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Abstract Lately, aquaculture has been recognized as the fast-growing industry in 
the food production sector, and it requires maintainable development to cover the 
world population’s demand for aquatic and seafood products. Among the 400 farmed 
fish species, warm-water fish species such as tilapia need a little quantity of fishmeal 
in their diets compared to other species. Tilapia is classified as the second most 
widespread species whose production is increasing every year; Nile tilapia 
(Oreochromis niloticus) is easily adaptable to a large variety of environments, is 
capable of reproducing in cavities, has an excellent market position in Asia and 
Africa, is highly resistant to diseases, has good fillet quality, shows moderate feed 
conversion ratio and excellent growth rate on many natural and artificial diets. Nile 
tilapia (O. niloticus) is known in the market as “aquatic chicken” due to its high 
tolerance to adverse physical and environmental conditions and overcrowding, its 
capability to survive at low oxygen levels, and a wide range of salinity concentra-
tions. Tilapia adapts easily to natural and artificial feeds, has good feed conversion 
value, grows moderately fast, has a final high yield potential, and is accepted by 
customers worldwide. In addition, tilapia can grow in different aquaculture systems, 
ranging from extensive, semi-intensive, and intensive; also it can be grown in 
monoculture or polyculture techniques. Since tilapia grows well in adverse environ-
mental conditions, tolerates stress factors as handling, and is resilient to disease 
agents of pathogen infections and infectious diseases, it has become the most
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common species among farmers. Nile tilapia (O. niloticus) could be cultured in both 
fresh and saltwater; and in tropical, subtropical, and temperate climates. The authors 
in this chapter will cover the environmental and nutritional requirements of tilapia, 
defined as key factors in profit production. As mentioned above, tilapia has a wide 
tolerance for high stocking densities and environmental conditions. In addition to 
these advantages, tilapia grows very well in integrated culture systems with aquatic 
species such as carp and shrimps, as well as with crops like tomato and lettuce. 
However, the global extension of tilapia farming growing at a remarkably high rate 
is likely to pose environmental and socioeconomic threats. This chapter highlights 
the advantages and challenges of commercial tilapia production including the 
economic aspects, living behind the improvement of effluent quality to minimize 
the impact on the environment, which will be covered in a different section.
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1.1 Introduction 

In the last few decades, aquaculture has become the fastest-growing sector in animal 
livestock production, securing a global food supply that reached 2018 ~115 million 
tons representing 263,400 million dollars (USD$) (FAO 2020). Feed formulation of 
warm-water fish species requires less fishmeal compared to other species. Tilapia 
production represents 40% of cultured fish (Prabu et al. 2019). Annual worldwide 
production of cultured tilapia was 3.4 million tons in 2011 and reached 6.2 million 
tons in 2019 (FAO 2020) (Fig. 1.1). Tilapia and catfish are considered to be native to 
the Middle East and Africa. Tilapia culture, though ancient (probably firstborn in 
Egypt simultaneously with Chinese polyculture), has experienced a recent commer-
cial development. Today, tilapia has become one of the most attractive fish species in 
aquaculture due to several advantages such as i) massive adaptability to numerous 
environmental conditions, ii) easy reproduction in captivity, iii) resistance to envi-
ronmental stress, diseases, and microbe pathogen infections, iv) good quality of 
flesh, v) feed on a low trophic level and excellent growth rate on a variety of diets 
(Welker and Lim 2011; Prabu et al. 2019). In 1980 tilapia was considered an ideal 
candidate for aquaculture in different regions of the world. Consequently, tilapia 
culture is currently growing commercially in at least 120 countries (Yue et al. 2016) 
all around the globe. Asian countries (e.g. China, Egypt, Indonesia, Philippines, and 
Thailand) are the major producers as well as consumers of tilapia (Chen et al. 2018). 
The most common cultured genus of tilapia is Oreochromis, and around 89% of 
these farmed fish are Nile tilapia (Oreochromis niloticus), due to their good growth 
performance in ponds (Ng and Hanim 2007). 

