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ABSTRACT

Aquaculture stands as one of the fastest-growing sectors globally, playing a significant role in bolster-
ing overall production. To ensure sustainable growth in aquaculture, it’s crucial to use additives in
appropriate quantities. Feed additives, edible substances added in small amounts to fish feeds, aim to
enhance growth performance and reduce fish mortality rates. These additives are valued for their specific
medicinal properties and environmentally friendly metabolism within the digestive system. Probiotics,
immune stimulants, enzymes, hormones, organic acids, essential oils, and food colourants, among others,
are recognized as effective functional feed additives for optimizing fish performance and increasing
aquaculture profitability. There’s an urgent call for research into novel feed additives that can lower feed
costs, improve digestibility, and mitigate the residual effects of antibiotics on fish muscle. This review
explores the roles and significance of various feed additives in ensuring high-quality aquaculture produc-

tion.
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INTRODUCTION

Fish, being a crucial source of global dictary
protein with over half the world relying on them,
necessitate the use of feed additives. These additives,
such as those enhancing intake and palatability, play
a vital role in meeting nutrient needs (Harpaz, 1997).
They not only boost feed quality, fish health, and
production efficiency but also include binders,
preservatives, stimulants, and colourants. While
attractants and processed ingredients enhance feed
appeal (Deng et al., 20006), the literature on their use
in fish feeds is limited. Hence, this article aims to
review the application of selected feed additives in
fish feeds, a topic of significant importance in the
field of aquaculture and fish nutrition.

Attractants

Feed attractants are incorporated in trace
amounts to enhance fish diet palatability and meet
nutrient needs (Harpaz, 1997). Positive growth
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outcomes were seen in Cirrhinus mrigala with 1%
dietary inclusion of Cuscuta reflexa (Paul et al.,
2014), Ompok pabda with ekangi (Paul et al., 2012),
Catla catla with tambul (Paul et al., 2013), and
Labeo rohita with kharboj (Singh et al., 2020) and
ghee residue (Singh et al.,2015).Betaine, a water-
soluble compound, is commonly used as a fish feed
attractant. Diets with 1.5% betaine showed
enhanced growth in rainbow trout (Tiril et al., 2008).

Livol, a growth promoter, improves metabolic
efficiency and protein deposition. Livol at 1% led to
highest weight gain in P.indicus (Sambhu and
Jayprakash, 2001) and C. carpio (Abraham et al.,
2001).

Spirulina, a nutritional supplement rich in protein,
minerals, vitamins, and antioxidants, enhances fish
feed intake, growth, and reproduction (Farag et al.,
2016). A 1% dietary addition of Spirulina increased
weight gain and growth rate in Nile tilapia (Belal et
al.,2012).
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Nutraceuticals

Incorporating nutraceuticals or feed additives into
fish diets is a key strategy for promoting growth and
health. These additives encompass various
components such as minerals, vitamins, prebiotics,
probiotics, attractants, phytobiotics, synbiotics, and
organic acids. Organic acids and salts commonly
used in aquaculture include fumaric, malic, tartaric,
valeric, and sorbic acids. Acidifiers, such as those
mentioned, can enhance gut morphology and
stimulate digestive enzymes in fish (Luckstadt, 2008).
They also exhibit bacteriocidal, bacteriostatic, and
antifungal effects depending on their inclusion levels
(Luckstadt, 2008). For instance, Anutha et al. (2011)
found that acidic calcium sulfate (vitoxal) at 1.2%
and 2.0% levels improved growth performance in
Litopenaeus vannamei. In Clarias gariepinus,
dietary inclusion of 1% fumaric acid enhanced both
growth and disease resistance (Omosowone et al.,
2015). Additionally, Kumar et al. (2017) observed
improved growth performance and immune response
in Cirrhinus mrigala with a 1.5% dietary
supplementation of a formic acid and calcium
propionate mixture.

