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Abstract

Aquaculture, as a rapidly expanding global industry, is increasingly challenged by both infectious and non-infectious diseases, posing
significant threats to fish health and production. Traditional interventions, such as antibiotics and vaccines, though effective, raise con-
cerns regarding environmental impact and the potential for resistance development. This review explores the promising role of dietary
biogenic promoter supplements as an innovative, sustainable alternative for aquaculture. By analyzing emerging literature, we highlight
the significance of these nature-based solutions, which offer cost-effective, non-toxic, and eco-friendly options to enhance aquaculture
productivity. Biogenic supplements, derived from herbs, beneficial microbes, insects, nutrients, bioactive molecules, and nanoparticles,
have shown potential in improving feed quality, promoting growth, boosting disease resistance, enhancing immune system function, and
supporting overall health in aquatic species. This comprehensive review demonstrates the efficacy of biogenic-mediated supplements in
fostering aquaculture sustainability by minimizing the need for traditional chemical interventions. Furthermore, the analysis identifies
critical research gaps, particularly in determining optimal supplement concentrations and their species-specific effects. Additionally,
large-scale field trials are recommended to validate laboratory findings and assess their practical applications in real-world settings.
By synthesizing current research, this review provides valuable insights into the future trajectory of aquaculture practices, positioning
biogenic dietary supplements as key contributors to sustainable and efficient aquaculture development.
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The projected increase in the global population to 9.7
billion by 2050, coupled with a corresponding rise in food
demand by 60—100%, presents substantial challenges for
food production, agriculture, and environmental sustain-
ability (Yarnold et al., 2019). As population growth ac-
celerates, the need for nutrient-rich protein sources be-
comes increasingly urgent, with aquaculture emerging as
a critical sector to address this demand (Sattanathan et
al., 2020 a, b). Aquaculture, or aquafarming, plays a piv-
otal role in global food production, contributing signifi-
cantly to human nutrition by providing a steady supply of
fish and other aquatic products (Prem and Tewari, 2020).
The anticipated expansion of the global animal feed mar-
ket, projected to reach around 110.29 billion USD by
2025 at a 4% annual growth rate, reflects the growing
demand for protein-rich meat and animal-derived prod-
ucts (Technavio, 2021). This market growth is driven by
the increasing needs of both livestock and aquaculture in-
dustries, which are key players in addressing the protein
requirements of a burgeoning global population. Moreo-
ver, advancements in animal nutrition and feed technol-
ogy are enhancing feed production efficiency, further
supporting the growth of these sectors. Dietary supple-
mentation is widely adopted in aquaculture to enhance
various aspects of fish farming, including improving
feed efficiency, promoting growth, and bolstering non-
specific immune system responses. A range of supple-
ments, including vitamins, minerals, amino acids, probi-
otics, prebiotics, and enzymes, are incorporated into fish
diets to ensure nutritional balance and optimize health
outcomes (Abdel-Tawwab, 2016; Hoseini et al., 2017,
2018). Sustainable practices in agriculture and aquacul-
ture are essential for overcoming challenges posed by
emerging diseases, climate change, and socio-economic
pressures while maintaining food security (Calicioglu et
al., 2019). Disease outbreaks represent a major concern
in aquaculture, as they can lead to significant economic
losses and threaten the sector’s sustainability. Diseases
in aquaculture can be categorized into communicable
and non-communicable types. Communicable diseases,
caused by pathogens such as bacteria (e.g., Aderomonas
hydrophila, Pseudomonas spp., Streptococcus spp., and
Vibrio spp.), fungi, viruses, parasites, and protozoa, pose
a direct threat to fish health. Non-communicable diseases,
on the other hand, often result from factors like poor wa-
ter quality, pollution, and malnutrition (El-Sayed Ali et
al., 2014, 2018; Idowu et al., 2017). Biogenic nutritional
supplements offer a promising solution to these challeng-
es, playing a crucial role in enhancing growth, improv-
ing disease resistance, strengthening immune function,
and promoting the overall well-being of aquatic species
(Vijayaram et al., 2024 a, b, c, d, e, 2023 a, b, 2022).
These supplements, classified by their origin — whether
animal-derived, plant-derived, or microbial-derived — or
by their function as vitamins, minerals, enzymes, antioxXi-
dants, and others, are gaining attention as natural alterna-
tives to synthetic feed additives. Biogenic supplements
not only support the growth and productivity of aqua-

culture species but also contribute to the sustainability of
the aquatic ecosystem. They do so by optimizing nutrient
recycling, minimizing waste, and promoting efficient use
of resources during feed consumption and reproduction
(Dawson et al., 2018). In intensive aquaculture, approxi-
mately 16% of wild-caught fish species are used as feed,
which raises concerns about overfishing and its effects on
marine ecosystems (Dineshbabu et al., 2019). Feed con-
version ratios further underscore the resource efficiency
of aquaculture compared to other livestock systems. For
example, producing 1 kg of edible meat requires approx-
imately 1.4-1.8 kg of feed for poultry, 2.6-4.4 kg for
pork, 3.5-9 kg for beef, and only 1.1-1.6 kg for seafood,
making aquaculture one of the most efficient methods of
protein production (Jones et al., 2020). Thus, biogenic di-
etary supplements not only address the nutritional needs
of aquaculture species but also offer a sustainable path
forward for meeting global protein demands while mini-
mizing environmental impact.

Biogenic products and medicinal herbs in aqua-
culture

Biogenic products such as probiotics, antimicrobial
peptides, prebiotics, Chinese herbs, and medical nutri-
tional factors are increasingly utilized in aquaculture to
bolster the immune systems of aquatic animals and com-
bat diseases (Mohan et al., 2019). These products play
a crucial role in enhancing the overall health and disease
resistance of fish and other aquatic organisms.

Biogenic immunostimulators

Various biogenic immunostimulators, including sea-
weed, probiotics, and beneficial fungi, have gained rec-
ognition for their antimicrobial properties and their ca-
pacity to enhance the immune system and feed quality in
aquaculture (Efianda et al., 2018; Ramadhani et al., 2019;
Rudi et al., 2019).

Medicinal herbs

The utilization of medicinal herbs and traditional
remedies in animal husbandry dates back to ancient
times, serving to promote animal health, treat diseases,
and enhance overall well-being. In recent decades, there
has been a resurgence of interest in employing medici-
nal herbs and traditional remedies within the aquatic
division, particularly in aquaculture (Das et al., 2018;
Vijayaram et al., 2023 a, b). Different kinds of herbal
dietary supplements have shown significant efficacy in
improving immune system activity across diverse fish
species: rosemary (Rosmarinus officinalis) leaf and ginger
(Zingiber officinale) for common carp (Cyprinus carpio)
(Yousefi et al., 2019; Mohammadi et al., 2020 a, b); garlic
(Allium sativum), wood betony (Stachys lavandulifolia),
and kesum (Polygonum minus) leaf for rainbow trout
(Oncorhynchus mykiss) (Esmaeili et al., 2017; Moghan-
lou et al., 2018; Adel et al., 2020; Ghafarifarsani et al.,
2022); purple coneflower (Echinacea purpurea), thyme
(Thymus vulgaris) essential oil, and Mexican daisy
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(Tridax procumbens) for Nile tilapia (Oreochromis niloti-
cus) (Abdel-Rahman et al., 2018; Valladdo et al., 2019;
Adeshina et al., 2021); common mallow (Malvae sylves-
tris) for rainbow trout (Oncorhynchus mykiss) fingerlings
and Mentha piperita for Siberian sturgeon (Acipenser ba-
erii) (Rashidian et al., 2020; Adel et al., 2024; Ghafari-
farsani et al., 2021 a); lavender (Lavandula angustifolia)
for goldfish (Carassius auratus) (Pastaki et al., 2023).
Table 1 provides a summary of these medicinal herbs and
their effects.