Egypt and China are considered the main producers of Nile tilapia (O. niloticus) 
and represent one-third of the total global production (FAO 2020). The reasons for 
such a rapid expansion of the Nile tilapia (O. niloticus) culture could be attributed to



technological advances associated with the intensification of cultural practices 
(Bhujel 2014b; Watanabe et al. 2002) including, i) development of novel strains 
and hybrids, ii) possibility to set up monosex male culture, iii) formulated diets, iv) 
use of a variety of production techniques such as semi-intensive and intensive 
systems (Ng and Romano 2013), and vi) marketing programmes aiming at enhanc-
ing the demand for tilapia on national and international markets (Wang and Lu 
2016). Based on the increasing commercialization and continuing growth of the 
tilapia industry, the product is not only the second most important farmed fish 
globally (Fitzsimmons 2000), next to carp, but it is also described as the most 
important of all cultured fishes in the twenty-first century (Celik 2012). 
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Fig. 1.1 Contribution of aquaculture to world tilapia production, 2000–2018. Data source: FAO 
(2020). FAO Global Fishery and Aquaculture Production Statistics (FishStat J; March 2020; www. 
fao.org/fishery/statistics/software/fishstatj/en) 

The importance of tilapia among aqua farmers can be summarized as follows: 
(i) tilapia have fast growth and survival rate, (ii) reproduce easily in captivity, (iii) 
tolerate low water quality conditions and environmental variables such as tempera-
ture, salinity, low dissolved oxygen, etc., (iv) is easily adaptable to mono and 
polyculture techniques in intensive fish farming, (v) feed on low-quality diets and 
easily adapt to artificial diets, vi) show high profitability and low production costs, 
(vii) is highly resistant to stress and disease (lower risks for aqua farmers), and (viii) 
is highly accepted by consumers, with a good market request (Prabu et al. 2019; 
El-Sayed 2006b). 

Although tilapia’s culture is promising for aquaculture, in light of the many 
advantages above-mentioned, enhancing the production efficiency of tilapia has 
some challenges and research issues that are of the biggest concern to tilapia 
culturists (Yuan et al. 2017). For instance, these involve growth performance, 
unwanted reproduction (Gupta and Acosta 2004; Ng and Romano 2013; Chen

http://www.fao.org/fishery/statistics/software/fishstatj/en
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et al. 2018), environmental tolerance (e.g. low temperatures and high salinity), 
disease resistance (Wang and Lu 2016; Li et al. 2016), quality of fillet yield (Yue 
et al. 2016), and increased production costs. Other issues of tilapia aquaculture are 
related to its negative effects on the environment and global biodiversity. Different 
protocols have been adopted to control and limit unwanted reproduction (Fig. 1.2). A 
brief overview of these methods is provided in one subsection of this chapter. 
However, none of these methods is considered 100% effective, and thus a combi-
nation of methods is suggested (Fuentes-Silva et al. 2013). 
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Fig. 1.2 Methods used for inhibiting reproduction or controlling the overpopulation of tilapias 

The poor aptitude of tilapia to tolerate low temperatures (<15o C) affects the 
geographical expansion of tilapia culture (El-Sayed 2006b; Lim and Webster 2006). 
The most cold-resistant species is blue tilapia, Oreochromis aureus, which is 
suitable for culture in regions with seasonal temperature changes and is usually 
used in the hybridization for the production of monosex. Moreover, most tilapia 
species are not tolerant to high salinity, although some (e.g., Mozambique tilapia, 
Oreochromis mossambicus; Oreochromis spilurus, redbelly tilapia, Tilapia zillii, 
and red tilapia hybrids) can grow in seawater. In comparison with other cultured fish 
(e.g. salmon), tilapia shows off-flavours and also minor levels of HUFAS, especially 
beneficial omega-3 fatty acids such as 20:5 n3 (EPA) and 22:6 n3 (DHA) which 
cause low market acceptance (Weaver et al. 2008). Finally, today, the disease 
resistance of tilapia has not received enough attention because rearing programmes 
have been focused only on growth efficiency and skin colour selection. 

In brief, tilapia yield can be affected by several causes, so this chapter provides an 
overview of some aspects of tilapia culture. In particular, it focuses on some crucial 
factors for a successful production, such as management and nutritional require-
ments, evaluation of technological advances and different tilapia farming practices, 
environmental effects, and some constraints resulting from intensification practices.
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1.2 Nutritional and Environmental Requirements 

Tilapias possess highly desirable characteristics that make them good candidates for 
fish production under different production approaches as extensive, semi-intensive, 
and intensive, such as their ability to tolerate a wide range of environmental 
conditions (Chervinski 1982), high survival rate, and feed on a low trophic level 
which makes them attractive species to aquaculture investors. However, dietary 
requirements under different production techniques and the association with culture 
conditions are still not yet clear. 

