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— ABSTRACT

Increasing pace in aquaculture development to meet the growing food requirements of the population

has greatly compromised the carrying capacity of the culture environment and has placed the aquacultured
animals at heightened risk of getting diseases due to pathogens. At present, chemotherapy is widely used as
means to prevent or treat infectious diseases in aquaculture; however, the use of these drugs poses multiple
negative impacts on fish and human health, as well as the environment. Recently, research initiatives are
focused on the use of plant products and their derivatives as a means of controlling diseases in aquaculture.
They are regarded as a promising alternative to the use of chemical treatments for infectious diseases in fish.
Plant-derived products or phytogenics have been shown to stimulate appetite and promote weight gain in
farmed animals, act as immunostimulants, and possess potent anti-pathogenic properties in fish. Their potency
is mediated by the presence of bioactive molecules including alkaloids, terpenoids, saponins, and flavonoids,
among others. Moreover, nutritional strategies are geared towards the use of these phytogenics in modulating
immune and physiological responses, as well as promoting optimum health and microbial community in
the gastrointestinal tract of fish. This review synthesizes the current knowledge on the use of phytogenic
feed additives in aquaculture by focusing on how these substances act as modulators of health and bacterial

community in the gut of fish.
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1. INTRODUCTION

here is a growing interest in developing various

feed formulations and feeding strategies that

can stimulate the development and health
status of the gut in fish as well to modulate the
microbial community in the gastro-intestinal tract.
These strategies are aimed towards improvement in
aquaculture productivity. As intensification proceeds,
varjous diseases and health issues are critical in an
aquaculture facility. It is widely known that disease
outbreaks in an aquaculture site are due to several
factors, which are related to the husbandry and the
prevailing environmental conditions. As a result,
aquacultured fish are becoming more susceptible to
both pathogenic and opportunistic bacteria.

The use of antibiotics and
chemotherapeutants for the treatment and
prophylaxis in intensive aquaculture is losing its
popularity because of their negative impacts to the
host and to their immediate environment. As a result,
several studies on the interactions between growth
and immunity in fish, as well as the development of
environment-friendly alternatives to antibiotics that
would keep the fish healthy, are being conducted.
More specifically, studies on the development of
probiotics and natural immunostimulants have
increased, as well as improvements on technological
knowledge for the treatment of both infectious and
non-infectious diseases are gaining much attention
and support as tools for fish health management
(Bondad-Reantaso et al. 2005). With restrictions on
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the use or total ban of using dietary antibiotics, there
should be a need to explore novel ways of improving
and protecting the health status of farmed animals,
enhancing their growth performance, and increasing
bioavailability of nutrients. This can be attained by
provision of optimum conditions when rearing the
animals, as well as combining the best pronutrients
that are supplemented in the feeds of the animals
(Rosen 1996). In addition, the demand for the global
production of food that is safe to consumers and does
not have issues on public health has triggered the
search for alternative natural growth promoters or
additives that can be incorporated in the manufacture
of feeds for aquatic animals. Increased research
undertakings towards the development of novel
dietary supplements and new feeding strategies are
now being implemented that can promote optimum
health and good growth in fish. A diverse array of
feed enzymes, probiotics, prebiotics, organic acids,
and phytogenics are used as feed additives for
aquaculture and their effects have been assessed in
some laboratory studies (Sethiya 2016). Among these
feed supplements, various phytogenics that are used
as additives for the animal feed industry have gained
considerable attention in recent years (Windisch et
al. 2008; Upadhaya and Kim 2017). Unlike synthetic
antibiotics, these additives are free from residues and
are generally considered as safe to be incorporated as
ingredients in the food industry, as well as in animal
diets (Hashemi et al. 2008; Li et al. 2016).

This review presents and evaluates existing
knowledge on the use of phytogenics and their
biological actions in relation to mucosal health
in fish that are being utilized in aquaculture.
While most of the previous studies on plant-based
materials concentrated on developing alternative
feed ingredients and their effects on growth and
immunity in fish, this present review focused on
the beneficial effects of these phytogenics as feed
additives on gut health and the microbial community
in the gastrointestinal tract of the fish, the two areas
that are relatively new in the study of fish nutritional
immunology. Future perspectives on the expansion of
this commodity as a feed additive in aquaculture are
also discussed in this paper.

