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Beta-glucans are naturally occurring polysaccharides found in fungi, yeast, 

cereals and algae. They have gained considerable attention as potent immunostimulants 

and functional feed additives in aquaculture. This review summarises the current 

knowledge of the mechanisms of action, efficacy and practical applications of beta-

glucans in the culture of fish and shellfish. These compounds modulate innate and 

adaptive immune responses by activating macrophages, neutrophils and other immune 

cells, enhancing antioxidant defence systems and engaging molecular receptors such as 

Dectin-1 and Toll-like receptors. Supplementing feed with beta-glucans has been shown 

to improve growth performance, feed utilisation and disease resistance against bacterial, 

viral and parasitic infections. Beta-glucans also demonstrate synergistic effects when 

combined with vaccines, probiotics and other nutraceuticals, thereby supporting holistic 

health management and reducing dependence on antibiotics in aquaculture systems. 

However, their bioactivity is influenced by multiple factors, including molecular 

structure, source, extraction method, dosage, and environmental conditions. Current 

challenges include variability among commercial preparations, a lack of long-term 

studies, and the need for species-specific optimisation. Future research should therefore 

focus on identifying novel, cost-effective sources, such as microalgae and genetically 

modified yeast; elucidating receptor-mediated molecular mechanisms; and integrating 

β-glucans into precision aquaculture and functional feed strategies. Thus, β-glucans are 

a cornerstone of sustainable aquaculture development, providing a biologically safe and 

environmentally sound way to enhance the health, performance, and resilience of fish 

and shellfish. 

Keywords: beta-glucans; aquaculture; immunostimulation; antioxidant defense; 

disease resistance; functional feeds; fish health; shellfish; sustainable aquaculture 
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Бета-глюкани – це природні полісахариди, що містяться у грибах, 

дріжджах, злаках та водоростях. Вони привертають значну увагу як потужні 

імуностимулятори та функціональні кормові добавки в аквакультурі. У цьому 
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огляді узагальнено сучасні знання щодо механізмів дії, ефективності та 

практичного застосування бета-глюканів у вирощуванні риб і молюсків. Ці сполуки 

модулюють вроджену та набуту імунну відповідь шляхом активації макрофагів, 

нейтрофілів та інших імунних клітин, підсилюють антиоксидантні системи 

захисту та взаємодіють із молекулярними рецепторами, такими як Dectin-1 і Toll-

подібні рецептори. Додавання бета-глюканів до корму покращує ріст, 

ефективність використання корму та стійкість до бактеріальних, вірусних і 

паразитарних інфекцій. Бета-глюкани також демонструють синергічний ефект 

при поєднанні з вакцинами, пробіотиками та іншими нутрицевтиками, сприяючи 

комплексному збереженню здоров’я та зменшенню залежності від антибіотиків 

у системах аквакультури. Однак їх біологічна активність залежить від багатьох 

факторів, зокрема від молекулярної структури, джерела, методу екстракції, дози 

та умов середовища. Сучасні виклики включають варіабельність між 

комерційними препаратами, відсутність довгострокових досліджень та 

необхідність видоспецифічної оптимізації. Тому подальші дослідження повинні 

бути спрямовані на ідентифікацію нових, економічно ефективних джерел, таких 

як мікроводорості та генетично модифіковані дріжджі; з’ясування рецептор-

опосередкованих молекулярних механізмів; а також інтеграцію β-глюканів у 

системи точної аквакультури та стратегії функціонального годування. Таким 

чином, β-глюкани є наріжним каменем сталого розвитку аквакультури, 

забезпечуючи біологічно безпечний і екологічно збалансований спосіб підвищення 

здоров’я, продуктивності та стійкості риб і молюсків. 

Ключові слова: бета-глюкани; аквакультура; імуностимуляція; 

антиоксидантний захист; стійкість до хвороб; функціональні корми; здоров’я риб; 

молюски; сталий розвиток аквакультури. 

 

Introduction. Aquaculture has emerged as one of the fastest-growing sectors of 

global food production. It plays a critical role in meeting the increasing demand for high-

quality protein and essential nutrients (Ahmad A. et al., 2021). However, despite its rapid 

growth, the industry is confronted with several challenges, such as frequent disease 

outbreaks, high stocking densities and the extensive use of antibiotics, all of which can 

lead to antimicrobial resistance and environmental contamination. These issues highlight 

the urgent need for sustainable strategies to enhance fish health and productivity (Okeke 

E. S. et al., 2022). 

In response to these challenges, there has been growing interest in recent years in 

using immunostimulants and functional feed additives as environmentally friendly 

alternatives to antibiotics. These compounds enhance the innate immune responses of 

fish, increasing disease resistance and promoting overall health and growth performance 

(Kolygas M. N. et al., 2025; Banu M. S. et al., 2025). Beta-glucans, in particular, have 

attracted considerable attention due to their potent immunomodulatory properties and 

suitability for long-term use in aquaculture species (Hadiuzzaman M. et al., 2022; 

Machuca C. et al., 2022). Numerous studies have demonstrated that dietary 

supplementation with beta-glucans can significantly improve survival rates and reduce 

the load of pathogens in fish exposed to bacterial, viral and parasitic infections (Vetvicka 

V. et al., 2013; Kong Y. et al., 2025). 

Beta-glucans are naturally occurring polysaccharides composed of glucose units 

that are predominantly linked by β-(1→3) and β-(1→6) glycosidic bonds. They are 

widely found in the cell walls of fungi, yeast and grains such as oats and barley (Du B. et 

al., 2019). The structure, molecular weight and branching pattern of beta-glucans largely 

determine their biological activity, including their ability to stimulate immune cells, 



Науково-технічний бюлетень Інституту тваринництва НААН, 2025, №135    

265 

№
118 - Н

ауково-т
ехнічний бю

лет
ень ІТ

 Н
А

А
Н

 
  

 

modulate inflammatory responses and improve resistance to pathogens (Caseiro C. et al., 

2022; Zhong X. et al., 2023). It is important to note that the immunological effects of 

beta-glucans are dose-dependent and can vary depending on the species of fish, their 

developmental stage, and the environmental conditions (Rodrigues M. V. et al., 2020). 

