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Abstract :   
 
Plants have been reported to produce various effects such as antistress, growth promotion, appetite 
stimulation, immunostimulation, aphrodisiac and to have antipathogen properties in fish and shrimp 
aquaculture due to their varied active principles such as alkaloids, terpenoids, tannins, saponins and 
flavonoids. To date, most scientific studies on the use of medicinal plants in aquaculture have focused on 
identification of biological activity rather than natural product determination. The plant species that have 
displayed the highest potential for use in aquaculture are garlic (Allium sativum), pomegranate (Punica 
granatum), bermuda grass (Cynodon dactylon), Indian ginseng (Whitania somnifera) and ginger (Zingiber 
officinale). Algae are considered to be a rich source of original bioactive molecules which display multiple 
bioactivities. In aquaculture, several recent studies have showed the potential of algae for the treatment 
of pathogens or to improve fish fitness. 
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Introduction

For thousands of years, civilizations throughout the world have used medicinal plants to treat
a variety of diseases. The oldest written evidence of medicinal plant usage was found on a
Sumerian clay slab, approximately 5000 years old (Petrovska, 2012). Nowadays, traditional
medicinal plants continue to be the primary source of healthcare inmany developing countries
and rural regions (Calixto, 2005). Ethnobotanical studies have proved to be very useful in iden-
tifying bioactive plants, and numerous research studies have been conducted on the biological
activities and chemical composition of ethnomedicinal plants (Ayyanar et al., 2011; Banskota
et al., 2003). Interest in medicinal plants for human and veterinary health has been fuelled by
the countless side effects and rising costs of prescription drugs (Hoareau and Da-Silva, 1999).
Plants also possess a complex chemical composition which displays varied biological activi-
ties, making plants suitable for the treatment of multifactorial diseases, and makes plants a
suitable alternative to antibiotics with little risk for development of resistance (Gostner et al.,
2012; Srivastava et al., 2014).
Aquaculture is the fastest growing animal food-producing sector, with an average annual

increase of 6.2% per year in the period 2000–2012 (FAO, 2014). However, aquaculture
growth is often linked to culture intensification, leading to overcrowding and poor water
quality, facilitating the spread of pathogens and increasing disease outbreaks and mortality
(Bondad-Reantaso et al., 2005). In order to avoid economic losses related to sanitary short-
comings, veterinary drugs are commonly used in aquaculture to prevent and treat disease
outbreaks (Rico et al., 2013).
The intensive use of synthetic drugs presents numerous disadvantages, for both the envi-

ronment and health. Intensive use of antibiotics has resulted in accumulation in muscle of
commercialized animals (Cabello et al., 2006; Romero-Ormazabal et al., 2012) and the devel-
opment of resistant bacteria strains (Miranda and Zemelman, 2002; Seyfried et al., 2010).
Also, the use of antiparasitic drugs like trichlorfon or praziquantel in bath treatments is haz-
ardous for animals and the environment and can also result in the development of resistance
(Forwood et al., 2013; Umeda et al., 2006). Vaccines, considered to be the most effective
method to prevent disease outbreaks in aquaculture, are too expensive for widespread use
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by fish producers and since it is extremely difficult to develop multiple strain vaccines, most
vaccines are only effective against one type of pathogen (Pasnik et al., 2005; Sakai, 1999).
Considering the numerous disadvantages of synthetic drugs, there is an increasing need

for the development of alternative strategies in aquaculture disease management. Moreover,
disease outbreaks in aquaculture are often associated with animal fitness and health, most
pathogens being opportunistic and taking advantage of immunocompromised or stressed
fish. Thus, alternative solutions should maximize fish immunity and fitness as a strategy to
face pathogen infections (Ashley et al., 2007; Davis et al., 2002; Iguchi et al., 2003). Medici-
nal plants can therefore provide a cheaper and more sustainable alternative to chemotherapy
in aquaculture, since they have been reported to display numerous bioactivity such as anti-
stress, immunostimulant and antiparasitic (bacterial, fungus, virus and ectoparasites) effects
(Reverter et al., 2014).

Medicinal Plants in Aquaculture

Although interest in the use ofmedicinal plants and plant extracts in aquaculture has exploded
recently, medicinal plants have long been used by rural fish farmers. Caruso et al. (2013) found
that 46% of the fish farmers surveyed inWest Java (Indonesia) used plants in their farms, most
of which were also traditionally used in the human pharmacopoeia. Inmost cases, fresh plants
were directly introduced into the rearing water and used to improve water quality, reduce fish
stress, increase fish resistance to pathogens and treat fish diseases.This study showed that fish
farmers used plants and doses depending on their personal experience and ethnic origin.
Numerous scientific studies endorse the use of medicinal plants in aquaculture (Bhu-

vansewari and Balasundaram, 2006; Harikrishnan et al., 2011a). Plants have been reported
to produce various effects such as antistress, growth promotion, appetite stimulation,
immunostimulation, aphrodisiac and to have antipathogen properties in fish and shrimp
aquaculture due to their varied active principles such as alkaloids, terpenoids, tannins,
saponins and flavonoids (Chakraborty and Hancz, 2011; Citarasu, 2010).

Biological Activity of Medicinal Plants in Aquaculture

Several plant extracts are reported to stimulate appetite and promote weight gain when
administered to cultured fish (Pavaraj et al., 2011; Takaoka et al., 2011). For example, grouper
(Epinephelus tauvina) fed with a supplemented diet of a mixture of methanolic herb extracts
(Cynodon dactylon, Piper longum, Phyllanthus niruri, Tridax procumbens and Zingiber
officinalis) displayed 41% higher weight than control fish (Punitha et al., 2008). Other studies
have reported that administration of plant extracts improves digestibility and availability of
nutrients, resulting in an increase in feed conversion and leading to higher protein synthesis
(Putra et al., 2013; Talpur et al., 2013).
Numerous studies have shown that fish treated with medicinal plants presented enhanced

immune parameters (Dügenci et al., 2003; Yuan et al., 2007). For example, Nile tilapia
(Oreochromis niloticus) fed with a diet containing mistletoe (Viscum album coloratum) for a
period of 80 days displayed higher lysozyme, respiratory burst, alternative complement and
phagocytic activity, which resulted in 42% increased survivability when they were challenged
with the bacterial pathogen Aeromonas hydrophila (Park and Choi, 2012). Studies on fish
haematological parameters have shown that fish treated with plants displayed higher levels of
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erythrocytes, lymphocytes, monocytes and haemoglobin than control fish, indicating better
fish fitness (Haghighi and Rohani, 2013; Harikrishnan et al., 2012a).

