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Abstract 
The purpose of this paper was to summarize the current available knowledge of using plant by-products 
in fish culture, and their potential to be applied further in aquaculture production because, in recent years, 
the fish consumption increased and total world production of fish has decreased. Fish constitutes the 
fastest growing source of food in the developing world. The shift in some countries from extensive to 
semi-intensive and intensive farming of fish demands that nutritionally complete feeds be provided by 
the farmer. There is large number of feed additives available to improve fish growth performance but 
these are very costly. It is preferable that, in the case of commercial aquaculture, the production cost to 
be reduced. World Health Organization encourages using of medicinal herbs and plants to substitute or 
minimize the use of chemicals through the global trend to go back to the nature. Various studies have 
been done on non-conventional raw ingredients and these include host of plants and animals by-products 
such as sweet potato peels [1], banana peels [2], calabash seed [3], papaya seed [4].   
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1. Introduction 
The world population is growing at an exponential rate and the need of the hour is to increase 
the food production with the same rate. World population is expected to grow from the present 
6.8 billion to greater than 9 billion by 2050 [5]. The growing need for nutritious and healthy 
food will increase the demand of fisheries products from inland and marine sources, whose 
productivity is already highly stressed by excessive fishing pressure, growing organic 
pollution, toxic contamination, habitat degradation and climate change [6]. The shortage of 
animal protein intake in developing countries can be satisfied with proper development of 
aquaculture. Fish feed is the most expensive input in aquaculture operations. Most of the high 
cost of feed arises from extensive reliance on protein sources such as fish meal and shrimp 
meal [7]. To overcome the high cost input in feed, it would be economical to utilize plant 
ingredients which will enhance fish production [8]. Today capture fisheries and aquaculture 
provide almost 20% and 15% of average per capita intake of animal protein to 3.0 billion and 
1.3 billion people respectively [9]. This share exceeds about 50 percent in a few countries. The 
global evidence on record reveals that fisheries play pivotal role in health and food security [9]. 
Nutrition of fish is an important consideration in fish health management of farmed finfish and 
shellfish [9]. The shift in some countries from extensive to semi-intensive and intensive farming 
of fish demands that nutritionally complete feeds be provided by the farmer. The use of 
nutritionally inadequate feeds can result in reduced growth and production due to stress, but 
more seriously, the use of such feeds can result in loss of fish from nutritional deficiency 
syndromes and/or from mortality brought on by increased susceptibility of nutritionally 
compromised fish to infectious diseases [10]. In aquaculture, fish feeds costs the maximum 
expenditure [11] and this is because of using animal protein sources such as fish meal, shrimp 
mean etc. [7]. If plant sources can be used as a supplement to animal protein sources, it will not 
only reduce the production cost and also increases the growth and production [12]. 
 
2. Phytobiotics  
Phytobiotics can be defined as plant derived products added to feed in order to improve the 
performance of animal [13]. The phytobiotics have a wide variety of properties such as: 
antioxidant, antimicrobial, anticarcinogenic, analgesic, insecticidal, antiparasitic, anti-
coccidial, growth promoters appetite enhancement, stimulant of secretion of bile and digestive 
enzyme activity etc [14].  
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The evaluation of phytobiotics in aquaculture is a relatively 
new area of research showing promising results. Addition of 
different single herbal extracts (Massa medicata, Crataegi 
fructus, Artemisia capillaries, Cnidium officinale) or a 
mixture of all the herbs promoted growth and enhanced some 
non-specific immunity indicators of fish [15]. 
 
3. Present status of phytobiotics in aquaculture  
In aquaculture one of the most promising methods of 
strengthening the defense mechanism and disease 
management is through prophylactic administration of 
immunostimulants [16]. Recent advancement in immuno-
nutrition studies revealed that some nutrients are linked to the 
immunological status of fish [17]. This has drawn the attention 
of fish nutritionists to the immunoprotection of fish besides 
the growth. Yuan and his co-workers [18] fed common carp 
(Cyprinus carpio) diets containing a mixture of Astragalus 
membranaceus (root and stem), Polygonum multiflorum, 
Isatis tinctoria and Glycyrrhiza glabra (0.5 and 1%) for 30 
days and observed that both concentrations significantly 
increased (P < 0.05) macrophage phagocytic activity, 
respiratory burst and levels of total protein, albumin, globulin 
and nitric oxide synthetase activity in the serum; no 
significant difference (P > 0.05) was found in superoxide 
dismutase (SOD), lysozyme activities and triglyceride level. 
Root extracts of the Chinese herb Astragalus contain 
polysaccharides, organic acids, alkaloids, glucosides and 
volatile oil as major active components that have been found 
to enhance immune function in fish [19]. The Astragalus 
polysaccharide (APS) from A. membranaceus is reported to 
halt reactive oxygen species (ROS) production, stimulate 
humoral and cellular immunity, and thus possess anticancer 
and immunostimulating effects [18]. The oriental medicinal 
herb G. glabra (liquorice) comprises flavonoids and 
pentacyclic triterpene saponin, including liquiritin, 
liquiritigenin, isoliquiritigenin, liquiritin apioside, 
glycyrrhizin and glycyrrhizic acid as major constituents and is 
reported to have anti-oxidant effects [20].  
 