This necessitates further research to optimise their use in commercial aquaculture. 

Aim. This review is based on the promising potential of beta-glucans as functional 

feed additives in aquaculture. By enhancing the innate immune system of fish and 

reducing reliance on antibiotics, beta-glucans offer a sustainable approach to disease 

management, supporting the economic and environmental sustainability of aquaculture 

operations. This review aims to summarise current knowledge on the sources, chemical 

characteristics, and immunomodulatory effects of beta-glucans, highlighting their role in 

promoting fish health and productivity. 

Materials and methods. This review was developed based on a systematic 

literature survey covering the period between 1985 and 2025. The following keywords 

were used in combinations to search scientific databases including Web of Science, 

Scopus, PubMed, and Google Scholar: 'β-glucans', 'fish', 'aquaculture', 

'immunostimulants', 'disease resistance', 'feed additives', 'growth performance', and 

'antioxidant response'. Boolean operators ('AND', 'OR') were applied to refine the search 

results and filters were used to select peer-reviewed research articles, reviews and 

conference proceedings published in English. The initial search yielded approximately 

550 references, which were screened for relevance based on titles and abstracts. After 

applying inclusion and exclusion criteria, 70 publications were selected for detailed 

analysis and synthesis in this review. 

Studies were included based on the following criteria: they had to be experimental 

or review papers investigating the biological activity of β-glucans in fish or shellfish 

species; they had to assess immunological, antioxidant, or growth performance 

parameters following the dietary, injected, or immersion administration of β-glucans; and 

they had to provide quantitative data on immune biomarkers, growth indices, or disease 

resistance outcomes. Only articles published in peer-reviewed journals or official 

institutional reports were considered. Studies were excluded if they lacked experimental 

validation (e.g., theoretical or anecdotal reports), focused on mammals, birds, or 

terrestrial invertebrates, did not provide accessible full text or sufficient methodological 

detail, or presented duplicate data from the same research group or experiment. 

The extracted data were categorised according to the following thematic sections, 

which correspond to the structure of this review: (1) sources and structural types of β-

glucans; (2) mechanisms of action in fish and shellfish; (3) effects on growth performance 

and feed utilisation; (4) role in disease resistance and health management; and (5) factors 

affecting efficacy. 

Results and discussion. 

3.1. Sources and types of beta-glucans 

Beta-glucans are widely distributed in nature and are categorised by their source 

as fungal, cereal or microbial (Edo G. I. et al., 2024). Those of fungal origin are among 

the most extensively studied for their immunomodulatory properties. Examples of species 

rich in β-(1→3)-glucans with β-(1→6) branching include Saccharomyces cerevisiae 

(baker’s yeast) and various medicinal mushrooms such as Lentinula edodes (shiitake) and 

Grifola frondosa (maitake) (Zhong X. et al., 2023; Amirinia F. et al., 2025). These 

structures are particularly effective in stimulating innate immune responses, enhancing 

macrophage activity and promoting cytokine production, which is critical for defending 

against pathogens in fish (Amirinia F. et al., 2025). Numerous in vivo studies have 

demonstrated that dietary supplementation with fungal beta-glucans significantly 
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improves survival rates and immune gene expression in aquaculture species, including 

rainbow trout and carp (Ji L. et al., 2017; Cao H. et al., 2019; Khanjani M. H. et al., 2021). 

In contrast, cereal-derived beta-glucans are primarily obtained from oats and 

barley, where they consist mainly of linear β-(1→3) and β-(1→4)-linked glucose 

residues. Unlike their fungal counterparts, cereal beta-glucans are more soluble and 

viscous, which has beneficial effects on gut health and nutrient absorption (Henrion M. 

et al., 2019). Although their immunostimulatory potential is generally lower than that of 

fungal beta-glucans, cereal beta-glucans have been shown to improve intestinal barrier 

function and modulate the gut microbiota, thereby indirectly supporting immune 

competence in aquaculture species (Petit J. et al., 2022). This prebiotic effect has been 

linked to increased populations of beneficial bacteria, such as Lactobacillus and 

Bifidobacterium, that play a role in maintaining mucosal immunity (Shoukat M. and 

Sorrentino A., 2021). 

Microalgae and bacteria are emerging and unconventional sources of beta-

glucans. Certain species of microalgae produce β-glucans with unique branching patterns 

that may confer novel biological activities, including antioxidant and antiviral effects 

(Li C. et al., 2025). Similarly, preliminary studies have shown that bacterial 

exopolysaccharides with β-(1→3) and β-(1→6) linkages have promising 

immunostimulatory potential, suggesting that these sources could be developed as 

sustainable feed additives for aquaculture (Nguyen H. T. et al., 2024). While these 

alternative sources are still under-explored, they may offer advantages in terms of 

scalability, environmental impact and compatibility with specific aquafeed formulations. 