1.2.1 Nutritional Requirements 

Fish feed generally accounts for as much as 60% or more of production costs in both 
semi-intensive and intensive aquaculture production systems (Montoya-Camacho 
et al. 2019). The nutritional requirements of tilapia have been comprehensively 
reviewed by Ng and Romano (2013), and Chavan et al. (2015). An obstacle to 
tilapia intensive culture is the rising cost and unpredictable reliability of fishmeal and 
fish oil global supplies (Ng and Romano 2013). Consequently, several alternative 
ingredients, in particular of plant origin, have been investigated, and some of them 
are currently used in tilapia feeds to reduce the fishmeal amount (Montoya-Camacho 
et al. 2019). Fish meal (FM) and fish oil (FO) are the main sources of, respectively, 
amino acids and fatty acids for many different species. The investigation of alterna-
tive ingredients of FM and FO requires a thorough understanding of the quantity and 
quality requirements of different nutrients of tilapia, besides the comprehension of 
the factors that may influence the nutrient utilization efficiency and consequently 
affect the production (Ng and Romano 2013). 

1.2.1.1 Protein and Amino Acid Requirements of Tilapia 

Proteins represent the most expensive components in aquafeeds (El-Sayed 1999). 
Several factors affect protein requirements such as protein source and amino acid 
(AA) profile, fish species, age, size, and life stage. Tilapia larvae, fry and fingerling 
require a high level of protein (30–40%) compared to tilapia broodstock (20–25%). 
Male tilapia requires a higher level of protein than females to reach optimal growth 
performance (Ng and Romano 2013; Abdel-Tawwab et al. 2010; Sweilum et al. 
2005). In terms of protein, it is not just the quantity, but the quality and the essential 
amino acid (EAA) profile that will tremendously impact the total protein require-
ment. The ideal proteins to be introduced to the diet are represented by those whose 
amino acid composition is similar to the ratio required by the animal (Nguyen and 
Davis 2009). Furthermore, this will also decrease nitrogenous waste related to amino 
acids being underutilized or deaminated as an energy source (Abdel-Tawwab et al.



2010). Prediction of EAA requirement of different fish species could be measured by 
either dose-response protocol or by measuring the amino acid profile of the whole 
body of fish. As known, warm-water species including the Nile tilapia (O. niloticus) 
require 10 essential amino acids (Table 1.1). EAA requirements could be covered 
using a mixture of plant and animal proteins (Montoya-Camacho et al. 2019), or by 
the inclusion of free amino acids (Nguyen and Davis 2009). 
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Table 1.1 The quantitative essential amino acid requirements of warm-water fish.a Table modified 
from Jauncey (2000) 

Common carpb Channel cattfishc Nile tilapiad Mozambique tilapiae 

Arginine 3.3 4.3 4.2 2.8 

Histidine 2.1 1.5 1.7 1.1 

Isoleucine 2.5 2.6 3.1 2.0 

Leucine 3.3 3.5 3.4 3.4 

Lysine 5.7 5.1 5.1 3.8 

Methionine 2.1 2.3 2.7 1.0 

Phenylalanine 3.4 5.0 3.8 2.5 

Threonine 3.9 2.0 3.8 2.9 

Tryptophan 0.8 0.5 1.0 0.4 

Valine 3.6 3.0 2.5 2.2 
a All values as % of dietary protein 
b Experimentally determined data for common carp (Cyprinus carpio) from the review of Tacon 
(1987). Requirement estimated by the dose-response method 
c Experimentally determined data for channel catfish (Ictalurus punctatus) from the review of 
Wilson (1991). Requirement estimated by the dose-response method 
d Experimentally determined data for Nile tilapia (Oreochronis niloticus) from Santiago and Lovell 
(1988). Requirement estimated by the dose-response method 
e Experimentally determined data for Mozambique tilapia (O. Mossambicus) from Jauncey (1983). 
Requirement estimated by the whole body and muscle amino acid composition method 

1.2.1.2 Lipid and Fatty Acid Requirements of Tilapia 

Lipids and oils are considered to be the main source of digestible energy and 
essential fatty acids (EFAs) for the normal growth and development of fish. In 
addition, phospholipids play main functions in cell membrane structure and integ-
rity, facilitate and control the absorption of fat-soluble vitamins, act as forerunners 
for sex hormones, and improve the texture and flavour of the diet. 

Tilapia requirements of lipids rely on several factors including fish species, age, 
size, source of lipids, protein, and energy content (El-Sayed 2006b). For example, it 
was noticed that the level of protein decreased in the Nile tilapia (O. niloticus) diets 
from 33.1% to 25.6% by elevating lipid content from 5.2% to 9.1% and carbohy-
drates (CHO) from 31.7% to 36.7% (Li et al. 1991). The role of increasing lipid 
content could be described as a sparing protein effect, confirmed by Jauncey (2000) 
in hybrid tilapia (O. niloticus × O. aureus). Though increasing lipid levels up to 12% 
harm the growth of juvenile O. aureus × O. niloticus hybrids and augments the