4. Integration of plants with fisheries 
4.1 Basic principle 
Integrated fish farming is a system of producing fish in 
combination with other agricultural/livestock farming 
operations centred on the fish pond [21]. The farming sub-
systems e.g. fish, crop and livestock are linked to each other 
in such a way that the by-products/wastes from one sub-
system become the valuable inputs to another sub-system and 
thus ensures total utilization of land and water resources of 
the farm resulting in maximum and diversified farm output 
with minimum financial and labour costs [21]. It also enables 
effective utilization of available farming space for 
maximizing production. The rising cost of protein rich fish 
food and chemical fertilizers as well as the general concern 
for energy conservation have created awareness in the 
utilization of rice and other crop fields and livestock wastes 
for fish culture [21]. Fish culture in combination with 
agriculture or livestock is a unique and lucrative venture and 
provides a higher farm income, makes available a cheap 
source of protein for the rural population, increases 
productivity on small land-holdings and increases the supply 
of feeds for the farm livestock [21]. The scope of integrated 
farming is considerably wide. 
 
 
 

4.2 Criteria of Fish Species Selection for Integrated Fish 
Culture  
(A) Prominent features  
i. Rapid growth potential 
ii. Having cellulose digesting enzymes 
iii. Ability to use natural food efficiently 
iv. Acceptance to artificial feed of low conversion value  
v. Hardy in nature 
vi. Accept all provided/available food 
vii. Enhances mineral bioavailability from food in the meal 
viii.  Compatible to other species  
ix.  Should fetch good price 
 
(B) Fish species  
 

Table 1: Fish species suitable for integrated fish farming [21] 
 

Common Name Scientific Name 
Plant-Eaters (Herbivores) 

Chinese grass carp Ctenopharyngodon idella 
Large gourami Osphronemus goramy

Snakeskin gourami Trichigaster pectoralis 
Tilapia Tilapia rendalli 

Zill's tilapia Tilapia zillii 
Chinese 'Wuchang' bream Megalobrama amblycephala 

Omnivores (Eat Small Plants And Animals)
Barb species Puntius spp 

Catfish species Clarias spp., Pangasius spp. 
Chinese mud carp Cirrhinus molitorella 
Climbing perch Anabas testudineus 
Common carp Cyprinus carpio 
Crucian carp Carassius carassius 
Mrigal carp Cirrhinus mrigala 

Tilapia species Oreochromis spp., Sarotherodon 
spp., Tilapia spp.) 

 
4.3 Importance of plants for human ‘Health & Wealth’ as 
well as for fisheries 
 It serves the major purpose of providing cheap feedstuffs 

and organic manure for the fish ponds, thereby reducing 
the cost and need for providing compounded fish feeds 
and chemical fertilizers.  

 By reducing the cost of fertilizers and feedstuffs the 
overall cost of fish production is reduced and profits 
increased.  

 The overall income is increased by adding vegetable 
farming which supplement the income from fish farming.  

 By producing grain, vegetables, fruits and fish the 
community becomes self-sufficient in regard to food and 
this contributes to a high degree of self-reliance.  

 The silt from the ponds which is used to fertilize crop, 
increases the yield of crops at a lower cost and the need 
to buy chemical fertilizer is greatly reduced. It is 
estimated that about one third of all the fertilizer required 
for farming in the country comes from fish ponds.  

 There are no side effects of using plants in aqua-feed 
because they are natural products which cause no harmful 
effects to both fish and human beings. 

 It increases resistance power of fish because some plants 
are having medicinal value which increases the 
immunity. 

 The next main advantage is that this practice is eco-
friendly as is having no adverse effect on the 
environment. It is truly organic & natural way of 
treatment because no chemicals are used 

 Locally available resources/plants are used. So by 
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adopting integrated fish farming practice the farmer can 
economically use the easily and locally available 
resources. 