Microalgae in aquaculture

Microalgae represent a promising and sustainable
feed ingredient for aquaculture, offering various benefits
such as improved feed intake, growth performance, and
overall health. As the aquaculture sector continues to ex-
pand and address sustainability challenges, microalgae-
based feeds are positioned to play a significant role in its
future development (Kupchinsky et al., 2015; Table 2).

Nutritional value and safety

Numerous microalgae species, including Arthrospi-
ra, Chlorella, Chaetoceros, Haematococcus, Isochrysis,
Nannochloropsis, Pavlova, Phaeodactylum, Skeletone-
ma, Tetraselmis, and Thalassiosira are Generally Recog-
nized as Safe (GRAS) and widely used in aquaculture
due to their safety for both human and animal consump-
tion. These microalgae species have a long history of safe

use and are renowned for their nutritional value and po-
tential health benefits (Madeira et al., 2017).

Importance as nutrient sources

Microalgae and their by-products serve as valuable
nutrient sources in aquaculture, particularly for zoo-
plankton. As primary producers in aquatic ecosystems,
microalgae provide essential nutrients and energy at the
base of the food chain. Zooplankton, including various
copepods, rotifers, and other small organisms, rely on mi-
croalgae as a primary food source (Tibaldi et al., 2015).

Protein and amino acid profiles

Microalgal biomass is recognized for its rich protein
and amino acid profiles, making it an excellent source of
high-quality protein for aquaculture and animal feed pro-
duction. The protein content of microalgae differs depend-
ing on the species and cultivation conditions, but many
microalgae species offer highly nutritious protein sources
(Becker, 2007; Sarker et al., 2018; Carneiro et al., 2020).

Bioactive molecules

Microalgae contain various bioactive molecules such
as proteins, lipids, carbohydrates, and pigments, which
can have specific health and growth-promoting effects in
aquaculture species. These components make microalgae
valuable for formulating nutritious and health-promoting
feeds for various aquatic animals (Apandi et al., 2019).

Table 1. Herbals used as a supplement for aquatic animals

R Aquatic animal’s local .
Herbal’s local name Lo .. . Duration
L name and scientific |Administration/dosages| Response References
and scientific name of treatment
name
Ginger Grass carp 4 mg/l Preventing Ichthyophthirius - Fuetal. (2019)
(Zingiber officinale) (Ctenopharyngodon multifiliis infections
idella)
Wood betony African cichlid (Sciae- 8% Enhancing liver function and 10 weeks ~ Mohammadi et al.

(Stachys lavandulifolia)

Thyme
(Zataria multiflora)

Garlic (4. sativum)

Coriander
(Coriandrum sativum)

Black cumin oil
(Nigella sativa)

Elephant’s foot
(Elephantus scaber)

nochromis fiyeri)

Rainbow trout
(Oncorhynchus mykiss)

Catfish
(Heteroclarias)

Rainbow trout
(0. mykiss)

Rainbow trout
(O. mykiss)

Nile tilapia
(O. niloticus)

Oral, 0, 1, 2.5, and
5 g/kg of ginger
extract

2.5%

Seed extract 2%

1%

5 glkg

resilience to acute stress

(2019)

Increased weight gain (WG), Ethanolic ginger, Mirghaed et al.

feed conversion ratio (FCR), 45 days (2020)

lymphocytes (Ly), alkaline

phosphatase (ALP), and acid

phosphatase (ACP)

Enhanced growth performance - Ayanwale et al.
(2021)

Enhanced hematocrit value, 8 weeks Farsani et al.

white blood cell count, hemo- (2019)

globin content, and red blood

cell count

Enhanced growth performance, 144 days  Ozetal. (2018)

body composition, and lipid

profile

Enhanced disease resistance 8 weeks Doan et al. (2019)

against Streptococcus agalactiae
infections




1330

S. Vijayaram et al.

Table 2. The use of algae as a dietary feed supplement in aquaculture and their impact on aquatic animals

. Dietary
Algae (12 lri?le) O?ZE?;ES ifizldai(;is inclusion level Beneficial effects References
y g & (g/kg or %)
Arthrospira  Microcoleaceae  Giant river prawn FM 50% Improved growth performance and ~ Radhakrishnan et
platensis (Macrobrachium) feed conversion efficiency al. (2016)
Chlorella Chlorellaceae Carp (Carassius FM 0.4-2.0% Augmented immunoglobulin IgM Khani et al.
vulgaris auratus gibelio) and IgD levels, interleukin-22 (IL- ~ (2017)
22) expression, and chemokine (C-C
motif) ligand 5 (CCL-5) production
Gracilaria  Gracilariaceae Giant tiger prawn FM 100-200 pg/ml  Improved immune system function ~ Wongprasert et
fisheri (P. monodon) and enhanced resistance against al. (2014)
white spot syndrome virus
Spirulina sp. Spirulinaceae Common carp FM 5 g/kg Increased growth rate and improved Nandeesha et al.
(Cyprinus carpio) feed conversion ratio (1998)
S. platensis  Microcoleaceae  Silverfish FM 5% Enhanced composition and feed Lin et al. (2016)

(Trachinotus ovatus)

utilization

Table 3. Commonly applied probiotic supplements used as feed additives for fish (Vijayaram et al., 2023 b)

Genus Probiotics Example of target fish species
Bacillus Bacillus coagulans Cyprinus carpio (common carp), Scophthalmus maximus (turbot)
Bacillus subtilis O. niloticus (Nile tilapia)
Bacillus licheniformis Ctenopharyngodon idella (grass carp)
Bacillus cereus Heteropneustes fossilis (catfish)
Bifidobacterium Bifidobacterium bifidus Cyprinus rubrofuscus (koi fish)
Carnobacterium Carnobacterium divergens Gadus morhua (Atlantic cod)
Enterococcus Enterococcus faecium O. niloticus (Nile tilapia)
Lactobacillus Lactobacillus casei Cyprinus carpio (common carp)
L. plantarum Acanthopagrus schlegelii (Black Sea bream)
L. rhamnosus O. niloticus (Nile tilapia)
Lactococcus L. lactis Siniperca chuatsi (Mandarin fish)
Pediococcus Pediococcus acidilactici Oncorhynchus mykiss (rainbow trout)
Streptomyces Streptomyces sp. Danio rerio (zebrafish)
Saccharomyces Saccharomyces cerevisiae Pangasianodon hypophthalmus (striped catfish)
Weissella Weissella cibaria Cyprinus carpio (common carp)

Carotenoids and astaxanthin

ti-inflammatory agents, and neuroprotective properties

Microalgae produce diverse carotenoids, including
o~carotene, 3-carotene, astaxanthin, lutein, and zeaxanthin,
which are important antioxidants and pigments. Astaxan-
thin, in particular, is a valuable nutrient with numerous ben-
efits for various aquatic animals, enhancing pigmentation,
acting as an antioxidant, promoting growth, and improving
immune and inflammatory responses (Lu et al., 2021).

