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Abstract. Phytogenics are plant-derived natural compounds in the diets that aim to improve
animal production. Several of these plant-derived substances have been tested in various
aquaculture fish species particularly on their effects on growth and systemic immune response.
Most of the previous studies demonstrated positive effects in improving growth, lowering the
feed conversion ratio (FCR) and modulating the various immune response parameters in fish.
While nutritional strategies are mostly designed towards the use of plant-based materials as
feed ingredients or partial substitutions for the more expensive fish meal in the fish diets,
recent initiatives have been targeting the use of these phytogenics as feed additives. The tissues
and organs of the digestive system are the ones that have close contact with the phytogenic
additives once these are ingested by the fish. Once, digested and absorbed, these substances are
distributed throughout the body where they affect the physiological conditions of the fish,
including its ability to provide resistance against various infectious diseases. The present work
provides a short review on the effects during dietary administration with these phytogenics on
gut health and disease resistance in fish. A synthesis of available information on these
biological aspects in fish will provide a platform towards developing functional feeds in
aquaculture.

1. Introduction

The shift of aquaculture operations towards intensification has placed tremendous pressure on the fish
capture industry, which serves as the major source of fish and shrimp meal in the production of feeds
for aquaculture species. There are several altematives to the use of fi§fJor shrimp meal as feed
ingredients and one of them is the utilization of the plant resources. The use of plants as feed
ingredients in the formulation of feeds for aquaculture offers the following advantages: these provide
the #3ded nutrients requirements of the fish and do not have deleterious effects to the environment
[1]. Studies on the use of plants as protein sources for aquaculture feeds have been conducted and
vielded promising results [1, 2]. While most of these plant materials have been used as feed
ingredients in the formulation of aquafeeds, plant wastes and by-products also show potential as main
components of these aquafeeds [3].

Aside from being tapped as feed ingredients in the production of aquafeeds, plant materials are
also good sources of bioactive compounds that are incorporated in the diets as feed additives. These
plant-based additives resulted in improved health and growth performance of various aquacultured
species [4]. THEmerging popularity of using phytoadditives is brought about by the fact that the
indiscriminate use of antibiotics either for the treatment of diseases or as feed additives in animal
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production has raised conceijparticularly gthe emergence of antibiotic resistance in some human
pathogenic bactdfij [5, 6], the release of residues that contaminate the environment [7] and the
potential risk on the presence of antibiotic residues in foods of animal origin [6]. Phytogenics, on the
other hand, of natural origin, free from residues and are generally considered as safe when
incorporated in the diets of animalgihat are used in food production [8].

This brief review focused on the beneficial efff of phytogenics as feed additives on gut health
and disease resistance in fish. The direct effects on the health of the gastrointestinal system of the fish
in terms of the immune responses and dynamics of the microbiota in the host are presented. The roles
of these phytoadditives in providing protection to the fish during infection with various pathogens are
also discussed. These two areas, gut health and disease resistance, are crucial in any aquaculture
operations as these address issues on sustainability and production. Future research directions on the
expansion of these important areas in aquaculture by exploring the mechanisms of actions of these
phytoadditives and their potential application to the development of the feed industry in aquaculture
are also highlighted in this paper.

2. Characteristics of phytogenics

Plants produce a wide array of secondary metabolites that function as defenses against a number of
physiological and environmental gEJessors [9]. Some of these secondary metabolites are toxic, but
there are certain groups that have beneficial effects to the farmed animals when used as feed additives
[10] and consequently safe for human consumption. Moreover, these metabolites do not produce
residues that couffEharm the environment [11, 12].