 

Table 1 

Sources of beta-glucans, types of bonds, and main bioactive effects in the context of 

aquaculture 

 

Source 

Main β-

glucan 

linkages 

Key bioactive effects 
Applications in 

aquaculture 

Fungi 

(Saccharomyces 

cerevisiae, 

Lentinula 

edodes, Grifola 

frondosa) 

β-(1→3) 

backbone 

with β-(1→6) 

branches 

Strong 

immunostimulation, 

activation of 

macrophages, cytokine 

production, enhanced 

disease resistance 

Widely used as feed 

additive to boost 

innate immunity and 

pathogen defense 

Cereals (oats, 

barley) 

Linear  

β-(1→3)/ 

β-(1→4) 

Prebiotic effects, 

improved gut health, 

nutrient absorption, 

modulation of gut 

microbiota 

Supports intestinal 

barrier function and 

overall growth; lower 

direct 

immunostimulatory 

activity 

Microalgae 

(e.g., Chlorella, 

Phaeodactylum) 

β-(1→3) with 

variable 

branching 

Antioxidant, antiviral, 

immunomodulatory 

potential 

Emerging source; may 

offer novel functional 

benefits and 

sustainable production 

Bacteria 

(exopolysacchar

ides from certain 

strains) 

β-(1→3),  

β-(1→6) 

Immunostimulation, 

pathogen resistance, 

potential anti-

inflammatory effects 

Less studied; 

promising for 

development of novel 

functional feeds 
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The structural diversity of beta-glucans is a key determinant of their bioactivity. 

The linkages between glucose monomers – β-(1→3), β-(1→4) and β-(1→6) – affect 

solubility, molecular weight and receptor recognition by immune cells (Caseiro C. et al., 

2022). For example, β-(1→3/1→6)-glucans from fungi are highly effective at activating 

pattern recognition receptors such as dectin-1 and complement receptor 3, triggering a 

cascade of immune responses (Caseiro C. et al., 2022; Singla A. et al., 2024). Conversely, 

linear β-(1→3/1→4)-glucans derived from cereals are more effective as prebiotics, 

promoting the growth of beneficial gut microbiota rather than directly stimulating 

immune cells (Lante A. et al., 2023). Understanding these molecular interactions is 

essential for optimising the immunonutritional value of beta-glucans in aquaculture diets. 

The source and structural characteristics of beta-glucans determine their 

suitability for specific aquaculture applications. Fungal beta-glucans are generally 

favoured for enhancing systemic immunity and disease resistance, whereas cereal-derived 

beta-glucans are more appropriate for promoting gut health and improving growth 

performance (Vetvicka V. et al., 2013; Caseiro C. et al., 2022). Furthermore, combining 

beta-glucans with other functional ingredients, such as probiotics, vitamins or omega-3 

fatty acids, has been shown to have additive or even synergistic effects on fish immunity 

and resilience to stress (Edo G. I. et al., 2024). Understanding these differences is 

therefore essential for selecting the appropriate beta-glucan type for targeted functional 

feed formulations. 

Thus, the diversity of beta-glucan sources provides aquaculture nutritionists with 

a versatile toolbox for improving fish health and productivity. Matching the source, 

structure and bioactivity of beta-glucans to specific species and husbandry conditions 

enables the development of feed strategies that maximise immunostimulatory effects and 

overall welfare in aquaculture systems. Future research should focus on dose 

optimisation, long-term safety and species-specific responses to different beta-glucan 

types, in order to fully harness their potential in sustainable aquaculture. 

3.2. Mechanisms of action in fish and shellfish 

The immunomodulatory effects of β-glucans in aquatic organisms are primarily 

mediated by modulation of innate and adaptive immune responses. In fish and shellfish, 

for example, β-glucans act as pathogen-associated molecular patterns (PAMPs), which 

are recognised by pattern recognition receptors (PRRs) found on immune cells (Zhong X. 

et al., 2023; Machuca C. et al., 2026). This recognition triggers a cascade of signalling 

events that enhance non-specific immunity and indirectly activate adaptive immune 

mechanisms. Stimulating these pathways improves disease resistance, accelerates wound 

healing and enhances vaccine efficacy, all of which are of considerable interest in 

aquaculture health management (Vetvicka V. et al., 2013; Hadiuzzaman M. et al., 2022). 

These effects have been documented in various species, including rainbow trout, tilapia 

and shrimp (El-Boshy M. E. et al., 2010; Porter D. et al., 2023; Uengwetwanit T. et al., 

2025), demonstrating the broad applicability of β-glucans in aquafeed formulations. 

One key mechanism involves activating macrophages, neutrophils and other 

phagocytic cells. Upon exposure to β-glucans, these immune cells exhibit increased 

phagocytic and bactericidal activity, accompanied by enhanced production of reactive 

oxygen species (ROS) and nitric oxide (NO) (Stothers C. L. et al., 2021). In teleost fish, 

for example, macrophage activation leads to the upregulation of cytokines such as 

interleukin-1β (IL-1β), tumour necrosis factor-alpha (TNF-α) and interferon-gamma 

(IFN-γ), which coordinate innate and adaptive immune interactions (Mokhtar D. M. et 

al., 2023). Similarly, in crustaceans, β-glucans stimulate hemocytes, resulting in 

increased encapsulation, melanisation, and prophenoloxidase (proPO) activity. These 

cellular responses contribute to improved pathogen clearance and enhanced survival 
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under infectious challenge conditions (Guluarte C. et al., 2023). 

In addition to activating immune cells, β-glucans enhance the antioxidant defence 

system in fish and shellfish. By modulating the activities of antioxidant enzymes, 

including superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase 

(GPx), β-glucans mitigate the oxidative damage associated with environmental stressors 

and infection (Kim Y. S. et al., 2009; Song L. et al., 2020). Improving antioxidant capacity 

supports cellular integrity and reduces lipid peroxidation, which is essential for 

maintaining homeostasis during immune responses and under intensive aquaculture 

production conditions. This dual role in immune stimulation and oxidative stress 

mitigation establishes β-glucans as multifunctional agents in the management of fish 

health (Tkachenko H. et al., 2022-2024; Kurhaluk N. et al., 2024). 