Lipid content and functional properties

Microalgae, such as Chlorella vulgaris and Bor-
tryococcus braunii, exhibit varying lipid yields, with
implications for their functional properties. Addition-
ally, microalgae pigments possess important biological
functions such as antioxidants, anti-obesity agents, an-

(D’Alessandro and Filho, 2016).

Spirulina and Dunaliella

Certain microalgae strains, like Spirulina and
Dunaliella, are particularly notable for their high protein
content. Spirulina, for instance, contains 50-70% pro-
teins, making it valuable for both human and animal nu-
trition. It is widely used in aquaculture to provide essen-
tial protein and nutrients to farmed fish and other aquatic
species (Ejike et al., 2017).

Probiotics in aquaculture
Probiotics offer numerous benefits in aquaculture,
spanning enhanced water quality, disease resistance,
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growth rate, feed conversion ratio, and regulation of the
immune system. They also positively impact the host,
reducing reliance on broad-spectrum antibiotics (Lin et
al., 2017; Vijayaram and Kannan, 2018; Mirbakhsh et
al., 2023; Morshedi et al., 2021; Van Doan et al., 2020;
Guardiola et al., 2016). Probiotic feed supplements have
been shown to improve fish feed conversion, and growth,
reduce mortality, and boost immune system respons-
es, making them ideal for fish feeding (Kumar et al.,
2016; Table 3).

Prebiotics, postbiotics, minerals and synbiotics in
aquaculture

Different categories of organic and inorganic com-
pounds, such as prebiotics, postbiotics, and minerals, serve
as valuable feed additives in aquaculture, contributing to
the health, well-being, and growth of aquatic species.

Prebiotics

Prebiotics, primarily composed of carbohydrates, es-
pecially oligosaccharides, polyphenols, and long-chain
fatty acids, support the growth of host microorganisms
(Gibson et al., 2017). These compounds, including fruc-
tooligosaccharides (FOS), chitosan, polyphenols, butyric
acid, propionic acid, lentinan, lipoteichoic acid, fucoidan,
and isoflavones, offer benefits such as enhancing the
growth, immune system, survival, and disease resistance
in aquatic species against pathogens. Prebiotics represent
innovative feed additives in aquaculture, contributing to
the overall health and performance of cultured organisms
(Yang et al., 2020 a, b; Magrone et al., 2018; Vijayaram
etal., 2022).

Postbiotics

Postbiotics are bioactive molecules or structural com-
ponents derived from probiotics (Salminen et al., 2021).
These compounds play a crucial role in supporting host
health and performance. Postbiotics, derived from the
fermentation processes of probiotics, offer similar ben-
efits to prebiotics, contributing to growth promotion,
immune system enhancement, and disease resistance in
aquatic species.

Minerals

Minerals are essential components of aquafeeds,
playing critical roles in regulating various physiological
processes in fish. Magnesium, for example, is crucial for
fish growth, particularly in controlling myotube forma-
tion and muscle cell proliferation (Maradze et al., 2019).
Adequate mineral supplementation in aquafeeds ensures
optimal growth, development, and overall health of cul-
tured aquatic organisms.

Nutrient absorption and intestinal health

In addition to prebiotics, postbiotics, and minerals,
certain feed additives containing fatty acids, essential
amino acids, vitamins, and other nutrients are employed
to enhance intestinal health and promote nutrient absorp-

tion through intestinal barriers (Martin and Krol, 2017).
Nutrients are absorbed in the intestinal region, where en-
zymes, microorganisms, and genes are regulated and ac-
tivated. Studies utilizing microbiome and transcriptome
tools provide insights into these processes (Martin et al.,
2016; Dawood et al., 2020).

Benefits and sustainability

Bioactive molecules added to aquafeeds offer numer-
ous benefits, including antimicrobial, immunostimulant,
antioxidant, growth-promoting, and anti-inflammatory
properties. These techniques are not only economically
viable and environmentally sustainable but also devoid
of adverse effects, contributing to the sustainability and
efficiency of aquaculture operations (Wang et al., 2017,
Ragunath and Ramasubramanian et al., 2022; Firmino et
al., 2021).

Synbiotics

The utilization of synbiotics, a combination of probi-
otics and prebiotics, in aquaculture, presents a promising
and relatively recent approach. Synbiotics offer several
potential benefits, including enhancing growth, health,
and disease resistance in cultured aquatic organisms. This
approach has garnered attention for its potential to con-
tribute to the long-term success and sustainability of aq-
uaculture operations (Ringe and Song, 2016; Hoseinifar
et al., 2016; Vijayaram et al., 2023 a, b). Synbiotics are
crucial in enhancing intestinal health, growth, and overall
performance in aquatic organisms. They represent a po-
tential alternative to antibiotics in aquaculture, address-
ing concerns related to antibiotic resistance and ensuring
health and food safety (Okey et al., 2018; Ghafarifarsani
etal., 2021 b). Studies have shown notable improvements
in various aspects of aquaculture, particularly in Pacific
white shrimp, with the use of dietary synbiotics at a con-
centration of 3 g/kg for 56 days. These improvements in-
clude enhanced growth, feed utilization, intestinal health,
and non-specific immunity. Interestingly, applying syn-
biotics by spraying onto the diet has demonstrated bet-
ter performance compared to simply adding them during
the pelleting process (Yao et al., 2021). As research in
this field progresses, it is expected that more probiotic
strains and prebiotic compounds will be tested, leading
to a better understanding of their specific benefits for dif-
ferent aquaculture species. This continuous exploration
and refinement of synbiotic applications hold promise
to further enhance aquaculture practices’ efficiency and
sustainability.

Application of biogenic supplements in aquacul-
ture

Herbals

Incorporating various botanical extracts into aqua-
feed supplements has shown promising results in enhanc-
ing antioxidant levels, growth performance, gene expres-
sion, immune response, and disease resistance in various
cultured aquatic species.
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Table 4. Summary of herbal feed supplements and their effects on aquatic animals

Herbal’s local name | Aquatic animal’s local name | Administrat Response Duration References
and scientific name and scientific name ion/dosages P of treatment
Turmeric African sharp-tooth catfish 1% Enhanced hematological param- 8 weeks  Anene et al.
(Curcuma longa) (Clarias gariepinus) eters, reduces the activity of liver (2021)
enzymes (ALT, AST, ALP), and
boosts the immune response
Turmeric rhizomes Hybrid grouper 0.5% Improved the growth, feed con- 8 weeks  Abang Zamhari
(TR), tuhau stems (TS), (Epinephelus fuscoguttatus @ sumption, apparent digestibility, et al. (2021)
and betel leaves (BL) Epinephelus lanceolatus ) co-efficient of body protein, and
lipid contents
Mojave yucca European seabass 0.75 mg/L'  Improved the growth, survival, and 8 weeks  Fayed et al.
(Yucca schidigera) (Dicentrarchus labrax) hematological parameters (2019)
Citrus lemon peel Juvenile abalone 50 g/kg Significantly increased the growth 16 weeks ~ Dai and Cho
by-product (Haliotis discus) performance and acted as a stress (2022)

reducer

Olive leaf extract (1%) in common carp: Adding 1
g/kg of olive (Olea europaea) leaf extract to aquafeed
supplements during a 60-day trial improved the immune
system and increased survival against £. farda in com-
mon carp (Zemheri-Navruz et al., 2019).