 Un-used area in the form of dykes are used for cultivation 
by which the farmer get double benefit that is by selling 
the fruits or vegetables grown on the dykes and using the 
vegetation waste in the fish feed which increases the 
growth of fish as well. 

 
 

5. Functions of natural plant products 
 Growth promotion 
 Anti-stress 
 Appetite stimulation  
 Immuno-stimulation  
 Antimicrobial properties 
 Wound healing 
 Aphrodisiac  
 Color enhancing 

Table 2: Main herbal plant extracts and their multiple therapeutic properties in aquaculture [22] 
 

English name Scientific name Useful part Active substances Therapeutic properties 
Aromatic Species

Nutmeg Myristica flagrans Seed Sabinene Digestion stimulant, antidiarrhotic 
Cinnamon Cinnamomum zeylanicum Bark Ammameldehyde Appetite and digestion stimulant, antiseptic 

Clove Syzygium aromaticum Cloves Eugenol Appetite and digestion 
Cardamom Elettaria caramomum Seed Cinook Appetite and digestion stimulant 

Pungent Species
Capsicum Capsicum annum longum Fruit Capsaicin Antidiarrhoic, stimulant tonic, anti-inflammatory 

Ginger Zingiber officinale Rhizom Zingerole Gastric Stimulant 
Pepper Piper nigrum Gruit Piperine Digestion stimulant 

Aromatic Herbs And Spices
Garlic Allium tuberosum Bulb Allicin Digestions stimulant, antiseptic 

Rosemary Aniba rosaeodora Leaves Cineole Digestion stimulant, antiseptic, antioxidant 
Thyme Thymus vulgaris Whole plant Thymol Digestion stimulant, antiseptic, antioxidant 
Sage Salvia apiana Leaves Cineole Digestion stimulant 

Peppermint Mentha piperita Leaves Menthol Appetitie and digestion stimulant, antiseptic 

Neem Azadirachta indica Leaves, bark Azadirachtin, 
salanin numbin Antiviral, antiseptic, fungicidal 

 
5.1 Anti- Stress 
Rutin has improved the biochemical, immunological and 
haematological parameters in Litopenaeus vannamei during 
the stress conditions by V. alginolyticus [23]. 
 
5.2 Growth Promotion 
Miguel et al. [24] conducted study on the dietary efficiency of 
protein concentrate from cowpea seed, as an ingredient for 
practical diets of tilapia fry. No mortalities related to the 
dietary plant protein were recorded and concluded that 
cowpea seed protein concentrate is a potential ingredient for 
use in feeding tilapia.    
Duckweed and water spinach can be used as a supplement to 
poly-culture fish although fish gained better with the 
supplement of duckweed [25]. Varying levels of sweet potato 
(Ipomea batatas) peels on growth, feed utilization and some 
biochemical responses of the cichlid (Oreochromis niloticus). 
Analysis of the results revealed that Oreochromis niloticus 
could tolerate up to 15% level of inclusion of sweet potato 
peel. The significance of research finding is that sweet potato 
peels can be incorporated into fish feeds in order to reduce the 
cost associated with production of farmed fish [26]. Same 
findings were observed by Adewolu [27] in tilapia fingerlings 
and by Faramarzi et al. [1] in Cyprinus carpio.  
Mohd din et al. [28] studied the effect of mushroom 
supplementation as a prebiotic compound in super worm 
based diet on growth performance of red tilapia fingerlings. 
There was increase in SGR, FCR and PER level and survival 
was up to 93.33%. 10% supplementation level of MSM as a 
prebiotic for tilapia could be used in the insect-based diet, 
Zophobas morio. The utilisation of mellon shell as dietary 
energy source in the diet of nile tilapia (Oreochromis 
niloticus) increases the growth [29]. Mellon shell meal 
inclusion in the diet of Tilapia up to 75% can be effectively 
utilized by the Oreochromis niloticus. The specific growth 
rate, protein intake, protein efficiency ratio, gross feed 

conversion efficiency, feed efficiency, mean feed intake, 
survival rate, and percentage weight gain increases as the 
level of dietary cowpea (vigna unguiculata) hull meal 
increased. The replacement of maize meal by cowpea hull 
meal diet within 50% to 100% level enhances growth 
performance of C. gariepinus fry [30].  
Dorojan et al. [31] studied the influence of some phytobiotics 
(thyme, seabuckthorn) on growth performance of stellate 
sturgeon (A. stellatus, pallas, 1771) in an industrial 
recirculating aquaculture system. The phytobiotics used, 
thyme (Thymus vulgaris) and seabuckthorn (Hippophae 
rhamnoides), have been embedded in fodder, by using gelatin, 
having a concentration of 2%/ kg fodder. Alterna Storioni 
feed-48% crude protein was used. As a conclusion, it can be 
said that the two types of phytobiotics (thyme, seabuckthorn), 
administered in a concentration of 2%/kg fodder, have 
influenced the growth performance of stellate Gaber et al. [32] 

observed the effect of partially replacing corn meal by wet 
date on growth performance in nile tilapia (oreochromis 
niloticus) fingerlings, diets supplemented with digestarom 
concluded that diet containing 30% of WD with 0.03% D 
exhibited the highest net profit and would seem to be the most 
desirable level of WD and Digestarom. 
  