In vitro and in vivo studies have shown the potential of medicinal plants against a wide
range of marine pathogens (bacteria, virus, fungus and ectoparasites) (Chitmanat et al., 2005;
Direkbusarakom et al., 1996; Ji et al., 2012). Antibacterial properties ofmedicinal plants are by
far the best studied biological activities, with abundant in vitro studies reporting antibacterial
activity in numerous plants against both Gram-positive and Gram-negative marine bacteria
(Castro et al., 2008; Roomiani et al., 2013). In vivo studies in Indian major carp (Labeo rohita)
fed with diets enriched with prickly chaff flower (Achyrantes aspera, 0,2%) and Indian ginseng
(Withania somnifera, 0,5%) showed a reduction inmortality of 41% and 49% respectivelywhen
fish were challenged with A. hydrophila (Sharma et al., 2010; Vasudeva-Rao et al., 2006).
Antiviral and antifungal activities of medicinal plants are also able to prevent high mortal-

ity rates in aquaculture. Balasubramanian et al. (2008a,2008b) showed that black tiger shrimp
(Penaeus monodon) challenged with white spot syndrome virus (WSSV) while being treated
with Bermuda grass (Cynodon dactylon) displayed no mortality and no signs of disease com-
pared to 100%mortality observed in control groups. Several studies have shown in vitro anti-
fungal activities of several plants like conidinium fruit (Cnidium monnieri), magnolia bark
(Magnolia officinalis), aucklandia root (Aucklandia lappa) and common rue (Ruta graveolens)
(Hashemi et al., 2012; Xue-Gang et al., 2013).
Medicinal plants also seem to be an effective alternative for treating ectoparasites. Sev-

eral studies have shown antiparasitic activities of medicinal plants when added to water or
administered orally (Fu et al., 2014; Huang et al., 2013; Yi et al., 2012). Methanol extract of
bupleurum root (Radix bupleuri chinensis), aqueous andmethanol extracts of cinnamon (Cin-
namomum cassia), methanol extract of Chinese spice bush (Lindera aggregata) andmethanol
and ethyl acetate extracts of golden larch (Pseudolarix kaempferi) had 100% in vivo efficacy
against monogenean Dactylogyrus intermedium in infected goldfish (Carassius auratus) (Ji
et al., 2012; Wu et al., 2011). Harikrishnan et al. (2012c) showed 40% mortality decrease and
enhanced immunity in olive flounder (Paralichthys olivaceus) infected by the protozoan ciliate
Miamiensis avidus when fish were fed with a diet supplemented with Suaeda maxima.

Application of Medicinal Plants in Aquaculture

Plants can be administered as a whole plant or parts (leaf, root, seed, fruit) and can either
be used fresh or as prepared herbal extracts with different solvents (water, methanol, chloro-
form, ethyl acetate) (vanHai, 2015). Biological activity and chemical composition of plants and
extracts can vary greatly depending on the part used and type of extract, and thus knowledge
of the plant’s bioactive compounds is required. In addition, seasonal variations in production
of bioactive metabolites has also been observed in different plants and algae, so study of the
plant’s production of bioactivemolecules is desirable (Chaves et al., 2013;Manilal et al., 2009).
To date, most scientific studies on the use of medicinal plants in aquaculture have focused

on identification of biological activity rather than natural product determination (Balasubra-
manian et al., 2007; Cox et al., 2010; Ji et al., 2012). Exploratory studies on the potential of
medicinal plants in aquaculture can therefore be misleading if the wrong part or wrong sol-
vent is used. Also, suitable dosing is crucial to obtain the desired effects, since inappropriate
doses can display toxic effects in fish (Ekanem et al., 2007; Kavitha et al., 2012; Sambasivam
et al., 2003). For example, grouper (Epinephelus coioides) fedwith a diet supplementedwith 1%
ethanol katuk extract (Sauropus androgynous) showed enhanced growth and improved food
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utilization, whereas at 2.5% and 5% of katuk extract they presented lower growth levels (Putra
et al., 2013). Treatment length is another important parameter in medicinal plant application
in aquaculture, since it directly influences treatment effectiveness. For example, Militz et al.
(2013) showed that farmed barramundii (Lates calcarifer) fed with an enriched diet of gar-
lic (Allium sativum) for 30 days displayed 70% decreased Neobenedenia sp. infection success
compared to control and short-term treatment (10 days).
Medicinal plants can be administered to fish and shellfish by injection (intramuscular and

intraperitoneal), oral administration and through immersion or baths (Ji et al., 2012; Putra
et al., 2013; Wu et al., 2010). Although intraperitoneal injection has proved to be the most
rapid and efficient method of administration, it is expensive, laborious and stressful for fish,
especially for very young specimens (Anderson, 1992; Yoshida et al., 1995). Baths are exten-
sively used for the treatment of ectoparasites (Forwood et al., 2013; Whittington, 2012) but
this method is also expensive and laborious and involves the release of exogenous molecules
in the marine environment, and thus can present some undesired environmental side effects
(Umeda et al., 2006). Hence, oral administration seems to be the most suitable for aquacul-
ture, since medicinal plants can induce physiological changes in fish to improve their fitness
and reinforce their resistance to pathogens.
Finally, determining natural plant products helps to better understand their mode of action.

For example, chelerythrine and chelidonine are two benzo[c]phenanthridines with antimicro-
bial, antifungal and anti-inflammatory activities isolated from greater celandine (Chelidonium
majus L.) (Malikova et al., 2006;Waltérova et al., 1995). Several studies have shown that chel-
erythrine exhibits high cytotoxic potency against a large number of cells, through multiple
apoptosis-inducing pathways, indicating that a direct action onmitochondriamay be involved
in the eradication of parasites (Kaminskyy et al., 2008; Kemény-Beke et al., 2006; Slaninová
et al., 2001). Other studies have shown that the mechanism of action of chelidonine against
the monogenean ectoparasite Dactylogyrus intermedium may be through the mitochondrial
cell death pathway activated via caspase-9 (Philchenkov et al., 2008). Therefore, it is of high
importance to identify the bioactive molecules for the observed bioactivities and standard-
ize extraction procedures depending on the molecules identified, application procedures and
doses, duration of treatments and type of pathogen (Reverter et al., 2014).
It is important to state that modes of action and toxicity of many plants are still poorly

understood, so more research is needed before they can be safely used in aquaculture. Many
of the plant bioactivemolecules can also be toxic or antinutritional in fish, decreasing efficient
utilization of feed nutrients or causing intestinal dysfunction, so their effect on fish physiology
and adequate dosing needs to be studied (Krogdahl et al., 2010). In order to fill in the gaps in
current knowledge, a structured research plan should be followed, focused on, first, bioac-
tivity, compounds and modes of actions of the plants, and second on the plant effect on the
organism’s physiology and its appropriate use. In Figure 9.1, we propose some directions for
research on medicinal plant utilization in aquaculture. In vitro tests should be performed in
order to determine plant bioactivity, together with bioassay-guided fractionation to identify
and characterize the bioactive natural products. In vitro tests should also be carried out to
test the cytotoxicity of plant extracts on fish cells.Then in vivo tests on model species should
be performed, first to understand the plant effects on animal physiology and determine the
best conditions for plant application (mode of application, plant part and preparation, dose
and length of treatment), and second, to estimate plant efficiency in organism survival against
different pathogenic infections. Haematology indicators such as haematocrit, haemoglobin,
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Figure 9.1 Research steps for medicinal plant utilization in aquaculture.

erythrocyte and lymphocyte levels can be used to determine fish fitness (Haghighi andRohani,
2013; Kanani et al., 2014).
Fish immunity is often analysed to determine the immunomodulatory power of plants and

this can be studied via classic biochemical approaches (lysozyme, phagocytic or respiratory
burst activity) or by the study of immune gene expression (e.g. Lys, TNF-alpha, IL-1, IL-10
genes) (Chakrabarti et al., 2014; Harikrishnan et al., 2011a; Kumar et al., 2013).

Analysis of Plants Used in Aquaculture

An extensive literature review was performed on the published studies on plant use in aqua-
culture in order to identify the most common studied plants and their activities (Table 9.1).
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Table 9.1 Plants, algae and mushrooms used or studied for potential application in aquaculture.