2. CLASSIFICATION OF
PHYTOGENICS

Plants contain a diverse range of low-

molecular weight secondary metabolites, and these
compounds serve several functions: they enable the
plants to interact with the environment and to act as
a defense against physiological and environmental
stressors, predators, and pathogens (Sethiya 2016).
While some of these metabolites possess toxic
substances, most of these secondary metabolites
have been reported to demonstrate beneficial effects
in animal metabolism when used as feed additives.
In recent years, the feed industry for both terrestrial
and aquatic animals has been aware that various plant
extractsare able to play significant roles in the nutrition
and health of the animals (Sethiya 2016). As a result,
there are many plants that have been tested and were
found to exhibit beneficial effects on farmed animals
when used as feed additives (Huyghebaert et al. 2011).
In addition, most of these plant-derived substances
are regarded as safe for animals, the consumers, and
the environment (Liu et al. 2011; Pavela 2015).
Phytogenics are plant-derived, natural
compounds that are incorporated in the diets,
which can enhance animal productivity. Plant-
derived products have been reported to possess
beneficial properties including: anti-stress, appetite
stimulation, growth promotion, immunostimulation,
and anti-pathogenic properties in fish and shrimp
aquaculture due to the presence of several bioactive
substances such as alkaloids, flavonoids, glycosides,
phenolics, saponins, tannins, terpenoids, steroids, and
essential oils (Citarasu 2010; Chakraborty and Hancz
2011; Reverter et al. 2014; Hashimoto et al. 2016).
Moreover, their use are believed to reduce the costs
in the treatment of diseases and are perceived to be
more environment-friendly than synthetic substances
because they are biodegradable and are less likely
to produce drug resistance in pathogens due to the
high diversity of these plant extracts (Blumenthal et
al. 2000; Logambal et al. 2000; Olusola et al. 2013).
Because of the many benefits of these plant-derived
products, they have been used in food preservation,
pharmaceuticals, alternative medicine, and natural
therapies for many years (Jones 1996; Lis-Balchin
and Deans 1997). Various herbs possess potent
antimicrobial and antiviral properties (Smith-Palmer
et al. 1998; Hammer et al. 1999) and are reported to
stimulate the immune system (Chang et al. 1995; Barak
et al. 2001). These plant products can be categorized
on the basis of their physical characteristics and
appearance. For example, essential oils, crude or
processed parts of the plant as well as mixtures of
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plant powders or extracts are used in preventing and
treating various infectious diseases of both terrestrial
and aquatic animals (Sethiya et al. 2013; Dhama et al.
2015). In addition, they can also be classified on the
basis of their growth habits (Asimi and Sahu 2013),
and can be categorized either as a tree, shrub or a herb.
The differences among them are the following: a tree
stands on the stem; a shrub has multiple stems that
form a bush. On the other hand, a herb does not have
a firm stem but a flexible fleshy structure, which does
not have the woody hard part as what is found in a
tree or a shrub. In the last few years, the feed industry
has recognized the vast potential of these plant-
derived substances either as feed ingredients or feed
additives for farmed animals. As a result, the following
phytogenic substances are commonly utilized as feed
additives: herbs, spices, essential oils, and non-volatile
extracts (Steiner and Syed 2015). Botanicals or herbal
extracts as well as essential oils (EQ) are within
the scope of European legislation; thus, they are
categorized as ‘sensory additives’ (Steiner and Syed
2015). On the other hand, unprocessed herbs are still
considered as feed materials; hence, they do not need
any authorization prior to be used in the preparation
of feeds (Huyghebaert et al. 2011).