accumulation of lipid in the carcass of the fish (Jauncey 2000), also it has a negative 
impact on the pelleting processing of the diets. However, an extruded feed where fat 
is added after the pelleting process solved the problem. In general, tilapia require 
about 10–15% dietary lipids (El-Sayed 2006b); however, the oil inclusion of com-
mercial tilapia feed is typically about 4–5% (Orachunwong et al. 2001). The required 
EFAs cannot be synthesized by fish and must be provided by the diet (Jauncey 
2000). Research on fatty acid requirements revealed that cold-water fish and marine 
fish require w-3 polyunsaturated fatty acids (n-3 PUFA), while freshwater and warm 
warm-water species require n-6 PUFA. Thus, warm-water species, including tilapia, 
utilize plant oil as a source of n-6 fatty acids more efficiently than FO and lipids as a 
source of n-3 fatty acids (El-Sayed 2006b). Several studies have indicated that tilapia 
requires n-6 EFA rather than n-3 EFA (Table 1.2). 
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Table 1.2 The essential fatty acid requirements of tilapiaa 

Species Requirement Reference 

Tilapia zillii 1% 18:2n-6 or 1% 20:4n-6 Kanazawa et al. (1980) 

Oreochromis niloticus 0.5–1% 18:2n-6 or 1% 20:4n-6 Teshima et al. (1982) 

O. niloticus 0.5% 18:2n-6 Takeuchi et al. (1983) 

O. aureus 18:2n-6 or 18:3n-3 ≤1% Stickney and McGeachin (1983) 
a Table adapted from Jauncey (2000) 

The findings of previous research summarized that EFAs are considered a source 
of the fatty acid content in tilapia fillets and support the growth of fish. It has been 
suggested that diets for farmed tilapia should contain 0.5–1.0% of both n-3 and n-6 
PUFA (Lim et al. 2011a; Ng  2005). Tilapia-fed diets containing high levels of n-3 
PUFA have positive effects on the health of consumers, such as its positive impacts 
on the cardiovascular system (Lecerf 2009; Russo 2009), immune system (Ruxton 
et al. 2004) and inflammatory disorders (Calder 2006). In the last few decades, 
research conducted to find novel ingredients to substitute FO with vegetable oil in 
tilapia feed has been successfully carried out; however, high interest remains in 
using palm oil because of the low price compared to other vegetable oils and its easy 
availability on the market (Ng et al. 2001; Ng et al. 2006; Ng and Gibon 2010; 
Bahurmiz and Ng 2007). Fortunately, the use of palm oil in the diet does not reduce 
(P ≤ 0.05) the performance of the Nile tilapia (Ng et al. 2001). However, the high 
inclusion of plant oil raises an important question to be addressed by scientists, that 
is, the plant oil's role in the fish diets and the impact on the fatty acid composition of 
the final product and, thus, the impact on human health (Huang et al. 1998; Young 
2009; Bahurmiz and Ng 2007). 

Recently, there has been an interest in conducting research using finishing diets 
rich in n-3 PUFA to investigate their effect on adjusting the final fatty acid profile of 
tilapia fillets to enhance their nutritional value before harvest (Ng and Chong 2004; 
Visentainer et al. 2005; Tonial et al. 2009; Trushenski et al. 2009; Dos Santos et al. 
2011; Luo et al. 2012). In this context, Tonial et al. (2009) found that Nile tilapia 
(O. niloticus) fed diets containing soybean oil showed a decrease in the n-6/n-3 ratio 
in the fillet from 7.4 to 1.0 when reverted to a flaxseed-based diet which is rich in n-3



PUFA. In addition, Teoh et al. (2011) examined the FAs metabolism of both 
Genetically Improved Farmed Tilapia (GIFT) strain and red hybrid tilapia-fed 
purified diets with vegetable oil blends, and they found that FAs digestibility was 
not different among the tilapia strains. 
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1.2.1.3 Carbohydrates 