Medicinal plant polysaccharide

Herbs play a crucial role in enhancing the growth
and health of aquatic species. For instance, Safari
et al. (2016) found that Cyprinus carpio showed
improved growth with 10 and 20g/kg of dietary
Ferula asafetida (asafetida) powder. Similarly,
Zahran et al. (2014) observed weight gain and
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specific growth rate (SGR) enhancement in
Oreochromis niloticus with a 1.5% Astragalus
(Milkvetch) polysaccharides diet.

Christybapita et al. (2007) demonstrated that
Eclipta alba (Bhangra) leaf extract boosted the
immune response and disease resistance in
Oreochromic mossambicus against A. hydrophila
infection. Ahmad et al. (2011) and Ahmad and Abdel
(2011) highlighted the immune-enhancing effects of
1% cinnamon and 1.25% caraway seed meal,
respectively, in Tilapia niloticus.

Garlic (Allium sativum) and ginger (Zingiber
officinalis) are also notable additives. Yilmaz and
Ergun (2012) showed that 1% garlic inclusion
improved growth and antioxidant status in O.mykiss,
while Soltanian et al. (2019) reported increased
survivability against Yersinia ruckeri with 0.6-1%
ginger supplementation. Thyme (Thymus vulgaris
L.) and Oregano (Origanum vulgare L.) are
recognized for their antimicrobial properties. Zaki et
al. (2012) observed positive effects on growth and
physiological parameters in Oreochromis niloticus
with 1% dietary supplementation of these herbs.
Krishan and Narang (2014) highlighted oregano’s
antimicrobial activity against various pathogens.

Curcumin, a component of turmeric, is valued for
its antioxidant properties. Mahmoud et al. (2017)
noted growth improvements in tilapia with dietary
curcumin supplementation, while Jiang et al. (2016)
found enhanced growth indices in crucian carp with
Smg/kg curcumin supplementation.
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Table. Level and type of Feed Additive used in Aquaculture

Name of the Feed incorporation level ~ Species References
Additives
Ekangi 1% O. pabda Paul et al. (2012)
Awbel 1% C.mrigala Paul et al. (2014)
Tambul 1% C.catla Paul and Giri (2013)
Kharboj 1% L.rohita Singh et al. (2020)
Betain 1.5% O.mykiss Tiril et al.(2008)
1% C.carpio Abraham et al. (2001)
1% P.indicus Sambhu and Jayprakash (2001)
Calcium sulfate 1.2 & 2% L.vannamei Anutha et al. (2011)
Fumaric acid 1% C.gariepinus Omosowone et al. (2015)
Formic acid+ Calcium  1.5% C.mrigala Kumar et al. (2007)
propionate (1:1)
Asafoetida 10 and 20g/kg C.carpio Safari et al. (2016)
Milkvetch 1.5% O.niloticus Zahran et al. (2014)
Cinnamon 1% T. niloticus Ahmad et al. (2011)
Caraway seed meal 1.25% T.niloticus Ahmad and Abdel (2011)
Garlic 1% O.mykiss Nya andAustin (2009)
2.5% O. niloticus Diab et al. (2002)
Ginger 0.5-1% Asian sea bass Talpur et al. (2013)
0.6-1% O.mykiss Soltanian et al. (2019)
Thyme+medicinal 1% O.niloticus Zaki et al. (2012)
palnts
Allium Mongolicum 4% Channa argus Li et al. (2019)
Regel Flavonoids
Origanum extract 6-10g/kg O.mykiss Rafieepour et al. (2019)
Origano oil 15g/kg C.carpio Abdel-Latif et al. (2020)
O.onites oil 1% D.rerio Rashidian et al. (2020)
50 or100mg/kg O.niloticus Mahmoud et al. (2017)
Curcumin Smg/kg C.carassius Jiang et al. (2016)
Chitin 5% P.monodon Shiau and Yu (1998)
2% E. Dagasti Panalikul et al. (2017)
Chitosan 2.13-2.67g/kg Shrimp Niu et al. (2011)
0.5% C.gibelio Chen and Zhou (2005)
Amylase 50mg/kg L.rohita Kumar et al. (2006)
Cellulose 3g/kg T.idella Zhou et al. (2013)
Phytase 300FTU/kg P.hypothalamus Rachmawati and Samidjan (2018)
Norethisterone 0.75ppm C.carpio Gangadbhar et al. (2000)
L.carnitine 375-555mg/kg C.gariepinus Torreele et al. (1993)
500mg/kg L.rohita Keshavanath and Renuka (1998)
150mg/kg Hybrid tilapia Becker et al. (1999)
369.7mg/kg Striped bass Twibell and Brown (2000)
50 or 100mg/kg Tilapia Mahmoud et al.(2017)
Curcumin Smg/kg Crucian carp Jiang et al. (2016)

