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Abstract

Feed production represents the largest operational cost in aquaculture. Consequently,
considerable attention has been directed toward the development of sustainable and cost-effective
feed additives derived from natural resources. Among these, phytogenics, including herbs, spices,
plant extracts, essential oils, oleoresins, and plant-derived by-products, have emerged as
promising functional additives for aquatic animal nutrition. In addition to providing a sustainable
use for agricultural and fruit-processing wastes, phytogenic additives offer a wide range of
biological activities that may enhance fish and shrimp health and performance.

The beneficial effects of phytogenics are largely attributed to their bioactive secondary
metabolites, which can stimulate feed intake, improve digestive enzyme secretion, enhance
nutrient utilization, modulate intestinal microbiota, and strengthen immune responses. Numerous
studies have reported antioxidant, antimicrobial, antiparasitic, and growth-promoting effects of
phytogenic compounds in aquatic animals. These properties have increased interest in their use
as natural alternatives to antibiotic growth promoters.

Despite the growing body of evidence supporting the application of phytogenics in aquaculture,
their mechanisms of action remain incompletely understood. Further research is required to
evaluate their long-term effects on host physiology, gut microbiota, animal welfare, and
environmental sustainability. A better understanding of these mechanisms will facilitate the safe
and effective incorporation of phytogenic additives into aquafeeds.

This review summarizes current knowledge regarding the use of phytogenic feed additives in
aquatic animals, with particular emphasis on their sources, biological functions, benefits,
limitations, and future research needs.
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Introduction

Phytogenic feed  additives  or
phytobiotics are among the functional
feed additives that have been widely
studied in recent years. Phytogenic feed
additives are non-destructive bioactive
compounds of the environment derived
from plants, including herbs, spices,
essential oils, and extracts. Glycyrrhizin,
liquiritin, glabridin, polysaccharides,
flavonoids, alkaloids, anthraquinone,
saponin, and azadirachtin are among the
active ingredients in these phytogenic
compounds (Bhujel et al., 2017). Acids,
alcohols, aldehydes, acyl esters, sulfur-
containing compounds, coumarins, and
homologues of polypropanoid are other
studied molecules (Yang et al., 2015). A
wide range of phytogenics in farmed
aquatic animals have been studied
mainly due to their properties including
improved taste in feed, increased
growth, stimulated immune system,
improved intestinal microbiota,
antimicrobial, antiparasitic and antiviral
activities.

Global  aquaculture  production
(including aquatic plants) i1s 110.2
million tons, with an initial sales value
of 243.5  billion dollars. Total
production includes 80.0 million tons of
edible fish and 30.1 million tons of
aquatic plants (Bharathi et al., 2019).
According to the FAO, global
aquaculture production is estimated to
reach 80 million tons by 2050. The
aquatic feed contains 50 to 80 percent of
rearing costs, and successful aquaculture
depends on a balanced diet and low-cost
production. As a result, one of the most
important challenges for aquaculture

producers is providing adequate and
inexpensive nutrients to achieve the
ideal growth rate and non-destructive to
the environment. The use of low-protein
feeds and low amounts of nutrients lead
to inefficient use of nutrients. As a
result, increased feed intake increases
susceptibility to disease and increases
production costs. The production of
more waste also causes damage to the
environment (Goncalves and Santos,
2015).

The presence of endemic pathogens
and pandemic diseases constantly
endangers aquaculture farmers around
the world to achieve a balanced
production system. The prevalence of
fish diseases is one of the main
limitations for the development of
aquaculture (FAO, 2020). In the past,
antibiotics were used to prevent these
problems. But today, producers are
looking for alternative ways due to the
increasing awareness of consumers
about environmental problems and
bacterial resistance to the indiscriminate
use of antibiotics against zoonotic
pathogens. A significant number of
studies have focused on the search for
antibiotic alternatives with similar
antimicrobial and growth-promoting
effects without causing residues,
bacterial resistance, and potential side
effects for animals. Functional feed
additives are an alternative to antibiotics
and in addition to nutritional value have
health benefits for animals (Korzekwa et
al., 2016; Waagbe and Remg, 2020).
This study aimed to investigate the
effects of phytogenic feed additives on
aquatic nutrition as an alternative
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strategy for antibiotics to achieve
sustainable aquaculture.

Classification of phytogenic
compounds

Phytogenic feed additives are classified
into three main groups, which include
sensory additives, technological
additives, and zootechnical additives.
Some of these additives have more than
one positive effect, but they can not be
precisely classified in one of the above
groups (Karaskova et al., 2015).

Sensory additives

This group of additives usually
stimulates the appetite through the effect
they have on the taste or color of feed
(such as plant pigments). The most
commonly used sensory additives are
carotenoid pigments, which are sourced
from carrots, chlorella, marigolds
(Tagetes erecta L.), or lutein (Karaskova
et al., 2015). Astaxanthin is one of the
known carotenoids in aquatic animals.
The use of astaxanthin improves the
color of fish fillets (Teimouri et al.,
2013). Other studies on carotenoid
pigment include increased redness in
goldfish and carp (Hancz et al., 2003),
production of vivid colors (including
blue and green) in marine invertebrates
(Davies, 2009), and increased redness in
dwarf gourami (Baron et al., 2008).
However, the instability and high cost of
natural carotenoids have limited the use
of these compounds (Englmaierova et
al. 2014).

Technological additives

This classification refers to a group of
additives that affect the technological
aspects of the feed. These additives do
not directly affect the nutritional value of
the feed, but may indirectly affect the
nutritional value of the feed by
improving maintenance or hygienic
properties, such as  mycotoxin
contaminants in feed (Pandey et al.,
2019).

Zootechnical additives

These additives improve the nutrient
status and livestock production. These
compounds provide specific nutrients
and help to use the nutrients in the diet
more effectively (Pandey et al., 2019).
These additives include immune
regulators, digestive stimulants, and
growth stimulants of non-microbial
origin, and substances that enhance the
quality of animal products. These
additives are divided into three
subgroups: Immunosuppressive
compounds (oligosaccharides,
especially beta-glucans that stimulate
the activity of cells, enzymes, and other
factors involved in  immunity),
compounds that improve production
performance or quality of livestock
products (cinnamaldehyde and turmeric)
They are effective in improving
digestion and absorption of nutrients)
and compounds that reduce oxidative
stress (polyphenols, carotenoids,
betalains, and curcumin, which are
effective in reducing the level of free
radicals (ROS)) (Karaskova et al.,
2015). The use of these feed additives in
aquaculture can be a powerful solution
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to limit nitrogen depletion in the
environment by improving feed
efficiency, saving nutrients, and using
proteins, and helping manage fish health
(Goncalves and  Santos, 2015).
According to reports, Feeding with
phytogenic feed additives including
AROMEX® ME Plus and FRESTA® F
Plus, oregano, anise, and citrus peel
essential oils reduced excreted ammonia
in feed animals (Veit et al., 2011; Hong
etal., 2012).

The role of phytogenics in aquatic
growth performance

In recent years, rations containing fish
(FM) and fish oil have been used more
selectively due to reduced availability
and simultaneous price increases, while
many efforts are being made to find
alternative protein sources for profitable
and sustainable aquaculture (FAO,
2018; Slater ef al., 2018). Plant products
have been proposed as an alternative to
FM in aquatic feed due to their low cost,
availability, and high protein (Gatlin e?
al., 2007; Olsen and Hasan, 2012). But
the use of plant products is the cause of
problems such as high levels of anti-
nutritional factors in plant proteins, lack
of essential amino acids, lower
digestibility, high levels of insoluble
carbohydrates, and high fiber, which
reduces the palatability of these plant
proteins compared to animal proteins
(Hardy, 2010), and leads to reduced
growth in fish and shrimp that feed on
plant protein (De Francesco et al., 2004;
Enterria et al., 2011; Montero et al.,
2005; Peres and Oliva-Teles, 2006;
Sudaryono And Evans, 1999; Zhu et al.,

2013a). The use of dietary supplements
has been suggested to compensate for
the problems caused by replacing FM
with a diet containing phytogenic plant
proteins.  According to  studies,
phytogenic compounds improve nutrient
retention and growth function in aquatic
organisms (Karaskova et al., 2015;
Encarnagdo, 2016). Induction of
secretion of digestive enzymes is one of
the mechanisms of phytogenics in
increasing growth performance which
stimulates appetite and thus increases
feed intake and conversion efficiency
(Wenk 2003; Liu et al. 2011). For
example, spices such as peppers (such as
capsaicin and piperine) and other
essential oils containing
cinnamaldehyde stimulate amylase
production (Steiner and Syed 2015).
Phytogenic additives (especially
essential oils) increase the taste and
smell of feed, increase palatability and
thus increase fed  consumption
(Kroismayr et al., 2006). This 1is
probably due to the antioxidant effects of
phytogenic compounds, which help
maintain the quality of the diet and
prevent the spread of unpleasant odors
(Franz et al., 2010; Sola-Oriol et al.,
2011). However, there is little evidence
to increase the palatability of diets
containing phytogenic compounds in
fish and shrimp (Giannenas et al., 2012;
Volpatti et al., 2013).

The role of phytogenics in the growth of
cold water fish

Giannenas ef al. (2012) reported that
using phytogenic additives including
carvacrol and thymol showed no
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significant difference in feed intake in
the diet of  Rainbow  trout
(Oncorhynchus mykiss) compared to
control diets. But in fish fed with
carvacrol and thymol, feed efficiency
increased significantly compared to fish
fed with the control diet. In the study of
Giannenas et al. (2012), feeding on diets
fortified with carvacrol and thymol
improved feed efficiency. But it did not
affect fish weight gain compared to the
control group. The study by Peterson et
al. (2014) has not reported the weight
gain of trout fed with the commercial
phytogenic supplement Digestarom®
P.E.P. MGE.

The role of phytogenics in the growth of
warm water fish

Zheng et al. (2009) evaluated the effect
of carvacrol and thymol separately in
combination with each other and
combination with oregano essential oil
in canal catfish. The results of this study
showed that fish that consumed oregano
essential oil, and fish that used carvacrol
alone or a combination of thymol and
carvacrol gained more weight than fish
in the control group. In a study by
Ceulemans et al. (2009) on the nutrition
of Nile tilapia (Oreochromis niloticus)
with a diet containing a mixture of plant
extracts and natural emulsifying agents,
feed conversion and protein
consumption efficiency were more
favorable than control diets. The use of
sweet potato skin in the dietr also
improved growth performance and
nutritional efficiency in Nile tilapia
(Omoregie et al., 2009).

The role of phytogenics in shrimp
growth

The research by Goncalves and Santos
(2015) is one of the studies on the effect
of phytosanitary additives on shrimp
growth performance. Based on the
results of this study, the use of
commercial phytogenic feed additive
Digestarom® P.E.P. MGE in the diet
containing small amounts of fish
increased weight, increased feed
conversion ratio, and growth rate
compared to shrimp that did not use
dietary supplements. In another study,
papaya leaves increased protein
digestion, feed conversion ratio, and
growth in Penaeus monodon shrimp
larvae (Pefiaflorida, 1995). In addition,
a significant increase in digestive
enzymes (amylase, protease, and lipase)
and better feed conversion efficiencies
were observed in Post-larvae of P.
monodon fed with enriched Artemia
with  ginger (Zingiber officinale)
(Venkatramalingam et al., 2007).