Previous research carried out on tilapia requirement of carbohydrates (CHO) 
declared that tilapia does not have CHO specific requirements. Though, Wilson 
(1994) reported that warm-water fish species such as tilapia utilize CHO more 
efficiently than cold-water species. The main purpose of CHO inclusion in the diet 
is to act as an effective source of energy that can spare the protein as a source of 
energy to support fish growth. In addition, CHO act as a binder, facilitating the 
pelleting process, also CHO acts as a precursor of different metabolic components 
(NRC 1993). Fish species can utilize up to 35 to 40% digestible CHO (Anderson 
et al. 1984; El-Sayed and Garling Jr 1988). Several factors affect CHO digestion and 
assimilation, including the source of CHO since fish utilize complex carbohydrates 
(polysaccharides) more efficiently than mono and disaccharides (Shiau and Chuang 
1995). It has been shown that increasing the dietary CHO/lipid ratio leads to 
increased glycolysis and lipogenesis but reduces gluconeogenesis and amino acid 
degradation in the liver of the Nile tilapia, O. niloticus (Shimeno et al. 1993). 
Moreover, it has been reported that CHO metabolism is influenced by their fibre 
content (Shiau and Yu 1999) and is affected by the dietary protein source (Shiau and 
Suen (1992). In this context, El-Sayed (1991) found that sugarcane bagasse could be 
included in T. zillii diets without a negative impact on both growth and feed 
digestibility, while the inclusion of sugarcane in Nile tilapia (O. niloticus) diets 
resulted in poor performance. Also, larger fish of the hybrid of O. niloticus × 
O. aureus utilized CHO better than smaller ones (Tung and Shiau 1993). Finally, 
previous research concluded that increasing feed frequency from 2 to 6 times/day 
enhanced growth, CHO utilization, and protein sparing effect (Tung and Shiau 
(1991); Shiau and Lei (1999); (Jauncey 2000). 

1.2.1.4 Vitamin and Mineral Requirements of Tilapia 

Micronutrients such as vitamins and minerals are essential cofactors in several 
metabolic mechanisms involved in different physiological processes in fish health 
and welfare. Different factors affect vitamin and mineral requirements, such as 
culture conditions and chemical dietary composition (Celik 2012). For example, in 
both extensive and semi-intensive fish production system, the inclusion of vitamins 
and minerals are not necessary since the fish consume natural food such as phyto-
plankton and zooplankton that contain enough amounts of vitamins and minerals 
that fulfil the fish requirements (El-Sayed 2006b) On the contrary, in intensive 
systems the presence and availability of natural food are limited or absent. Thus



vitamins and minerals must be incorporated into the diets to support growth, health, 
and survival rate (Ng and Romano 2013). Fish feed manufacturers usually over-
supplement feed with vitamins and minerals to counteract losses due to processing, 
storage, and leaching. It is well known that the nutritional requirements of vitamins 
and minerals depend on the life stage of tilapia. Tables 1.3 and 1.4 refer to the water-
soluble and lipid-soluble vitamin requirements of tilapia fry and fingerlings stages, 
respectively. Shiau and Lung (1993) indicated that vitamin B12 is not required for 
tilapia hybrid (O. niloticus × O. aureus), likely due to the ability of gut bacteria to 
synthesize it (Shiau and Lung 1993; Shiau and Huang 2001; Barros et al. 2009). In 
terms of vitamin A requirement, Guo et al. (2010) reported that Nile tilapia 
(O. niloticus) does not require supplementation of vitamin A since cod liver oil, 
with its high content of vitamin A, is used as a source of lipids in the diet. In addition, 
Hu et al. (2006) reported that tilapia hybrids (O. niloticus × O. aureus) can synthe-
size vitamin A from β-carotene. 
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Mineral requirements of tilapia have been comprehensively reviewed by Ng and 
Romano (2013), and also Makwinja and Geremew (2020). Vital minerals are 
involved in many physiological processes, such as 

– build skeletal structures 
– osmoregulation (e.g., Na+ /K+-ATPase) 
– nerve and muscle contraction 
– regulation of the pH of the blood and other body liquids 
– metabolism-related enzyme activity (lipase, alkaline phosphatase) as cofactors 
– key components of many enzymes, vitamins, hormones, and respiratory pigments 

Nile tilapia (O. niloticus) usually require minerals from two major sources: water 
and feed. Brackish/marine environments are considered as main sources of minerals. 
However, since tilapias are mostly farmed in freshwater/low salinity waters, 
supplementing the diets with minerals is important to fulfil their needs to achieve 
optimal health and productivity. Previous research conducted to measure the mineral 
requirements of hybrid tilapia stated that the requirement of dietary NaCl or KCl 
ranged between 1.5 and 2–3 g kg-1 of diet, respectively (Shiau and Lu 2004); (Shiau 
and Hsieh 2001). Correct mineral requirement fulfilment is considered essential 
since the deficiency or excess of minerals leads to depressed growth performance. 