Plant flavonoids

Flavonoids, potent medicinal plant compounds with
estrogen-like activity, exhibit strong antioxidant
properties. Zhou et al. (2015) showed that dietary
supplementation with soybean isoflavones enhanced
growth, innate immunity, and disease resistance
against Vibrio harveyi in Trachinotus ovatus.

Complement activity is a crucial indicator of fish
immunocompetence, often bolstered by oral
immunostimulant administration. Plant extracts like
soybean isoflavones have been noted to elevate C,,
IgM, and lysozyme levels in fish serum (Zhou et al.,
2015). Li et al. (2019) demonstrated that Allium
mongolicum Regel flavonoids (AMRF) at 40 mg/
kg increased survival rates in Channa argus and
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boosted immune-related gene expression, enhancing
disease resistance against Aderomonas hydrophila.

Probiotic

Probiotics live microbial supplements, enhance
host health by improving intestinal microbial balance
(FAO/WHO, 2002). Predominantly bacterial
probiotics like Aeromonas, Bacillus, and Vibrio
species are crucial in aquaculture, boosting growth
and disease resistance (Ringo, 2020). They enhance
feed digestibility, alter gut microbial composition, and
stimulate enzyme activity, improving nutrient
utilization (Opiyo et al., 2019). Probiotics also elevate
immune response, metabolic activity, and growth
performance while maintaining water quality (Opiyo
etal., 2019).

Chitin and Chitosan

Chitin and chitosan have been used in the
aquaculture industry as a feed additive in the diets
of fish and shellfish. Chitin is vital and renewable
natural resource. The primary commercial sources
of chitin are crustacean shells, such as crab, shrimp
and lobster. Daphnias are good sources of chitin
containing 2.9-7% chitin of total body weight and
18-21% chitin in their resting egg (Kaya et al., 2013).
Exoskeleton-extracted chitin and its derivatives,
prized for their biocompatibility, biodegradability, and
antimicrobial properties, find diverse applications.
Chitosan from D. similis boosts shrimp growth by
enhancing digestive enzymes and gene expression
(Panalikul et al., 2017). Similarly, Niu et al. (2011)
observed improved growth in white shrimp postlarvae
with chitosan supplementation. Chen and Zhou
(2005) noted enhanced enzyme activities in silver
crucian carp with 0.5% chitosan supplementation.
and enzyme activity in tiger puffer with 0.5-2%
chitosan oligosaccharide supplementation.