The role of phytogenics in the
improvement of immune system
function

Numerous studies have reported the use
of phytobiotics in aquaculture to
stimulate the activity of immune system
components (Rao et al., 2006; Sahu et
al.,2007; Ardo et al., 2008). Antioxidant
effect of phytogenic mechanisms in
improving immune function. The
antioxidant activity of phytogenic
compounds is due to their ability to
destroy free radicals, inhibit reactive
oxygen species (ROS) and other oxygen
radicals produced in cells and tissues.
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However, high concentrations of these
compounds have been reported to
exhibit ~ peroxidation  antagonistic
effects (Llana-Ruiz-Cabello et al.,
2015). Phytogenic compounds are
involved in modulating the expression of
proinflammatory and anti-inflammatory
cytokines by disrupting NF-kB signaling
pathways mediated by TLR and MAPK
(Somensi et al., 2019; Zhou et al., 2014,
Wuetal., 2017; Liu et al., 2019). In this
regard, several studies have shown that
phytochemical compounds including
curcumin (Shehzad et al., 2011), caffeic
acid phenyl ester (CAPE) from bee
propolis (Lee et al., 2010), epicatechin
(Bahia et al., 2008), grape seed extract
and grape brand (GSGME) (Gessner et
al., 2013), Cinnamaldehyde (Wondrak
et al., 2010) and Purple Potato
Anthocyanins (Hwang et al., 2011)
Increase the expression or transfer of
Nrf2 and reduce or inhibit NF-xB
activation. Plant compounds that alter
the Nrf2 and NF-xB pathways can
protect the host against oxidative stress,
reduce inflammation, and ultimately
improve animal health and growth
performance. Lectin-mediated pathways
are another mechanism by which
phytogenic compounds can improve the
immune system (LaFrentz et al., 2012)
because lectins can activate complement
and are involved in improving innate
immunity (Ourth et al., 2007).

The role of phytogenics in improving the
immune system of cold water fish

Numerous studies have been performed
on the effect of phytogenic additives on
improving the immune system function

in cold-water fish (especially rainbow
trout). In the study of Giannenas et al.
(2012) on the effect of feeding rainbow
trout with carvacrol and thymol
(although the fish were not sick in the
challenges) a significant increase in the
activity of glutathione-based enzymes
(glutathione reductase, glutathione-S-
transferase), an increase in lysozyme
levels and catalase activity and a
significant decrease in serum nitric
oxide (NO) were observed. These results
indicate the effect of phytogenic
additives on intrinsic safety parameters.
In the study of Gulec et al. (2013), the
use of feed containing vegetable oils
(Thymus  vulgaris and Foeniculum
vulgare) significantly increased the
amount of total protein, albumin,
cholesterol, triglycerides, bilirubin, K
Na, Ca, Mg, and decreased plasma
glucose and chlorine levels in rainbow
trout exposed to Yersinia ruckeri.

The role of phytogenics in improving the
immune system of warm water fish

According to the results of Yin ef al.
(2006), the extract of Milkvetch root
increased phagocytosis of leukocytes
and lysozyme activity in the Nile tilapia.
In another study, Asimi and Sahu (2013)
investigated the effect of feeding on
extracts of thyme (Thymus wvulgaris),
rosemary (Rosmarinus officinalis), and
fenugreek (7Trigonella foenum graecum)
on Mozambique tilapia (Oreochromis
mossambicus). They observed increased
phagocytic activity, increased white and
red blood cells, and increased hematocrit
levels. In addition, they reported an
increase in plasma lysozyme and
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myeloperoxidase activity after infection
with Streptococcus iniae. In Labeo
rohita, the root extract of Withania
somnifer  increased  Nitro  blue
tetrazolium levels, phagocytic cell
activity, lysozyme activity, and total
immunoglobulin levels (Sharma et al.,
2010). Also, Indian ginseng root extract
(Ashwagandha) stimulated the immune
system and reduced stress caused by low
pH and iron toxicity in water
(Laltlanmawia et al., 2019). Injection of
Astragalus  polysaccharides  (APS)
increased IL-1B mRNA levels in a dose-
dependent manner in the renal head and
regulated TNF-a transcription in the
gills and spleen (at high concentrations
of APS). TNF-a mRNA was also
significantly increased in the renal head
(at low concentrations of APS) and
regulated Lysozyme-C mRNA levels in
gills (at low concentrations of APS) and
spleen (at moderate concentrations of
APS) in common carp (Cyprinus carpio)
(Yuan et al., 2008). According to Nahak
and Sahu (2014), the use of basil aerial
part extract in feed increases RBC,
WBC, serum protein, and hematocrit (at
concentrations of 2.5 and 5%) and
decreases serum glucose (at 5%) in
Walking catfish (Clarias batrachus) and
this compound acts as a strong immune
stimulant.

The role of phytogenics in improving the
immune system of shrimp

The increase in survival rate is one of the
most important effects of increased
immunity due to the use of phytogenic
compounds in shrimp. For example, the
increase in survival rate in the post-

larvae of Penaeus indicus shrimp
(Immanuel et al., 2004; Citarasu, 2010)
and the improvement in the survival rate
of Litopenaeus vannamei shrimp have
been reported as a result of the use of
herbal supplements (Yu et al., 2008). It
has also been reported that the mixture
of Chinese herbal supplements increases
nonspecific immunity in shrimp (Luo,
1997; Chansue et al., 2000). He et al.
(2017) have reported the increased
immunity in Litopenaeus vannamei
shrimp as a result of using stout camphor
extract (Yeh et al., 2009) and a
combination of organic acids (citric acid
and sorbic acid) and essential oils
(thymol and wvanillin) as dietary
supplements. The study by Kesselring et
al. (2021) showed that feeding a diet low
in FM and phytogenic supplementation
increased the total number of hemocytes
(THCs) and red blood cells compared to
a diet high in fish (FM). According to
similar studies, the decreased FM levels
typically  affect shrimp  defense
mechanisms and reduce hemocytes (Van
de Braak et al., 2002). Also, a low-FM
diet with phytogenic supplementation
reduced ALT and LDH activity levels
compared to the low-FM diet group
which shows that the use of phytogenic
supplements improves the health status
of L. vannamei by reducing the risk of
cell damage and tissue necrosis.

The role of phytogenics in increasing
mucosal immunity

Mucosal safety in aquatic animals has
been considered by many researchers in
recent years due to its diversity and
characteristics. Mucosal-associated


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

34 Kazempoor et al., A Review on the Application of Phytogenics as Feed Additives for Aquatic ...

lymphoid tissue (MALT) immunity is
divided into Gut-associated lymphoid
tissue (GALT), Skin-associated
lymphoid tissues (SALT), and Gill-
associated lymphoid tissue (GIALT)
(Lazado and Caipang, 2014). Mode of
action of phytogenics at the level of the
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Figure 1: Suggested mechanisms of cell activation by the transient receptor potential (TRP) cation
channels mediated by phytogenics’ bioactive compounds in mucosal-associated lymphoid
tissues (MALTSs). Bioactive compounds activate TRP channels leading to intracellular
Ca?" increase and non-canonical activation of the TAK complex. In parallel, stimulation
by pathogen-associated molecular patterns (PAMPs) may facilitate the activation of TLR
and TRP signaling pathways. TLR, toll-like receptors; MyD88, myeloid differentiation
primary response 88; TAK, transforming growth factor beta (TGFp) activated kinase;
TAB, TGFp activated kinase binding protein; ROS, reactive oxygen species; NF-kB,
nuclear factor kappa-B; IKK, inhibitor of NF-kB kinase; MAPK, mitogen-activated
protein kinase; AP1, activator protein 1; CYP, cytochromes P450; P, phosphorylation

(Firmino et al., 2021).
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Figure 2: Summary of the proposed mode of response induced by phytogenic bioactive compounds
in fish mucosal tissues. The effects against representative types of common pathogens on
the most studied mucosal-associated lymphoid tissues in fish so far are represented in the
figure. (A) Gills. (B) Gut. (C) Skin. Gilthead seabream (S. aurata) was used in the figure
as a representative aquaculture-relevant fish (Firmino ez al., 2021).

Figure 1 Suggested mechanisms of cell
activation by the transient receptor
potential (TRP) cation channels
mediated by phytogenics’ bioactive
compounds in  mucosal-associated
lymphoid tissues (MALTSs). Bioactive
compounds activate TRP channels
leading to intracellular Ca*" increase and
non-canonical activation of the TAK
complex. In parallel, stimulation by
pathogen-associated molecular patterns
(PAMPs) may facilitate the activation of
TLR and TRP signaling pathways. TLR,
toll-like receptors; MyD88, myeloid
differentiation primary response 88;
TAK, transforming growth factor beta
(TGFP) activated kinase; TAB, TGFf

activated kinase binding protein; ROS,
reactive oxygen species; NF-£B, nuclear
factor kappa-B; IKK, inhibitor of NF-4AB
kinase; MAPK, mitogen-activated
protein kinase; AP1, activator protein 1;
CYP, cytochromes P450; P,
phosphorylation (Firmino ef al., 2021).

The role of phytogenics in increasing
skin mucosal immunity

The skin plays a key role as the first line
of defense against various pathogens in
fish (Hoseinifar et al., 2017). Most
studies on the effects of phytogenic
additives on skin mucosal immunity
have shown an increase in skin mucosal
immune  markers or  increased
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antibacterial activity of skin mucosa
(Heyman et al., 2015; Adel et al., 2015a;
Adel et al., 2015b; Gholamhosseini et
al.,2020; Heydari et al., 2020; Kurian et
al., 2020; Mirghaed et al., 2020;
Mohammadi et al., 2020; Paknejad et
al., 2020; Rashidian et al., 2021; Yousefi
et al., 2021). Lysozyme, alkaline
phosphatase, complement and protease
activities, total immunoglobulin, and
protein content in fish skin mucosa are
markers that have been evaluated and
have antibacterial potential in vitro
against pathogens. Unfortunately, few
studies have attempted to identify the
underlying mechanisms that regulate the
immune system (Firmino et al., 2021).

The role of phytogenics in increasing gill
mucosal immunity

Studies on the effects of phytogenic feed
additives on gill structure and function
are very limited. Some studies have
reported the protective effects of these
compounds in reducing
histopathological lesions of the gills due
to exposure to toxic elements or
pathogens (Vickers, 2017; Khafaga et
al., 2020; El Euony et al., 2020).
According to the results of Yuan et al.
(2008),  injection of  astragalus
polysaccharides (APS) had no effect on
IL-1B mRNA level in the gills but
regulated TNF-a and Lysozyme-C
mRNA transcription at high and low
doses of APS in the gill of common carp
(Cyprinus carpio).

The role of phytogenics in increasing
gastrointestinal mucosal immunity

The gastrointestinal tract (especially the
intestine) is mainly composed of
physical, chemical, immunological, and
microbiological components. Therefore,
it is a selective barrier between the host
and its surrounding environment
(Yegani and Korver, 2008). As a result,
any damage or disruption of its normal
function suppresses immune responses
and reduces animal productivity
(McDevitt et al., 2006). In recent years,
the study of phytogenic compounds'
effect on mucosal immunity has become
necessary due to the importance of the
mucosal barrier in defending fish against
the invasion of pathogens (Yu et al.,
2020).