Previous research confirmed the function of minerals as essential to support 
growth performance and the health status of different fish species. Robinson et al. 
(1987) reported that the inclusion of a 7 g Ca kg-1 purified diet was important to 
maintain the optimum growth of blue tilapia. Also, Shiau and Tseng (2007) found 
that hybrid tilapia-formulated diets should be supplemented with 2.7–3.3 g L-1 Ca 
and purified diets supplemented with 3.5–4.3 g Ca kg-1 to achieve optimum growth 
and feed efficiency. Research carried out on magnesium showed that 0.59 to 0.77 g 
and 0.50 to 0.65 g kg-1 diet were required for optimum performance of the Nile 
tilapia, O. niloticus, and blue tilapia, O. aureus (Dabrowska et al. 1989: Reigh et al. 
1991), respectively. Moreover, trials conducted on phosphorus showed that a 
5  g  P  kg-1 diet of phosphorus is required for the best growth and bone mineralization 
of O. aureus (Robinson et al. 1987).
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Chromium (Cr), zinc (Zn), copper (Cu), selenium (Se), and Iron (Fe) are consid-
ered trace elements, and research on these elements showed their importance in 
improving the growth and health status of tilapia. Shiau and Shy (1998) found that 
the inclusion of 140 mg Cr kg-1 improved the growth of hybrid tilapia due to its role 
as a cofactor in the activity of insulin and enhancing carbohydrate utilization. 
Furthermore, (Eid and Ghonim 1994) and do Carmo Sá et al. (2004) stated that 
the inclusion of 0.03 g Zn kg-1 for fry and 0.08 Zn kg-1 for fingerling diet is 
required for optimum growth. More research conducted by Watanabe et al. (1988) 
found that Nile tilapia (O. niloticus) required 2 to 3 mg Cu kg-1 . Shiau and Su 
(2003) found that hybrid tilapia (O. niloticus × O. aureus) required 150 to 
160 mg kg-1 Fe. 

1.2.1.5 Nutrition and Immunity 

The production of the Nile tilapia (O. niloticus) under a semi-intensive and intensive 
production system exposes the fish to pathogen infections and disease outbreaks. 
The main strategy to maintain fish health in aquaculture is the provision of a 
balanced diet supplemented with immune stimulants that help boost the immune 
system and keep it under control of disease outbreaks. Functional feed additives such 
as prebiotics, bioactive compounds derived from medicinal plants, and probiotics 
could avoid the use of antibiotics and chemotherapy and aid in limiting disease 
outbreaks by controlling fish mortality in intensive aquatic farms (Merrifield et al. 
2010; Hoseinifar et al. 2016: Dawood and Koshio 2016). Functional feed additives 
modify the gut microbiome, increase the activity of beneficial bacteria, increase the 
secretion of digestive enzymes, and decrease harmful bacteria. In addition, these 
feed additives upregulate gene expression related to immunity and inflammatory 
cytokines such as IL-1, IL-8, and Lyz, oxidative enzymes such as catalyse, superox-
ide dismutase, and glutathione, and growth genes such as GH and IGF-1. Such 
compounds act as health factors capable of modulating the immune responses in 
tilapia (Table 1.5 included as supplementary data), and other cultivated fish species. 

Furthermore, functional feed additives have a positive impact on the immune 
system defence system by (i) stimulating the production of plasma proteins (globulin 
and albumin), which play a vital role in the synthesis of antibodies (immunoglob-
ulins), (ii) enhancing the activity of lysozyme, (iii) increasing the production of 
defence cells such as leukocytes and lymphocytes that produce antibodies), 
(iv) stimulating the production of macrophages, which are responsible for the 
phagocytosis, and (v) modulating the composition of the gut flora and improving 
gut health via the increase in villi length, width goblet cells, improving mucus 
secretion, and reducing gut inflammation. 

Probiotics, generally defined as live microorganisms, are provided via the diet or 
rearing water (when supplied in an adequate amount). They possess different 
beneficial characteristics leading to the exclusion of pathogenic bacteria and the 
modulation of the immune system of the host, by improving the microbial balance of 
the host (Merrifield et al. 2010). The most common probiotics used in aqua feeds are
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Bacillus spp., lactic acid bacteria (LAB), certain Gram-negative spp., and yeast. 
They are incorporated into fish diets and lead to high levels of colonization and 
moderate gut microbial ecology populations (Merrifield et al. 2010).
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A prebiotic is defined as a feed additive derived from vegetables and fruit that 
enhances the fish’s performance and/or modifies the community of gastrointestinal 
beneficial bacteria, which consequent improvement of the host’s well-being and 
health (Gibson and Roberfroid 1995). The criteria used to identify and recognize 
compounds as prebiotics are: (i) compounds that are neither hydrolysed nor assim-
ilated by the gut; (ii) these compounds should be fermented by the gastrointestinal 
microbe community, (iii) they should be beneficial for bacteria to the colon through 
the enhancement of their growth and/or metabolism activation; finally, (iv) they 
should be able to transfer the colonic flora into healthier compounds to the host 
(Gibson and Roberfroid 1995; Lauzon et al. 2014). 