Order Family Species Activities
Part
used Reference

Acorales Acoraceae Acorus calamus AV R Sivasankar et al., 2015
Alismatales Araceae Alocasia

macrorrhizos
NA L Caruso et al., 2013

Alismatales Araceae Colocasia esculenta AB R Wei et al., 2010
Apiales Apiaceae Angelica

membranaceus
IM R Jian and Wu, 2004

Apiales Apiaceae Angelica sinensis IM R Wang et al., 2011
Apiales Apiaceae Angelica pubsecens AF R Xue-Gang et al., 2013
Apiales Apiaceae Bupleurum chinense AP W Wu et al., 2011
Apiales Apiaceae Centella asiatica AB R Rattanachaikunsopon and

Phumkhachorn, 2010
Apiales Apiaceae Cnidium officinale AB,GP L, Fr Takaoka et al., 2007b
Apiales Apiaceae Corandrium

sativum
AB NA Innocent et al., 2011

Apiales Apiaceae Heracleum
lasiopetalum

AB R Pirbalouti et al., 2011

Apiales Apiaceae Radix peucedani AP W Wu et al., 2011
Apiales Araliaceae Kalopanax pictus AP,

IM
S Harikrishnan et al., 2011e

Apiales Araliaceae Panax ginseng IM R Gooda, 2008
Apiales Araliaceae Eleutherococcus

senticosus
AB,
IM

R Won et al., 2008

Apiales Araliaceae Panax
quinquefolium

GP W Abdel-Tawwab, 2012

Apiales Umberlliferae Carum carvi GP L Abdel-Tawwab, 2011
Arecales Arecaceae Area catechu AP L Caruso et al., 2013
Arecales Arecaceae Phoenix dactylifera NA L Hoseinfar, 2015
Asparagales Amaryllidaceae Allium sativum AB,

AP,
IM,
GP

W Aly et al., 2008; Nya and
Austin, 2009; Militz et al.,
2013; Sahu et al., 2007

Asparagales Amaryllidaceae Allium tuberosum AB,
GP

L Rattanachaikunsopon and
Phumkhachorn, 2009a

Asparagales Xanthorrhoeacea Aloe vera AB W Alishani et al., 2010 ; Kim
et al., 1999

Asterales Asteraceae Ageratum
conzyoides

NA L Caruso et al., 2013

Asterales Asteraceae Artemisia annua AP L Martins et al., 2002
Asterales Asteraceae Artemisia argyi AB,

AF,
AP

NA Ekanem and Brisibe (2010)

Asterales Asteraceae Artemisia
capillaries

AB,
GP

W Ji et al., 2007b
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Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Asterales Asteraceae Artemisia cina AB,
GP

W Abdelhadi et al., 2010

Asterales Asteraceae Artemisia vulgaris AB,
AV,
AP

NA El-Deen and Mohamed,
2009

Asterales Asteraceae Aucklandia lappa AV NA Xue-Gang et al., 2013
Asterales Asteraceae Austroeupatorium

inulifolium
NA NA Caruso et al., 2013

Asterales Asteraceae Chamaemelum
nobile

AB NA Syahidah et al., 2015

Asterales Asteraceae Chrysanthemum
cinerariaefolium

AP,
IM,
GP

NA Harikrishnan et al., 2010d

Asterales Asteraceae Cosmos caudatus AB NA Caruso et al., 2013,
Syahidah et al., 2015

Asterales Asteraceae Echinacea purpura AB,
AP

L, F Aly and Mohamed, 2010;
Caruana et al., 2012

Asterales Asteraceae Eclipta alba AB,
GP

L,S Christybapita et al., 2007

Asterales Asteraceae Erechtites
valerianifolia

NA NA Caruso et al., 2013

Asterales Asteraceae Eupatorium
fortunei

AP S Huang et al., 2013

Asterales Asteraceae Gynura procumbens NA NA Caruso et al., 2013
Asterales Asteraceae Lactuca indica AB,

IM
NA Harikrishnan et al., 2011c

Asterales Asteraceae Matricaria
chamomilla

AB,
GP

NA Abdelhadi et al., 2010

Asterales Asteraceae Mikania scandens NA NA Caruso et al., 2013
Asterales Asteraceae Siegesbeckia

glabrescens
AB,
IM

W Harikrishnan et al., 2012b

Asterales Asteraceae Spagneticola
calendulacea

AB NA Direkbysarakom et al.,
2004

Asterales Asteraceae Tagetes erecta AB,
AV

L Caruso et al., 2013

Asterales Asteraceae Tithonia diversifolia NA NA Caruso et al., 2013
Asterales Asteraceae Tridax procumbens AV,

GP
W Sivasankar et al., 2015

Asterales Asteraceae Vernonia
amygdaluna

AF NA Syahidah et al., 2015

Brassicales Caricaceae Carica papaya AP,
GP

NA Ekanem et al., 2004

Brassicales Moringaceae Moringa oleifera NA W Caruso et al., 2013
(Continued)
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Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Caryophyllales Amaranthaceae Acyranthes aspera AB,
IM

NA Vasudeva-Rao et al., 2006

Caryophyllales Amaranthaceae Alteranthera sessilis GP L, S,
Fr

Radhakrishnan et al., 2014

Caryophyllales Amaranthaceae Kochia scoparia AP NA Lu et al., 2012
Caryophyllales Amaranthaceae Suaeda maritima AP,

IM
NA Harikrishnan et al., 2011c

Caryophyllales Cactaceae Opuntia stricta NA L, F Khem, 2015
Caryophyllales Caryophyllaceae Stellaria aquatica AB,

AV
NA Shangliang et al., 1990

(siva)
Caryophyllales Molluginaceae Glinus

oppositifolius
AV Fr Sivasankar et al., 2015

Caryophyllales Plumbaginaceae Aegialitis
rotundifolia

AB L, W Choudhury et al., 2005

Caryophyllales Polygonaceae Polyonum
hydropipper

AB,
AV,
AF

B Direkbysarakom et al.,
2004

Caryophyllales Polygonaceae Rheum officinale AB,
AV,
GP

NA Xie et al., 2008

Caryophyllales Polygonaceae Rumex obtusifolius AP L Caruana et al., 2012
Caryophyllales Portulacaceae Portulaca oleracea AB F Direkbysarakom et al.,

2004
Commelinales Pontederiaceae Eichhornia crassipes AB NA Caruso et al., 2013; Chang

et al., 2013
Cucurbitales Cucurbitaceae Cucurbita pepo NA W Caruso et al., 2013
Cucurbitales Cucurbitaceae Mormodica

charantia
AV R Balasubramanian et al.,

2007
Cucurbitales Cucurbitaceae Mormodica

cochinchinensis
AP L Wu et al., 2011

Cyatheales Cyatheaceae Cyathea kanehirae AB,
IM

L Yeh and Chen, 2009

Dipsacales Caprifoliaceae Lonicera japonica AB,
AV,
IM

L Ardò et al., 2008 ;
Direkbysarakom et al.,
2006

Dryopteridales Dryopteridaceae Dryopteris
crassirizhoma

AP NA Lu et al., 2012

Ericales Primulaceae Aegiceras
corniculatum

AB NA Choudhury et al., 2005

Ericales Theaceae Camellia sinensis AB,
AP,
GP

NA Sheikhzadeh et al., 2011

Ericales Lecythidaceae Cariniana legalis AB NA Castro et al., 2008
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Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Ericales Balsaminaceae Impatiens biflora AB,
AV