At the molecular level, β-glucans exert their effects through specific receptor-

mediated pathways. In vertebrate species, the C-type lectin receptor dectin-1 and various 

Toll-like receptors (TLRs) are among the most important for recognising β-glucans. 

Engagement of dectin-1 activates downstream signalling pathways such as NF-κB and 

MAPK, leading to the transcription of immune-related genes (Adachi Y. et al., 2004; 

Petit J. et al., 2019). While dectin-1 homologues in fish are not well characterised, there 

is evidence to suggest that TLRs 2 and 6, as well as complement receptor 3 (CR3), are 

involved in β-glucan recognition and signalling in teleosts. These receptors enable β-

glucans to modulate cytokine expression, antigen presentation and antibody production 

(Rodrigues M. V. et al., 2020). Further genomic and transcriptomic studies are needed to 

fully elucidate the receptor repertoire and signalling dynamics in different aquaculture 

species. 

In invertebrates such as shrimp and molluscs, which lack adaptive immunity, β-

glucans primarily function through pattern recognition receptors, including β-glucan-

binding proteins (BGBPs) and lipopolysaccharide- and β-1,3-glucan-binding proteins 

(LGBPs) (Amparyup P. et al., 2012). Activation of these receptors triggers immune 

signalling cascades involving the proPO system and transcription factors such as Relish, 

which regulate the synthesis of antimicrobial peptides. This receptor-mediated 

mechanism enhances resistance to bacterial, viral and fungal pathogens (Amparyup P. et 

al., 2012). Notably, β-glucan supplementation has been shown to improve survival and 

immune gene expression in shrimp challenged with Vibrio spp., highlighting its 

importance in crustacean aquaculture (Uengwetwanit T. et al., 2025). 

The mechanisms of β-glucan action in fish and shellfish are shown in Fig. 1. 

Thus, β-glucans act as potent immunostimulants in fish and shellfish by engaging 

conserved immune recognition systems, amplifying cellular defence mechanisms and 

maintaining redox balance. Their ability to modulate both immune and antioxidant 

pathways highlights their potential as functional feed additives in aquaculture, promoting 

health and growth performance while reducing reliance on antibiotics and chemical 

treatments (Vetvicka V. et al., 2013; Rodrigues M. V. et al., 2020). Integrating them into 

feed strategies represents a promising approach to sustainable aquaculture, particularly 

when tailored to species-specific immune profiles and environmental conditions. 

3.3. Effects on growth performance and feed utilisation 

Numerous studies have demonstrated that supplementing the diet with β-glucans 

has a positive influence on growth performance, feed utilisation and overall health in 

various species of fish and shellfish. Including β-glucans in aquafeeds has been shown to 

improve weight gain, specific growth rate (SGR) and feed conversion ratio (FCR), often 

accompanied by increased survival rates in normal and stressful conditions (Kühlwein H. 

et al., 2014; Pilarski F. et al., 2017; Hao X. et al., 2024). These improvements are 

attributed to the immunostimulatory and antioxidant properties of β-glucans, which 
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enhance metabolic efficiency and reduce the physiological costs associated with immune 

challenges and oxidative stress (Doan H. V. et al., 2024). These benefits are particularly 

valuable in intensive aquaculture systems, where fish are frequently exposed to 

environmental and pathogenic stressors. 

 

 
Fig. 1. Mechanisms of β-glucan action in fish and shellfish 

 

The enhanced feed efficiency observed in fish supplemented with β-glucans is 

often linked to improved intestinal health and nutrient absorption. β-glucans may 

modulate gut morphology by increasing villus height and mucosal surface area, thereby 

promoting better feed digestibility (Singh R. P. and Bhardwaj A., 2023). Furthermore, 

their prebiotic-like activity stimulates the growth of beneficial gut microbiota such as 

Lactobacillus and Bacillus species, contributing to improved digestion and nutrient 

assimilation (Shoukat M. and Sorrentino A., 2021). Similar benefits have been reported 

in crustaceans, including increased protein retention and enhanced digestive enzyme 

activities, particularly amylase and protease, which support efficient feed utilisation 

(Vargas-Albores F. and Yepiz-Plascencia G., 2000). These effects collectively contribute 

to improved feed conversion efficiency and reduced production costs. 

The effects of β-glucans on growth and survival are also dose-dependent. The 

optimal level of supplementation varies between species and is influenced by factors such 

as the molecular weight, source and structural linkage of the β-glucans (e.g. β-1,3/1,6 

versus β-1,3/1,4) (Caseiro C. et al., 2022). For most teleost fish, effective dosages range 

from 0.05% to 0.2% dietary inclusion; higher levels may result in immune 

overstimulation and reduced growth performance (Doan H. V. et al., 2024). In shellfish 

such as shrimp, dietary inclusion levels of 0.1-0.5% are generally associated with 

improved growth and resistance to pathogens. However, excessive supplementation can 

cause metabolic imbalances, reduced palatability or altered energy partitioning, 

highlighting the importance of optimising dosages for each species (Uengwetwanit T. et 

al., 2025). 