Ringø et al. (2014) reported that the most common prebiotics used in aquafeeds 
are fructooligosaccharides (FOS), mannanoligosaccharides (MOS), 
galactooligosaccharides (GOS), and many commercial products that could be 
fermented by the gut flora and recognized as non-digestible compounds. Bioactive 
compounds and oils derived from medicinal plants have a positive impact on the 
host, including enhancement of performance, immune system response, modifica-
tion of the gut flora, reduction of free radicals from the metabolic process, and 
enhancement of the host health and welfare against pathogen microbes (Alemayehu 
et al. 2018; Jeney et al. 2015). 

Organic acids are also employed as a functional feed additive to enhance gut 
health and performance in fish (Lim et al. 2015). Organic acids have three different 
mechanisms of action in the gastrointestinal tract of fish: (i) the pH-reducing action 
of organic acids in the gastrointestinal tract leads to enhanced activity of the 
digestive enzymes, (ii) the reduction of pH inhibits the growth of pathogens bacteria 
in the gastrointestinal tract, and (iii) the organic acids integrated into aquafeeds 
decrease the potential risk of microbial contamination including pathogenic bacteria 
and moulds or fungi during feed storage (Lim et al. 2015). 

1.2.2 Environmental Requirements 

The tilapia genus is recognized as the most widely cultured group of species since 
they are raised in different regions of the world and are highly adaptable to a wide 
range of environmental conditions (Table 1.6). 

Tilapia is tolerant to a wide range of rearing conditions such as salinity, ammonia, 
pH, dissolved oxygen (DO), and temperature. Among tilapia species, the least 
adaptable species is Nile tilapia (O. niloticus), while the most tolerant species to 
saltwater are Mozambique tilapia (T. mossambicus), blue tilapia (O. aureus), and red 
belly tilapia (T. zilli) (El-Sayed 2006b, c). 

El-Sayed (2006c) reported that the best salinity level to attain optimum growth in 
different tilapia species is up to 19 ‰. The optimal growing temperatures range
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between 22 and 29 °C, while the best temperature for spawning is higher than 22 °C. 
(El-Sayed 2006c) stated that tilapia can survive below 10° C and Nile tilapia 
(O. niloticus) is the least tolerant to cold water while O. aureus is the most tolerant 
to cold water. (Ross 2000) found that tilapia can tolerate a wide range of dissolved 
oxygen (DO); however, the optimum level of DO to achieve better growth perfor-
mance is higher than 3 mg L-1, and the best DO for optimum feed utilization 
efficiency is 7 mg L-1 (Bergheim 2007). (Shelton and Popma 2006) found that 
Tilapia requires a pH of ~7 or slightly higher than 7 to achieve the best growth. In 
general, tilapia tolerate a wide range of pH between 3.7 and 11, but the optimum 
growth rate is achieved between pH 7.5 to 9.5 (Ross 2000). 
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Table 1.6 Limits and optima of water quality parameters for tilapia 

Parameter Range Optimum for growth Reference 

Salinity (‰ <19 El-Sayed (2006c) 

DO (mg L-1 ) Down to 0.1 >3 Ross (2000) 

Temperature (°C) 8–42 22–29 Mjoun et al. (2010) 

pH 3.7–11 7–9 Ross (2000) 

Ammonia (mg L-1 ) Up to 7.1 <0.05 El-Sherif and El-Feky (2008) 

In terms of ammonia, a concentration higher than 2 mg L-1 is considered toxic 
(Shelton and Popma 2006). While ammonia at a concentration of 1.2 mg L-1 causes 
low appetite and reduces growth (Celik 2012; El-Sherif and El-Feky 2008). 
(El-Sherif and El-Feky 2008) reported that the optimum ammonia concentration 
for Nile tilapia (O. niloticus) is estimated to be below 0.05 mg L-1 . 