Some of the commonly used plants as sources
of phytogenics and are used as feed additives for the
production of livestock and fish are listed in Table 1.
The inclusion of these plants and their effects in the

gut and in the digestive process are highlighted.
3. EFFECTS ON FISH GUT HEALTH

The term ‘gut health’ is currently gaining
much attention in the animal production industry
and this encompasses all the mechanisms and
processes that take place in the gut (Cummings et
al. 2004; Laudadio et al. 2012). The term is usually
confined to the gastro-intestinal (GI) tract of the host
and does not involve other organs (Bischoff 2011).
The gut is the primary site for a number of important
functions including, digestion, fermentation, nutrient
absorption and metabolism, intestinal integrity,
and immune regulation (Sommer and Backhed
2013). It is mainly composed of physical, chemical,
immunological, and microbiological components,
thereby acting as a selective barrier between the host
and its immediate environment (Yegani and Korver
2008). It is reported that when the gut is exposed to
harmful and infectious agents or pathogens, this
causes an imbalance in the host that will result in
sudden changes in the feeding activity, intestinal
disorders, and suppression of the immune responses
that can lead to a decrease in animal productivity
(McDevitt et al. 2006).

There have been increasing scientific
evidence that enable us to understand the effects of
phytogenics based on studies that were conducted

Table 1. Selected plants that are used as phytogenics, which have effects on the digestive process in animals.

English name Scientific name Useful part Active substance Reference
Nutmeg Muristica flagrans seed Sabinene Asimi and Sahu (2013)
Cinnamon Cinnamomum sp. bark Ammameldehyde Da Silviera et al (2011)
Clove Syzygium aromaticum cloves Eugenol Seongwei et al (2009)
Capsicum Capsicum annum longum fruit Capsaicin Ling et al (2012)
Ginger Zingiber officinale rhizome Zingerole Talpur et al (2013)
Pepper Piper nigrum fruit Piperine Asimi and Sahu (2013)
Garlic Allium tuberosum bulb Allicin ‘Wei and Musa (2008)
Rosemary Anibarosaedora leaves Cineole Da Silviera et al (2011)
Thyme Thymus vulgaris whole plant Thymol Asimi and Sahu (2013)
Sage Salvia apiana leaves Cineole Asimi and Sahu (2013)
Peppermint Mentha piperita leaves Menthol Asimi and Sahu (2013)

Adapted from Asimi and Sahu (2013).
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in monogastric animals (Steiner and Syed 2015).
The possible effects of these plant-based additives to
gut health and microbial community of the host are
summarized in Figure 1 and may also be observed
in aquatic animals. Humphrey and Klasing (2003)
stressed that the effects of phytogenics on gut
health can be any of the following: (a) antimicrobial
action, (b) reduction of the incidence and severity
of infections, (c) reduction on the microbial use of
nutrients, (d) improvement in absorption of nutrients,
(e) reduction in the production of growth-depressing
metabolites, (f) modulation of gut microbiota, and
(g) inhibition in the production of pro-inflammatory
cytokines by immune cells in the gut. An increase in
the digestibility is considered to be the major effect
of phytogenics in farmed animals, as these substances
aided in the improvement of feed conversion. The
different biological parameters that are affected by
these phytogenic feed additives include: increased
secretions of digestive enzymes, modulation of the
immune responses, changes in the villi morphology,
and enhanced utilization of nutrients (Steiner and
Syed 2015). All these parameters eventually result
in a better growth performance of the animals. The
above-mentioned biological parameters are not to be
treated independently, rather they must be seen as
interrelated with one another. Steiner and Syed (2015)
postulated that the positive effects of these phytogenics
on the morphology of the tissues and villi of the
small intestines favored in the increased digestibility
of nutrients. Furthermore, a more stable intestinal
microbiota could be responsible in the reduction of

microbial metabolite levels in the digestive tract; thus,
putting less metabolic burden to the immune system
and increasing available energy for growth.