Various administration methods of β-glucans have also been explored in 
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aquaculture. Oral supplementation via feed is the most practical and widely applied 

approach, providing a continuous and non-invasive means of immune stimulation 

(Vetvicka V. et al., 2013). However, injection-based administration has been shown to 

elicit a rapid and pronounced immune response, which is especially useful in vaccination 

or disease-challenge experiments. Immersion treatments, though less common, may be 

suitable for early life stages or larvae (Rodrigues M. V. et al., 2020). Each method has its 

own advantages and limitations in terms of efficacy, labour intensity and stress induction, 

and the most suitable method should be selected based on the production context and 

target outcomes. 

There have been many reports of species-specific responses to β-glucan 

supplementation. For example, salmonids and cyprinids typically demonstrate significant 

improvements in growth and immune function (Waikhom D. et al., 2022; Stangroom J. 

et al., 2025), whereas carnivorous marine fish such as sea bass and grouper tend to exhibit 

more modest responses (Bagni M. et al., 2005; Krishnan R. et al., 2022). In crustaceans, 

particularly Litopenaeus vannamei and Penaeus monodon, β-glucans consistently 

enhance survival and feed efficiency in the presence of bacteria or viruses (Wilson W. et 

al., 2015; Medina Félix D. et al., 2022; Shen K. et al., 2023). These interspecies 

differences are likely driven by variations in gut physiology, immune system complexity 

and microbiota composition, all of which influence the bioavailability and functional 

outcomes of β-glucan supplementation (Vetvicka V. et al., 2013; Doan H. V. et al., 2024). 

Thus, β-glucan supplementation is an effective strategy for enhancing growth 

performance and feed utilisation in aquaculture species. By improving nutrient 

absorption, intestinal integrity and systemic resilience, β-glucans can contribute to 

sustainable, antibiotic-free production systems. Integrating them into functional feed 

formulations aligns with modern aquaculture's goals of reducing environmental impact, 

improving animal welfare, and ensuring food safety (Doan H. V. et al., 2024; Machuca 

C. et al., 2025). Continued optimisation of dosage, source selection and administration 

methods across different species will further strengthen their application in modern 

aquafeed formulations and support the development of resilient aquaculture systems. 

3.4. Role of β-glucans in disease resistance and health management 

β-glucans play a crucial role in improving the disease resistance and overall health 

of aquaculture species by stimulating their innate immune defences and making them 

more resilient to bacterial, viral and parasitic infections (Meena D. K. et al., 2013). As 

natural immunostimulants, they activate macrophages, neutrophils and other immune 

cells, leading to increased production of lysozyme, complement proteins and 

antimicrobial peptides (Doan H. V. et al., 2024). These effects improve survival following 

exposure to pathogens such as Aeromonas hydrophila, Vibrio anguillarum, Streptococcus 

iniae and the White Spot Syndrome Virus (WSSV) (Lokesh J. et al., 2012; Salah A. S. et 

al., 2017; Duman S. and Şahan A., 2023; Valladares A. et al., 2024). In the case of 

parasitic infections, fish supplemented with β-glucans often exhibit reduced parasite loads 

and enhanced tissue repair mechanisms, highlighting their broad-spectrum protective 

capacity (Meena D. K. et al., 2013). These outcomes are particularly valuable in high-

density aquaculture systems, where pathogen transmission and stress levels are high. 

The synergistic interaction between β-glucans and vaccines is a promising 

strategy for improving vaccine efficacy in aquaculture. Pre-treatment or co-

administration of β-glucans can enhance antigen presentation, elevate antibody titres, and 

promote a more sustained immune response following vaccination (Rodrigues M. V. et 

al., 2020). Not only do β-glucans strengthen non-specific immune defences, they also 

potentiate vaccine efficacy, providing a promising strategy for disease prevention in 

salmon aquaculture. Dietary supplementation with β-1,3/1,6-glucans (MacroGard®) has 
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been shown to significantly improve the survival rate of Atlantic salmon when challenged 

with Moritella viscosa and the infectious salmon anaemia (ISA) virus. (Roberti Filho, F. 

de O. et al., 2019). Similarly, in tilapia, β-glucans have been shown to enhance the 

efficacy of vaccines against bacterial and viral pathogens by stimulating both humoral 

and cellular immunity (Reis I. C. D. et al., 2021). This immunopotentiation improves 

protection and reduces the time required to establish effective immunity, which is critical 

during early life stages and disease outbreaks. 

In addition to their synergistic effects with vaccines, β-glucans also work in 

conjunction with probiotics to promote fish health. Using β-glucans alongside probiotic 

bacteria, such as Bacillus subtilis or Lactobacillus plantarum, has been shown to improve 

the balance of gut microbiota, mucosal immunity and resistance to enteric infections. This 

functional synergy arises from the ability of β-glucans to prime innate immune cells and 

the role of probiotics in maintaining a beneficial intestinal environment. The result is 

additive or even synergistic effects on disease resistance, feed efficiency, and overall 

performance (Dawood M. A. O. et al., 2020; do Carmo Alves A. P. et al., 2023). Recent 

studies also suggest that these combinations may reduce inflammation and improve stress 

tolerance, providing further support for their use in integrated health management 

strategies (Dawood M. A. et al., 2015; Jami, M. J. et al., 2019). 

One of the most significant implications of using β-glucans in aquaculture is 

reducing antibiotic dependence (Vetvicka V. et al., 2013; Doan H. V. et al., 2024). The 

overuse of antibiotics in fish farming has led to growing concerns about antimicrobial 

resistance, environmental contamination and food safety (Ljubojević Pelić D. et al., 

2024). Incorporating β-glucans into feed provides a sustainable alternative by enhancing 

the animal's natural immune competence and decreasing the need for chemotherapeutic 

interventions. This approach is in line with the global shift towards more sustainable 

aquaculture practices and supports regulatory initiatives aimed at minimising antibiotic 

use in food production systems (Doan H. V. et al., 2024; Kong Y. et al., 2025). 