5.3 Appetite-Stimulation 
Another possible mode of action of phytogenic bioactive 
compounds on growth performance of farm animals could be 
their effects on the activities of digestive enzymes. The 
dietary supplementation of fructooligosaccharides improved 
daily body weight gain of animals by increasing the activities 
of amylase and protease. Furthermore, a study with these 
animals indicated that feeding a diet containing a commercial 
blend of essential oils (CRINAR) in combination with lactic 
acid induced a significant increase in activities of digestive 
enzymes of the pancreas and intestinal mucosa of animals, 
leading to a significant increase in growth [33]. 
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The use of hot spices from peppers & cinnamon has been 
demonstrated to stimulate salivation. The increase in enzyme 
production can result in improvements in digestibility & 
availability of nutrients from feedstuffs [34].  
 
5.4 Immunity Stimulation 
The immune systems of fish and higher vertebrates are similar 
and both have two integral components. First component is 
the innate, natural or nonspecific defense system formed by a 
series of cellular and humoral components, and second is the 

adaptive, acquired or specific immune system characterized 
by the humoral immune response through the production of 
antibodies and by the cellular immune response which is 
mediated by T-lymphocytes, capable of reacting specifically 
with antigens. In aquaculture one of the most promising 
methods strengthening of the defence mechanism disease 
management is through prophylactic administration of 
immune-stimulants. In fish, the immunostimulants are known 
to increase certain aspects of innate immunity. 
 

 
Table 3: Use of herbal phytochemicals as immunostimulants in fish culture [35] 

 

Medicinal plant Major phytochemical Species 
Dose & length of 
administrati-on 

Results References 

Astragalus radix, root 
extract Astragalus polysaccharide O. niloticus 

0.1,0.5,1.0% 
4 weeks 

↑Leucocytic phagogocytosis 
↑Lysozyme activity 

→Repiratory burst activity 
[36] 

Astragalus membranaceus 
root extract and Lonicera 
japonica flower extract 

Astragalus polysaccharide 
and chlorogenic acid O. niloticus 

0.1 % 
4 weeks 

↑Leucocytic phagogocytosis 
→Total protein, total 

immunoglobulin 
↑Repiratory burst activity 

[37] 

Ganoderma lucidum 
extract polysaccharide C. carpio 0.5%- 5 weeks 

↑Leucocytic phagogocytosis 
↑Lysozyme activity 

↑Repiratory burst activity 
[38, 39] 

Allium sativum 

Alliin,allicin, ajoene, ally 
propyl disulphide, ally 

trisulphide, S-ally cystein, 
vinyldithiins, S-

allymercaptocystein 

L. rohita 
0.1. 0.5, 1.0% 60 

days 

↑Superoxide anion production 
↑Lysozyme activity 

↑Serum bactericidal activity, 
serum protein, serum albumin 

[40] 

Withania somnifer root 
extract 

Alkaliods, withanolids 
with a glucose at carbon 

27, steroidal lactones, 
saponins containing an 
additional acyl group 

L. rohita 
1.0, 2.0, 3.0g/kg 

42 days 

↑Nitroblue tetrazolium level 
↑Phagocytic cell activity 

↑Lysozyme actibvity 
↑Total immunoglobulin level 

[41] 

Sibarian ginseng 
Eleutherococcus senticosus 

residuum extract 
Lignin, iridoid glycoside P. olivaceus 

3.0% 
8 weeks ↑Non-specific immunity [42] 

 
Symbols represent an increase (↑) or no effect (→) on the 
specified response. 
 