Studies on the effect of phytogenic
substances on the intestine include
evaluation of changes in
morphoanatomical parameters such as
improved integrity, increased length,
width, and the number of goblet cells
(Abdel-Latif et al., 2020; Heluy et al.,
2020; Ferreira et al., 2016; Abdel-
Tawwab et al., 2018; Vickers, 2017;
Araruna et al., 2020), modulation of
intestinal lymphocyte count (Hernandez
et al., 2016; Valladao et al., 2017),
improvement in the level of humoral
immune markers such as lysozyme
(Sutili et al., 2016), improvement in the
activity of antioxidant enzymes (Hoseini
and Yousefi, 2019; Reyes-Cerpa et al.,
2018), reducing the expression of
proinflammatory genes such as tnfa and
tnfb (Zhang et al., 2020) and modulation
of intestinal microbiota composition
(Zhang et al., 2020; Mousavi et al.,
2016; Araruna et al., 2020). The positive
effects of phytogenetics on the
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morphology of small intestinal tissues
and villi increase nutrient digestibility
(Steiner and Syed, 2015). Other effects
of phytogenics on the gastrointestinal
tract include stimulating gastrointestinal
secretions and increasing mucus
production as a result of increasing the
number of goblet cells in the intestine
(Goncalves and Santos, 2015). The
bacterial status of the gastrointestinal
tract changes under the influence of
genetic factors, feeding habits, and the
environment (Austin, 2006; Wong and
Rawls, 2012; Goémez and Balcazar,
2008). However, the intestinal bacterial
community and the metabolites
produced by them have significant
effects on the host health status by
modulating the immune system and
affecting metabolism (Bento ef al. 2013;
Lazado and Caipang, 2014). Limited
studies have examined the effects of
phytogenics as feed additives on
intestinal microbiota in fish. Previous
studies have focused on the effect of
these plant substances as dietary
ingredients instead of additives and their
effect on microbial communities of fish
intestines (Ringe et al., 2008; Silva et
al.,2011; Reveco et al. 2014; Zarkasi et
al.,2017). Studies on the microbial flora
of the gastrointestinal tract are often
limited to identifying lactic acid
bacteria. Therefore, evaluation of the
feed additives' effects on mucosal tissues
using the results of these studies is not
complete and acceptable and leads to
incorrect conclusions. Also, some
studies have not reported any effect of
phytogenics on mucosal parameters
(Valladao et al., 2019; Navarrete et al.,

2010; Vickers, 2017; Hernandez et al.,
2015; Vazirzadeh et al., 2019). The use
of phytogenic compounds as food
additives in non-optimal doses and their
negligible effect on the bacterial
composition of fish intestines is one of
the main causes (Sutili ef al., 2018).
Studies on the effect of phytogenic
food additives on the gastrointestinal
mucosa are divided into two main
groups: the effect on the microbial flora
and the intestinal histomorphology.
Modification of intestinal microbial
flora has been considered by Hongbai et
al. (2004) using different Chinese plants
in carp, Ran ef al. (2016) using a
commercial mixture of thymol and
carvacrol in hybrid tilapia (O. niloticus x
O. aureus), and Giannenas et al. (2012)
using  phytogenic  supplementation
containing thymol and carvacrol in
rainbow trout. According to a study by
Sutili et al. (2016) using gradient gel
electrophoresis (DGGE) analysis, the
use of American basil (Ocimum
americanum) essential oils with food did
not affect the intestinal microbiome in
Sciaenops ocellatus. In the study by
Navarrete et al. (2010) wusing
temperature gradient gel electrophoresis
(TGGE) analysis, a diet containing
thyme-derived essential oil supplement
(Thymus vulgaris) showed no effect on
the intestinal bacterial composition of
rainbow trout. In the study of Bello ef al.
(2012), an increase in the height and
width of the villi and the depth of crypt
was observed in Clarias gariepinus fed
with onion residues and walnut leaf.
Also, according to Goncalves and
Santos (2015), the use of commercial
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phytogenic  additives Digestarom®
P.E.P. MGE in a low-fish diet improved
the structure of midgut microvilli
compared to shrimp that did not use
dietary supplements.

The role of phytogenics in inhibiting
microbial pathogens

The antimicrobial properties  of
phytogenic compounds vary according
to the location of hydroxyl or alkyl
groups and the release properties of
lipopolysaccharides (Yang et al., 2015).
About phenolic terpenoids, the hydroxyl
group and the presence of non-localized
electrons are important elements for
their antimicrobial function (Lambert et
al., 2001; Ultee et al., 2002). Hellander
et al. (1998) also reported that thymol
and carvacrol have a high ability to
degrade outer membranes .This function
1s mainly due to their ability to release
lipopolysaccharides. Phytogenics
penetrate the bacterial membrane due to
their lipophilic properties and disrupt the
structure and function of bacteria by
expanding the membrane, increasing
membrane fluidity and permeability,
disrupting membrane proteins,
inhibiting respiration, and altering ion
transport. (Firmino et al., 2021). These
compounds also play a role in reducing
infection by detecting and accumulating
microbial pathogens through lectin-
mediated pathways (Ourth et al., 2007;
LaFrentz et al., 2012). Other
mechanisms  of  phytogenics  as
antibacterial compounds include
inhibition of flagellin  synthesis,
inhibition of Dbacterial movement,

depletion of ATP reservoirs, elimination

of proton stimulus, inhibition of quorum
sensing (QS), and reduction of bacterial
biofilm formation (Kachur and Suntres,
2020).

Quorum Sensing (QS) is involved in
regulating a wide range of different
physiological processes of bacteria,
especially in aggravating factors that are
important during the pathogenic process
(Greenberg, 2003; Vendeville et al.,
2005; Xavier and Bassler, 2003;
Defoirdt et al., 2013). In this regard,
there is evidence for the ability to disrupt
QS by various phytogenic compounds
including alfalfa seed extract (Vikram et
al.,2010), plants (Koh and Tham, 2011),
and essential oils (Bjarnsholt et al.,
2005; Choo et al., 2006; Zhou et al.,
2013). Unfortunately, the use of QS
inhibition strategies to control bacterial
infections is unknown in aquaculture
(Yang et al., 2015). The first report on
aquatic animals was made by Manefield
et al. (1999) on furanone extracted from
the Australian microalgae (Delisea
pulchra). Based on the results of this
study, this combination increased the
survival of shrimp larvae exposed to
pathogens such as V. campbellii, V.
harveyi, and V. parahaemolyticus
(Defoird et al., 2007). Organic
compounds such as cinnamaldehyde and
its derivatives have also been reported to
be effective against V. harveyi in Brine
shrimp (Niu ef al., 2006; Brackman et
al.,  2008) and  Macrobrachium
Rosenbergii larvae (Pande et al., 2013).
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The role of phytogenics in inhibiting
microbial pathogens in cold water fish
Studies on the effect of phytogenetics on
increasing the resistance of cold-water
fish to bacterial pathogens are much less
than warm-water fish, and studies have
been limited to rainbow trout. In a study
by Menanteau-Ledouble et al. (2015),
the use of a commercial phytogenic food
additive (containing oregano, anise, and
citrus oils) increased the survival of
rainbow trout (Onchorhynchus mykiss)
exposed to Aeromonas salmonicida in
three forms of Intraperitoneal injection,
immersion in bacterial solution and
living with infected fish. According to
these results, the highest effect of
phytogenics in protecting fish from
pathogens was in the form of immersion.
Also, according to Gulec et al. (2013),
fortification of the diet with oils
extracted from Thymus vulgaris and
Foeniculum vulgare can increase the
resistance to Yersinia ruckeri in rainbow
trout by increasing the levels of some
biochemical parameters and
electrolytes.

The role of phytogenics in inhibiting
microbial pathogens in warm water fish
Most studies have been performed on the
effects of phytogenics on increasing the
resistance of tilapia to bacterial diseases.
Numerous studies have reported
increased resistance of tilapia to
Aeromonas hydrophila challenge due to
the use of phytogenic compounds which
include studies by Jayathirtha and
Mishra (2004) wusing E. officinalis
supplement, El Deen and Razin (2009)
using crude garlic extract (Allium

sativum), and mugwort (Artemisia
vulgaris), Gbadamosi et al. (2016) using
Moringa oleifera, and Pachanawan ef al.
(2008) wusing dry leaf powder and
ethanolic extract of Psidium guajava.
Asimi and Sahu (2013) in the study of
feeding with extracts of thyme (Thymus
vulgaris) rosemary (Rosmarinus
officinalis) and fenugreek (Trigonella
foenum graecum) extracts in
Mozambique tilapia  (Oreochromis
mossambicus) and Zilberg et al. (2010)
in the study of feeding with Rosmarinus
officinalis extracts in Nile tilapia
reported increased resistance and
decreased fish mortality after infection
with Streptococcus iniae.

Numerous studies have been
performed on catfish, including the
effect of using garlic peel (Allium
sativum) on increasing resistance to
Aeromonas hydrophila infection in the
fingerlings  of  African  catfish
(Thanikachalam et al., 2010). Zheng et
al. (2009) also evaluated the effect of
carvacrol and thymol separately, in
combination with each other and
combination with oregano essential oil
in canal catfish. In this study, fish were
challenged with this diet for 8 weeks and
then with Aeromonas hydrophila. After
challenge with A. hydrophila, the lowest
mortality was observed in the group fed
with oregano and then the fish fed with
thymol and carvacrol. In another study,
Peterson ef al. (2015) found that feeding
with a commercial phytogenic feed
additive (Digestarom® PEP MGE;
containing the essential oils of carvacrol,
thymol, anethole, and limonene)
increased survival rates in juveniles of
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canal catfish (Ictalurus punctatus)
exposed to Edwardsiella ictalurid. Other
studies on warm-water fish include
Minomol (2005) on the effect of
Emblica officinalis on reducing the
incidence of microbial infection in
Carassius auratus and the results of
Volpatti et al. (2013) on-resistance of
European sea bass fed carvacrol against
Vibrio anguillarum.

The role of phytogenics in inhibiting
microbial pathogens in shrimp

There are also studies on the protective
effect of nutrition with phytogenes
exposed to Dbacterial pathogens in
shrimp. According to Goncalves and
Santos (2015), the use of a diet
containing the commercial phytogenic
compound Digestarom® P.E.P. MGE
increased resistance and decreased
mortality in shrimp exposed to Vibrio
parahaemolyticus. Also, according to
the report of Yatip et al. (2018), the use
of fermented Japanese soy extract
(Natto) in the diet led to a reduction in
mortalities due to Vibrio harveyi in
white leg shrimp Penaeus vannamei.

The role of phytogenics in inhibiting
viral pathogens

The antiviral effects of plant compounds
are mainly due to the inhibition of virus
transcription, reducing its proliferation
in host cells and thus increasing the
innate immune response (Syahidah et
al., 2015). In this regard, few studies
have been performed on the effect of
phytogenic food additives in inhibiting
viral pathogens in aquatic animals,
which is limited to shrimp. The shrimp

farming industry is currently facing
several episodic viral diseases. White
spot syndrome (WSSV) virus causes
100% mortality in shrimp farms (Selvam
et al., 2020). In this regard, according to
Yogeeswaran et al. (2012), the use of
Withania somnifera (Yogeeswaran et
al., 2012) and
supplementation ™ Phytocee (Selvam et

phytogenic

al., 2020) as a dietary supplement
increases the survival of shrimp exposed
to White spot disease. However, the
results of studies show the antiviral
effects of medicinal plants on aquatic
viruses and the extensive research
capacity to investigate the effects of
these plant compounds as food additives
in vivo.

For example, in vitro studies include
Micol et al. (2005) report on the
inhibitory effect of olive leaf extract
(Olea europaea) on Viral hemorrhagic
septicemia (VHSV) and the effect of
eighteen Thai plant extracts (Cassia
alata, Clinacanthus spp., Clinacanthus
nutans, Calophyllum inophyllum, Hura
crepitan, Glinus oppositifolis,
Momordica cha rantina, Ocimum
sanctum (white), Ocimum sanctum
(red), Phyllanthus

Phyllanthus  wurinaria,  Phyllanthus

reticulatus,
acidus, Orchocarpus siamensis,
Phyllanthus ~ amarus,  Phyllanthus
debelis, Psidium guajava, Tinospora
crispa and Tinospora cordifolia) on
CHSE-214 cells were reported in vitro
against infectious hematopoietic
necrosis virus (IHNV), Oncorhynchus
masou virus disease (OMV) and
Infectious pancreatic necrosis (IPNV)

(Direkbusarakom et al., 1996). Also in
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the study of Harikrishnan et al. (2010)
Intraperitoneal injection of aqueous,
ethanolic, and methanolic extracts of
Punica granatum leaves increased
resistance to lymphocystis disease virus
(LDV) in Olive flounder (Paralichthys
olivaceus). According to Novriadi and
Haw (2015), immersion of tiger grouper
(Epinephelus fuscoguttatus) in herbal
solution © AquaHerb increased fish
resistance to iridovirus infection.