NA Direkbysarakom et al.,
2004

Ericales Primulaceae Lysimachia
christinae

AP NA Huang et al., 2013

Ericales Styracoceae Styrax japonica AB S Harikrishnan et al., 2011g
Fabales Fabaceae Albizia saman NA NA Caruso et al., 2013
Fabales Fabaceae Astragalus

membranaceus
AB,
IM

L Pan et al., 2013

Fabales Fabaceae Caesalpinia sappan AP NA Huang et al., 2013
Fabales Fabaceae Cassia alata AV NA Sivasankar et al., 2015
Fabales Fabaceae Cassia fistula AV NA Sivasankar et al., 2015
Fabales Fabaceae Cynometra iripa AB NA Choudhury et al., 2005
Fabales Fabaceae Falcataria

moluccana
NA NA Caruso et al., 2013

Fabales Fabaceae Gliricidia sepium NA NA Caruso et al., 2014
Fabales Fabaceae Glycine max NA R Caruso et al., 2015
Fabales Fabaceae Koompassia

malaccensis
NA NA Caruso et al., 2016

Fabales Fabaceae Leucaena
leucocephala

NA L, R Caruso et al., 2017

Fabales Fabaceae Leucaena glauca AP W Caruso et al., 2013;
Direkbysarakom et al.,
2004

Fabales Fabaceae Lupinus perennis NA NA Awad and Austin, 2010
Fabales Fabaceae Mimosa pudica AV NA Sivasankar et al., 2015
Fabales Fabaceae Mucuna pruriens AP W Ekanem et al., 2004
Fabales Fabaceae Parkia speciosa NA L Caruso et al., 2013
Fabales Fabaceae Psoralea corylifolia AP,

GP
L Ling et al., 2003

Fabales Fabaceae Senna alata AB,
AV

NA Caruso et al., 2013

Fabales Fabaceae Senna siamea NA NA Caruso et al., 2013
Fabales Fabaceae Sesbania

grandiflora
NA NA Caruso et al., 2013

Fabales Fabaceae Sophora
alopercuroides

AB,
AP

NA Yi et al., 2012

Fabales Fabaceae Sophora flavescens AB,
AP

NA Caruana et al., 2012; Wu
et al., 2013

Fabales Fabaceae Tamarindus indica NA L, R Caruso et al., 2013
Fabales Fabaceae Tephrosia purpurea NA NA Sivasankar et al., 2015
Fabales Fabaceae Trifolium pratense GP S Syahidah et al., 2015

(Continued)
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Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Fabales Polygalaceae Polygala tenuifolia AP NA Lu et al., 2012
Fabales Quillajaceae Quillaja saponaria GP NA Francis et al., 2005
Fagales Betulaceae Alnus firma AB NA Harikrishnan et al., 2011i
Gentianales Apocynaceae Anathoda vasica AB,

IM
L Minomol, 2005

Gentianales Apocynaceae Calotropis gigantea AB,
IM

L Olusola et al., 2013

Gentianales Apocynaceae Catharanthus
roseus

AV L Sivasankar et al., 2015

Gentianales Apocynaceae Daemia extensa AB L Jinish, 2002
Gentianales Apocynaceae Plumeria rubra NA NA Caruso et al., 2013
Gentianales Rubiaceae Coffea arabica NA NA Abdel, 2015
Gentianales Rubiaceae Morinda citrifolia NA NA Caruso et al., 2013
Lamiales Acanthaceae Andrographis

paniculata
AB,
GP

NA Caruso et al., 2009;
Rattanachaikunsopon and
Phumkhachorn, 2009

Lamiales Acanthaceae Clinacanthus
nutans

AV W Direkbysarakom et al.,
1998

Lamiales Acanthaceae Hygrophila spinosa AB,
IM

L Raja et al., 2012

Lamiales Lamiaceae Leucas
lavandulifolia

NA NA Caruso et al., 2013

Lamiales Lamiaceae Mentha piperita NA W Abasali and Mohamad,
2010

Lamiales Lamiaceae Ocimum
americanum

NA NA Sivasankar et al., 2015

Lamiales Lamiaceae Ocimum basilicum GP W Syahidah et al., 2015
Lamiales Lamiaceae Ocimum sanctum AB,

IM,
GP

NA Logambal et al., 2000;
Pajaraj et al., 2011

Lamiales Lamiaceae Ocimum
tenuiflorum

NA NA Caruso et al., 2013

Lamiales Lamiaceae Origanum monites AF W Syahidah et al., 2015
Lamiales Lamiaceae Origanum

heracleoticum
AB W Zheng et al., 2007

Lamiales Lamiaceae Origanum
minutiflorum

AP Fr Karagouni et al., 2005

Lamiales Lamiaceae Origanum onites AF S Caruso et al., 2013
Lamiales Lamiaceae Origanum vulgare AB,

GP
NA Caruso et al., 2013

Lamiales Lamiaceae Prunella vulgaris AP,
IM

R Harikrishnan et al., 2011d

Lamiales Lamiaceae Rosmarinus
officinalis

AB,
AP

NA Abutbul et al., 2004
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Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Lamiales Lamiaceae Satureja
khuzistanica

IM NA Khansari et al., 2013

Lamiales Lamiaceae Satureja
bachtiarica

AB B Pirbalouti et al., 2011

Lamiales Lamiaceae Satureja thymbra AF B Syahidah et al., 2015
Lamiales Lamiaceae Scutellaria

baicalensis
AB,
IM

B Harikrishnan et al., 2012b;
Pan et al., 2013

Lamiales Lamiaceae Plectranthus
scutellarioides

NA W Caruso et al., 2013

Lamiales Lamiaceae Tectona grandis NA NA Caruso et al., 2013
Lamiales Lamiaceae Thymbra spicata AF L, B Syahidah et al., 2015
Lamiales Lamiaceae Zataria multiflora AF NA Soltani et al., 2010
Lamiales Oleaceae Fructus forsythiae AB NA Pan et al., 2013
Lamiales Oleaceae Nyctanthes

arbortristis
AB,
IM

NA Kibubakaran et al., 2010

Lamiales Oleaceae Olea europea AV NA Micol et al., 2005
Lamiales Plantaginaceae Picrorhiza kurrooa AB,

AV,
IM

L Raja et al., 2012

Lamiales Pedaliacae Sesamum indicum NA L Dada et al., 2014
Lamiales Verbenaceae Lantana camara AV L, S, B Balasubramanian et al.,

2007
Laurales Lauraceae Cinnamomum

cassia
AB,
AP

W Ji et al., 2012

Laurales Lauraceae Cinnamomum
verum

AB,
GP

NA Talpur et al., 2013

Laurales Lauraceae Cinnamomum
zeylanicum

AB L Ahmad et al., 2011

Laurales Lauraceae Laurus nobilis AB,
IM

L, B Bilen and Bulut, 2010

Laurales Lauraceae Lindera aggregata AP NA Ji et al., 2012
Laurales Siparunaceae Siparuna guianensis AB NA Castro et al., 2008
Liliales Melanthiaceae Paris polyphylla NA NA Wang et al., 2010a
Magnoliales Annonaceae Annona muricata AB L Caruso et al., 2013
Magnoliales Annonaceae Xylopia aethiopica NA NA Okeke et al., 2001
Magnoliales Magnoliaceae Magnolia officinalis AV,

AF
NA Caruana et al., 2012;

Huang et al., 2015
Magnoliales Myristicaceae Myristica fragans AB,

IM,
GP

L Sivaram et al., 2004

Magnoliales Myristicaceae Virola sebifera AB NA Castro et al., 2008
Malpighiales Calophyllaceae Calophyllum

inophyllum
AV NA Sivasankar et al., 2015

(Continued)



Trim Size: 189mm x 246mm Single Column Loose Austin c09.tex V1 - 01/25/2017 5:22pm Page 234❦

❦ ❦

❦

234 Diagnosis and Control of Diseases of Fish and Shellfish

Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Malpighiales Euphorbiaceae Acalypha indica AB,
AV,
IM

