of materials such as whole plants, dried powders, crude extracts, and essential oils 

obtained from various medicinal and aromatic plants. Common examples include garlic, 

turmeric, neem, and aloe vera, which are known for their therapeutic properties. These plants 

contain diverse bioactive compounds, including alkaloids, flavonoids, tannins, saponins, and 

terpenoids, each contributing to specific biological functions. The mode of administration of 
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phytoadditives plays a crucial role in their effectiveness, with dietary inclusion being the 

most common and practical approach in aquaculture systems. The bioavailability and efficacy 

of these compounds depend on factors such as extraction method, dosage, and duration of 

exposure. Due to their multifunctional properties, phytoadditives serve not only as 

immunostimulants but also as growth promoters, antioxidants, and antimicrobial agents. 

Table 1. Commonly Used Phytoadditives in Aquaculture 

Medicinal Plant Latin Name Effects on Fish 

Thyme Thymus vulgaris Antibacterial, anthelmintic 

Lavender Lavandula angustifolia Antimicrobial, stress reducer 

Oregano Origanum vulgare Antimicrobial, antibacterial 

Rosemary Rosmarinus officinalis Immunostimulant, antioxidant 

Turmeric Curcuma longa Antioxidant, anti-inflammatory 

Echinacea Echinacea purpurea Immunostimulant, anti-inflammatory 

Aloe Vera Aloe barbadensis miller Antioxidant, wound healing 

Clove Syzygium aromaticum Antibacterial, antifungal 

Mint Mentha spp. Antimicrobial, stress reducer 

Sage Salvia officinalis Antioxidant, antimicrobial 

Chamomile Matricaria chamomilla Stress reducer, antioxidant 

Ginger Zingiber officinale Antiparasitic, antimicrobial 

Licorice Glycyrrhiza uralensis Antiviral, antibacterial 

Star Anise Illicium verum Antioxidant, antiviral 

Basil Ocimum basilicum Growth promoter 

Immunostimulatory Role of Phytoadditives in Immune System 
The immune system of fish consists of innate and adaptive components, both of which play 

vital roles in defending against pathogens. The innate immune system acts as the first line of 

defence and includes physical barriers, cellular components such as macrophages and 

neutrophils, and humoral factors like lysozymes and complement proteins. Phytoadditives 

primarily enhance innate immunity by stimulating the activity of immune cells and increasing 

the production of antimicrobial substances. In addition to their effects on innate immunity, 

phytoadditives also influence adaptive immune responses by promoting lymphocyte 

proliferation and antibody production. The immunostimulatory effects of phytoadditives are 

particularly important in aquaculture, where environmental stressors can compromise 

immune function and increase susceptibility to diseases. By enhancing both non-specific and 

specific immune responses, phytoadditives contribute to improved health and survival of 

cultured fish.  

 These beneficial effects are achieved through multiple biological mechanisms at both 

cellular and molecular levels. At the cellular level, these compounds activate macrophages 

and neutrophils, thereby increasing phagocytic activity and enhancing the destruction of 

pathogens. This process is often accompanied by the production of reactive oxygen species, 

which play a crucial role in microbial killing. At the molecular level, phytoadditives 

modulate signal transduction pathways, such as nuclear factor kappa B and mitogen-activated 

protein kinase pathways, leading to the upregulation of cytokine genes involved in immune 

responses. These cytokines, including interleukins and tumour necrosis factors, act as 

signalling molecules that coordinate the immune response and promote inflammation when 

necessary. 

Antioxidant Role of Phytoadditives in Health  
In addition to their immunomodulatory effects, phytoadditives possess strong antioxidant 

properties that help mitigate oxidative stress, a common problem in intensive aquaculture 

systems. By scavenging free radicals and enhancing the activity of antioxidant enzymes such 

as superoxide dismutase, catalase, and glutathione peroxidase, these compounds protect 

cellular components from damage and maintain physiological balance. Furthermore, 

phytoadditives exhibit antimicrobial activity by inhibiting the growth of pathogenic bacteria, 
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viruses, and fungi, thereby reducing the incidence of diseases. Another important mechanism 

is the modulation of gut microbiota, where phytoadditives promote the growth of beneficial 

microorganisms while suppressing harmful ones. This leads to improved digestion, nutrient 

absorption, and overall immune function. Recent studies have also demonstrated that 

phytoadditives can regulate gene expression related to immunity, growth, and metabolism, 

highlighting their potential as functional feed additives in aquaculture. 

Growth-Promoting Role of Phytoadditives  
The incorporation of phytoadditives into aquafeeds has been shown to produce significant 

improvements in various health and performance parameters of fish. One of the most notable 

effects is the enhancement of immune responses, as evidenced by increased lysozyme 

activity, phagocytic activity, and complement system function. These changes contribute to 

greater resistance against infectious diseases and reduced mortality rates. In addition to 

immunological benefits, phytoadditives improve growth performance by enhancing feed 

intake, digestion, and nutrient utilisation. This results in higher specific growth rates and 

better feed conversion efficiency. Phytoadditives also play a role in improving stress 

tolerance by regulating physiological responses to environmental stressors such as 

temperature fluctuations, handling, and high stocking densities. This is often associated with 

reduced levels of stress hormones and oxidative damage. 

Safety and Toxicological Considerations of Phytoadditives 
Although phytoadditives are generally considered safe, their use requires careful evaluation 

of dosage and potential toxic effects. The biological activity of these compounds is highly 

dependent on concentration, and excessive doses may lead to adverse effects such as tissue 

damage, immunosuppression, and metabolic disturbances. Toxicological assessment involves 

determining parameters such as the no observed adverse effect level and lethal concentration 

values, which provide guidelines for safe usage. It is also important to consider species-

specific differences in tolerance and metabolism, as well as the potential for bioaccumulation 

of certain compounds. Standardisation of extraction methods and quality control measures is 

essential to ensure consistency and safety in the use of phytoadditives in aquaculture. 

Conclusion 
Phytoadditives have emerged as promising natural alternatives to synthetic chemicals and 

antibiotics in aquaculture. Their ability to enhance immune responses, reduce oxidative 

stress, improve growth performance, and promote overall fish health makes them valuable 

tools for sustainable aquaculture practices. In addition, their antimicrobial properties and role 

in modulating gut microbiota further contribute to disease prevention and improved 

productivity. However, the effectiveness of phytoadditives largely depends on appropriate 

dosage, quality, and method of application. Therefore, careful evaluation and standardisation 

are essential to ensure their safe and efficient use. With increasing awareness of eco-friendly 

and sustainable aquaculture practices, phytoadditives are expected to play a key role in the 

future development of the aquaculture industry. 
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