5.5 Anti-Microbial 
Some bioactive substances from plants, like most 
antimicrobial agents, exert their effects by modulating the 
cellular membrane of microbes [43]. In vitro studies of (Kamel 
2001) indicate that the minimum inhibitory concentration 
(MIC50) and minimum bactericidal concentration (MBC50) 
are linked to the level of active substance and purity of the 
plant extract. Furthermore, a strong increase in 
hydrophobicity of the microbial species in the presence of 
some plant extracts may influence the surface characteristics 
of microbial cells and thereby affect the virulence properties 
of the microbes [43]. This may be an important antimicrobial 
mechanism of some plant extracts. This concept may have 
implications for the gut, in which adhesion of microbes to 
intestinal mucosal cells is of vital importance for some 
pathogenic microflora and is strongly influenced by the 
hydrophobic surface properties of microbial cells [43, 44]. 
Various essential oil mixtures, which contain natural 
polyphenolic compounds or flavonoids as major active 
ingredients, have been identified as potential antimicrobial 
and antioxidant agents [45]. Thus, supplementation of broiler 
diets with essential oil mixtures can create a healthier gut 
microflora, aiding optimum digestion and improving bird 
performance [46]. Citarasu et al. [47] showed effects from 
including a combination of methanolic plant extracts in the 
diet of black tiger shrimp (Penaeus monodon) on survival and 

viral load during White Spot Syndrome Virus (WSSV) 
infection. 
 
(a) As antibacterial agents 
Shrimp fed with 25 ppm turmeric extract showed significantly 
better resistance against V. harveyi [48]. Among a wide variety 
of herbs tested against Aeromonas hydrophila infection in 
tilapia (Oreochromis niloticus), the ethanol extract of Psidium 
guajava was found to have the highest antimicrobial activity 
[49]. 
The dietary administration to Pangasius catfish of a 
synergistic blend of botanical extracts with antibacterial and 
anti-parasitic activities resulted in improved growth and feed 
conversion, reduced incidence of monogenean gill parasites 
and improved disease resistance against two important 
bacterial pathogens (Edwardsiella ictaluri and Aeromonas 
hydrophila) in an experimental infection trial [22]. 
 
(b) As antiviral agents 
Successfully controlled salmonid rhabdovirus, VHSV by the 
plant extract derived from Olive tree leaf (Olea europaea) and 
its major compound, oleuropein [50].  
Citarasu et al. [47] showed effects from including a 
combination of methanolic plant extracts in the diet of black 
tiger shrimp (Penaeus monodon) on survival and viral load 
during White Spot Syndrome Virus (WSSV) infection. 
 
(c) As antifungal agent 
Successfully controlled the pathogens, Aspergillus flavus by 
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the ethanol & methanol extracts from Tulsi through in vitro 
Indian almond leaves, T. catatppa, extract can reduce the 
fungal infection in tilapia eggs [51]. 
  
5.6 Aphrodisiac 
Reprotism and asparagus in combination with 5% ricebran 
promoted the reproduction and other related parameters in 
Artemia franciscana [52]. 
 
5.7 Color Enhancing 
Red colour extracted from red sandal wood (Pterocarpus 
santalinus) when incorporated in tilapia feed is found to 
increase the acceptability of the feed. It imparted a pink 
colour to the whole fish as well as to the fish flesh. The fishes 
fed with coloured feed showed increased feed intake and 
growth rate [53]. 
Joseph et al. [54] studied the effect four botanical additives (H. 
rosasinensis, Rosa indica, Ixora coccinea and Crossandra 
infundibuliformiss) on the growth and body colouration of an 
ornamental fish of red sword tail Xiphophorus hellerei 
(Heckel) concluded that the percentage of colour pigments 
obtained in adult fish were maximum in I. coccinea one 
percent level then remaining flowers peal showed another 
highest pigment production was R. indica, H. rosasinensis and 
C. infundibuliformiss. Natural pigment substances have an 
impact on coloration of cichlid and the groups did not exhibit 
any distinctions in feed conversion and growth rates. 
Therefore, it was determined that these pigment sources have 
an effect on the colour of cichlid fish. Body carotenoid 
increases by the dietary supplements and increased linearly 
with the increase of marigold flower meal and beetroot meal. 
Inexpensive and readily available natural carotenoid sources 
such as marigold flower and beetroot meals can be 
incorporated into diets for S. richardsonii to enhance 
pigmentation and ornamental value Jha et al. [55].  
 
6. Conclusion 
Natural plant products present a viable supplement in the fish 
feed for better growth, health and production. Herbal products 
in the aquacultural operations, that have the characteristics as 
growth promoting ability, tonic to improve the immune 
system, act as appetite stimulators, increase feed 
consumption, induce maturation, have antimicrobial as well 
as of anti-stress characteristics that will be immense use in the 
culture of fishes. Use of plants may lead to a way for better 
co-ordination of fisheries with horticulture and establishing a 
better relationship between agriculture and aquaculture and 
can achieve a goal of augmented aquaculture production in an 
eco-friendly, cost effective and sustainable manner. 
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