Furthermore, β-glucan-based strategies can contribute to increased consumer confidence 

and market access, particularly in regions with stringent residue regulations. 

Several case studies involving commercially important species further 

demonstrate the practical benefits of applying β-glucan. For example, in Atlantic salmon 

(Salmo salar), diets enriched with β-glucans have improved resistance to Vibrio and 

Aeromonas infections, while reducing mortality during stressful production phases 

(Robertsen B. et al., 1990; Jørgensen J. B. and Robertsen B., 1995). In Nile tilapia 

(Oreochromis niloticus), β-glucan supplementation enhanced survival following a 

Streptococcus challenge and improved haematological and immune parameters (Salah A. 

S. et al., 2017). In shrimp species such as Litopenaeus vannamei and Penaeus monodon, 

β-glucans have provided protection against WSSV and Vibrio infections, significantly 

increasing survival rates and growth performance (Rodríguez J. et al., 2007; Yang C.-C. 

et al., 2014; Vega-Carranza A. S. et al., 2024). Similarly, in common carp (Cyprinus 

carpio), dietary β-glucans increased resistance to Aeromonas hydrophila infection and 

improved antioxidant enzyme activities (Jung-Schroers V. et al., 2018; Mohammadian T. 

et al., 2019). These findings highlight the versatility of β-glucans across taxonomic 

groups and production environments. 

Fig. 2 shows the role of β-glucans in disease resistance and health management. 
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Fig. 2. Role of β-glucans in disease resistance and health management 

 

Thus, β-glucans are a cornerstone of modern aquaculture health management, 

reinforcing disease resistance, promoting vaccine effectiveness and reducing reliance on 

antibiotics. Integrating them into feed and health programmes improves productivity, 

sustainability and biosecurity in diverse aquaculture systems (Vetvicka V. et al., 2013; 

Doan H. V. et al., 2024). Future research should focus on optimising delivery methods, 

understanding species-specific responses and exploring synergistic combinations with 

other functional ingredients, in order to fully harness the potential of β-glucans in 

precision aquaculture. 

3.5. Factors affecting efficacy of β-glucans in fish and shellfish 

The biological efficacy of β-glucans in fish and shellfish is influenced by various 

factors, including their chemical structure, source, dosage, administration route and 

environmental conditions. Understanding these factors is crucial for optimising the use 

of β-glucans in aquaculture and achieving consistent immunostimulatory and growth-

promoting results across species and production systems (Rodrigues M. V. et al., 2020; 

Machuca C. et al., 2025). This complexity underscores the necessity of integrative 

approaches that consider biological and operational variables when designing functional 

feed strategies. 

One of the most critical factors affecting β-glucan activity is its molecular 

structure and origin. Those derived from yeast (Saccharomyces cerevisiae), fungi, cereals 

or algae differ in their degree of branching, solubility and linkage patterns (β-1,3-, β-1,6- 

or β-1,4-linkages), which strongly influence recognition by immune receptors such as 

Dectin-1 and Toll-like receptors (Zhong X. et al., 2023). Yeast-derived β-1,3/1,6-glucans 

generally exhibit the highest immunostimulatory activity, whereas cereal β-1,3/1,4-

glucans are more effective as dietary fibres and modulators of gut physiology (Edo G. I. 

et al., 2025). Structural characteristics such as molecular weight, tertiary conformation 

and degree of purification also affect bioavailability and receptor binding efficiency, 

thereby modulating the intensity of the biological response (Rodrigues M. V. et al., 2020). 

Recent studies suggest that highly purified, low-molecular-weight β-glucans may offer 
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improved solubility and absorption, thereby enhancing their immunological impact in 

aquatic species (Ishimoto Y. et al., 2018). 

The dose, duration and route of administration of β-glucan also significantly 

impact its effectiveness. Optimal immune enhancement is typically achieved with low to 

moderate inclusion levels (0.05-0.2% in fish and 0.1-0.5% in crustaceans), while 

excessive dosages may result in immune tolerance or metabolic burden (Vetvicka V. et 

al., 2013; Hadiuzzaman M. et al., 2022). Short-term administration can trigger transient 

immune activation, whereas continuous supplementation supports prolonged 

immunocompetence, though this can reduce responsiveness over time. In terms of 

delivery methods, oral administration via feed is favoured for regular use, whereas 

injection or immersion methods may be used in experimental or emergency situations that 

require rapid immune stimulation (Zhong X. et al., 2023). Tailoring the delivery strategy 

to the species, life stage and production context is essential for maximising efficacy and 

minimising stress. 

Environmental factors and stress conditions play a crucial role in determining β-

glucan efficacy. Temperature, salinity, dissolved oxygen and water quality can all affect 

the immune status of fish and their responsiveness to immunostimulants (Vetvicka V. et 

al., 2013). For example, at suboptimal temperatures or under hypoxic conditions, β-

glucan-mediated immune activation may be reduced due to lower metabolic activity 

(Murphy E. J. et al., 2020; Zhong X. et al., 2023). Conversely, β-glucan supplementation 

can mitigate the negative effects of stress on immunity and oxidative balance during 

periods of stress, such as handling, transport or crowding, thereby improving overall 

resilience and survival (Zhong X. et al., 2023). Therefore, the timing of β-glucan 

administration relative to stressful events is a key consideration in aquaculture 

management. Strategic supplementation during periods of known stress may enhance 

recovery and reduce mortality. 

The biological activity of β-glucans can also be influenced by interactions with 

other feed components. The presence of lipids, proteins, vitamins and minerals can affect 

the solubility, absorption and stability of β-glucans in the gastrointestinal tract (Singh R. 