Phytogenics are plant-derived products that are incorporated to the feed with the aim of enhancifgg)
health status and improving growth of animals that are intended for food production. These are used as
additives in the production of feeds for livestock, and recently these are being utilized in the
manufggture of feeds for aquaculture [13]. Inspite of the popularity of using phytogenics in animal
diets, the results from earlier studies have mostly been inconsistent and the mechanisms and modes of
action are still inconclusive [14, 15, 16]. However, given the limitations in our understanding of the
exact mechanisms of phytogenics in animals, these plant-based products are thought to possess the
following beneficial properties: these products EBje antioxidant, anticarcinogenic, analgesic,
antimicrobial, insecticidal and antiparasitic effects; can be used as growth promoters and appetite
stimulators; and can trigg@P8he secretion of bile and other digestive enzymes [17, 18,19].

Phytogenics include a wide range of substances and can be classified according to botanical
origin, processing, and composition [20]. Figure 1 shows the classification of phytogenics that are
utilized as phytoadditives for feeds in aquaculture. Phytogenics can be categorized either as:
botanicals, which includeErbs and spices, or as plant extracts, which include essential oils and
oleoresins [21, 22]. Herbs non-woody flowering plants with medicinal properties; spices, are also
herbs but have intense smell or taste and are commonly added to human food. Essential oils are
aromatic oily liquids, which are derived from plant materials such as flowers, leaves, fruits, §id roots;
while, oleoresins are plant extracts which are extracted using non-aqueous solvents. With the
identification of the active components of these phytogenic compounds (Table 1) and with progresses
being made in the acquisition(Eff relevant information to clucidate their modes of action in both
terrestrial and aquatic animals, the use of phytogenics as an altemative to antibiotics in animal diets
looks promising in the future [24, 25].

[¥]
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Figure 1. Sources of phytoadditives for feed in aquacualture.
Modified from Jacela et al [20].

Table 1. Selected phyvtogenic feed additives and their active components that are being
used m amimal diets,

doi:10.1088/1755-1315/695/1/012024

English name Scientilic name Plant part Active substance
Banana Miisa sp. roots and peels Anthocyvanading
Capsicumn Capsieum auninlongm fruit Capsaicin
Cinnamon Cinnamonnan sp. bark Ammameldehyde

Clove Svzvginm aromaricum cloves Eugenol
Coffee Coffea arabica fruit shells Caffeic acid
Garlic Allium tuberosum buld Allicin
Ginger Zingiber officinale rhizome Zingerole
Nutmeg Mwrustica flagrans seed Sabinene
Omnion Allium cepa bulb, leaves Allyl propyl sulphide
Oregano Origanum sp. leaves Carvacrol. thymeol
Papaya Caiica papava leaves and peels Papain
Pepper Piper nigrum fruit Piperine
Rosemary Anibarosaedora leaves Cineole
Sage Salvia apiana leaves Cineole
Thyme Thyrus vulgaris whole plant Thymol
Turmeric Curcumalonga thizome Curciunin

Modified from Asimi and Sahu [23] and Capang et al [1]

3. Impacts on gut health
The gut functions as the site of absorption of nutrients as well as for the secretion of some immune-
response substances and as a protective barrieffainst infectious agents [26, 27]. Aside from its role in
digestion, the epithelial cells of the gut serve as “watch dogs” of the immune system [27] as they can
trigger the host’s innate and acquired immune responses by activating cytokine production [28, 29].
When the gut is exposed to pathogens, this causes disruption in the feeding activity, intestinal
disorders, and suppression of the immune responses that will result in physiological imbalance in the
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host [30]. Once the normal functioning of the host is altered, metabolism is affected, which could lead
to ifffairment of growth and reduction in productivity.