The role of phytogenics in inhibiting
parasitic pathogens

Most of the studies on the effect of plant
compounds on parasites in aquatic
animals have been related to external
parasites and the preferred prescription
method is immersion due to the lack of
proper implementation of prevention
methods in aquaculture farms (Reverter
et al., 2014). Numerous studies have
been done on the inhibitory effects of
plant compounds on parasites including
Gyrodactylus turnbulli (Fridman et al.,
2014),  Anacanthorus  penilabiatus
(Martins et al., 2002), Neobenedenia sp.
Militz et al., 2014), Ichthyophthirius
multifiliis  (Zhang et al., 2013),
Dactylogyrus intermedius (Wu et al.,
2011) and Gyrodactylus kobay ashii
(Zhou et al., 2017). However, limited
studies have reported the effects of
phytogenic dietary supplements on the
prevention and control of parasitic
diseases. Existing mechanisms are
involved in improving immune function
(especially mucosal immunity). Some
studies in tilapia have reported a
protective effect of phytogenes against
Trichodina infection. According to a

study by EI Deen and Razin (2009), the
use of crude garlic extract (Allium
sativum) and mugwort (Artemisia
vulgaris) controlled Trichodina's disease
in Nile tilapia. Chitmanat et al. (2005)
showed that the use of garlic and Indian
almond extract (Terminalia catappa)
reduces Trichodina infection in tilapia.
Chansue and Tangtrongpiros (2005) also
reported that the addition of dried
almond leaves (Terminalia catappa)
could kill monogenic parasites in
Carassius  auratus. According to
Fridman et al. (2014), the use of the
aqueous extract of garlic (Allium
sativum) in the diet of guinea fowl
(Poecilia reticulata) infected with
Gyrodactylus turnbulli and
Dactylogyrus sp. significantly reduced
the mean prevalence and severity of
parasites. Militz et al. (2013) showed
that the use of garlic supplements as
prophylaxis leads to a significant
reduction in infection of Neobenedenia
sp. (Monogenea: Capsalidae) in farmed
barramundi (Lates calcarifer).

The role of phytogenics in improving
the quality of fish carcasses

Carcass composition including fat and
protein are factors that have been
evaluated in some studies as a result of
feeding with phytogenic food additives
in aquatic animals. The results of
Peterson et al. (2014) study on catfish
fillets fed with phytogenic feed additive
(Digestarom® PEP MGE) showed less
fillet fat (31.3 vs. 35.9) and slightly
higher fillet protein (62.4 vs. 61.2%).
Less fat in seafood is beneficial because
it reduces waste, increases efficiency,
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reduces bad taste, and reduces storage
problems. Also in the study of rainbow
trout, the stability of lipids against
oxidative damage and the activity of
glutathione-based enzymes in the fillets
of both thymol-treated fish and
carvacrol-treated fish improved
(Giannenas et al. 2012). The results of
these studies show that herbal
supplements may have a beneficial
effect in reducing fillet fat, increasing
protein deposition, and increasing
carcass antioxidant activity. However,
the results of studies in some cases show
the lack of phytogenic compounds'
effect on improving carcass quality.
According to the results of Zheng et al.
(2009), feeding canal catfish with
carvacrol and thymol separately, in
combination with each other and
combination with oregano essential oil
did not affect carcasses and fillets among
the control and treatment groups.

Prospects for the future

The world's population today is about
seven billion and will reach nine billion
by 2050. Feeding the world's population
by 2050 will be a major challenge.
Therefore, aquaculture will replace
fishing and most of the required protein
will be provided from aquatic sources
(Costello et al., 2020). The use of
antibiotics and chemicals as stimulants
for the growth and treatment of diseases
in aquaculture has raised concerns in
many countries. These compounds cause
environmental  pollution and are
dangerous to human health. In 2022,
several countries and the FEuropean
Union (EU) will ban the use of

antibiotics on farms. This ban indicates
the need to develop alternative therapies
(More, 2020). The wuse of herbal
compounds is one of these alternative
therapies that have attracted a lot of
attention in recent years. The global
market for phytogenic food additives is
estimated at $ 753 million in 2020 and is
projected to reach $ 1.098 million by
2025 (Firmino et al., 2021). Herbal
compounds can be effective alternatives,
especially for the prevention of diseases
caused by bacteria and parasites in
aquatic animals. However, studies on
this subject have shown varying degrees
of effectiveness, and the wuse of
phytogenic compounds to control
parasites through immersion has had
limited success. The reason for this can
be attributed to factors such as extraction
methods, part of the plant that is used as
raw material, the concentration of
additives, prescription method, and
storage conditions before feeding, which
greatly affects their performance
(Reverter et al. 2014). Determining the
optimal dose in the use of phytogenic
compounds is also very important
because it increases losses if
inappropriate doses are used
(Ikhwanuddin et al., 2014). Further
studies are also needed to determine the
quality, bioactive components, and
classification = of  the  chemical
composition of these phytogenics to be
used to develop standard extraction
protocols, determine prescribing
methods and determine the optimal dose
in fish and crustaceans (Reverter et al.,
2014). The fastest way to use phytogenic
compounds is by injection, but this
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method is very troublesome and stressful
in fish and crustaceans. Therefore,
feeding prescription is the most
appropriate and available method
(Yoshida et al., 1995). One of the
valuable initiatives that will help
develop the use of these phytogenic
compounds in the future is the
stabilization of various phytogenic
compounds such as volatile essential oils
using methods such as matrix-
encapsulation. This allows these
compounds to remain active in more
parts of the gastrointestinal tract (GIT)
and their positive effects are not limited
to a small part of the GIT (Goncalves
and Santos, 2015).

Despite numerous reports of the
benefits of using phytogenic compounds
in experimental studies, inconsistencies
in their effects on host growth and
systemic safety and a lack of
understanding of how they work in
intestinal ~ health  and  intestinal
microbiota have led to limitations in the
use of these compounds in aquatic
animals. Generally, further studies are
needed to introduce and develop
sustainable prevention strategies to use
phytogenic compounds to enhance host
immunity, stress resistance, and the
prevention  of  pathogenesis  in
aquaculture.

References

Abdel-Tawwab, M., Adeshina, 1.,
Jenyo-Oni, A., Ajani, E.K. and
Emikpe, B.O., 2018. Growth,
physiological, antioxidants, and
immune response of African catfish,
Clarias gariepinus (B.), to dietary

clove basil, Ocimum gratissimum,
leaf extract and its susceptibility to
Listeria monocytogenes
infection. Fish and Shellfish
Immunology, 78, pp.346-354.

Abdel-Latif, H.M., Abdel-Tawwab,
M., Khafaga, A.F. and Dawood,
M.A., 2020. Dietary oregano
essential oil improved the growth
performance via enhancing the
intestinal morphometry and hepato-
renal functions of common carp
(Cyprinus carpio L.)
fingerlings. Aquaculture, 526,
pp-735432.

Adel, M., Amiri, A.A., Zorriehzahra,
J., Nematolahi, A. and Esteban,
M.A., 2015a. Effects of dietary
peppermint (Mentha piperita) on
growth performance, chemical body
composition and hematological and
immune parameters of fry Caspian
white fish (Rutilus frisii kutum). Fish
and  Shellfish  Immunology, 45(2),
pp-841-847.

Adel, M., Safari, R., Pourgholam, R.,
Zorriehzahra, J. and Esteban,
M.A., 2015b. Dietary peppermint
(Mentha piperita) extracts promote
growth performance and increase the
main humoral immune parameters
(both at mucosal and systemic level)
of Caspian brown trout (Salmo trutta
caspius Kessler, 1877). Fish and
Shellfish Immunology, 47(1), pp.623-
629.

Araruna, ML.E., Serafim, C., Alves
Junior, E., Hiruma-Lima, C.,
Diniz, M. and Batista, L., 2020.
Intestinal Anti-Inflammatory
Activity of Terpenes in Experimental


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

44 Kazempoor et al., A Review on the Application of Phytogenics as Feed Additives for Aquatic ...

Models (2010-2020): A
Review. Molecules, 25(22), p.5430.

Ardo, L., Yin, G., Xu, P., Varadi, L.,

Szigeti, G., Jeney, Z. and Jeney, G.,
2008. Chinese herbs (Astragalus
membranaceus and Lonicera
Jjaponica) and boron enhance the non-
specific immune response of Nile
tilapia (Oreochromis niloticus) and
resistance  against  Aeromonas
hydrophila. Aquaculture, 275(1-4),
pp.26-33.

Asimi, O.A. and Sahu, N.P., 2013.

Herbs/spices as feed additive in
aquaculture. Scientific ~Journal of
Pure and Applied Sciences, 2(8),
pp-284-292.

Austin, B., 2006. The bacterial

microflora of fish,
revised. TheScientificWorldJournal,
6, pp.931-945.

Bahia, P.K., Rattray, M. and

Williams, R.J., 2008. Dietary
flavonoid (—) epicatechin stimulates
phosphatidylinositol 3-kinase-
dependent anti-oxidant response
element activity and up-regulates
glutathione in cortical astrocytes.
Journal of Neurochemistry, 106(5),
pp- 2194-2204.

Baron, M., Davies, S., Alexander, L.,

Snellgrove, D. and Sloman, K.A.,
2008. The effect of dietary pigments
on the coloration and behaviour of
flame-red dwarf gourami, Colisa
lalia. Animal Behaviour, 75(3),

pp-1041-1051.

Bello, O.S. and Emikpe, B.O., 2012.

The body weight changes and gut
merphometry of clarias gariepinus
juveniles on feeds supplemented with

walnut (Tetracarpidium
conophorum) leaf and onions (allium
cepa) bulb residues.

Bento, M.H.L., Ouwehand, A.C.,

Tiihonen, K., Lahtinen, S.,
Nurminen, P., Saarinen, M.T.,
Schulze, H., Mygind, T. and
Fischer, J., 2013. Essential oils and
their use in animal feeds for
monogastric animals--Effects on feed
quality, gut microbiota, growth
performance and food safety: a
review. Veterinarni Medicina, 58(9).

Bharathi, S., Antony, C., Cbt, R.,

Arumugam, U., Ahilan, B. and
Aanand, S., 2019. Functional feed
additives used in fish
feeds. International  Journal  of
Fisheries and Aquatic Studies, 7(3),
pp.44-52.

Bhujel, R.C., Poolsawat, L. and

Gongalves, R.A., 2017. Phytogenic
feed additive (PFA) improved
survival and growth of Nile tilapia
(Oreochromis niloticus) fry during
Subsequent  Nursing. Journal  of
Aquaculture in the Tropics, 32(3/4),
pp.-413-425.

Bjarnsholt, T., Jensen, P.Q.,

Rasmussen, T.B., Christophersen,
L., Calum, H., Hentzer, M.,
Hougen, H.P., Rygaard, J., Moser,
C., Eberl, L. and Heiby, N., 2005.
Garlic blocks quorum sensing and
promotes rapid clearing of pulmonary
Pseudomonas aeruginosa
infections. Microbiology, 151(12),
pp-3873-3880.

Brackman, G., Defoirdt, T.,

Miyamoto, C., Bossier, P., Van
Calenbergh, S., Nelis, H. and


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

Aquaculture Nutrition and Feed Science 1(1) 2026 45

Coenye, T., 2008. Cinnamaldehyde
and cinnamaldehyde derivatives
reduce virulence in Vibrio spp. by
decreasing the DNA-binding activity
of the quorum sensing response
regulator LuxR. BMC
Microbiology, 8(1), pp.1-14.

Ceulemans, S., Coutteau, P. and
Robles, R., 2009. Innovative feed
additives improve feed utilization in
Nile tilapia. Global aquaculture
advocate. pp2-9.

Chansue, N. and Tangtrongpiros, J.,
2005. Effect of dried Indian almond
leaf  (Terminalia  catappa) on
monogenean parasite of gold fish
(Carassius auratus). Wetchasan
Sattawaphaet. 19-28pp.

Chansue, N., Ponpornpisit, A., Endo,
M., Sakai, M. and Yoshida, S.,
2000. Improved immunity of tilapia
Oreochromis niloticus by C-UP 111, a
herb medicine. Fish Pathology,
35(2), pp-89-90.