NA Raja et al., 2012

Malpighiales Euphorbiaceae Acalypha australis AV L Direkbysarakom et al.,
2004

Malpighiales Euphorbiaceae Actinostemon
concolor

AB W Castro et al., 2008

Malpighiales Euphorbiaceae Croton floribundus AB NA Castro et al., 2008
Malpighiales Euphorbiaceae Croton zambesicus AV NA Sivasankar et al., 2015
Malpighiales Euphorbiaceae Euphorbia

antiquorum
NA NA Caruso et al., 2013

Malpighiales Euphorbiaceae Euphorbia
fishceriana

AF,
AP

W Zhang et al., 2014

Malpighiales Euphorbiaceae Euphorbia hirta AB NA Huang et al., 2015;
Pratheepa and Sukumaran,
2011

Malpighiales Euphorbiaceae Euphorbia
plumerioides

NA NA Caruso et al., 2013

Malpighiales Euphorbiaceae Euphorbia
thymifolia

AB NA Direkbysarakom et al.,
2004

Malpighiales Euphorbiaceae Exoecaria agallocha AB W Dhayanithi et al., 2012
Malpighiales Euphorbiaceae Hura crepitans AV L Sivasankar et al., 2015
Malpighiales Euphorbiaceae Manihot esculenta NA NA Caruso et al., 2013
Malpighiales Euphorbiaceae Sapium sebiferum AV NA Direkbysarakom et al.,

2004
Malpighiales Euphorbiaceae Tetracarpidium

conophorum
AB,
IM,
GP

Fr Olusola et al., 2013

Malpighiales Hypericaceae Cratoxylum
formosum

AB,
IM,
GP

NA Rattanachaikunsopon and
Phumkhachorn, 2010c

Malpighiales Phyllanthaceae Antidesma bunius NA W Caruso et al., 2013
Malpighiales Phyllanthaceae Phyllanthus acidus NA L, F Caruso et al., 2013
Malpighiales Phyllanthaceae Phyllanthus amarus AB,

AV
L Balasubramanian et al.,

2007
Malpighiales Phyllanthaceae Phyllanthus niruri GP L Citarasu et al., 2002
Malpighiales Phyllanthaceae Phyllanthus debelis AB,

AV
L, B,
Fr

Sivasankar et al., 2015

Malpighiales Phyllanthaceae Phyllanthus emblica AV,
IM

NA Sivasankar et al., 2015

Malpighiales Phyllanthaceae Phyllanthus
reticulatus

AB,
AV

W Sivasankar et al., 2015

Malpighiales Phyllanthaceae Phyllanthus
urinaria

AB,
AV

R, F, S Caruso et al., 2013
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Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Malpighiales Phyllanthaceae Sauropus
androgynus

GP NA Putra et al., 2013

Malvales Malvaceae Hibiscus
rosa-sinensis

NA NA Caruso et al., 2013

microalgae Euglena viridis AB,
IM

NA Das, 2009

Mucorales Mucoraceae Massa medicata AB,
GP

NA Ji et al., 2007a,2007b

Myrtales Combretaceae Terminalia bellerica AB NA Jinish, 2002
Myrtales Combretaceae Terminalia cattapa AB,

AP
S Chitmanat et al., 2005;

Purivirojkul, 2012
Myrtales Lythraceae Punica granatum AB,

AV,
AP,
IM,
GP

NA Harikrishnan et al., 2010e

Myrtales Myrtaceae Calyptranthes
clusiifolia

AB W Castro et al., 2008

Myrtales Myrtaceae Myrcia tomentosa AB NA Castro et al., 2008
Myrtales Myrtaceae Psidium guajava AB,

AV
NA Pachanawan et al., 2008

Myrtales Myrtaceae Syzygium
aromaticum

NA NA Rattanachaikunsopon and
Phumkhachorn, 2010; Abd
El-Galil, 2012

Myrtales Onagraceae Epilobium hirsutum AB NA Pakravan et al., 2011
Myrtales Onagraceae Oenothera biennis AB,

AV
L, R Shangliang et al., 1990

(sriva)
Pinales Pinaceae Pinus massoniana AB,

AF,
AP

L, R Direkbysarakom et al.,
2004

Pinales Pinaceae Pseudolarix
kaempferi

AP NA Ji et al., 2012

Piperales Aristolochiaceae Aristolochia indica AV NA Sivasankar et al., 2015
Piperales Piperaceae Piper betle AB,

AF
NA Caruso et al., 2013

Piperales Piperaceae Piper longum GP NA Citarasu et al., 2002
Piperales Piperaceae Piper guineense AP S Ekanem et al., 2004
Piperales Piperaceae Piper nigrum IM R Caruso et al., 2013
Poales Poaceae Cynodon dactylon AB,

AV,
AP,
IM,
GP

NA Balasubramanian et al.,
2007, 2008a,2008b;
Kaleeswaran et al., 2011

Poales Poaceae Oryza sativa NA NA Caruso et al., 2013
(Continued)
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Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Poales Poaceae Panicum repens NA R Caruso et al., 2014
Poales Poaceae Setaria barbata NA NA Caruso et al., 2015
Proteales Nelumbonaceae Nelumbo nucifera NA NA Liu et al., 2004; Shao et al.,

2004
Ranuncudales Menispermaceae Tinospora cordifolia AB,

IM
Fr Alexander et al., 2010;

Sudhakaran et al., 2006
Ranuncudales Menispermaceae Tinospora crispa NA W Sivasankar et al., 2015
Ranuncudales Menispermaceae Tinospora

tuberculata
NA NA Caruso et al., 2013

Ranuncudales Papaveraceae Chelidonium majus AP L Yao et al., 2011
Ranuncudales Papaveraceae Macleaya

microcarpa
AP NA Wang et al., 2010b

Ranuncudales Ranunculaceae Cimifuga fetida AP NA Wu et al., 2011
Ranuncudales Ranunculoideae Nigella sativa NA L, B,

Fr
Dorucu et al., 2009

Ranuncudales Ranunculaceae Rhizoma cimigufae AP NA Wu et al., 2011
Rosales Moraceae Artocarpus altilis NA W Caruso et al., 2013
Rosales Moraceae Artocarpus

heterophyllus
NA NA Caruso et al., 2014

Rosales Moraceae Ficus benghalensis IM Fr Olusola et al., 2013
Rosales Moraceae Ficus septica AB NA Caruso et al., 2013
Rosales Moraceae Morus alba AV,

AP
L Sivasankar et al., 2015

Rosales Rosaceae Crataegi fructus AB,
GP

NA Ji et al., 2007b; Takaoka
et al., 2011

Rosales Rosaceae Eriobotrya japonica AB NA Kim et al., 2011
Rosales Rosaceae Prunus amygdalus AP L Wu et al., 2011
Rosales Urticaceae Urtica dioica AB,

IM
L Awad and Austin, 2010

Salviniales Salviniaceae Salvinia adnata NA NA Caruso et al., 2013
Santalales Santalaceae Santalum album AP NA Tu et al., 2013
Santalales Santalaceae Viscum album AB,

IM
NA Park and Choi, 2012;

Sharma et al., 2010
Sapindales Anacardiaceae Anacardium

occidentale
NA NA Caruso et al., 2013

Sapindales Anacardiaceae Cotinus coggyria GP NA Bilen et al., 2011
Sapindales Anacardiaceae Galla chinensis AV NA Direkbysarakom et al.,

2004
Sapindales Anacardiaceae Mangifera indica AB,

IM
NA Awad and Austin, 2010;