The effects of the phytoadditives in the gut health of fish are discussed in the context of the
immune responses and the dynamics of the microbial population in the gastrointestinal system of the
aquacultured fish. In monogastric animals, phytogenics influenced gut health in these following ways:
(a) increased antimicrobial activity, (b) reduced infections, (c¢) reduced nutrient utilization of microbes,
(d) improved nutrient absorption, (e) reduced production of growth-depressing metabolites, (f)
regulated gut microbiota, and (g) suppressed production of pro-inflammatory cytokines [31]. There is
[EAcreasing evidence that some, if not all of these mechanisms are also exhibited in the gut of fish [32].
The addition of herbs, spices or their extracts in the diets of monogastric animals stimulated appetite
and increased production of digestive enzymes [[fj) 33]. Similar observations were also noted in fish
[13, 23]. Nile tilapia, Oreochromis niloticus fed diets supplemented with a mixture of herbal extracts
and emulsifying agents showed better feed conversion rate and protein efficiency than those fed
without the herbal extracts [34]. Feeds containing extracts fr@h pepper and cinnamon stimulated
amylase production [35]. A commercial phytogenics product, Livel (IHF-1000), which is a herbal
growth promoter that contains plant ingredients including Bohaevia diffusa, Solanum nigrum,
Terminaelia arjuna, Colosynth, and black salt significantly iffffroved digestion in cultivable fishes
[36, 37, 38]. The inclusion of onion and walnut leaf residues in the diets of African catfish, Clarias
gariepinus led to an increase in growth brought about by enhanced digestive activity and increased
villi height, width cryptal depth that facilitate@reater capacity for the absorption of nutrients [39].
Supplementation with carvacrol and thymol in the diets of rainbow trout, Oncorhynchus mykiss
resulted in improved anti-oxidant activity [40], while diets added with essential oils from American
basil, Ocimum americanum increased the stomach pH in red drum, Sciaenops ocellatus after feeding
[41].

In terms of the effects of phytogenics in the gut microbiota of fish, there were studies that clearly
demonstrate the changes in microbial composition, which eventually resulted in the stabilization of the
populations of the beneficial microbes in the gut of the fish [32]. Although such studies are few, fish
nutritionists are becoming more aware that the diet has a crucial role in altering microbial diversity in
the gastrointestinal tract, which may have an effect in the metabolism of the host as shown in
terrestrial animals [42]. It is expected that more research initiatives along this interesting field will be
carried out in the future. Nevertheless, results from previous studies demonstrated that, for example,
higher loads of beneficial bacteria, Bacillus spp., colonized and became more established in the gut of
carp when their dieffijvere supplemented with various Chinese herbs [43]. Similarly, higher loads of
Lactobacillus spp. were observed in the gut of rainbow trout fed diets containifffJ carvacrol [40].
Incorporation of a commercial essentidlfbil feed additives, that were extracted from a mixture of garlic
and labiate-§EInts, in a low fishmeal &ad fish oil diets of European sea bass, Dicentrarchus lab
exhibited a reduction of coliforms and Vibrionales bacteria in the gut of the fish [44], although no
significant differences were observed in growth, feed conversion ratio and production from the @@htrol
group. The exact mechanisms on how these various phytogenic feed additives contribute in the
EBliferation of beneficial bacteria in the gastrointestinal tract of the fish are not fully known; thus,
further studies are needed to clucidate the relationship between the phytogenics and the gut
environment. As experimental evidence on the phytogenics-gut interaction in fish continues to
progress, this will contribute towards improving our understanding on why phytogenic feed additives
favour the proliferation of beneficial microbes instead of the pathogenic ones in the gastrointestinal
tract.

4. Influence on disease resistance

There are a numfllk of comprehensive reviews that report on the wide range of bioactivities exhibited
by phytogenics in the prevention or treatment of infectious diseases in fish [e.g., 13, 45, 46]. The
efficacy of these phytogenics in providing protection against infections in fish is largely dependent on
the plant part or raw materials, the extraction methods and the concentration of the phytoadditives that
were used in the diets [45]. Various fish species had improved resistance following infection with
Aeromonas hydrophila when given feeds supplemented with phytogenic additives obtained from
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garlic and its peels [47, 48], cinnamon [49], mixed herbal products composed gAzadfrachra indica,
Ocimum sanctum and Curcuma longa [49] and many other plant products and their extracts [45, 46].
Some Vibrios are also considered serious bacterial pathogens of fish. Using a commercially available
phytogenic product that is composed of extracts from garlic and labiate plants, European seabass, D.
labrax fed diets with the phytoadditives were better protected against experimental infection with
Vibrio anguillarum [50, 51] in comparison with the non-fed group. Plant components from garlic [52],
neem, A. indica [53] and peppermint, Mentha piperita [54] conferred protection in Asian seabass,
Lates calcarifer fingerlings following experimental challenge with V. harveyi, another bacterial
pathogen belonging to the Vibrio family. These plant components were incorporated in the diets of the
fish in varying amounts ranging 1-20 g of the additives per kilogram of feeds and fed to the fish for at
least a month before pathogen challenge.