Chitmanat, C., Tongdonmuan, K. and
Nunsong, W., 2005. The use of crude
extracts from traditional medicinal
plants to eliminate Trichodina sp. in
tilapia  (Oreochromis  niloticus)
fingerlings. Songklanakarin Journal
of Science and Technology, 27(Supp
11), pp.359-364.

Choo, J.H., Rukayadi, Y. and Hwang,
J.K., 2006. Inhibition of bacterial
quorum  sensing by  vanilla
extract. Letters in applied
microbiology, 42(6), pp.637-641.

Citarasu, T., 2010. Herbal
biomedicines: a new opportunity for
aquaculture  industry. Aquaculture
International, 18(3), pp.403-414.

Costello, C., Cao, L., Gelcich, S.,
Cisneros-Mata, M.A., Free, C.M.,
Froehlich, H.E., Golden, C.D.,
Ishimura, G., Maier, J., Macadam-
Somer, I. and Mangin, T., 2020.
The future of food from the
sea. Nature, 588(7836), pp.95-100.

Davies, K. ed., 2009. Annual plant
reviews, plant pigments and their
manipulation (Vol. 14). John Wiley
and Sons. 120P.

de Francesco, M., Parisi, G., Médale,
F., Lupi, P., Kaushik, S.J. and Poli,
B.M., 2004. Effect of long-term
feeding with a plant protein mixture
based diet on growth and body/fillet
quality traits of large rainbow trout
(Oncorhynchus
mykiss). Aquaculture, 236(1-4),
pp-413-429.

Defoirdt, T., Miyamoto, C.M., Wood,
T.K., Meighen, E.A., Sorgeloos, P.,
Verstraete, W. and Bossier, P.,
2007. The natural furanone (5Z)-4-
bromo-5-(bromomethylene)-3-butyl-
2 (5H)-furanone disrupts quorum
sensing-regulated gene expression in
Vibrio harveyi by decreasing the
DNA-binding  activity of the
transcriptional ~ regulator  protein
LuxR. Environmental
Microbiology, 9(10), pp.2486-2495.

Defoirdt, T., Brackman, G. and
Coenye, T., 2013. Quorum sensing
inhibitors: how strong is the
evidence?. Trends in
Microbiology, 21(12), pp.619-624.

Direkbusarakom, S., Herunsalee, A.,
Yoshimizu, M. and Ezura, Y., 1996.
Antiviral activity of several Thai
traditional herb extracts against fish


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

46 Kazempoor et al., A Review on the Application of Phytogenics as Feed Additives for Aquatic ...

pathogenic viruses. Fish Pathology,
31(4), pp.209-213.

El Deen, A.LLN. and Razin, A.M., 2009.

Application of some medicinal Plants
to eliminate Trichodina sp. in tilapia
(Oreochromis niloticus). Report and
Opinion, 12(17), p.1.

El Euony, O.I., Elblehi, S.S., Abdel-

Latif, H.M., Abdel-Daim, M.M.
and El-Sayed, Y.S., 2020.
Modulatory role of dietary Thymus
vulgaris essential oil and Bacillus
subtilis  against  thiamethoxam-
induced hepatorenal damage,
oxidative stress, and immunotoxicity
in  African  catfish  (Clarias
garipenus). Environmental  Science
and  Pollution  Research,27(18),
pp.23108-23128.

Encarnacao, P., 2016. Functional feed

additives in aquaculture feeds.
In Aquafeed formulation (pp. 217-
237). Academic Press.

Englmaierova, M., Bubancova, I. and

Skiivan, M., 2014. Carotenoids and
egg quality. Acta Fytotechnica et
Zootechnica, 17(2), pp.55-57.

Enterria, A., Slocum, M., Bengtson,

D.A., Karayannakidis, P.D. and
Lee, C.M., 2011. Partial replacement
of fish meal with plant protein
sources singly and in combination in
diets for summer  flounder,
Paralichthys dentatus. Journal of the
World Aquaculture Society, 42(6),
pp.753-765.

FAO, 2018. The state of world fisheries

and aquaculture 2018—Meeting the
sustainable ~ development  goals.
Rome, Italy: The Food and
Agricultural Organization of the

United Nations.
http://www.fao.org/3/19540en/19540
en.pdf.

FAO,  2020. Sustainability  in
action. State of World Fisheries and
Aquaculture. Rome, 200.

Ferreira, P.M., Caldas, D.W., Salaro,
A.L., Sartori, S.S., Oliveira, J.M.,
Cardoso, A.J. and Zuanon, J.A.,
2016. Intestinal and liver
morphometry of the Yellow Tail
Tetra (Astyanax altiparanae) fed with
oregano oil. Anais da Academia
Brasileira de Ciéncias, 88, pp.911-
922.

Firmino, J.P., Galindo-Villegas, J.,
Reyes-Lopez, F.E. and Gisbert, E.,
2021. Phytogenic bioactive
compounds shape fish mucosal
immunity. Frontiers in
Immunology, 12.

Franz, C., Baser, K.H.C. and
Windisch, W., 2010. Essential oils
and aromatic plants in animal
feeding—a European perspective. A
review. Flavour and Fragrance
Journal, 25(5), pp.327-340.

Fridman, S., Sinai, T. and Zilberg, D.,
2014. Efficacy of garlic based
treatments  against monogenean
parasites infecting the  guppy
(Poecilia reticulata (Peters)).
Veterinary Parasitology, 203(1-2),
pp.51-58.

Gatlin III, D.M., Barrows, F.T.,
Brown, P., Dabrowski, K.,
Gaylord, T.G., Hardy, R.W.,,
Herman, E., Hu, G., Krogdahl, A.,
Nelson, R. and Overturf, K., 2007.
Expanding the utilization  of
sustainable  plant products in


http://www.fao.org/3/i9540en/i9540en.pdf
http://www.fao.org/3/i9540en/i9540en.pdf
https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

Aquaculture Nutrition and Feed Science 1(1) 2026 47

aquafeeds: a review. Aquaculture
Research, 38(6), pp.551-579.

Gbadamosi, O.K., Fasakin, A.E. and
Adebayo, O.T., 2016.
Hepatoprotective and stress-reducing
effects of dietary Moringa oleifera
extract against Aeromonas
hydrophila infections and
transportation-induced stress in Nile
tilapia, Oreochromis  niloticus
(Linnaeus 1757)
fingerlings. International Journal of
Environmental —and  Agriculture
Research, 2, pp.121-128.

Gessner, D.K., Fiesel, A., Most, E.,
Dinges, J., Wen, G., Ringseis, R.
and Eder, K., 2013.
Supplementation of a grape seed and
grape marc meal extract decreases
activities of the oxidative stress-
responsive transcription factors NF-
kB and Nrf2 in the duodenal mucosa
of pigs. Acta Veterinaria
Scandinavica, 55(1), pp.1-10.

Gholamhosseini, A., Adel, M.,
Dawood, M.A. and Banaee, M.,
2020. The potential benefits of
Mentha  longifolia on  growth
performance and innate immunity
parameters in Caspian kutum (Rutilus
Srisii kutum). Aquaculture
Research, 51(12), pp.5212-5227.

Giannenas, I., Triantafillou, E.,
Stavrakakis, S., Margaroni, M.,
Mavridis, S., Steiner, T. and
Karagouni, E., 2012. Assessment of
dietary supplementation with
carvacrol or thymol containing feed
additives on performance, intestinal
microbiota and antioxidant status of

rainbow trout (Oncorhynchus
mykiss). Aquaculture, 350, pp.26-32.

Gomez, G.D. and Balcazar, J.L., 2008.
A review on the interactions between
gut microbiota and innate immunity
of fish. FEMS Immunology and
Medical Microbiology, 52(2),
pp-145-154.

Goncalves, R. and Santos, G., 2015.
Phytogenics for better profitability
and sustainability. Growth, 8, 9 P.

Greenberg, E.P., 2003. Bacterial
communication and group
behavior. The Journal of clinical
investigation, 112(9), pp.1288-1290.

Gulec, A.K., Danabas, D., Ural, M.,
Seker, E., Arslan, A. and Serdar,
0., 2013. Effect of mixed use of
thyme and fennel oils on biochemical
properties and electrolytes in rainbow
trout as a response to Yersinia ruckeri
infection. Acta Veterinaria
Brno, 82(3), pp.297-302.

Hancz, C., Magyary, 1., Molnar, T.,
Sato, S., Horn, P. and Taniguchi,
N., 2003. Evaluation of color
intensity enhanced by paprika as feed
additive in goldfish and koi carp
using  computer-assisted  image
analysis. Fisheries  Science, 69(6),
pp-1158-1161.

Hardy, R.W., 2010. Utilization of plant
proteins in fish diets: effects of global
demand and supplies of
fishmeal. Aquaculture
Research, 41(5), pp.770-776.

Harikrishnan, R., Heo, J.,
Balasundaram, C., Kim, M.C,
Kim, J.S., Han, Y.J. and Heo, M.S.,
2010. Effect of Punica granatum
solvent extracts on immune system


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

48 Kazempoor et al., A Review on the Application of Phytogenics as Feed Additives for Aquatic ...

and disease resistance in Paralichthys
olivaceus  against  lymphocystis
disease virus (LDV). Fish and
Shellfish Immunology, 29(4), pp.668-
673.

He, W., Rahimnejad, S., Wang, L.,

Song, K., Lu, K. and Zhang, C.,
2017. Effects of organic acids and
essential oils blend on growth, gut
microbiota, immune response and
disease resistance of Pacific white
shrimp  (Litopenaeus  vannamei)
against Vibrio
parahaemolyticus. Fish and Shellfish
Immunology, 70, pp.164-173.

Helander, .M., Alakomi, H.L., Latva-

Kala, K., Mattila-Sandholm, T.,
Pol, 1., Smid, E.J., Gorris, L.G. and
von Wright, A., 1998.
Characterization of the action of
selected essential oil components on
Gram-negative bacteria. Journal of
Agricultural and Food
Chemistry, 46(9), pp.3590-3595.

Heluy, G.M., Ramos, L.R.V., Pedrosa,

V.F., Sarturi, C., Figueiredo,
P.G.P., Vidal, L.G.P., Franca,
I.D.F. and Pereira, M.M., 2020.
Oregano (Origanum vulgare)
essential oil as an additive in diets for
Nile tilapia (Oreochromis niloticus)
fingerlings reared in salinized
water. Aquaculture Research, 51(8),
pp.3237-3243.

Hernandez, A., Garcia, B.G.,

Caballero, M.J. and Hernandez,
M.D., 2015. Preliminary insights into
the incorporation of rosemary extract
(Rosmarinus officinalis L.) in fish
feed: influence on performance and
physiology of gilthead seabream

(Sparus aurata). Fish Physiology and
Biochemistry, 41(4), pp.1065-1074.

Hernandez, A., Garcia Garcia, B.,

Caballero, M.J. and Hernandez,
M.D., 2016. The inclusion of thyme
essential oil in the feed of gilthead
seabream (Sparus aurata) promotes
changes in the frequency of
lymphocyte aggregates in gut-
associated lymphoid

tissue. Aquaculture
Research, 47(10), pp.3341-3345.

Heydari, M., Firouzbakhsh, F. and

Paknejad, H., 2020. Effects of
Mentha longifolia extract on some
blood and immune parameters, and
disease resistance against yersiniosis

in rainbow trout. Aquaculture, 515,
p.734586.

Heyman, H.M., Senejoux, F., Seibert,

I., Klimkait, T., Maharaj, V.J. and
Meyer, J.J.M., 2015. Identification
of anti-HIV active dicaffeoylquinic-
and tricaffeoylquinic acids in
Helichrysum populifolium by NMR-
based metabolomic guided
fractionation. Fitoterapia, 103,
pp-155-164.

Hong, J.C., Steiner, T., Aufy, A. and

Lien, T.F., 2012. Effects of
supplemental essential oil on growth
performance, lipid metabolites and
immunity, intestinal characteristics,
microbiota and carcass traits in
broilers. Livestock  Science, 144(3),
pp-253-262.