Turmeric (1%) in African sharp tooth catfish: Incorpo-
rating 1% turmeric (Curcuma longa) powder into aquatic
feed enhanced hematological parameters, reduced liver
enzyme activity, and boosted the immune response in
African sharp tooth catfish (Clarias gariepinus) with no
adverse effects (Anene et al., 2021).

Turmeric rhizomes, tuhau stems, and betel leaves
(0.5%) in hybrid grouper: Inclusion of turmeric rhi-
zomes, tuhau stems, and betel leaves at a concentra-
tion of 0.5% in aquafeed supplements significantly
improved growth, feed consumption, apparent digest-
ibility coefficient of body protein, and lipid contents
of hybrid grouper compared to the control diet (Abang
Zambhari et al., 2021).

Chinese yam (0.4%) in rainbow trout: Chinese yam
(cinnamon vine; Dioscorea oppositifolia L.) extract at
a 0.4% concentration in aquafeed supplements during
an 8-week trial improved gut microbial composition,
digestive enzymes, and immunomodulatory effects
in rainbow trout (Oncorhynchus mykiss) (Wang et al.,
2020).

Herbal cassava (15 mL) in common carp: Supple-
menting aquafeed with 15 mL of herbal Manihot escu-
lenta Crantz (cassava) extract significantly enhanced
the growth rate and decreased the feed conversion ra-
tio in common carp (Cyprinus carpio) (Efianda et al.,
2020).

Mojave yucca (0.75 mg/L) in European seabass: Ad-
ministering 0.75 mg/L of Yucca schidigera (Mojave yuc-
ca) liquid extract with aquafeed supplements improved
growth, survival, hematological and immunological pa-
rameters in European seabass (Dicentrarchus labrax) ju-
veniles, while also reducing ammonium concentration in
the water (Fayed et al., 2019).

Jujube (1%) in rainbow trout: Feeding rainbow trout
(Oncorhynchus mykiss) with aquafeed supplements con-
taining 1% jujube (Ziziphus jujuba) water extracts for 8
weeks improved immunity, digestive function, and gut
microbial composition (Liu et al., 2021 a, b).

Citrus lemon peel by-product (50 g/kg) in juvenile
abalone: Dietary inclusion of 50 g/kg of citrus lemon
peel by-product into aquafeed supplements increased
growth performance and acted as a stress reducer for ju-
venile abalone (Haliotis) during a 16-week feeding trial
(Dai and Cho, 2022).

Ginkgo biloba extract (4 g/kg) in Nile tilapia: Adding
Ginkgo biloba (maidenhair tree) extract at a concentra-
tion of 4 g/kg to aquafeed supplements during a 60-day
feeding trial improved antioxidative status, immune sys-
tem, and reduced inflammation in Nile tilapia (Zheng et
al., 2022) (Table 4).

Biogenic supplements from different sources

Section 1: Animal-derived biogenic supplements

The utilization of animal-derived supplements in
aquaculture is gaining attention due to their nutritional
benefits and potential to improve fish health and per-
formance. Taurine and selenium yeast are examples of
such supplements that have been thoroughly researched
(Sampath et al., 2020; Wang et al., 2019). The biogenic
dietary supplementary role is summarized in Figure 1;
Table 5.

Section 2: Plant-derived biogenic supplements

Plant-derived supplements, particularly microalgae
and seaweed, are widely used in aquaculture diets. Mi-
croalgae species like Chlorella sp. and Nannochloropsis
sp. are rich sources of nutrients and have demonstrated
improvements in growth, immunity, and nutrient utili-
zation in aquatic animals (Becker, 2013; Adissin et al.,
2019).

Section 3: Microbial-derived biogenic supplements

Microbial-derived supplements, including probiot-
ics, play an important role in promoting gut health and
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disease resistance in aquaculture species. Tetraselmis
suecica and Gracilaria arcuata are examples of micro-
bial supplements that have been studied for their efficacy
in enhancing fish health and performance (Sharawy et al.,
2020; Younis et al., 2018).

Section 4. Cultivation and application of microalgae
in aquaculture

Microalgae cultivation is essential for sustainable
aquaculture practices. Studies have demonstrated the ap-
plication of microalgae in wastewater treatment and nu-
trient management in aquaculture systems (Guldhe et al.,
2017; Tejido-Nuiiez et al., 2020).

Probiotics

Probiotics derived from various sources like the
gut, water, soil, food, and primary/secondary hosts
have a crucial role in the aquatic industry. They of-
fer several advantages to the host, including enhanc-
ing gut microbiota composition, promoting growth,
boosting immune gene expression, improving immune
system responses, increasing disease resistance, and
enhancing water quality in aquaculture (Tang et al.,
2018; Balasubramanian et al., 2018; Makridis et al.,
2021; Sharifuzzaman and Austin, 2017). Probiotics
exhibit essential characteristics such as acid tolerance,
bile salt tolerance, auto-aggregation, antimicrobial ac-
tivity, susceptibility to antibiotics, and the ability to

bind to the mucosal surface. These traits are significant
factors when identifying potential probiotic candidates
(Hosain and Liangyi, 2020). Probiotics employ various
mechanisms of action, including antimicrobial activity
against harmful pathogens, the production of benefi-
cial metabolites, the synthesis of vitamins, the ability
to adhere to the gut lining, and the enhancement of the
immune system (Pushparaj et al., 2022). Various types
of probiotics are isolated from salmon and black tiger
shrimp hatcheries, encompassing species such as Ae-
romonas sp., Vibrio sp., Pseudomonas sp., and groups
of Coryneforms. These probiotics exhibit potential
antiviral activity against the Infectious Hematopoi-
etic Necrosis Virus (IHNV) in Oncorhynchus masou
(masu salmon) (Loh, 2017). Dietary supplementation
of probiotics stimulates the immune response to help
control diseases in cultured aquatic species. Probiotics
like Aeromonas veronii, Vibrio lentus, and Flavobac-
terium activate both cellular and humoral-mediated
immunity by increasing the production of immune
factors such as TNF, IL-1b, and lysozymes in carp
species (Dawood et al., 2018). Hlordzi et al. (2020)
reported that Bacillus species significantly improved
water quality parameters such as pH, DO, conductiv-
ity, BOD, COD, and more. They also found that Ba-
cillus species influenced the microbial composition in
fish culture.