Enzymes

Enzyme supplementation in fish feed enhances
digestibility and absorption of nutrients, thereby
improving aquaculture production. The effectiveness
of enzyme pretreatment on plant-derived raw
materials for enhancing fish feed digestibility and
growth rate. Protease improves protein digestibility
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by hydrolyzing proteins into peptides. Dalsgaard et
al. (2012) demonstrated increased digestibility
coefficients in Oncorhynchus mykiss with
exogenous protease supplementation in soybean
meal. Amylase, crucial for starch degradation, boosts
glucose metabolism and starch utilization. Kumar et
al. (2006) observed increased liver glycogen and
blood sugar levels in Labeo rohita with a-amylase
supplementation. Lipase supplementation enhances
lipid digestion, leading to increased fat content and
final weight, as observed in Huso huso (Ghomi et
al., 2012). Cellulases, like those from duckweed,
release glucose units from cellulose, providing
energy. Zhou et al. (2013) noted improved growth in
grass carp with cellulase supplementation.
Hemicellulases, particularly xylanases and
glucanases, aid in breaking down complex
carbohydrates in aquafeed, improving nutrient
utilization. Phytase breaks down phytic acid,
enhancing plant phosphorus utilization. Rachmaati
and Samidjan (2018) recommended 300 FTU/kg
phytase for optimal utilization in catfish. Lysozyme
exhibits bactericidal effects, enhancing survival
against bacterial infections in fish, as seen in
Cyprinus carpio (Nakamura et al., 1996).

Hormones

Hormonal additives regulate anabolic processes
in fish, influencing growth rates, sexual development,
and osmoregulation. Notably, androgenic steroids like
17a-methyl testosterone (MT) and diethyl stilbesterol
are pivotal for inducing male development in tilapia
fry (Tilapia mossambica, O. nilotica, or O.
aureus) at 30-60 mg/kg (Gangadhar et al., 2000).
Gangadhar et al. (2000) also observed enhanced
growth in common carp with norethisterone at 0.75
ppm. Moreover, fish meal derived from mature fish
contains testosterone compounds that stimulate
muscle growth. In the future, incorporating growth
hormone into feed may expedite growth and reduce
raising time for long-lived fish.

Carotenoids

Carotenoids, essential for fish colouration, nutrient
metabolism, and immune function, are sourced from
feed ingredients like yellow corn, corn gluten meal,
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and marigold meal (Anbazahan et al., 2014).
Astaxanthin, crucial for red pigmentation, is
commonly supplemented in aquaculture diets using
synthetic forms like carophyll pink (Booth et al.,
2004). Crustacean exoskeletons,
carotenoproteins, serve as valuable sources of
antioxidants and growth promoters in fish feed.
Ketocarotenoids like astaxanthin and canthaxanthin,
vital for antioxidant properties, are widely used in
aquaculture to enhance colouration (Ambati et al.,
2014). As fish cannot synthesize astaxanthin, it must
be provided in their diet, commonly through
supplementation in aquaculture settings.

rich 1n

L-carnitine

L-carnitine, vital for fatty acid transportation into
mitochondria, acts as a growth promoter in fish by
enhancing fat utilization, thus sparing protein (Zammit
etal., 2009) synthesized from lysine and methionine,
it aids in fat metabolism, yielding efficient energy
from dietary fat. Carnitine’s structure also serves
as a potent attractant for fish and crustaceans
(Harpaz, 1997). Studies have demonstrated the
growth-promoting effects
supplementation in various fish species. Torreele et
al. (1993) found improved growth in Clarias

of L-carnitine

gariepinus with L-carnitine supplementation, while
Keshavanath and Renuka (1998) observed positive
effects on Labeo rohita growth and body
composition. Becker et al. (1999) reported growth
enhancement in hybrid tilapia, and Twibell and Brown
(2000) noted increased weight gain in hybrid striped
bass. Chen et al. (2020) found enhanced weight gain
in largemouth bass with L-carnitine supplementation,
while Sanchez et al. (2021) observed improved
growth performance and reduced lipid content in Nile
tilapia with L-carnitine inclusion.

CONCLUSION

Feed plays a vital role in aquaculture production
systems. However, with feed ingredients becoming
scarce and facing increased costs and competition
from the poultry and cattle industries, there’s a
growing need to explore new resources for feed
formulation. In such conditions, feed additives are
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crucial in enhancing fish dry matter intake and
boosting aquaculture production, particularly when
fish are initially reluctant to consume new feeds.
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