Awad et al., 2011; Sahu
et al., 2007

Sapindales Burseraceae Commiphora
myrrha

AP L Syahidah et al., 2015
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Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Sapindales Meliaceae Azadirachta indica AB NA Talpur et al., 2013
Sapindales Meliaceae Dysoxylum

gaudichaudianum
NA NA Caruso et al., 2013

Sapindales Meliaceae Melia azedarach AV,
AP

NA Caruso et al., 2013;
Sivasankar et al., 2015

Sapindales Meliaceae Toona sinensis AB,
IM

L Wu et al., 2010

Sapindales Rutaceae Aegle marmelos AB,
AV,
AP

NA Balasubramanian et al.,
2007; Pratheepa et al.,
2010

Sapindales Rutaceae Murraya
paniculata

NA W Caruso et al., 2013

Sapindales Rutaceae Ruta graveolens AF R Caruso et al., 2013;
Hashemi-Karouei et al.,
2011

Sapindales Rutaceae Zanthoxylum
schinifolium

AP,
IM,
GP

L Harikrishnan et al., 2010d

Sapindales Simaroubaceae Brucea javanica NA W Wang et al., 2011
Solanales Convolvulaceae Cuscuta chinensis AP R Huang et al., 2013
Solanales Convolvulaceae Ipomoea aquatica NA R Caruso et al., 2013
Solanales Convolvulaceae Ipomomea batatas NA R Caruso et al., 2013
Solanales Convolvulaceae Merremia

tomentosa
AB R Castro et al., 2008

Solanales Solanaceae Brugmansia
suaveolens

AB NA Caruso et al., 2013

Solanales Solanaceae Capsicum frutescens AP NA Ling et al., 2012
Solanales Solanaceae Physalis angulata NA NA Caruso et al., 2013
Solanales Solanaceae Solanum nigurm NA NA Rajendiran et al., 2008
Solanales Solanaceae Solanum suratense AB R Jinish, 2002
Solanales Solanaceae Solanum trilobatum AB,

IM,
GP

NA Divyagnaneswari et al.,
2007

Solanales Solanaceae Withania somnifera AB,
AV,
IM,
GP

NA Sharma et al., 2010

Vitales Vitaceae Cayrathia japonicus AV NA Direkbysarakom et al.,
2004

Vitales Vitaceae Cissus
quadrangularis

GP NA Radhakrishnan et al., 2014

Zingiberales Zingiberaceae Curcuma longa AB,
AF,
IM

NA Caruso et al., 2013; Sahu
et al., 2008

(Continued)
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Table 9.1 (Continued)

Order Family Species Activities
Part
used Reference

Zingiberales Zingiberaceae Curcuma mangga AB NA Caruso et al., 2013
Zingiberales Zingiberaceae Curcuma

zanthorrhiza
NA NA Caruso et al., 2014

Zingiberales Zingiberaceae Curcuma zeodaria AB, AF NA Caruso et al., 2015
Zingiberales Zingiberaceae Etlingera

hemisphaerica
NA NA Caruso et al., 2016

Zingiberales Musaceae Musa acuminata NA NA Caruso et al., 2017
Zingiberales Musaceae Musa balbisiana NA NA Caruso et al., 2018
Zingiberales Musaceae Musa paradisiace NA NA Caruso et al., 2019
Zingiberales Zingiberaceae Zingiber officinale AB, AV,

AF, AP,
IM, GP

NA Dügenci et al., 2003;
Haghighi and Rohani,
2013; Nya and Austin,
2009

Algae red Asparagopsis
taxiformis

AB, AF,
AP

NA Genovese et al., 2012;
Hutson et al., 2012;
Manilal et al., 2012

Algae brown Himanthalia
elongata

AB NA Cox et al., 2010

Algae brown Laminaria digitata AB NA Dubber and Harder, 2008
Algae red Ceramium rubrum AB NA Dubber and Harder, 2009
Algae red Gracilaria edulis AB NA Kolanjinathan et al., 2009
Algae red Gracilaria fisheri NA NA Harikrishnan et al., 2011a
Algae red Gracilaria

tenuistipitata
AB, AV NA Sirirustananun et al., 2011

Algae red Gelidium amansii AB, IM NA Fu et al., 2007
Algae brown Sargassum

fusiforme
AB, IM NA Huang et al., 2006

Algae brown Sargassum
duplicatum

AB, IM NA Yeh et al., 2006

Algae red Porphyridium
cruentum

AB NA Diaz-Rosales et al., 2008

Algae green Ulva sp. AP NA Hutson et al., 2012
Mushroom Citrus paradisi AB NA Oladosu-Ayayi et al., 2013
Mushroom Ganoderma

lucidum
AB, IM NA Olusola et al., 2013

Mushroom Hericium
erinaceum

AP, IM NA Harikrishnan et al., 2011b

Mushroom Inonotus obliquus AB NA Harikrishnan et al., 2012a
Mushroom Volvariella volvacea NA Caruso et al., 2013

AV, antiviral; AB, antibacterial; AF, antifungal; AP, antiparasitic; F, flowers; Fr, fruit; GP, growth promoter; IM,
immunostimulant; L, leaves; NA, not available; R, root; S, seeds; W, whole plant.
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Most of the plants used both by fish farmers and in scientific studies for potential use in aqua-
culture correspond to plants widely used in traditional medicine.We identified over 250 plant
species from 75 families and 32 orders, which have been used or reported as potentially inter-
esting in aquaculture.

Plant Orders Most Frequently Used in Aquaculture

Plants from the order Lamiales (family Lamiaceae) were the most studied (12%), followed
by the Fabales (family Fabaceae, 11%), Asterales (family Asteraceae, 10%) and Malpighiales
(family Euphorbiaceae et Phyllanthaceae, 10%) (Figure 9.2).

Lamiales
The Lamiales order comprises about 20 families of dicotyledonous flowering plants (Allaby,
2012). Lamiaceae plants are frequently aromatic and include many culinary herbs such as
basil (Ocimum sp.), mint (Mentha sp.), oregano (Origanum sp.), rosemary (Rosmarinus offic-
inalis) and savory (Satureja sp.). Lamiaceae plants are widely used in traditional medicine for
treatment of diseases such as colds, headaches, stomach disorders, inflammation and heart
disease (Pattanayak et al., 2010). Several essential oils have been reported to display antimi-
crobial, antispasmodic, carminative and antiviral activity (Mimica-Dukic and Bozin, 2008).
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Figure 9.2 Plant orders used in aquaculture.
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Figure 9.3 Plant examples and isolated molecules from the plant orders most used in aquaculture.

Lamiaceae plants contain a wide range of bioactive metabolites which include numerous
monoterpenes and sesquiterpenes such as linalool, geraniol, eugenol, ocimene, carvacrol,
p-cymene, thymol and myrcene and flavonoids like luteolin first isolated from Salvia tomen-
tosa (Bower et al., 2014; Malmir et al., 2015; Mimica-Dukic and Bozin, 2008) (Figure 9.3).
Plants from the family Lamiaceae also contain several bioactive fatty acids such as palmitic
acid and myristic acid and phenolic actives such as rosmarinic acid (Pattanayak et al., 2010).
Rattanachaikunsopon and Phumkhachorn (2010) and Abd-El-Galil and Hashiem (2012)
showed that antibacterial activity of carvacrol against Edwarsiella tarda and Tenacibaculum

mirv
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maritimum was enhanced when administered with cymene (see Figure 9.3). Gormez and
Diler (2014) showed that essential oils of Origanum onites and Thymbra spicata were more
bioactive against the fungus Saprolegnia parasitica than thymol or carvacrol alone.The latter
studies indicate that synergistic effects between different bioactive compounds may exist and
enhance plant bioactivity. Hao et al. (2012) found that palmitic acid was effective against the
monogenean parasite D. intermedium in goldfish (Carassius auratus).