Herbals

Biomolecules

Nutrients

Biogenic
dietary

supplements oil

role on
aquaculture

Insects

Essential

Nanoparticles

Figure 1. Biogenic dietary supplements’ role in aquaculture



S. Vijayaram et al.

1334

(T102)
‘[e 30 oATeuIyowy

(Z107) ‘18 30 2K312q301V
(L107) Tese ury

(¥10T) Te 30 0oseD
(2202) 12 12 IPPIS
(1200) e % sea

(1202)

‘Te 12 YSepjojN-1ouLy D)

(0202) "8 3 dweuoyn

(1207) 'Te 3 ueessel|

(2207) "Te 30 18JR[ED

(8707) Te 30 sTUnox

(6107) Te 10 uasINUY]

(L107) 'T& 10 1emIeIN

douewtofiod yymoI3 parosduy

douewtoftod yimoI3 porosduy

sasuodsai [eo13oj01sAyd paaoiduy

doueuofiod yymoI3d parorduy

yyreay N3 pue ssuodsar sunwwr ‘yrmoisd oy} pasoiduy

[eAIA

-INS pue UONEZI[IN JUSLIINU ‘UONSATIP ‘Yimoid paroxduy

Adue)SIS

-01 OSBASIP PUB JUBPIXONUE ‘dsuodsor unuwiwl paoueyuy]

[eA1AIns pue douewIo)Iad yamois parorduy

BIO[ [BL19)OBq [BUl)

-s9)uI pue uoIssaIdxa auag o1[0qeIdW ‘poo[q [BITWAYI0Iq
‘Tedrdojorewoy  ‘osuodsor ounwul ‘orpowoydiow [eo
-130[03s1y [eUNSAUI ‘@ouewiIorad YImoId ayy paoueyur

Kyanoe Jueprxonue pue uonejuowdid sjosnw pasueyug

Qoueun10319d yImoI3 paroxdwy

QHBOHW Q[osnur paseardu|

uonodjul vyydoipdy ‘7 ysurede searepysod
11542qUas0.4 "J{] JO 2OUE)SISAI pue asuodsal aunuwir 10)og

%ST
%ST
syoaMm § 10} 3Y/3 00¢
sKep G/ 10J %06

[ern Surpagy
Kep-96 10§ %1

NN

S)oaM § 10J 3/Jd (0]
[e1n Surpasy
Kep-0 10§ 1:1

[e1n SuIpady
Kep-p8 10J (01 <S8’
[eLn SuIpady
Kep-gz1 10§ %y
[eLn SuIpagy
oom-T1 © 10} %0¢
[e1n Surpady
Noam-T1 10} %l
Tern Kep-og
10} %S 1 PUe %4

erdeqn oIN
[syied ueoLyy
Ipunwerreq

oI moqurey
IpunwerLeqg
US[jed 191eMySaI]

SSeqeas ISy

wealq eas

erdeqn oIN
WBAIqRAS PLIYI[ID)
erdern ofIN
ysyjjom panods

umerd
I0JEMUYSAIJ JUBID)

SN21J0]1U SIUOAYD02.1()
snu1dariv3 svLivj)
A2[14DI|DI SIVT
ss1ydur snyoudy..0ou)
A2f14D2]DD SIDT
s171550f sa3snoudo.212ff

A2f1402]DD SIDT

ANy snipdg

SNo1oJ1U STULOAYI02.4()

DIy SNADAS

Sna1oJ1U STUOAYI02.4()

Aouiud SvYI1YvuUp

1342qUISOL WNTYIDAGOLIDIN

DLIOIDAS U DISnO0T
DA2[1]o1D))
DI1ISIUIOP DISNIT
A0]1]0Ul O11q2UI]

12502 SNJJ19DqOIIV]
M pafdnoo avisina
120 $20{U0DY2IDG

(POTTOEHN) TMH $72
-jo1quun saodworda.ng

700 sna.2o g pue
100 stsudiuLimny) g

17y “ds snoooo0uv)J
pue gy “ds snjjong

snjrund snjj1ovg

“ds vardsoayyiy
DIDNOAD DIID]JIOD.AL)
snnb1jqo snuisapauadg

s1n3na
bl124014>

1SN00] AI0JRISIN
1oddoyssern
1033eN
ULIOM[BIW MO[[OX
S2qQOIDTIA
S2QOIDTIA

SOQOIDTIA

SOQOIDIIA

SOQOIDIIA

JeS[e0IOTN

Qe3[BOIOIN

93 [ROIOIN

93 [ROIOIN

(02027) Te 10 Amereys uoneZIIn JUILINU pue Y)moI3 parorduy 3B S L dwrrys ayym oygroeg 12uwpuUDA Snavuadojry D2102NS SIU]ISD.AIA] 9e3[BOIOTW JULIBJA
uorewwegul Jo uorssaid skep
(2207) Te 12 Suayyz -dns pue ‘wv)sAs aunurwl ‘snjejs dAneprxonue pasoidwy (9 10§ 3%/3 ¢ 1o /pue | eideqn 9[IN SN210]1U STUOAYD02.4() pQqoj1q 03yu1Lr) 901) JIBYUSPIBIA
(6107) Te 12 pakeq BIUOWWE JSUIeSe 109JJ9 9OURII0) SSAT)S PISBAIOU] T/ 8w L0 sseqeas ueadoinyg XDAGD] SNYIUADLJUIIN(T DADIIPIYIS DIIN ©0oNA 9AL[OJA]
$1091J0 AIOJR[NPOWOUNTUI Pu. M)
(0207) Te 10 Juepyy  ‘sowAZud 2ANSAZIP ‘UonIsodurod [BIGOIDIW INT PaseaIou] S)AAM § 10J %0 mnox moqurey ssiydw snyoudy.ioougy  -ofijisoddo va.iodsorq wek asaury)
ysyIeo
(1202) ‘Te 30 duouy s1ojowered [esrSojojeway paroiduy %1 yroojdieys ueoLyy snu1da1v3 sv1v)) p3uo] vundn) Jopmod orroumny,
L 9 S 14 € [4 I
S90URIOJY asuodsoy uonensIuIupy OB 890 Suett SGHuaIos saouwIsqns oIu3oIq saoue)sqns druagorg

srewnue onenby

sjewue onenby

JO QWEU dYNUAIOS

aimnoenbe ur syuowoejddns A1ejarp o1usgoiq jo suonedrddy g ojqel,



1335

Biogenic dietary promoters in aquaculture

(8107) Te 10 Jewuny

(9102)
‘Te 19 IeyuesI[RINJA

(6107) Te 3 poome(q

(q ‘e 1207) 'Te 30 Suoy

(0202) "Te ¥ 1Ay

(2z07) T8 10 UTESSNH

(2202) e IS

(1207) 'Te 30 weysy

(2200) Te 10 1ARY

(0207) Te @ np

(12027) Te R nH
(1200) e IT

(1702) B3R I T

(0207) Te 10 ZewIX
(L102) T3 11

SUONIPUOd O1}0
-1q pue d1OIqE JSureSe JO9JJo d0ULIS[0) SSamS paAoiduuy

1d 11842quaso. "y Jo
asuodsar sunwiwl pue YIMOoI3 [RAIAINS 19139 PAIe[NTY

osuodsal y1moIS [[BIOAO PUTBIUTRIA

sAkemuyjed Surfe
-udis gy- 4N pue gJIN ®1a sndp <) ut sisoydode [[0o pue
‘UOTJBWIWRHUT ‘SSANS OANIBPIXO PIoNpul-TH( PIonpay

SUONdRJUI 242Dy 014Gl JSUTeSe OOUBISISAL pue
‘osuodsar unwiwr ‘Yiedy [eunsul ‘ymoird pasoiduy

K3ojojeway pue uonisodwod Apoq pasoxdwy
uondIosqe [eIdUI PISLAIdU]

suorssardxo
ouog pajelaI-ymoId pue ‘snyejs jueprxonue ‘siojowered
[eo1IOYI01q WinIds ‘@oururiojrod yimoId oyy pasoiduy

douewroptod uononpoid pasearouy

SOIIAIIOE QWAZUD JUBPIXONUE pue
“0AnsagIp ‘oneday ‘ooururiorrod YMoIS JO JUSWIURYUT