Hongbai, L., Ying, Z., Yuhui,

Y.A.N.G., Tongyan, L. and Jidan,
Y., 2004. Effects of five Chinese herb
medicines as additive in feed on the
growth and intestinal microflora in


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

Aquaculture Nutrition and Feed Science 1(1) 2026 49

common carp (Cyprinus
carpio). Journal of Dalian Fisheries
College, 19(1), pp.16-20.

Hoseini, S.M. and Yousefi, M., 2019.

Beneficial effects of thyme (Thymus
vulgaris) extract on oxytetracycline-
induced stress response,
immunosuppression, oxidative stress
and enzymatic changes in rainbow
trout (Oncorhynchus

mykiss). Aquaculture
Nutrition, 25(2), pp.298-309.

Hoseinifar, S.H., Zou, H.K.,

Miandare, H.K., Van Doan, H.,
Romano, N. and Dadar, M., 2017.
Enrichment of common carp
(Cyprinus carpio) diet with medlar
(Mespilus germanica) leaf extract:
Effects on skin mucosal immunity
and growth performance. Fish and
Shellfish Immunology, 67, pp.346-
352.

Hwang, Y.P., Choi, J.H., Yun, H.J.,

Han, E.H., Kim, H.G., Kim, J.Y.,
Park, B.H., Khanal, T., Choi, J.M.,
Chung, Y.C. and Jeong, H.G., 2011.
Anthocyanins from purple sweet
potato attenuate
dimethylnitrosamine-induced liver
injury in rats by inducing Nrf2-
mediated antioxidant enzymes and
reducing COX-2 and iNOS
expression. Food and  Chemical
Toxicology, 49(1), pp.93-99.

Ikhwanuddin, M., Moh, J.H,,

Hidayah, M., Noor-Hidayati, A.B.,
Aina-Lyana, N.M. and Juneta,
A.S., 2014. Effect of Indian almond,
Terminalia catappa leaves water
extract on the survival rate and
growth performance of black tiger

shrimp, Penaeus monodon post
larvae. Aquaculture, Aquarium,
Conservation and Legislation, 7(2),
pp-85-93.

Immanuel, G., Vincybai, V.C,,
Sivaram, V., Palavesam, A. and
Marian, M.P., 2004. Effect of
butanolic extracts from terrestrial
herbs and seaweeds on the survival,
growth and pathogen (Vibrio
parahaemolyticus) load on shrimp
Penaeus indicus juveniles.
Aquaculture, 236(1-4), pp.53-65.

Jayathirtha, M.G. and Mishra, S.H.,
2004. Preliminary
immunomodulatory  activities of
methanol extracts of Eclipta alba and
Centella asiatica. Phytomedicine,
11(4), pp.361-365.

Kachur, K. and Suntres, Z., 2020. The
antibacterial properties of phenolic
isomers, carvacrol and
thymol. Critical Reviews in Food
Science  and  Nutrition, 60(18),
pp-3042-3053.

Karaskova, K., Suchy, P. and
Strakova, E., 2015. Current use of
phytogenic feed additives in animal
nutrition: a review. Czech Journal of
Animal Science, 60(12), pp.521-30.

Kesselring, J., Gruber, C., Standen, B.
and Wein, S., 2021. Effect of a
phytogenic feed additive on the
growth performance and immunity of
Pacific white leg shrimp, Litopenaeus
vannamei, fed a low fishmeal
diet. Journal  of  the World
Aquaculture Society, 52(2), pp.303-
315.

Khafaga, A.F., Naiel, M.A., Dawood,
M.A. and Abdel-Latif, H.M., 2020.


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

50 Kazempoor et al., A Review on the Application of Phytogenics as Feed Additives for Aquatic ...

Dietary Origanum vulgare essential
oil attenuates cypermethrin-induced
biochemical changes, oxidative
stress, histopathological alterations,
apoptosis, and reduces DNA damage
in Common carp (Cyprinus
carpio). Aquatic ~ Toxicology, 228,
p.105624.

Koh, K.H. and Tham, F.Y., 2011.

Screening of traditional Chinese
medicinal plants for quorum-sensing
inhibitors activity. Journal of
Microbiology,  Immunology  and
Infection, 44(2), pp.144-148.

Korzekwa, M., Wilke, T. and

Brenner, S., 2016. Positive effects of
a flavonoid-rich phytogenic product
on growth, survival, and bacterial
infection of Pacific White Shrimp.
In 75. BOKU-Symposium
TIERERNAHRUNG.

Kroismayr, A., Steiner, T. and Zhang,

C., 2006. Influence of a phytogenic
feed additive on performance of
weaner piglets. In Journal of Animal
Science (Vol. 84, pp. 270-270). 1111
NORTH DUNLAP AVE, SAVOY,
IL 61874 USA: AMER SOC
ANIMAL SCIENCE.

Kurian, A., Van Doan, H., Tapingkae,

W. and Elumalai, P., 2020.
Modulation of mucosal parameters,
innate  immunity, growth and
resistance  against  Streptococcus
agalactiae by enrichment of Nile
tilapia (Oreochromis niloticus) diet
with  Leucas aspera. Fish and
Shellfish  Immunology, 97, pp.165-
172.

LaFrentz, B.R., Booth, N.J., Ourth,

D.D. and Peterson, B.C., 2012.

Spleen size and plasma levels of
mannose binding lectin in channel
catfish families challenged with
Flavobacterium  columnare  and
Edwardsiella

ictaluri. Journal of Aquatic ~ Animal
Health, 24, pp.141-147.

Laltlanmawia, C., Saha, R.K., Saha,

H. and Biswas, P., 2019.
Ameliorating effects of dietary
mixture of Withania somnifera root
extract and vitamin C in Labeo rohita
against low pH and waterborne iron
stresses.  Fish  and  Shellfish
Immunology, 88, pp.170-178.

Lambert, R.J.W., Skandamis, P.N.,

Coote, P.J. and Nychas, G.J., 2001.
A study of the minimum inhibitory
concentration and mode of action of
oregano essential oil, thymol and
carvacrol. Journal of  Applied
Microbiology, 91(3), pp.453-462.

Lazado, C.C. and Caipang, C.M.A.,

2014. Mucosal immunity and
probiotics in fish. Fish and shellfish
immunology, 39(1), pp.78-89.

Lee, Y., Shin, D.H., Kim, J.H., Hong,

S., Choi, D., Kim, Y.J., Kwak, M.K.
and Jung, Y., 2010. Caffeic acid
phenethyl  ester-mediated  Nrf2
activation and IxB kinase inhibition
are involved in NF«xB inhibitory
effect: structural analysis for NFxB
inhibition. European  Journal  of
Pharmacology, 643(1), pp.21-28.

Liu, HW., Tong, J M. and Zhou,

D.W., 2011. Utilization of Chinese
herbal feed additives in animal
production. Agricultural Sciences in
China, 10(8), pp.1262-1272.


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

Aquaculture Nutrition and Feed Science 1(1) 2026 51

Liu, S.D., Song, M.H., Yun, W., Lee,

J.H., Kim, H.B. and Cho, J.H.,
2019. Effect of carvacrol essential
oils on immune response and
inflammation-related genes
expression in broilers challenged by
lipopolysaccharide. Poultry

Science, 98(5), pp.2026-2033.

Llana-Ruiz-Cabello, M., Gutiérrez-

Praena, D., Puerto, M., Pichardo,
S.,Jos, A. and Camesn, A.M., 2015.
In vitro pro-oxidant/antioxidant role
of carvacrol, thymol and their
mixture in the intestinal Caco-2 cell
line. Toxicology in  Vitro, 29(4),
pp.647-656.

Luo, R., 1997. Induction of immunity

substance in Penaeus chinensis by
Chinese herbal medicine.

Oceanologia et Limnologia Sinica,
28, pp.577-585.

Manefield, M., de Nys, R., Naresh, K.,

Roger, R., Givskov, M., Peter, S.
and Kjelleberg, S., 1999. Evidence
that halogenated furanones from
Delisea pulchra inhibit acylated
homoserine lactone (AHL)-mediated
gene expression by displacing the
AHL signal from its receptor
protein. Microbiology, 145(2),
pp-283-291.

Martins, M.L., Moraes, F.R,,

Miyazaki, D.M.Y., Brum, C.D.,
Onaka, E.M., Fenerick, J.J. and
Bozzo, F.R., 2002. Alternative

treatment for Anacanthorus
penilabiatus (Monogenea:
Dactylogyridae) infection in
cultivated pacu, Piaractus
mesopotamicus (Osteichthyes:

Characidae) in Brazil and its

haematological effects. Parasite,
9(2), pp-175-180.

McDevitt, R.M., Brooker, J.D.,

Acamovic, T. and Sparks, N.H.C.,
2006. Necrotic enteritis; a continuing
challenge for the poultry
industry. World's Poultry Science
Journal, 62(2), pp.221-247.

Menanteau-Ledouble, S., Krauss, I.,

Santos, G., Fibi, S., Weber, B. and
El-Matbouli, M., 2015. Effect of a
phytogenic feed additive on the
susceptibility of  Onchorhynchus
mykiss to Aeromonas
salmonicida. Diseases of Aquatic

Organisms, 115(1), pp.57-66.

Micol, V., Caturla, N., Pérez-Fons, L.,

Mas, V., Pérez, L. and Estepa, A.,
2005. The olive leaf extract exhibits
antiviral  activity against  viral
haemorrhagic septicaemia
rhabdovirus  (VHSV).  Antiviral
Research, 66(2-3), pp.129-136.

Militz, T.A., Southgate, P.C., Carton,

A.G. and Hutson, K.S., 2014.
Efficacy of garlic (A llium sativum)
extract applied as a therapeutic
immersion treatment for
Neobenedenia sp. management in
aquaculture.  Journal of  Fish
Diseases, 37(5), pp.451-461.

Militz, T.A., Southgate, P.C., Carton,

A.G. and Hutson, K.S., 2013.
Dietary supplementation of garlic
(Allium  sativum) to  prevent
monogenean infection in aquaculture.
Aquaculture, 408, pp.95-99.

Minomol, M., 2005. Culture of Gold

fish  Carassius  auratus  using
medicinal plants having
immunostimulant characteristics


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

52 Kazempoor et al., A Review on the Application of Phytogenics as Feed Additives for Aquatic ...

(Doctoral dissertation, M. Phil
Dissertation, MS University, India).

Mirghaed, A.T., Hoseini, S.M.,

Hoseinifar, S.H. and Van Doan, H.,
2020. Effects of dietary thyme
(Zataria  multiflora) extract on
antioxidant and  immunological
responses and immune-related gene
expression of  rainbow  trout
(Oncorhynchus mykiss)
juveniles. Fish and Shellfish
Immunology, 106, pp.502-509.

Mohammadi, G., Rafiee, G., El

Basuini, M.F., Van Deoan, H.,
Ahmed, H.A., Dawood, M.A. and
Abdel-Latif, H.M., 2020. Oregano
(Origanum vulgare), St John's-wort
(Hypericum perforatum), and lemon
balm (Melissa officinalis) extracts
improved  the  growth  rate,
antioxidative, and immunological
responses n Nile tilapia
(Oreochromis  niloticus) infected
with Aeromonas
hydrophila. Aquaculture Reports, 18,
pp-100445.

Montero, D., Robaina, L., Caballero,

M.J., Gines, R. and Izquierdo,
M.S., 2005. Growth, feed utilization
and flesh quality of European sea
bass (Dicentrarchus labrax) fed diets
containing vegetable oils: A time-
course study on the effect of a re-
feeding period with a 100% fish oil
diet. Aquaculture, 248(1-4), pp.121-
134.

More, S.J., 2020. European

perspectives on efforts to reduce
antimicrobial usage in food animal
production. Irish Veterinary
Journal, 73(1), pp.1-12.