Fabales
The Fabales include the family Fabaceae, commonly known as the pea or bean family. The
Fabaceae is the third largest plant family as it includes more than 12 000 plants (Allaby, 2012).
Several plants from the family Fabaceae are used in traditionalmedicine for treatments against
diarrhoea, parasite infections, inflammations, rheumatism and ulcers (Molares and Ladio,
2011). Several plants from the Fabaceae family (Albizia saman, Falcataria moluccana, Gli-
ricidia sepum, Koompassia malaccensis, Leucaena leucocephala, L. glauca, Parkia speciosa,
Senna alata, S. siamea, Sesbania grandiflora and Tamarindus indica) are used by Indonesian
fish farmers to improve fish fitness and treat fish infections (Caruso et al., 2013). Plants from
the genus Sophora contain many phytoconstituents with pharmacological and therapeutic
properties, including antioxidant, anticancer, antimicrobial, antiviral and anti-inflammatory
(Abdelhady et al., 2015). Several polyphenolic compounds have been identified in Sophora
japonica, such as tamarixetin, sissotrin, rutin, gallic acid and quercetin (Abdelhady et al., 2015)
(see Figure 9.3). Liu et al. (2011) characterized the alkaloids matrine, oxymatrine, sophori-
dine, oxysophocarpine and sophocarpine from Sophora flavescens. Wu et al. (2013) showed
that a diet supplemented with Sophora flavescens enhanced the non-specific immune system
of Nile tilapia (Oreochromis niloticus) and increased disease resistance against Streptococcus
agalactiae.

Asterales
Asterales is an order of dicotyledonous flowering plants that includes the large family Aster-
aceae, commonly known as the daisy family.The Asteraceae family contains more than 23 000
species; most members are herbaceous but a significant number are shrubs, vines or trees
(Allaby, 2012).
Many Artemisia species are present in the Chinese pharmacopoeia, and they have been

used as scholeretic, anti-inflammatory and diuretic agents in the treatment of diseases like
epidemic hepatitis and fevers (Tang et al., 1992).The use of Artemisia annua in Chinese tradi-
tional medicine was recorded before 168 BC, and in 1971 artemisinin, a sesquiterpene lactone
with antimalarial properties, was isolated (Cávar et al., 2012; Klayman, 1985). Artemisinin and
its semi-synthetic derivatives are currently used worldwide for treatment against the malaria
parasite Plasmodium falciparum (WHO, 2006) (see Figure 9.3). Artemisia plants also con-
tain abundant monoterpenes (eucalyptol, germacrenes, camphor), coumarins (scopoletin),
chlorogenic acids (quinic acid, caffeic acid) and flavonoids (luteolin, isovitexin) (Carbonara
et al., 2012; Cávar et al., 2012; Efferth et al., 2011; Juteau et al., 2002) (see Figure 9.3).Artemisia
sp. antibacterial and antiparasitic effects against aquaculture pathogens have also been stud-
ied. Ekanem and Brisibe (2010) showed the efficacy of ethanol extract of Artemisia annua
against the monogenean parasite Heterobranchus longifilis. Huang et al. (2013) reported on
the anthelminthic activity of Artemisia argyi against D. intermedius in goldfish. El-Deen and
Mohamed (2009) demonstrated the efficacy of Artemisia vulgaris crude extracts against the
ectoparasite Trichodina sp. and the bacterium Aeromonas hydrophila in Nile tilapia.
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Aucklandia lappa is another plant from the Asteraceae family with numerous bioactivities
and is widely used in traditional medicine for the treatment of asthma, rheumatism, coughs,
tuberculosis and many other diseases. (Seo and Shin, 2015; Zhang et al., 2014). A. lappa con-
tains the sesquiterpene lactones costunolide, dehydrocostus lactone and alantolactone which
are known to display multiple bioactivities (Li et al., 2005; Seo and Shin, 2015). Xue-Gang
et al. (2013) showed that A. lappa displayed antifungal activity against Saprolegnia sp. and
Achlya klebsiana.
Other Asteraceae plants have been shown to display interesting bioactivities relevant

to application in aquaculture. Oral administration of Eclipta alba in tilapia (Oreochromis
mossambicus) enhanced non-specific immune parameters and reduced fish mortal-
ity when challenged with A. hydrophila (Christybapita et al., 2007). A Siegesbeckia
glabrescens-enriched diet displayed an immunomodulatory effect and increased disease
resistance in kelp grouper (Epinephelus bruneus) (Harikrishnan et al., 2012b). Artemisia
cina, Matricaria chamomilla and Tridax procumbens promoted weight gain and enchanced
non-specific immune responses in fish (Abdelhadi et al., 2010; Sivasankar et al., 2015). Echi-
nacea purpura appeared to have immunostimulant, antibacterial and antifungal properties
in fish (Aly and Mohamed, 2010; Caruana et al., 2012).

Malpighiales
Malpighiales is a very diverse order, containing the flowering plant families Euphorbiaceae
and Phyllanthaceae. Euphorbiaceae, the spurge family, is constituted mainly of herbs but also
includes some shrubs and trees. The spurge family contains numerous species of medicinal
plants such as different species from the genus Euphorbia or the irritant mangrove Exoe-
caria agallocha (Ernst et al., 2015).The study of the natural products of the Euphorbia species
started in 1968 with the isolation of a tumour-promoting phorbol-12,13-diester from Croton
tiglium L., and description of the antitumour activity of a diterpene isolated from Euphor-
bia esula L. in 1976 (Hecker, 1968; Kupchan, 1976). More recently, a diterpene drug (ingenol
mebutate, Picato®) isolated from Euphorbia peplus was released for the treatment of actinic
keratosis (Berman, 2012).

Euphorbia sp. contains several terpenes, such as the ingol-type diterpenes, euphorantins,
flavonoids like quercitrin and tannins (Qi et al., 2014, Trinh and Le, 2014) (see Figure 9.3). Dif-
ferent species of Euphorbia have displayed antibacterial, antiviral, antifungal and antiparas-
tic activities against fish and shellfish pathogens (Direkbusarakom, 2004; Huang et al., 2015;
Zhang et al., 2014).
The Phyllanthaceae family is a small (about 2000 species) but diverse family, which includes

the genus Phyllanthus. Phyllanthus plants are well known for their potent medicinal activity
and are used worldwide (Kumar et al., 2015). Numerous bioactive phytochemicals have been
isolated from Phyllanthus plants, including phyllanthin, phyltetralin, phyllangin, corilangin,
gallic acid, methylgallate, and rhamnocitrin, protocatechuic acid, kaempferol 3-O-rutinoside,
quercitrin and rutin (Fang et al., 2008; Kumar et al., 2015;Wei et al., 2004).Phyllanthuspossess
a high antibacterial and antiviral potential against pathogens in aquaculture (Balasubramanian
et al., 2007; Punitha et al., 2008; Sivasankar et al., 2015).