Aside from bacterial pathogens, phytogenic feed additives conferred protective ability to fish
against viruses. Although studies are limited, results from these earlier works established significant
antiviral activity in the host. For example, an in virro study using oleuropein, a bioactive compound
from the leavif)of olive, Olea europaea demonstrated significant inhibition on the growth and
multiplication of the&Jal hemorrhagic septicemia virus (VHSV), a salmonid gBbdovirus [55]. At the
in vivo level, dietary administration of the leaf extracts from Punica granatum reduced the mortality of
olive flounder, Paralichthys olivaceus following experimental infection with the lymphocystis disease
virus (LDV) [56]. The feeds were added with extracts at 50-100ffig per kilogram of feeds and the
protective ability was thought to be due to the enhancement of the innate immune responses of the fish
during the duration of EE}ding with the phytoadditives-enriched diets. In all these studies, the
upregulation of both the humoral and cellular immune responses in fish EfJJa consequence of dietary
administration with the phytobiotics apparently provided protection against bacterial and wviral
infections due to the immune-stimulating properties of these various plant products [57]. The
contribution of the immune responses and mechanisms in the gastrointestinal system of the fish in the
resistance against these pathogens has not been clearly elucidated with the exception of the recent
study of [50], which highlighted the possible role of the gut-phytogenics interaction in the improved
survival against bacterial infections. In their study, the phytogenics in the feeds were able to exert their
action in the pre-ileorectal valve region of the gastrointestinal tract. The increased activities in this
particular region of the gut are believed to be responsible in the reduced “in vivo™ translocation rates
of the pathogen, V. anguillarum in the gut; thus, the fish were better protected against the infection,
leading to highe@Bhrvival rates. Clearly the contribution of the gut-phytogenics interaction during
infections in fish needs to be studied further in detail using other fish models and pathogens.

15

S.Bnclusiun and Future Perspectives

[Bhytogenic compounds are composed of a wide array of active ingredients, which can be explored as
alternatives to the use antibiotics in fish production. Inspite of the growing popularity on the use of
phytogenics as a preventive or therapeutic means to control infectious diseases, the@Fjvidescale
application is limited due to issues in consistency of the effects to the host and the lack of full
understanding on the modes of action in the host. To address these shortcomings, further studies must
focus on exploring the potential side effects of the phytoadditives to the host, possible long-term
effects to the environment, effects on the physiology of the pathogen and the mechanisms of the gut-
phytogenics interaction in disease resistance. Another important aspect that needs further study is to
develop analytical methods that can identify and trace these phytogenic compounds in feeds and in the
tissues of the farmed animal as well as their fate in the environment. These methods will ensure that
the phytoadditives pose no danger to the fish, the consumers and to the environment. A thorough
assessment that will address issues on toxicity and safety of these phytogenic substances that are being
used to manufacture feeds for fish are required before these can be utilized extensively in the
aquaculture industry.

Taken together, this review on the use of phytogenics as additives in the develffment of
aquafeeds provided an overview on the effects of these substances on gut health in terms of immune
responses and microbial composition and disease resistance in fish. These studies demonstrated the
benefits in the host fish following dietary inclusion of phytogenics. There are still areas that need to be
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addressed, but with the amount of data that are being generated from these research studies, we are
getting a better picture of the how these phytogenics exert their effects on the fish. As more initiatives
are being directed towards elucidating the mechanisms behind the positive effects of these compounds
to the host, these will allow us to fully utilize these phytogenic substances in producing functional
feeds for an efficient and sustainable fish production.
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