Mousavi, E., Mohammadiazarm, H.,

Mousavi, S.M. and Ghatrami, E.R.,
2016. Effects of inulin, savory and
onion powders in diet of juveniles
carp Cyprinus carpio (Linnaeus
1758) on gut micro flora, immune
response and blood biochemical
parameters. Turkish  Journal  of
Fisheries and Aquatic

Sciences, 16(4), pp.831-838.

Nahak, G. and Sahu, R., 2014.

Immunostimulatory  effects  of
Ocimum sanctum Linn. leaf extracts
in Clarias batrachus Linn. Asian
Journal of Pharmaceutical and Clini
cal Research, 7(3), pp.157-63.

Navarrete, P., Toledo, 1., Mardones,

P., Opazo, R., Espejo, R. and
Romero, J., 2010. Effect of Thymus
vulgaris essential oil on intestinal
bacterial microbiota of rainbow trout,
Oncorhynchus mykiss (Walbaum)
and bacterial isolates. Aquaculture
Research, 41(10), pp.e667-e678.

Niu, C., Afre, S. and Gilbert, E.S.,

2006. Subinhibitory concentrations
of cinnamaldehyde interfere with
quorum sensing. Letters in Applied
Microbiology, 43(5), pp.489-494.

Novriadi, R. and Haw, K.B., 2015.

Preliminary study: The use of herbal
extracts against iridovirus in tiger
grouper Epinephelus Fuscoguttatus
culture. Journal of  Medicinal
Plants, 3(4), pp.115-120.

Olsen, R.L. and Hasan, M.R., 2012. A

limited supply of fishmeal: Impact on
future increases in global aquaculture
production. Trends in Food Science
and Technology, 27(2), pp.120-128.


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

Aquaculture Nutrition and Feed Science 1(1) 2026 53

Omoregie, E., Igoche, L., Ojobe, T.O.,

Absalom, K.V. and Onusiriuka,
B.C., 2009. Effect of varying levels
of sweet potato (lpomea Batatas)
peels on growth, feed utilization and
some biochemical responses of the

cichlid (Oreochromis
Niloticus). African Journal of Food,
Agriculture, Nutrition and

Development, 9(2), pp.700-712.

Ourth, D.D., Narra, M.B. and Simco,

B.A., 2007. Comparative study of
mannose-binding  C-type  lectin
isolated from channel catfish
(Ictalurus punctatus) and blue catfish
(Ictalurus  furcatus). Fish and
Shellfish Immunology, 23(6),
pp-1152-1160.

Pachanawan, A., Phumkhachorn, P.

and Rattanachaikunsopon, P.,
2008. Potential of Psidium guajava
supplemented fish diets in controlling
Aeromonas hydrophila infection in
tilapia (Oreochromis
niloticus). Journal of Bioscience and
Bioengineering, 106(5), pp.419-424.

Paknejad, H., Shekarabi, S.P.H.,

Mehrgan, M.S., Hajimoradloo, A.,
Khorshidi, Z. and Rastegari, S.,
2020. Dietary peppermint (Mentha
piperita) powder affects growth
performance, hematological indices,
skin mucosal immune parameters,
and expression of growth and stress-
related genes in Caspian roach
(Rutilus caspicus). Fish Physiology
and Biochemistry, 46(5), pp.1883-
1895.

Pande, G.S.J., Scheie, A.A., Benneche,

T., Wille, M., Sorgeloos, P., Bossier,
P. and Defoirdt, T., 2013. Quorum

sensing-disrupting compounds
protect larvae of the giant freshwater
prawn Macrobrachium rosenbergii
from Vibrio harveyi
infection. Aquaculture, 406, pp.121-
124.

Pandey, A.K., Kumar, P. and Saxena,

M.J., 2019. Feed additives in animal
health. In  Nutraceuticals in
Veterinary Medicine (pp. 345-362).
Springer, Cham.

Peinaflorida, V.D., 1995. Growth and

survival of juvenile tiger shrimp fed
diet where fish meal is partially
replaced with papaya (Carica papaya
L.) or camote (Ipomea batatas Lam.)
leaf meal. The Israeli Journal of
Aquaculture-Bamidgeh, 47(1),
pp.25-33.

Peres, H. and Oliva-Teles, A., 2006.

Effect of the dietary essential to non-
essential amino acid ratio on growth,
feed utilization and  nitrogen
metabolism of European sea bass
(Dicentrarchus

labrax). Aquaculture, 256(1-4),
pp-395-402.

Peterson, B.C., Bosworth, B.G., Li,

M.H., Beltran, R. and Santos, G.A.,
2014. Assessment of a phytogenic
feed additive (Digestarom PEP
MGE) on growth performance,
processing yield, fillet composition,
and survival of channel
catfish. Journal of the World
Aquaculture Society, 45(2), pp.206-
212.

Peterson, B.C., Peatman, E.R.I.C.,

Ourth, D.D. and Waldbieser, G.C.,
2015. Effects of a phytogenic feed
additive on growth performance,


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

54 Kazempoor et al., A Review on the Application of Phytogenics as Feed Additives for Aquatic ...

susceptibility of channel catfish to
Edwardsiella ictaluri and levels of
mannose binding lectin. Fish and
Shellfish Immunology, 44(1), pp.21-
25.

Ran, C., Hu, J., Liu, W., Liu, Z., He,

S., Dan, B.C.T., Diem, N.N., Ooi,
E.L. and Zhou, Z., 2016. Thymol
and carvacrol affect hybrid tilapia
through the combination of direct
stimulation and an intestinal
microbiota-mediated effect: insights
from a  germ-free  zebrafish
model. The Journal of
Nutrition, 146(5), pp.1132-1140.

Rao, Y.V, Das, B.K., Jyotyrmayee, P.

and Chakrabarti, R., 2006. Effect of
Achyranthes aspera on the immunity
and survival of Labeo rohita infected
with Aeromonas hydrophila. Fish
and Shellfish Immunology, 20(3),
pp.-263-273.

Rashidian, G., Boldaji, J.T., Rainis, S.,

Prokié¢, M.D. and Faggio, C., 2021.
Oregano (Origanum vulgare) Extract
Enhances Zebrafish (Danio rerio)
Growth Performance, Serum and
Mucus Innate Immune Responses
and Resistance against Aeromonas
hydrophila

Challenge. Animals, 11(2), p.299.

Reveco, F.E., Overland, M.,

Romarheim, O.H. and Mydland,
L.T., 2014. Intestinal bacterial
community structure differs between
healthy and inflamed intestines in
Atlantic  salmon  (Salmo  salar
L.). Aquaculture, 420, pp.262-269.

Reverter, M., Bontemps, N., Lecchini,

D., Banaigs, B. and Sasal, P., 2014.
Use of plant extracts in fish

aquaculture as an alternative to
chemotherapy: current status and
future

perspectives. Aquaculture, 433,
pp.50-61.

Reyes-Cerpa, S., Vallejos-Vidal, E.,

Gonzalez-Bown, M.J., Morales-
Reyes, J., Pérez-Stuardo, D.,
Vargas, D., Imarai, M., Cifuentes,
V., Spencer, E., Sandino, A.M. and
Reyes-Lopez, F.E., 2018. Effect of
yeast (Xanthophyllomyces
dendrorhous) and plant (Saint John's
wort, lemon balm, and rosemary)
extract based functional diets on
antioxidant and immune status of
Atlantic salmon (Salmo  salar)
subjected to crowding stress. Fish
and  Shellfish ~ Immunology, 74,
pp-250-259.

Ringe, E., Sperstad, S., Kraugerud,

O.F. and Krogdahl, A., 2008. Use of
16S rRNA gene sequencing analysis
to characterize culturable intestinal
bacteria in Atlantic salmon (Salmo
salar) fed diets with cellulose or non-
starch polysaccharides from
soy. Aquaculture Research, 39(10),
pp-1087-1100.

Sahu, S., Das, B.K., Mishra, B.K.,

Pradhan, J. and Sarangi, N., 2007.
Effect of Allium sativum on the
immunity and survival of Labeo
rohita infected with Aeromonas
hydrophila. Journal of Applied
Ichthyology, 23(1), pp.80-86.

Selvam, R., Marimuthu, S. and

D’Souza, P., 2020. Impact of
phytocee™, a phytogenic feed
additive  on  survivability  of
Litopenaeus vannamei shrimps under


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

Aquaculture Nutrition and Feed Science 1(1) 2026 55

WSSV and salinity stress
challenges. International

Journal of Fisheries and Aquatic Stu
dies, &, pp.261-265.

Sharma, A., Deo, A.D., Riteshkumar,

S.T., Chanu, T.I. and Das, A., 2010.
Effect of Withania somnifera (L.
Dunal) root as a feed additive on
immunological  parameters and
disease resistance to Aeromonas
hydrophila  in  Labeo  rohita
(Hamilton) fingerlings. Fish and
Shellfish Immunology, 29(3), pp.508-
512.

Shehzad, A., Ha, T., Subhan, F. and

Lee, Y.S., 2011. New mechanisms
and the anti-inflammatory role of
curcumin in obesity and obesity-
related metabolic diseases. European
Journal of Nutrition, 50(3), pp.151-
161.

Silva, F.C.D.P., Nicoli, J.R.,

Zambonino-Infante, J.L., Kaushik,
S. and Gatesoupe, F.J., 2011.
Influence of the diet on the microbial
diversity of faecal and
gastrointestinal contents in gilthead
sea bream (Sparus aurata) and
intestinal contents in  goldfish

(Carassius auratus). FEMS
Microbiology Ecology, 78(2),
pp-285-296.

Slater, M., D'Abramo, L. and Engle,

C.R., 2018. Aquaculture research
priorities for the next decade: a global
perspective.

Sola-Oriol, D., Roura, E. and

Torrallardona, D., 2011. Feed
preference in pigs: Effect of selected
protein, fat, and fiber sources at
different inclusion rates. Journal of

Animal Science, 89(10), pp.3219-
3227.

Somensi, N., Rabelo, T.K.,

Guimaraes, A.G., Quintans-
Junior, L.J., de Souza Araujo,
A.A., Moreira, J.C.F. and Gelain,
D.P., 2019. Carvacrol suppresses
LPS-induced pro-inflammatory
activation in RAW 264.7
macrophages through ERK1/2 and
NF-kB pathway. International
Immunopharmacology, 75,
p.105743.

Steiner, T. and Syed, B., 2015.

Phytogenic feed additives in animal
nutrition. In Medicinal and aromatic
plants of the world (pp. 403-423).
Springer, Dordrecht.

Sudaryono, A., And, E.T. and Evans,

L.H., 1999. Replacement of soybean
meal by lupin meal in practical diets
for juvenile Penaeus
monodon. Journal of the World
Aquaculture Society, 30(1), pp.46-
57.

Sutili, F.J., Velasquez, A., Pinheiro,

C.G., Heinzmann, B.M., Gatlin III,
D.M. and Baldisserotto, B., 2016.
Evaluation of Ocimum americanum
essential oil as an additive in red
drum (Sciaenops ocellatus)
diets. Fish and Shellfish
Immunology, 56, pp.155-161.

Sutili, F.J., Gatlin III, D.M.,

Heinzmann, B.M. and
Baldisserotto, B., 2018. Plant
essential oils as fish diet additives:
benefits on fish health and stability in
feed. Reviews in Aquaculture, 10(3),
pp.716-726.


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

56 Kazempoor et al., A Review on the Application of Phytogenics as Feed Additives for Aquatic ...

Syahidah, A., Saad, C.R., Daud, H.M.

and Abdelhadi, Y.M., 2015. Status
and potential of herbal applications in
aquaculture: A review.

Teimouri, M., Amirkolaie, A.K. and

Yeganeh, S., 2013. Effect of
Spirulina platensis meal as a feed
supplement on growth performance
and pigmentation of rainbow trout
(Oncorhynchus mykiss). World
Journal of Fish and Marine
Sciences, 5(2), pp.194-202.

Thanikachalam, K., Kasi, M. and

Rathinam, X., 2010. Effect of garlic
peel on growth, hematological
parameters and disease resistance
against Aeromonas hydrophila in
African catfish Clarias gariepinus
(Bloch) fingerlings. Asian  Pacific
Journal of Tropical Medicine, 3(8),
pp.614-618.