Plant Species Most Widely Used in Aquaculture

The plant species that have displayed the highest potential for use in aquaculture are gar-
lic (Allium sativum), pomegranate (Punica granatum), bermuda grass (Cynodon dactylon),
Indian ginseng (Whitania somnifera) and ginger (Zingiber officinale).
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Garlic (Asparagales, Amaryllidaceae) has been used by humans for over 7000 years for
both culinary andmedicinal purposes. Antibacterial, antiparasitic, antioxidant, immunostim-
ulant and growth-promoting activities have been observed in fish and shellfish (Lee and Gao,
2012). Some studies have studied the effect of the pure garlic components allicin and ajoene
in aquaculture and demonstrated their immunostimulant capacity and effectiveness against
pathogenic fish protozoa Spironucleus vortens, Ichthyophthirius multifiliis and the bacteria A.
hydrophila (Millet et al., 2011; Nya et al., 2010; Tanekhy and Fall, 2015).
Pomegranate (Myrtales, Lythraceae) has also been used for medical purposes since ancient

times. Pomegranates contain numerous phytochemicals such as the bioactive polyphenol
ellagitannins which exert antioxidant and anti-inflammatory effects. In aquaculture, studies
have shown antibacterial, antiviral, antiparasitic, immunostimulant and growth-promoting
activities (Harikrishnan et al., 2010a,2010b; Pirbalouti et al., 2011).
The chemical composition of Bermuda grass (Poales, Poaceae) includes phenolic com-

pounds (gallic acid), tannins (cathechins), anthocyanins (cyanidin) and flavonoids (quercetin)
(Khlifi et al., 2013). C. dactylon displays antibacterial, antiviral, antiparasitic, immunos-
timulant and growth-promoting activities in fish and shellfish (Balasubramanian et al.,
2008a,2008b; Kaleeswaran et al., 2011).
Indian ginseng (Solanales, Solanaceae) has been used for centuries inAyurvedicmedicine to

increase longevity and vitality. Scientific research has shown antioxidant, anti-inflammatory,
immune-modulating and antistress properties in the whole plant extract. W. somnifera bio-
logically active chemical constituents include alkaloids (isopelletierine, anaferine), steroidal
lactones (withanolides, withaferins) and saponins containing an additional acyl group (sitoin-
doside VII and VIII) (Mishra et al., 2000). W. somnifera has antibacterial, antiviral, immunos-
timulant and growth-promoting activities in aquaculture (Sharma et al., 2010; Talpur et al.,
2013; Yogeeswaran et al., 2012).
Ginger (Zingiberales, Zingiberaceae) is a herbaceous perennial plant used for culinary and

medicinal purposes. Ginger contains a mixture of zingerone, shogaols and gingerols as well
as some sesquiterpenoids, with (-)-zingiberene as the main component (Ali et al., 2008).
Bioactivities include antioxidant, anti-inflammatory, antibacterial and apoptosis induction
(Dugasani et al., 2010; El-Ghorab et al., 2010). In aquaculture, enrichment of diets with
ginger has been shown to promote growth and immunostimulation as well as antibacterial,
antiviral, antifungal and antiparasitic activities (Caruana et al., 2012; Kanani et al., 2014; Nya
and Austin, 2009; Rajeswari et al., 2012).

Analysis of Plant Bioactivity

Analysis of plant bioactivity showed that 36% of the plants studied presented antibacte-
rial activity, whereas 17% had antiparasitic activity, 16% immunostimulant activity, 14%
antiviral activity, 13% growth promoter and only 4% showed antifungal activity (Figure 9.4).
Nevertheless, it should be taken into account that those proportions are biased by the number
of studies performed to date on each targeted pathology; for example many more studies
have been focused on antibacterial activities than antifungal activities.
Plant bioactivies were also analysed by plant order and we found that Asterales was the

order with the highest number of bioactive plants (34), with nearly half of them display-
ing antibacterial activity (Figure 9.5). Lamiales and Malpighiales were the next two highest
(33 and 32).The Lamiales order had the highest number of plants displaying immunostimulant
activity (7) and antifungal activity (5), while the Malpighiales presented the highest antiviral
activities (11) (see Figure 9.5).
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Figure 9.4 Plant bioactivities in aquaculture.
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Figure 9.5 Plant order bioactivities in aquaculture.

Analysis of Plant Parts Used in Aquaculture

Most studies on the use of medicinal plants in aquaculture used plant leaves (37%), while 22%
used the whole plant as powder, plant essential oil or extract. Root was also often used, at 18%,
followed by seeds (8%), barks (6%), fruits (6%) and finally flowers (4%) (Figure 9.6).

Other Plants and Perspectives

Some algae and some mushrooms have also been studied for their potential application in
aquaculture. Algae are considered to be a rich source of bioactive molecules ; most of the
studied algae presented high antibacterial activities, and some also presented immunos-
timulant, antifungal, antiparasitic and antiviral activity (Choudhury et al., 2005; Genovese

mirv


Bioactivities of plant orders in aquaculture.
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Figure 9.6 Parts of plants used in aquaculture.
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et al., 2013 ; Hutson et al., 2012; Sukoso et al., 2012; Zbakh et al., 2012). For example, the
red alga Asparagopsis taxiformis, which is known to produce a high diversity of halogenated
metabolites, displayed antibacterial, antifungal and antiparasitic activities against several fish
pathogens (Genovese et al., 2012, 2013). Also, A. taxiformis enhanced the immune system
of Penaeus monodon and was highly efficient in the treatment of vibriosis in P. monodon
(Manilal et al., 2012, 2013). Also, studies like that of Mai et al, (2015) are starting to show
interesting properties of other marine organisms such as sponges, which can inhibit quorum
sensing of marine pathogenic bacteria such as Vibrio harveyi. Nevertheless, more research
needs to be performed in this field, in order to establish the possibilities of application in
aquaculture disease management.
Finally, there are numerous plants used in humanmedicine that have not yet been tested on

aquaculture. For example, the gum rockrose (Cistus ladanifer, Cistaceae, Malvales) is a plant
widely used in several Mediterranean countries which possesses anti-inflammatory, antibac-
terial and antioxidant activity (Ferreira et al., 2012; Neves et al., 2009). Dandelion (Tarax-
acum officinale, Asteraceae, Asterales) has long been used in the northern hemisphere for its
diuretic, choleretic, anti-inflammatory, antioxidative, anticarcinogenic, analgesic, antihyper-
glycaemic, anticoagulatory and prebiotic effects (Schütz et al., 2006).

Conclusion

Medicinal plants (including algae and mushrooms) present promising potential for use in
aquaculture as a substitute for chemotherapy in the treatment of disease outbreaks. Ethnob-
otanical studies have been highly useful in the discovery of bioactive plants and natural prod-
ucts with interesting applications in aquaculture. However, there is still little knowledge on
the mode of action of most bioactive plants, as well as the most suitable form for effective and
safe administration. More research is needed to elucidate plant products and their modes of
action (to establish the bioactive parts of the plant and the most suitable preparations), and to
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test plant effects on the organism’s physiology in order to establish an appropriate treatment
strategy (route of administration, dose and length). In addition, research in this field could
also benefit greatly from the traditional knowledge of fish farmers who regularly use plants.
Finally, most studies have focused on the potential of terrestrial plants in aquaculture.

Although these plants do offer interesting biological properties, they are not a natural com-
ponent of either fish alimentation or the marine environment.Thus, continuous introduction
of plant extracts and their bioactive compounds (through bath treatment or food diffusion)
into the marine or freshwater environment could eventually cause environmental problems.
Therefore, the use of bioactive algae and seaweeds from local natural environments where
aquaculture is carried out could be a better alternative to avoid introduction of exogenous
molecules into the environment. Algae are considered to be a rich source of original bioactive
molecules which display multiple bioactivities. In aquaculture, several recent studies have
showed the potential of algae for the treatment of pathogens or to improve fish fitness.
However, they can also cause undesirable effects and toxicity in fish, so more research
needs to be performed on the physiological effects of algae on fish and suitable dosing levels
(Manilal et al., 2010).
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