It has been reported that herbs, spices, and
their extracts can stimulate appetite and digestive
enzymes in monogastric animals (Wenk 2003; Liu et
al. 2011). The stimulation of digestive secretions and
mucus, as well as the enhancement of digestive enzyme
activities, are believed to be the major modes of
nutritional action of these phytogenics in monogastric
animals (Platel and Srinivasan 2004). For example,
essential oils that were used as feed additives resulted
in the increased activities of trypsin and amylase in
broilers (Lee et al. 2003; Jang et al. 2004). Similarly,
higher amylase, lipase, trypsin, and chymotrypsin
activities were observed in weaned piglets fed herbal
additives (Zhu et al. 2002). Herbal feed additives were
also reported to stimulate the secretion of intestinal
mucus in broilers that resulted in the lower adhesion
rates of pathogens (Jamroz et al. 2006).

The beneficial effects of these plant-based
additives were also observed in aquatic animals
(Citarasu 2010; Asimi and Sahu 2013). Because of
their beneficial effects, several of these plants have
been used as phytogenics as feed additives to improve
gut health as well as to enhance digestion in fish in
order to improve growth performance. The active
ingredients of these herb and spices in the diets are
able to induce the secretion of the digestive enzymes
that will stimulate the appetite; thus, increasing
food consumption and conversion efficiencies. For
example, Nile tilapia (Oreochromis niloticus) that were

Phytogenics as Feed Additives
for Aquaculture
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Figure 1. Possible effects of phytogenics in the gut of fish when used as feed additives. Adapted from Steiner and Syed (2015).
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fed diets supplemented with a mixture of digestive
herbal extracts and natural emulsifying agents had
better feed conversion and protein efficiency than fish
fed control diets that did not contain the mixtures
(Ceulemans et al. 2009). Hot spices from peppers
(e.g. capsaicin and piperine) and other essential oils
containing cinnamaldehyde stimulated amylase
production (Steiner and Syed 2015). Increased
enzyme production can result in improvements in
digestibility and availability of nutrients from these
feedstuffs (Chesson 1987). Moreover, a reduction in
the amount of undigested materials that pass into the
large intestines will consequently decrease the amount
of substrate that will be utilized by pathogenic bacteria
for proliferation. Another phytogenics, Livol (IHF-
1000), which is a herbal growth promoter that contains
plant ingredients such as Bohaevia diffusa, Solanum
nigrum, Terminaelia arjuna, Colosynth, and black
salt has been demonstrated to significantly improve
digestion that led to better growth, production, and
health in a number of cultivable fishes (Shadakshari
1993; De Bolle et al. 1996; Jayaprakas and Euphrasia
1996). Maheshappa (1993) also studied the effects of
Livol (IHF-1000) on rohu, Labeo rohita. Fish fed Livol-
incorporated diet had enhanced digestive enzyme
activity, which led to increased feed consumption.
Aside from fish, phytogenics had beneficial effects
on crustaceans. Papaya leaf meal increased protein
digestion, food conversion ratio, and growth when fed
to Penaeus monodon postlarvae (Penaflorida 1995). In
addition, P. monodon post-larvae fed with Artemia
that has been enriched with ginger, Zingiber officinalis,
showed significant production of digestive enzymes
(amylase, protease, and lipase), as well as better feed
conversion efficiency (Venketramalingam et al. 2007).
Aside from the antibacterial properties of onion and
walnut leaf residues, Bello et al. (2012) observed an
increase in the body weight of fish when their diets
were supplemented with these plant additives. It
was suggested that the increased digestive activity
enhanced the production of vitamins, co-factors, and
enzymes that resulted in good growth performance.
Furthermore, an investigation of the intestinal villi of
the fed fish showed increased villi height and width
as well as cryptal depth that could be responsible in
greater capacity for the absorption of nutrients (Bello
et al. 2012). It cannot be ruled out that both onions
and walnut leaves are rich in growth stimulants such
as flavonoids, thiosulfinates, alkaloids, and tannins
(Azu and Onyeagba 2007; Bello et al. 2013). Table 2a
shows a summary of the effects conferred by these
various phytogenics in fish gut health.