Kyirenb ysop pue yymoI3 parosduy

ua9[ds pue Aoupry peay ‘urys ur
WISIUBYOOUI JR[NOJ[OW PuE 9Suodsal sunwiwl pasueyuyg

[oA9] wstjoqelow pidi] pue Jueprxonue pasuLyug

osuodsar A1ojewtuegul pue wsijoqelow pidiy onedoy
‘K&roedes jueprxonue ‘AoudIonjo pasj ‘Ymois parorduy

2v2144p3 T AQ UOT)OIJUI 0} JUBISISAT IO
ssiydur ") opewl pue sasuodsal dunuIWl Y} PISLAIIU]

Q0UR)SISAT ASLISIP paduByuUg

/8w g

sKep (6 10} 3y/8w (7
TeLn Surpagy
Kep-gy 103 3Y/w 7T

el
Kep-g¢ 10§ Sy/3w (0f

38w 01

sKep (£ 103 33y/3w 00t

s&ep 9 103 3yy/8wW 76'Y
s&ep 06 103 34/3 05°0

sAep ( 10§ 3%/3 0¢
SYoIMm 8
10§ 301p 8%/8 6°L
[eLn SuIpady
Aep-(9 10§ B3/3 81¥1

ysieo pading

umelrd 191emysar]

wealq eas poy

PEAYQYRUS UISYIION

dwiiys oyym oyroeq

died uowrwo))

YS1JJed MO[[OA

ysyeo pading

1O[101S

dieo ssein

dreo ssein

SYOOM () JOJ %7 1—9°0 Io¥eoI1d Mmook oSIe]

sKep (9 103 %]

s&ep (09 10J %1
sKep (6 103 35/ TW '€

ouedwod uapjon

nox moqurey

o1 moquiey

snuppypydoddy snisv3uvg

1840GUISOL WNTYIDAGOLIDI

Aofvut sni3ng

SNSAD DUUDY)

12upUUDA Shavuadojry

01d.4v> snu1idq)

0oD.p1AJNY SNIZDGOII[D ]

snuvypydoddy uopounisn3uv g

snuayIni Lasuadioy

vjjap1 uopodudivydouar)

pjjap1 uopodudiwydouar)

22042 SAypy>1ULIDT

SNIPAO SNJOUIYIDLJ

ssryduw snyoudy.10ou()

ss1ydu snyoudy..oou)

VN

VN

VN

VN

VN

VN

VN

VN

VN

VN

VN
VN

ovfuoy snjpydoyd.ioury

vavdo.ina vaj()

"1 $271U0 WNUDSLIO)

sojonaedoueu ourz
soponaedoueu xaddo)

so[on
-Tedoueu wWNIUo[OS

urnaIny)
sueon|3-¢
[ouaydAjod
suoumnb
qurjournbojo1A
ursdog

ouLmne],

SuIpnstH

QUISAT]

QUILOTYIAN

ueuuewoon|3 oefuoy]

110 doewod aA1[0

[10 [enuasss oue3aIn

(1202) opronsad 110
‘1B 30 nYSAY Ly (NJNQ) ULIYIQWEIOP JO 109} 9SIOAPE U} Pasea1dd Y 96 10) /8w (0 01} MoquIey ssryduw snyoudy.10ou() uowsny snj1)  1enuassd [ood uowa |
(z109)
‘Te 30 oATRUIyOwW doueuof1od yimoI3d porosduy %ST erde[n ofIN SN2110J1U SIULOAYI024() DLIOIDASIU DISNOOT 1SN00] AT0JRISIA
L 9 S 4 € [4 I

"PII0D — G d[qEL



1336

S. Vijayaram et al.

However, the effectiveness of these improvements
depends on the method of application, the selection of
the specific Bacillus strain, and the availability of nu-
trients in the aquatic environment. Supplementing the
diet of shrimp (P. vannamei) with probiotics CDMS
and CDA22 for 21 days significantly decreased patho-
genic Vibrio counts in the hindgut and increased survival
rates, attributed to the secretion of catalase. The study
concluded that these probiotics when used in 21-day
feeding trials, enhance disease resistance against acute
hepatopancreatic necrosis disease (AHPND) caused by
Vibrio parahaemolyticus in shrimp aquaculture (Wang et
al., 2018). According to FAO (2020), probiotics exhibit
strong inhibitory activity against pathogens and enhance
disease resistance in various fish species, including At-
lantic cod (Gadus morhua), Nile tilapia (Oreochromis
niloticus), rainbow trout (Oncorhynchus mykiss), com-
mon carp (Cyprinus carpio), and sea bass (Lates cal-
carifer) juveniles. It is worth noting that Nile tilapia
(Oreochromis niloticus) holds significant importance as
a major contributor to global aquaculture production.
Corynebacterium ammoniagenes (at a level of 10-20%)
and Methylobacterium extorquens protein have the po-
tential to serve as substitutes for fishmeal in shrimp diets.
These alternative protein sources can help reduce the re-
liance on fishmeal in aquaculture feeds (Chumpol et al.,
2018). Incorporating Enterococcus faecium into the diet
for 7 and 14 days results in significantly enhanced final
weight, final biomass, weight gain, and respiratory burst
activity in tilapia (Oreochromis niloticus). Furthermore,
it helps maintain the defense mechanisms of the immune
system in these fish (Changpasert et al., 2022). Incorpo-
rating plant-based protein into the diet along with Bacil-
lus pumilus (at a concentration of 1.85x10° cfu/kg) and
protease (at 0.5 g/kg) during an 84-day feeding trial sig-
nificantly improves the growth and feed intake in tilapia
(Oreochromis niloticus). The combination of B. pumilus
and exogenous protease offers synergistic effects that
benefit the fish (Hassaan et al., 2021; Yang et al., 2021).
Oral administration of probiotic Lactobacillus plantarum
at a concentration of 2x107 cfu/g in the diet for 72 days,
following yersiniosis vaccination, significantly enhances
the growth performance of rainbow trout (Oncorhynchus
mykiss). It also helps maintain gut microbiota, and diges-
tive enzyme activity and improves nutrient digestibility
and utilization (Soltani et al., 2019).