P. and Bhardwaj A., 2023). For instance, high levels of dietary lipids can prevent β-

glucans from binding to intestinal receptors, whereas certain micronutrients, such as 

vitamins C and E, selenium, and zinc, can enhance their antioxidant and immune-boosting 

effects (Singh R. P. and Bhardwaj A., 2023; Edo G. I. et al., 2024). Similarly, combining 

β-glucans with probiotics or prebiotics can enhance the activity of beneficial gut 

microbiota, thereby improving intestinal health and disease resistance (Marcharla E. et 

al., 2025). These combinations are a promising approach to developing multifunctional 

aquafeeds that support immunity and digestion. 

In summary, the efficacy of β-glucans in aquaculture depends on a complex 

interplay of molecular, physiological and environmental factors. Optimising these 

parameters – particularly the source, structure, dosage and feeding strategy – will 

maximise their potential as sustainable immunostimulants and performance enhancers in 

fish and shellfish farming (Meena D. K. et al., 2013; Vetvicka V. et al., 2013). Future 

research should focus on species-specific receptor interactions, long-term safety and 

synergistic formulations, with the aim of advancing precision nutrition in aquaculture. A 

better mechanistic understanding of these interactions will contribute to the development 

of more targeted, species-specific β-glucan applications in modern aquafeed 

formulations. 

3.6. Challenges and limitations 

Despite the well-documented benefits of β-glucans in aquaculture, their large-

scale application and consistent performance across species are still constrained by 
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several challenges and limitations. One of the most significant obstacles is the variability 

in bioactivity among different β-glucan preparations (Singla A. et al., 2024). Structural 

heterogeneity arising from the source organism (e.g. yeast, fungi, cereals or algae), the 

extraction method and the purification process can lead to substantial differences in 

molecular weight, degree of branching, solubility and receptor-binding affinity (Singh R. 

P. and Bhardwaj A., 2023). For example, β-1,3/1,6-glucans derived from yeast typically 

exhibit higher immunostimulatory potency than β-1,3/1,4-glucans derived from cereals, 

yet their efficacy can vary depending on the methods used to disrupt the cell wall and the 

presence of residual impurities. Such variability complicates standardisation and makes 

it difficult to compare results across studies or predict biological outcomes in commercial 

settings (De Marco Castro E. et al., 2021). Therefore, establishing standardised 

characterisation protocols and bioactivity benchmarks is essential to ensure 

reproducibility and comparability across research and industry applications. 

Another key limitation is the cost and scalability of producing β-glucans for 

widespread use in aquaculture. High-quality, purified β-glucans that are suitable for 

inclusion in feed are relatively expensive due to the complex extraction and refinement 

procedures required (Kong Y. et al., 2025). Although industrial by-products and 

fermentation waste offer potential as alternative sources, achieving consistent purity and 

activity on a large scale remains technically challenging. Furthermore, when 

incorporating them into aquafeeds, a balance must be struck between cost-effectiveness 

and biological efficacy, particularly for low-margin species such as carp or tilapia 

(Estevão-Rodrigues T. et al., 2025). Innovative approaches, such as enzymatic extraction, 

biotechnological synthesis and the valorisation of agro-industrial residues, could help to 

reduce production costs and improve accessibility. Therefore, the development of more 

efficient extraction technologies and the identification of novel, low-cost sources, such as 

marine fungi or microalgae, are essential for making β-glucan supplementation more 

economically viable (Mishra B. et al., 2023). 

Another limitation is the scarcity of long-term, species-specific studies that 

evaluate the effects of β-glucans under practical farming conditions. Most of the available 

data comes from short-term laboratory trials which often focus on a single immune or 

antioxidant marker rather than providing a comprehensive assessment of growth, health 

and disease resistance throughout the production cycle (Hadiuzzaman M. et al., 2022). 

Additionally, differences in digestive physiology, microbiota composition, and immune 

architecture among fish and shellfish species mean that findings from one species cannot 

always be extrapolated to others. To address this, future studies should incorporate multi-

parameter assessments, field trials and life-stage-specific evaluations, in order to better 

reflect real-world aquaculture scenarios (Wang F. et al., 2024). There is an urgent need 

for standardised protocols and longer-term studies that address chronic exposure, 

cumulative effects and interactions with environmental stressors, such as temperature 

fluctuations, salinity changes and pathogen load (Nieves-Rodríguez K. N. et al., 2018). 

Additionally, the mechanisms underlying β-glucan recognition and signalling in 

many aquatic species are only partially understood. The identification and functional 

characterisation of receptors analogous to dectin-1 or Toll-like receptors in teleosts and 

invertebrates is ongoing (Petit J. et al., 2019). Knowledge gaps currently limit our ability 

to tailor β-glucan formulations for maximum efficacy. Without a deeper molecular 

understanding, optimising structure–function relationships and predicting immunological 

outcomes will remain challenging. However, advances in omics technologies, such as 

transcriptomics, proteomics and metabolomics, could accelerate the discovery of key 

immune pathways and receptor interactions, enabling more precise, species-specific β-

glucan applications (Rodrigues M. V. et al., 2020). 
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Thus, although β-glucans show great potential as sustainable immunostimulants 

in aquaculture, their practical application is hindered by inconsistent product quality, cost 

limitations, and a lack of mechanistic and long-term data. Overcoming these challenges 

through standardisation, technological innovation and targeted research is essential to 

realise their full potential in disease management and productivity enhancement across 

diverse aquaculture systems. Collaborative efforts between academia, industry and 

regulatory bodies are essential for translating laboratory findings into scalable, cost-

effective solutions that will support the future of sustainable aquaculture. 