4. EFFECTS ON FISH GUT
MICROFLORA

The gastro-intestinal tract of the fish is
colonized by bacteria immediately after hatching,
and the microbial community is influenced by both
the surrounding environment and some endogenous
factors (Balcdzar et al. 2006; Sutili et al. 2018). In
the early stages of fish development, the microbial
community in the gut is very dynamic and this
usually coincides when the immune system is starting
to develop (Rombout et al. 2011). The presence of
different bacterial profiles in the gastrointestinal tract
of the fish is due to the emergence of a complex and
dynamic community of intestinal microbiota, which
is influenced by the diversity in the dietary habits
and the environment of the fish (Austin 2006; Wong
and Rawls 2012). This bacterial community and
the metabolites that they produce have significant
impacts on the health status of the host by modulating
the immune system and other aspects of metabolism
(Bento et al. 2013; Lazado and Caipang 2014).

The gut microbiota of fish is influenced
by genetic, nutritional, microbiological, and
environmental factors (Gomez and Balcazar 2008),
and an imbalance in the gut microbiota of the host
as a result of changes in the diet or the environment
is detrimental for the growth performance and health
of the animal (Steiner and Syed 2015). On the other
hand, an ideal and stable gut microbiota favors
optimum growth performance (Schaedler 1973). One
of the factors that can influence gut microbiota is the
diet of the host. The diet may alter microbial diversity
in the gastrointestinal tract, which may have a crucial
effect in the metabolism of the host (Ley et al. 2008).
Plant-based feed additives have the ability to exert
a prebiotic-like effect on the gastro-intestinal tract
as well as to modulate the gut bacterial community
(Laparra and Sanz 2010).

There are limited studies that demonstrate
the effects of phytogenics as feed additives on the
gut microbiota in fish because earlier studies have
focused on the effects of these various plant materials
as feed ingredients rather than as feed additives on
the microbial communities of the fish gut (Ringe et
al. 2008; Silva et al. 2011; Reveco et al. 2014; Zarkasi
et al. 2017). Some of these plant ingredients contain
anti-nutritional factors that hinder protein digestion
in the host even if they have high carbohydrate and
protein levels. For example, it was demonstrated
that the inclusion of soybean meal in the diet of
the fish contributed to the increased abundance
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Table 2. Dietary inclusion of phytogenics and its effects on (A) fish gut health and (B) gut microflora.

Source of phytogenics

Species of fish

Effects

A. Effects on gut health
1. mixture of herbal extracts

2. Livol (IHF-1000). a
herbal growth promoter that

contains plant ingredients

3. Ginger. Zingiber
officinalis

4. Onion, Allium cepa

5. Walnut leaf residues.
Tetracarpium conophorum

6. carvacrol and thymol

7. American basil. Ocimum
americanum

B. Effects on gut
microflora

1. various Chinese herbs

2. Oregano. Origanum
vulgare (carvacrol);
Thyme, Thymus vulgaris
(thymol)

3. American basil. Ocimum
americanum

Nile tilapia, O. niloticus
various fish species:
rohu. Labeo rohita

Asian sea bass. Lates
calcarifer

African catfish. Clarias
gariepinus

African catfish. Clarias
gariepinus

rainbow trout,
Oncorhynchus mykiss

red drum, Sciaenops
ocellatus

common carp, Cyprinus
carpio

rainbow trout,
Oncorhynchus mykiss

tilapia hybrid (O. niloficus
x O. aureus)

red drum, Sciaenops
ocellatus

better feed conversion efficiency and protein
efficiency

increased activity of digestive enzymes
increased production of digestive enzymes:

amylase. protease and lipase; better feed
conversion efficiency

increased production and activity of
digestive enzymes:
increased villi height and width

increased activity of digestive enzymes;
increased villi height and width

improved anti-oxidant status in the gut

increased stomach pH after feeding

presence of higher populations of useful
bacteria, e.g.. Bacillus spp.

increased intestinal load of Lactobacillus
Spp-

alteration in gut microbiota

no significant effect on intestinal microbial
community

of the microbial community and its diversity in
the gut (Ringe et al. 2008). However, when used as
a feed additive it is unclear whether these plant-
based substances will exert a similar effect on gut
microbiota. In spite of the scarcity of research studies
along this line, there were some initiatives on testing
the beneficial effects of using various herbs as feed
additives for fish. Liu et al. (2004) added various