Bio-encapsulated Planococcus at a 1% concentration
in live food culture (rotifers and Artemia) during a 40-
day feeding trial significantly improved the growth, sur-
vival, digestibility, and biochemical indices of gilthead
sea bream (Sparus aurata) (Ghoname et al., 2020). Add-
ing the probiotic Paenibacillus ehimensis NPUST1 to the
diet during a 2-month feeding trial significantly enhances
the growth performance, immunity, and infection resist-
ance in Nile tilapia (Oreochromis niloticus) (Chen et al.,
2019). Probiotics B. thuringiensis QQ1 and B. cereus
QQ2 at a concentration of 10° cfu/g in the diet during
an 8-week feeding trial significantly enhances immunity

and antioxidant levels, helping to suppress Vibrio algi-
nolyticus infections in Asian seabass (Lates calcarifer).
However, further research is needed to clarify the precise
mechanisms associated with the QQ system and its role
in protecting fish from infections caused by Vibrio patho-
gens (Ghanei-Motlagh et al., 2021). Supplementing the
diet with probiotic Pediococcus pentosaceus MROO1 at a
concentration of 10° cfu/g significantly increases feed uti-
lization, growth, digestive enzyme activity, and disease
resistance against vibriosis in shrimp (Litopenaeus van-
namei). The study concludes that P. pentosaceus MROO1
is an effective and valuable feed additive for aquaculture
(Wanna et al., 2021). In a 45-day feeding trial, the di-
etary administration of the probiotic Streptomyces anti-
bioticus EW1 (MH301104) demonstrated better activity
compared to a diet incorporating B. cereus. The probi-
otic Streptomyces antibioticus EW1 (MH301104) signifi-
cantly improved growth performance, digestibility, and
nutrient intake, and reduced the mortality rate of juvenile
catfish (Heteropneustes fossilis) (Das et al., 2021). Pro-
biotics such as Lactococcus lactis 119 and Enterococcus
faecalis W24 at a concentration of 1.0x10% cfu/g in the
diet during a 56-day feeding trial significantly increase
digestive enzyme activity. improve intestinal microbiota,
enhance the intestinal morphology antioxidant capacity
of Northern snakehead (Channa argus). Dietary supple-
mentation of the probiotic L. lactis 119 is more efficient
in providing protection compared to W24. Probiotic di-
etary additives demonstrate a more beneficial response in
cultured fish species (Kong et al., 2021 a, b). In a study
by Siddik et al. (2022), a dietary combination of probiot-
ics, specifically Lactobacillus casei and Saccharomyces
cerevisiae at a 1% concentration, was administered to
juvenile barramundi during a 56-day feeding trial. This
combination significantly enhanced growth, and feed
utilization, maintained microbiota composition, and im-
proved the immune response in the juvenile fish.

Further research is required to fully comprehend the
exact mechanisms of action in the gut region of fish.
However, dietary inclusion of two Bacillus strains, B. ce-
reus KAF124, and B. thuringiensis KAF135, has shown
significant improvements in growth, immunity, antioxi-
dant activity, digestive enzymes, discase resistance, an-
timicrobial activity, and the regulation of gut microbiota
composition in marine fish Moolgarda seheli (Husain et
al., 2022). Probiotic B. velezensis GY65 in the diet sig-
nificantly improves growth performance, immunity, and
amylase activity, and reduces the pathogenic load in man-
darin fish (Siniperca chuatsi) (Wang et al., 2021 a, b).

Essential oils and plant oils

Incorporating lemon peel essential oil (LPEO) into
the diet at a concentration of 400 mg/kg significantly re-
duced the negative effects of deltamethrin (DMN) pesti-
cide exposure and enhanced growth indices and carcass
composition in juvenile rainbow trout (Oncorhynchus
mykiss) (Amiri Resketi et al., 2021). Dietary supplemen-
tation of microencapsulated carvacrol, garlic, and thymol
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enhanced the activation of the protein biosynthetic pro-
cess in the gills of gilthead sea bream (Sparus aurata),
utilizing plant-derived supplements (Firmino et al., 2020).
Including Greek oregano (O. onites) essential oil at a con-
centration of 3.0 mL/kg in the diet during a 90-day trial
significantly improved the survival rate of rainbow trout
(Oncorhynchus mykiss) against L. garvieae, a pathogen-
ic bacterium, which is also a plant-derived supplement
(Diler et al., 2017). In a study conducted by Baba et al.
(2017), dietary incorporation of argan oil derived from
the argan tree (Argania spinosa) at various concentrations
(0%, 0.5%, 1%, or 2%) significantly increased immuno-
hematological and biochemical responses. Additionally,
this dietary supplementation improved disease resistance
against L. garvieae in Nile tilapia (Oreochromis niloti-
cus), which is another example of plant-derived supple-
ments. Including olive pomace (Olea europaea) oil in
the diet has been shown to significantly improve the anti-
oxidant capacity and infection tolerance in rainbow trout
(Oncorhynchus mykiss), also categorized under plant-
derived supplements (Yilmaz et al., 2020). In a study by
Baba et al. (2016), it was found that including 0.5% citrus
lemon peel essential oil in the diet significantly increased
the antioxidant capacity and disease resistance against £.
tarda in Nile tilapia (Oreochromis niloticus), representing
plant-derived supplements.

Incorporating essential oil from sweet basil (Ocimum
basilicum) at a concentration of 2.0 mL per kilogram of
diet for 48 days of feeding trials resulted in improved
growth performance in pirarucu juveniles (Arapaima gi-
gas), which is another example of plant-derived supple-
ments (Chung et al., 2020). Including the essential oil of
ginger (Zingiber officinale) (EOZO) at a concentration
of 0.5 mL in the diet during a 60-day feeding trial en-
hanced the growth activity, increased intestinal villi size,
and improved hematological variables in Nile tilapia
(Oreochromis niloticus), which falls under plant-derived
supplements.

Nutrients

Animal-derived supplements

Methionine (MET) in the diet at concentrations rang-
ing from 0.6% to 1.2% during 10 weeks of a feeding trial
resulted in improved serum lipid profiles and a reduction
in the size and number of liver lipid droplets in juvenile
large yellow croaker (Larimichthys crocea), representing
a functional supplement (Li et al., 2021).

Glutamine and glutamate at a concentration of 3%
in the diet significantly increased growth performance,
specific and non-specific immune responses, and skeletal
muscle growth in fish, classified as functional supple-
ments (Li et al., 2021).

Lysine supplement at a concentration of 14.18 g/kg in
the diet for a 60-day feeding trial significantly increased
lysozyme, acid phosphatase (ACP), and complement C3
activities in the gut region of grass carp (Ctenopharyn-
godon idella), representing a functional supplement (Hu
etal., 2021).

Tryptophan at concentrations of 1.28% and 2.56%
for a 7-day feeding trial under stress conditions signifi-
cantly increased growth response and improved thermal
and salinity stress resistance in Nile tilapia (Oreochromis
niloticus), categorized as a functional supplement (Vieira
etal., 2021).

Histidine at a concentration of 7.9 g/kg in the diet for
an 8-week feeding trial significantly enhanced growth
activity and digestive enzyme activity in grass carp
(Ctenopharyngodon idella), classified as a functional
supplement (Wu et al., 2020).

Taurine was included at a concentration of 1% in
the feed; however, there were no significant changes
observed in various growth and body composition pa-
rameters in striped bass (Morone chrysops x M. saxa-
tilis), indicating that taurine supplementation at this
level did not have a significant impact on the measured
parameters in this particular study (Suehs and Gatlin
III, 2021). In a 70-day feeding trial, taurine at a con-
centration of 30 g/kg considerably enhanced hepatic,
digestive, and antioxidant enzyme activity in 4. ruthe-
nus, classified as a functional supplement (Bavi et al.,
2022).

Plant-derived supplements

Konjac glucomannan at a concentration of 1% in the
diet for 60 days in aquafeed supplements significantly
increased growth performance, antioxidant levels, lipid
metabolism, and immune response in juvenile golden
pompano (Trachinotus ovatus), categorized as a func-
tional supplement (Li et al., 2021).