Ultee, A., Bennik, M.H.J. and

Moezelaar, R.J.A.E.M., 2002. The
phenolic hydroxyl group of carvacrol
is essential for action against the
food-borne  pathogen  Bacillus
cereus. Applied and Environmental

Microbiology, 68(4), pp.1561-1568.

Valladao, G.M., Gallani, S.U., Pala,

G., Jesus, R.B., Kotzent, S., Costa,
J.C., Silva, T.F. and Pilarski, F.,
2017. Practical diets with essential
oils of plants activate the complement
system and alter the intestinal
morphology of Nile
tilapia. Aquaculture

Research, 48(11), pp.5640-5649.

Valladao, G.M.R., Gallani, S.U.,

Kotzent, S., Assane, .M. and
Pilarski, F., 2019. Effects of dietary
thyme essential oil on hemato-

immunological indices, intestinal
morphology, and microbiota of Nile
tilapia. Aquaculture

International, 27(2), pp.399-411.

Van de Braak, C.B.T., Botterblom,

M.H.A., Taverne, N.V., Van
Muiswinkel, W.B., Rombout,
JJHW.M. and Van der Knaap,
W.P.W., 2002. The roles of
haemocytes and the lymphoid organ
in the clearance of injected Vibrio
bacteria in  Penaeus monodon
shrimp. Fish and Shellfish
Immunology, 13(4), pp.293-309.

Vazirzadeh, A., Jalali, S. and Farhadi,

A., 2019. Antibacterial activity of
Oliveria decumbens against
Streptococcus iniae in Nile tilapia
(Oreochromis niloticus) and its
effects on serum and mucosal
Immunity and antioxidant
status. Fish and Shellfish
Immunology, 94, pp.407-416.

Veit, M., Jungbauer, L., Wendler,

K.R. and Zentner, E., 2011. Effects
of phytogenic feed additives
containing Quillaja saponaria on
ammonia in fattening pigs. In Animal
hygiene and sustainable livestock
production. Proceedings of the XVth
International  Congress of the
International Society for Animal
Hygiene, Vienna, Austria, 3-7 July
2011, Volume 3 (pp. 1255-1257).
Tribun EU.

Vendeville, A., Winzer, K., Heurlier,

K., Tang, C.M. and Hardie, K.R.,
2005. Making'sense'of metabolism:
autoinducer-2, LuxS and pathogenic
bacteria. Nature Reviews
Microbiology, 3(5), pp.383-396.


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

Aquaculture Nutrition and Feed Science 1(1) 2026 57

Venkatramalingam, K., Christopher,
J.G. and Citarasu, T., 2007.
Zingiber  officinalis an  herbal
appetizer in the tiger shrimp Penaeus
monodon (Fabricius) larviculture.
Aquaculture Nutrition, 13(6), pp.439-
443,

Vickers, N.J., 2017. Animal
communication: when i’m calling
you, will you answer too?. Current
Biology, 27(14), pp.R713-R715.

Vikram, A., Jayaprakasha, G.K.,
Jesudhasan, P.R., Pillai, S.D. and
Patil, B.S., 2010. Suppression of
bacterial cell—cell signalling, biofilm
formation and type III secretion
system by citrus flavonoids. Journal
of Applied Microbiology, 109(2),
pp-515-527.

Volpatti, D., Chiara, B., Francesca, T.
and Marco, G., 2013. Growth
parameters, innate immune response
and resistance to Listonella (V ibrio)
anguillarum of Dicentrarchus labrax
fed carvacrol supplemented diets.
Aquaculture Research, 45(1), pp.31-
44,

Waagbe, R. and Remgo, S.C., 2020.
Functional diets in fish health
management. In Aquaculture Health
Management (pp. 187-234).
Academic Press.

Wenk, C., 2003. Herbs and botanicals as
feed additives in monogastric
animals. Asian-Australasian Journal
of Animal Sciences, 16(2), pp.282-
2809.

Wondrak, G.T., Villeneuve, N.F.,
Lamore, S.D., Bause, A.S., Jiang, T.
and Zhang, D.D., 2010. The
cinnamon-derived dietary  factor

cinnamic aldehyde activates the
Nrf2-dependent antioxidant response
in  human  epithelial  colon
cells. Molecules, 15(5), pp-3338-
3355.

Wong, S. and Rawls, J.F., 2012.
Intestinal microbiota composition in
fishes is influenced by host ecology
and environment, 3100-3102.

Wu, Z.F., Zhu, B., Wang, Y., Lu, C.
and Wang, G.X,, 2011. In vivo
evaluation of anthelmintic potential
of medicinal plant extracts against
Dactylogyrus intermedius
(Monogenea) in goldfish (Carassius
auratus). Parasitology Research,
108(6), pp.1557-1563.

Wu, H., Jiang, K., Yin, N., Ma, X,
Zhao, G., Qiu, C. and Deng, G.,
2017. Thymol mitigates
lipopolysaccharide-induced
endometritis by regulating the TLR4-
and ROS-mediated NF-kB signaling
pathways. Oncotarget, 8(12),
p-20042.

Xavier, K.B. and Bassler, B.L., 2003.
LuxS quorum sensing: more than just
a numbers game. Current Opinion in
Microbiology, 6(2), pp.191-197.

Yang, C., Chowdhury, M.A., Huo, Y.
and Gong, J., 2015. Phytogenic
compounds as alternatives to in-feed
antibiotics: potentials and challenges
in application. Pathogens, 4(1),
pp-137-156.

Yatip, P., Teja, D.N.C., Flegel, T.W.
and Soowannayan, C., 2018. Extract
from the fermented soybean product
Natto inhibits  Vibrio  biofilm
formation and reduces shrimp
mortality from  Vibrio  harveyi


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

58 Kazempoor et al., A Review on the Application of Phytogenics as Feed Additives for Aquatic ...

infection.  Fish  and  Shellfish
Immunology, 72, pp.348-355.

Yegani, M. and Korver, D.R., 2008.

Factors affecting intestinal health in
poultry. Poultry Science, 87(10),
pp-2052-2063.

Yeh, R.Y., Shiu, Y.L., Shei, S.C.,

Cheng, S.C., Huang, S.Y., Lin, J.C.
and Liu, C.H., 2009. Evaluation of
the antibacterial activity of leaf and
twig extracts of stout camphor tree,
Cinnamomum kanehirae, and the
effects on immunity and disease
resistance  of  white  shrimp,
Litopenaeus vannamei. Fish and
Shellfish Immunology, 27(1), pp.26-
32.

Yin, G., Jeney, G., Racz, T., Xu, P.,

Jun, X. and Jeney, Z., 2006. Effect
of two Chinese herbs (Astragalus
radix and Scutellaria radix) on non-
specific immune response of tilapia,
Oreochromis

niloticus. Aquaculture, 253(1-4),
pp.39-47.

Yogeeswaran, A., Velmurugan, S.,

Punitha, S.M.J., Babu, M.M.,
Selvaraj, T., Kumaran, T. and
Citarasu, T., 2012. Protection of
Penaeus monodon against white spot
syndrome virus by inactivated
vaccine with herbal
immunostimulants. Fish and
Shellfish Immunology, 32(6),
pp.1058-1067.

Yoshida, T., Kruger, R. and Inglis, V.,

1995. Augmentation of non-specific
protection in African catfish, Clarias
gariepinus (Burchell), by the long-
term  oral  administration  of

immunostimulants. Journal of Fish
Diseases, 18(2), pp.195-198.

Yousefi, M., Ghafarifarsani, H.,

Hoseinifar, S.H., Rashidian, G. and
Van Doan, H., 2021. Effects of
dietary marjoram, Origanum
majorana  extract on  growth
performance, hematological,
antioxidant, humoral and mucosal
immune responses, and resistance of
common carp, Cyprinus carpio
against Aeromonas hydrophila. Fish
and  Shellfish  Immunology, 108,
pp-127-133.

Yu, M.C., Li, Z.J., Lin, H.Z., Wen,

G.L. and Ma, S., 2008. Effects of
dietary Bacillus and medicinal herbs
on the growth, digestive enzyme
activity, and serum biochemical
parameters of the shrimp Litopenaeus

vannamei. Aquaculture
International, 16(5), pp.471-480.

Yu, Y., Wang, Q., Huang, Z., Ding, L.

and Xu, Z., 2020. Immunoglobulins,
mucosal immunity and vaccination in
teleost fish. Frontiers in
Immunology, 11, p.2597.

Yuan, C., Pan, X., Gong, Y., Xia, A.,

Wu, G., Tang, J. and Han, X., 2008.
Effects of Astragalus polysaccharides
(APS) on the expression of immune
response genes in head kidney, gill
and spleen of the common carp,
Cyprinus  carpio L. International
Immunopharmacology, 8(1), pp.51-
58.

Zarkasi, K.Z., Taylor, R.S.,

Glencross, B.D., Abell, G.C.,
Tamplin, M.L. and Bowman, J.P.,
2017. In vitro characteristics of an
Atlantic salmon (Salmo salar L.) hind


https://anfsjournal.com/article-1-33-en.html

[ Downloaded from anfsjournal.com on 2026-06-17 ]

Aquaculture Nutrition and Feed Science 1(1) 2026 59

gut microbial community in relation
to different dietary
treatments. Research in
Microbiology, 168(8), pp.751-759.

Zhang, Q., Xu, D.H. and Klesius, P.H.,

2013. Evaluation of an antiparasitic
compound extracted from Galla
chinensis against fish parasite
Ichthyophthirius multifiliis.
Veterinary Parasitology, 198(1-2),
pp.45-53.

Zhang, R., Wang, X.W., Liu, L.L.,

Cao, Y.C. and Zhu, H., 2020.
Dietary oregano essential oil
improved the immune response,
activity of digestive enzymes, and
intestinal microbiota of the koi carp,
Cyprinus  carpio. Aquaculture, 518,
pp.734781.

Zheng, Z.L., Tan, J.Y., Liu, H.Y.,

Zhou, X.H., Xiang, X. and Wang,
K.Y., 2009. Evaluation of oregano
essential oil (Origanum
heracleoticum L.) on  growth,
antioxidant effect and resistance
against Aeromonas hydrophila in
channel catfish (Ictalurus
punctatus). Aquaculture, 292(3-4),
pp-214-218.

Zhou, L., Zheng, H., Tang, Y., Yu, W.

and Gong, Q., 2013. Eugenol
inhibits quorum sensing at sub-

inhibitory
concentrations. Biotechnology
Letters, 35(4), pp.631-637.

Zhu, X., Davis, D.A., Roy, L.A,,

Samocha, T.M. and Lazo, J.P.,
2013a. Response of Pacific white
shrimp, Litopenaeus vannamei, to
three sources of solvent extracted
soybean meal. Journal of the World
Aquaculture Society, 44(3), pp.396-
404.

Zhou, E., Fu, Y., Wei, Z., Yu, Y.,

Zhang, X. and Yang, Z., 2014.
Thymol attenuates allergic airway
inflammation in ovalbumin (OVA)-
induced mouse
asthma. Fitoterapia, 96, pp.131-137.

Zhou, S., Li, W.X., Wang, Y.Q., Zou,

H., Wu, S.G. and Wang, G.T., 2017.
Anthelmintic efficacies of three
common disinfectants and extracts of
four traditional Chinese medicinal
plants against Gyrodactylus
kobayashii (Monogenea) in goldfish
(Carassius auratus). Aquaculture,
466, pp.72-77.

Zilberg, D., Tal, A., Froyman, N.,

Abutbul, S., Dudai, N. and Golan-
Goldhirsh, A., 2010. Dried leaves of
Rosmarinus officinalis as a treatment

for streptococcosis in tilapia. Journal
of Fish Diseases, 33(4), pp.361-369.


https://anfsjournal.com/article-1-33-en.html
http://www.tcpdf.org