Chinese herbs to carp diets and observed the presence
of higher populations of useful bacteria such as
Bacillus spp., while reducing the populations of
Aeromonas, Plesiomonas, Pseudomonas, Vibrio, and
Enterobacter. In a study by Giannenas et al. (2012)
on the effects of supplementation with phytogenics,
thymol, and carvacrol on the intestinal microbiota and
anti-oxidant status of rainbow trout, Oncorhynchus
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mykiss showed that Lactobacillus loads were higher
in carvacrol-fed group compared with the control.
Moreover, both phytogenics significantly improved
antioxidant status in the fish. The authors concluded
that additional work is needed using molecular tools in
order to identify with increased precision the bacterial
species that are mostly affected by these phytogenics
and how those changes in the bacterial profile will
impact the health status of the fish or how will the fish
resist various pathogens. Similarly, Ran et al. (2016)
tested the effects of a commercial mixture of thymol
and carvacrol as feed additives for hybrid tilapia (O.
niloticus x O. aureus). After 6 weeks of feeding, there
was a significant change in the gut microbiota of the
fish. Using denaturing gradient gel electrophoresis
(DGGE) analysis, Sutili et al. (2016) evaluated the
effects of essential oils from American basil, Ocimum
americanum on the intestinal microbiome in red drum,
Sciaenops ocellatus, following oral administration
together with the feeds. Navarrete et al. (2010) also
evaluated the effects of a diet supplemented with
essential oils derived from Thymus vulgaris on the
bacterial composition of the gut in rainbow trout,
Oncorhynchus mykiss, using temperature gradient
gel electrophoresis analysis (TGGE). In both studies,
the phytogenics did not affect the population of the
gut microbiota in the host. A summary of the effects
on fish gut microflora following dietary inclusion of
these phytogenics is shown in Table 2b.

In these previous studies, the mechanisms
and interactions of these phytogenic feed additives
in the gastrointestinal tract of the fish have not been
clearly elucidated. For example, there are bioactive
molecules and extracts from plants that are sensitive
to acidic environment and digestive enzymes during
passage along the gastrointestinal tract (Zhang et al.
2016). This was not demonstrated whether there was
degradation and/or absorption of these phytogenic
feed additives along the different regions of the
digestive tract. It was not also shown at which sites
of the gut are these phytogenic additives are absorbed
considering that phytogenics are so diverse and each
phytogenic molecule could be targeted by certain
regions of the gut. The phytogenic compounds could
be broken down and absorbed in the upper region of
the digestive tract before reaching their optimum site
of action; hence, it is necessary that these compounds
are protected from gastric absorption (Kohlert et al.
2000; Michiels et al. 2008; Zhang et al. 2016). The
use of phytogenics as feed additives will likely have a
negligible effect on the bacterial composition in the
gut of the fish if sub-optimal doses of the phytogenics

are incorporated in the diets. It is also postulated
that such conditions would take place in relation to
the stability and interaction of the phytogenics with
environmental factors, type of food, and the host
(Sutili et al. 2018).

5. FUTURE PERSPECTIVES

It is evident that phytogenics and their
active components are able to affect the gut health
as well as to modulate the intestinal microbiota of
the fish; thus, they are good candidates to be used
as health-promoting agents in aquaculture. Most of
the published studies demonstrated that phytogenics
can change the microbiome of the gut of the fish, but
the benefits to growth and/or systemic immunity
were not clearly established. Based on available
literature, an illustration of the effects on gut health
and microflora in fish following dietary inclusion of
various phytogenics is shown in Figure 2. The in vivo
effects of dietary inclusions with these phytogenics in
fish remain controversial (Sutili et al. 2018) largely
because their modes of actions are largely dependent
on these factors including, the methods of extraction,
the concentration of the additives, manner of delivery
and storage conditions before feeding. The beneficial
properties and efficiency of these phytogenic feed
additives in impacting the health of the fish are
largely dependent on the part of the plant that was
used as raw material, the method of extraction, and
the concentration of the extract (Reverter et al. 2014).
Although there were some studies that provided
details on the multiple modes of action and potential
application of phytogenics in aquaculture, there have
been very few initiatives to standardize the extraction
procedures, the dosages to be incorporated in the
feeds, and the mode of application for each phytogenic
substance. Delivery of the phytogenics in fish as well
as in crustaceans via injection might be the most rapid
way of administration; however, this technique is
laborious and stressful for the host animal, especially
for juveniles. Hence, oral administration seems to be
the most viable and suitable method of application
(Yoshida et al. 1995). In addition, the effects of these
phytogenic feed additives on fish and crustaceans
are observed in a dose-dependent manner, and most
often there is a tendency to use these substances in
high doses. As such, it is important that the effective
concentration of the phytogenics to be incorporated
in the feeds has to be determined accurately (Kajita
et al. 1990; Harikrishnan et al. 2011). Initiatives
on quantifying and characterizing the chemical
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Effects on gut health:

1. Better feed conversion and protein efficiency

2. Increased production and activity of digestive
enzymes

3. Increased villi height and width

4. Increased stomach pH after feeding

5. Improved anti-oxidant status in the gut

Phytogenicsin feed

Effects on gut microflora:

1. Higher population of beneficial bacteria
in the gut
2. Alteration in diversity of gut microflora

Figure 2. Influence of phytogenics on gut health and gut microflora in fish based from published studies.

components of these phytogenics should be carried
out in order to identify the bioactive substances that
are responsible for the direct beneficial effect, and
thus will ensure the formulation of standard protocols
on the procedures of extraction, the optimum dose to
be used, and how the substance will be delivered to
the fish and crustaceans (Reverter et al. 2014). Further
studies need to be undertaken in order to gain a
deeper understanding on the manner by which these
phytogenicsact on toboth pathogenic microorganisms
and the normal microflora of the gut in order to grasp
a clearer knowledge on their impacts on the host and
to the environment as well. Moreover, phytogenics
may exhibit greater effects to the host because of
their wide chemical diversity, and they could elicit a
greater range of interactions among the individual
components due to the presence of multiple potential
action sites. It is also worthwhile to consider that the
feed ingredients and the manufacturing process may
interfere with the stability of these phytogenic feed
additives during the feed manufacturing process. This
in turn could have profound effects on the immune
responses in the gut and also on the dynamics of the

microbial community in the gut of the fish.

Lastly, it should be emphasized that the
gastrointestinal system in vertebrates is a well-
organized and very complicated micro-ecosystem in
itself (Yangetal.2015),and is predominantly composed
of epithelial cells, the mucosal immune system, and
its associated microbial community, which could
either be composed of pathogenic or non-pathogenic
bacteria. Any change that disrupts this balance would
likely result in the alteration of gut functions, which
can affect gut health and may undermine thel growth
and well-being of the cultured animals. As described
in the preceding section, phytogenic feed additives
possess multiple functions that include antimicrobial
and antioxidant activities as well as digestion- and
immune-enhancing properties. It is crucial to know
the specific effect and the potential target site of each
phytogenic compound and to determine whether such
effects will be directed towards the gut of the host or
to its gut microbiota. This information is vital as this
will facilitate the manner by which these phytogenic
compounds are incorporated in the feed.
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In conclusion, phytogenic feed additives
are composed of a wide array of active ingredients
and they constitute as one of the most promising
alternatives to antibiotics in aquaculture. However,
their utilization in aquaculture has been limited due
to their inconsistencies on the effects on the growth
and systemic immunity of the host, as well as the lack
of a thorough understanding on their modes of action
especially in gut health and gut microbiota. A clearer
understanding on the effects of these phytogenic feed
additives to aquatic organisms should focus on these
important aspects: gut physiology and immunology,
gut bacterial community, and the interplay between
the gut and the microbiota. Elucidation on how these
factors affect one another will facilitate the optimum
use of these phytogenic feed additives in achieving
an economically sound and sustainable production
in aquaculture. Finally, even though phytogenic feed
additives are generally regarded as safe, the potential
risks on their application to the cultured fish and
to public health need to be carefully evaluated and
monitored in the interest of food safety issues.
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