Microbial-derived supplements

Incorporating sulfate-based alginate polysaccharide
(SAP) at a concentration of 1.91% in the diet during a
56-day feeding trial significantly improved growth, se-
rum antioxidant levels, nonspecific immunity, intestinal
health, and disease tolerance in Pacific white shrimp
(Litopenaeus vannamei), representing a functional sup-
plement (Chen et al., 2022).

Bioactive molecules

Animal-derived supplements

Pepsin at a concentration of 0.50 g/kg had a posi-
tive influence on the growth, feed consumption, blood
physiology, and potentially water quality in the culture
of striped catfish, representing a functional supplement
(Islam et al., 2021).

Hydroxyproline (Hyp) at a concentration of 1%
had multiple positive effects on Chinese perch (Sin-
iperca chuatsi), including increased growth, improved
muscle quality, higher collagen content, enhanced nu-
tritional value, and improved digestive system activ-
ity, classified as a functional supplement (Feng et al.,
2022).

Lactoferrin at a concentration of 100 mg/kg in fish
feed for a one-week feeding trial had a positive impact on
the immune system in diverse fish species such as gold-
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fish (Carassius auratus), rainbow trout (Oncorhynchus
mykiss), Atlantic salmon (Salmo salar), red sea bream
(Pagrus major), and Asian catfish (Pangasius hypoph-
thalmus), categorized as a functional supplement (Roy
et al., 2020).

The oral dietary administration of peptidoglycan at
a concentration of 0.2 mg/kg had a significant positive
effect on the health and disease resistance of kuruma
shrimps (Marsupenaeus japonicas), functioning as a di-
etary supplement (Kondo et al., 2021).

Plant-derived supplements

Polyphenols at a concentration of 400 mg/kg had
multiple positive effects on common carp (Cyprinus car-
pio) fingerlings, including increased growth, improved
feed conversion ratio, enhanced antioxidant status, and
strengthened immunological parameters, classified as
a functional supplement (Hussain et al., 2022).

Quercetin at concentrations of 0.5 or 1.0 g/kg nota-
bly reduced excess fat deposition in Lateolabrax macu-
lates (Asian sea bass) tissues stimulated by the intake of
a high-fat diet (HFD), representing a functional supple-
ment (Dong et al., 2021).

Microbial-derived supplements

B-glucans at a concentration of 10 mg/kg in aquafeed
supplements for 56 days of feeding trials increased
expression level to control the immune function and
also blood neutrophils, oxidative radical production, and
superoxide anion production in activated macrophages of
white leg shrimp (Litopenaeus vannamei) juveniles, cat-
egorized as a functional supplement (Ayiku et al., 2020).

Microbial levan at 25 g/kg in aquafeed supplement
significantly enhanced innate immune response, growth,
survival, disease resistance, and thermal stress tolerance
and also reduced loads of total viable aerobic bacteria
and Vibrio spp. in the gut region of orange-spotted group-
er (Epinephelus coioides H.), representing a functional
supplement (Mohan et al., 2020).

Clostridium autoethanogenum protein (CAP) at 200
g/kg in fish feed significantly improved growth perfor-
mance, serum chemical parameters, antioxidant status,
and histopathological examination of the liver and mid-
gut in juvenile Jian carp (Cyprinus carpio), functioning
as a dietary supplement (Li et al., 2021).

Nanoparticles

Incorporating nanoparticle supplements into aquatic
feed is an innovative approach that has shown significant
potential in enhancing the quality of aquaculture. These
nanoparticles have been demonstrated to improve survival
rates, antioxidant levels, growth performance, and immune
responses in aquatic species. However, it is crucial to note
that excessive nanoparticle supplementation can potential-
ly lead to side effects in aquatic organisms (Muralisankar
et al., 2014; Ashouri et al., 2015; El Basuini et al., 2016;
Faiz et al., 2015; Vijayakumar et al., 2019; Rashidian et al.,
2021; Elabd et al., 2022).

Selenium nanoparticles

Selenium nanoparticles (1-2 mg/kg diet) for a 45-
day feeding trial notably improved the immune system,
total protein content, and antioxidant activities in red
sea bream (Pagrus major), indicating their potential as
a valuable dietary supplement in promoting fish health
(Dawood et al., 2019).

Qin et al. (2016) demonstrated that selenium nano-
particles at 0.2 mg/kg for 60 days of feeding trials signifi-
cantly increased the immune system, disease resistance,
and resistance against hypoxia stress in Chinese mitten
crab (Eriocheir sinensis), highlighting their role in en-
hancing the resilience of aquatic species.

Gold nanoparticles

Oral dietary administration of Au-NPs (2 ng/g) increased
the immune system, antioxidant levels, survival, and disease
resistance against V. parahaemolyticus in shrimp (Litope-
naeus vannamer), suggesting the potential of gold nanopar-
ticles as a beneficial dietary supplement aimed at promoting
shrimp health (Na-Phatthalung et al., 2018).

Copper nanoparticles

Copper nanoparticles at 20 mg/kg in a 90-day feed-
ing trial significantly enhanced growth, survival, and
immune response in postlarval stages of the freshwater
prawn (Macrobrachium rosenbergii). However, elevated
doses (40—80 mg/kg) may lead to toxic effects, empha-
sizing the importance of proper dosage management
(Muralisankar et al., 2016).

Silver nanoparticles

Silver nanoparticles considerably enhanced growth
response, protease, and metalloprotease activity in ze-
brafish (Danio rerio) and rainbow trout (Oncorhynchus
mykiss), suggesting their potential to optimize growth
and nutrient utilization in aquaculture practices (Sarkar
et al., 2015 b; Mirghaed et al., 2018).

Zinc nanoparticles

Zinc nanoparticles at 20 mg/kg enhanced growth and
immune system response against abiotic and biotic stress
conditions in shark catfish (Pangasius hypophthalmus),
highlighting their potential benefits in promoting fish
health and resilience (Kumar et al., 2018).

Zinc oxide nanoparticles

Zinc oxide nanoparticle supplements demonstrated
better disease resistance activity against multi-drug re-
sistant bacteria that affect fish such as 4. veronii and S.
maltophilia in aquaculture, showcasing their potential as
effective nano antibiotics (Pati et al., 2021; Ghafarifar-
sani et al., 2023). The biogenic dietary supplementary
role is summarized in Figure 1.

Conclusion
This study provides a comprehensive summary of the
benefits of biogenic-mediated dietary supplements in aq-
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uaculture, highlighting their potential to improve growth,
antioxidant levels, immune response, disease resistance,
stress tolerance, and water quality. These supplements,
developed from natural sources, offer an eco-friendly,
non-toxic, and cost-effective alternative to traditional
methods such as antibiotics, chemotherapeutics, and vac-
cines, which often lead to side effects in both aquatic ani-
mals and humans. The manuscript emphasizes that while
the optimal concentration of these supplements enhances
physiological responses, exceeding this concentration
does not further improve outcomes. To strengthen the
study, it is recommended that future research be directed
toward exploring the optimal dosage of biogenic supple-
ments across different fish species, as variations in spe-
cies may affect efficacy. Additionally, large-scale field
trials are essential to validate the results obtained in labo-
ratory settings and to confirm their real-world applicabil-
ity. This study sets the foundation for ongoing research
aimed at developing new biogenic supplement products,
which have the potential to revolutionize sustainable aq-
uaculture practices.
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