3.7. Future perspectives and research directions 

The future of β-glucan applications in aquaculture depends on utilising new 

sources, improving production technologies, and incorporating them into modern 

precision aquaculture systems. Emerging research highlights the potential of alternative 

sources such as microalgae, marine fungi and genetically engineered yeast strains that 

can produce β-glucans with optimised structures and enhanced bioactivity (Li C. et al., 

2025). For example, β-glucans derived from microalgae may be more soluble and can 

deliver bioactive compounds such as carotenoids and polyunsaturated fatty acids 

alongside them, providing multifunctional benefits for managing fish health (Martínez-

Ruiz F. E. et al., 2025; Prates J. A. M., 2025). Meanwhile, advances in biotechnology 

allow yeast to be genetically modified to produce specific β-glucan linkages or to co-

produce synergistic molecules such as mannans and chitin. This paves the way for next-

generation immunostimulants that are more consistent and potent (Hadiuzzaman M. et 

al., 2022). 

Integrating β-glucans into precision aquaculture and functional feed strategies is 

another important development. As aquaculture increasingly adopts data-driven 

management, β-glucans could be administered in response to real-time environmental and 

physiological indicators, such as temperature fluctuations, pathogen exposure or 

oxidative stress levels (Ghaedi G. et al., 2022; Onomu A. J. and Okuthe, G. E., 2024). 

Combining β-glucans with other nutraceuticals, including probiotics, prebiotics, 

phytogenics and omega-3 fatty acids, may further enhance resilience, disease resistance 

and feed efficiency. This approach aligns with the broader concept of functional feeds, 

which support growth and actively promote animal health and welfare in an 

environmentally sustainable manner (Marcharla E. et al., 2025). 

Despite these advances, there are still several research gaps that must be addressed 

before β-glucans can reach their full potential in commercial aquaculture. The optimal 

dosage, duration and timing of administration are poorly defined and are likely to vary by 

species, developmental stage and production system (Hadiuzzaman M. et al., 2022;Hao 

X. et al., 2024). Furthermore, the molecular mechanisms underlying β-glucan recognition 

and signalling in fish and shellfish need to be better understood. Identifying receptor 

homologues, downstream signalling pathways, and transcriptional networks will be 

essential for designing more targeted and efficient formulations. Long-term studies 

assessing chronic exposure, immune memory and the potential trade-offs between 

immune activation and growth are also needed to ensure the safe and effective application 

of β-glucans under commercial farming conditions (Petit J. et al., 2019). 

Standardisation and quality control of β-glucan products are another critical area 

for future research. Variability in source material, extraction methods, and structural 

characteristics can lead to inconsistent bioactivity across batches. Establishing global 

guidelines for characterisation, purity assessment and bioactivity testing would facilitate 

regulatory approval and broader industry adoption. In parallel, advances in omics 

technologies, such as transcriptomics, proteomics and metabolomics, will be instrumental 

in uncovering the complex interactions between β-glucans, host metabolism and 
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microbiota. This will support evidence-based feed formulation and precision nutrition 

(Li X. et al., 2024). 

In conclusion, β-glucans are a key component of the future of sustainable 

aquaculture, combining nutrition, immunology, and biotechnology. Continued innovation 

in source development, molecular understanding and precision feeding strategies holds 

great promise for enhancing the health of fish and shellfish, improving productivity and 

reducing the global aquaculture industry's dependence on antibiotics and chemical 

therapeutics. 

Conclusions. β-glucans have emerged as some of the most effective natural 

immunostimulants and functional feed additives in modern aquaculture. Extensive 

research has demonstrated their ability to boost innate and adaptive immune responses, 

activate phagocytic cells and strengthen antioxidant defences in fish and shellfish. These 

biological effects result in improved disease resistance, growth performance and feed 

utilisation in a variety of aquaculture species. Through receptor-mediated pathways 

involving dectin-1 and Toll-like receptors, β-glucans modulate immune signalling and 

contribute to greater resilience in the face of environmental and pathogenic stress. Taken 

together, these findings highlight their multifunctional role in promoting health, welfare 

and sustainability in the production of aquatic animals. 

Beyond immune enhancement, the practical benefits of β-glucan supplementation 

include improved intestinal health, enhanced nutrient absorption and reduced mortality 

under routine and stressful conditions. When appropriately dosed and formulated, β-

glucans support mucosal integrity and stimulate beneficial gut microbiota, contributing 

to better digestion and metabolic efficiency. Their interactions with vaccines, probiotics 

and other bioactive feed components strengthen host defence mechanisms synergistically, 

offering a viable alternative to antibiotic use. Consequently, β-glucans are in line with 

global efforts to minimise antimicrobial resistance and promote eco-friendly aquaculture 

practices that prioritise food safety and environmental stewardship. 

Despite these advantages, several challenges remain. Variability in product 

quality, limited species-specific data and the absence of standardised dosage and 

administration protocols continue to constrain their widespread application. Future 

research should focus on elucidating the molecular mechanisms of action, optimising 

supplementation strategies and exploring novel sources, such as microalgae and 

genetically engineered yeast. Long-term field trials conducted in a variety of aquaculture 

environments are essential for validating laboratory findings and establishing practical 

guidelines for commercial use. 

In conclusion, β-glucans are a powerful tool for advancing sustainable aquaculture 

by improving health management, growth efficiency and disease prevention. Continued 

interdisciplinary research integrating molecular biology, nutrition and aquaculture 

technology will refine their application further, enabling precise, species-specific use and 

enhancing the overall productivity and resilience of aquaculture systems worldwide. 
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