1.3 Comparative Assessment of Tilapia Culture Systems 

The selection of the culture technique is principally affected by the purpose of the 
aquaculturists or determined by the geographical conditions which involve site 
selection, substructure, environmental and physical conditions (especially climate), 
socioeconomic aspects, technical knowledge, and marketing potential. Different 
types of tilapia production are well known all over the world as monoculture or 
polyculture in different rearing units such as cages, ponds, and tanks. Also new 
production systems are practised in different regions of the world as aquaponics, 
hydroponics, and biofloc. Tilapia production is divided into three categories: 
(i) extensive: where the stocking density is low and organic and inorganic fertilizers 
used to promote the natural food, (ii) Semi-intensive: where the source of food 
combined between fertilization to promote natural food includes phytoplankton and 
zooplankton plus supplemented diets; (iii) intensive: based on high stocking density, 
high water exchange rate, and balanced complete feeds are provided. The approx-
imate annual yields of polyculture systems including tilapia with carps reach or 
exceed 5 tonnes/ha (Prabu et al. 2019).
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The major challenges of tilapia production are deprived growth, pathogen infec-
tions, and disease outbreaks. However, there have been several solutions that could 
help to expand tilapia production outside their tropical and sub-tropical regions. 
Some of these include compiled intensive-extensive systems, closed-cycle that aids 
in controlling the environmental variables, and intensive system indoor using RAS 
system with advanced water treatment methods such as biofloc. The common 
production approach of Nile tilapia (O. niloticus) in Asia and Latin America in 
lakes and reservoirs in different countries is represented by the intensive system in 
floating cages. The success of intensive technique using cage/tank systems relies on 
several factors such as (i) cage/tank size and shape, (ii) stocking density and iii) 
water exchange/water flow rate. Cage culture offers several advantages as follows: 
(i) minimizes fertilization, (ii) allows the recovery of eggs by spawning fish, (iii) 
allows the fish to grow in a real environment. The pros of using cage production 
techniques could be summarized in the following points as stated by (Bhujel 2014a): 

– Use of water bodies that cannot be drained or seined and would otherwise not be 
suitable for aquaculture. 

– Flexible and convenient for management. 
– No accumulation of ammonia, nitrite, nitrate, and other waste products that are 

quickly flushed out with water flow from the cage. 
– High feeding rates are feasible, and a higher fish growth rate could be achieved. 
– Predators (e.g., birds, otters, etc.) can be easily controlled. 
– Ease and low cost of harvesting. 
– Easy monitoring of fish feeding and health status. 
– Low capital investment compared to other production techniques. 

Nevertheless, some cons of cage culture involve: (i) poaching risk, (ii) failure of 
ability to prevent poor water quality conditions because of pollution by industries or 
factories, iii) difficulties in treating disease and parasites, (iv) need to frequently 
scrub the cages, (v) risk of fish escape from the cage, (vi) inability to provide natural 
foods and dependence on manufactured fish diets (complete in nutritional composi-
tion), and finally (vii) there may be criticism raised by environmentalists (Bhujel 
2014a). 

Thereafter, tanks and raceways can be another option to replace pond or cage 
culture if the conditions are not suitable for the cage technique. (Liao and Chen 
2001) stated that in Asia, the intensive tilapia production system in tanks is com-
monly practised in Taiwan, Malaysia, and Philippines. Taiwan is considered a 
pioneer for tilapia-intensive culture in concrete tanks (small to medium-level oper-
ation), with a production of over 55,000 tons/year. In comparison to the pond 
production system, tanks and raceways are easy to monitor and handle the stocks 
and possess a high degree of control of the environmental conditions, specifically 
water quality parameters. On the contrary, the disadvantages of using tank and 
raceway culture are given by the high cost of construction, operation, and production 
and the requirement of proficient attention due to the higher risk of major fish 
mortality caused by disease outbreaks.
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1.3.1 Biofloc Technology 

Wastewater with high ammonia, nitrite, and nitrate concentrations damages the fish 
culture system and pollutes other natural water bodies, so there is a need to look for 
alternative culture techniques to decrease the environmental damages caused by 
aquaculture (Gutierrez-Wing and Malone 2006). “Biofloc” Technology (BFT) is 
considered a promising alternative technique to avoid the harmful environmental 
impact caused by aquaculture. Biofloc technology through aeration and the addition 
of extra carbon to the aquaculture system increases the nitrifying bacterial colonies 
that maintain water quality and, together with phytoplankton and zooplankton are 
considered additional foods in the aquaculture farming system (Gutierrez-Wing and 
Malone 2006). The basic concept and function of biofloc are to stimulate the growth 
of heterotrophic microbial bacteria that convert a toxic source of nitrogen “NH3” to a 
safe source of nitrogen, in addition to converting nitrogenous waste to a microbial 
protein that could be used as another source of protein to the fish (De Schryver et al. 
2008). To date, BFT technology has achieved worthwhile attention due to its higher 
production efficiency, protein recycling from food leftover through nitrifying bac-
teria, water quality improvement, and a novel approach to infectious disease pre-
vention (Ekasari et al. 2015a). In addition, Ekasari et al. (2015a, b) reported that BFT 
technique employment could boost the reproductive performance of Nile tilapia 
(O. niloticus) broodstock by enhancing fecundity and larval survival rate and also 
improving the immune system against infectious diseases. Therefore, all the above 
advantages of biofloc technology attract the attention of scientists to conduct their 
research in BFT systems to guarantee and secure the factors within the recommended 
levels to achieve aquaculture sustainability and food security. 

1.4 Genetic Improvement 

Research for genetic improvement, particularly quantitative genetic approaches, can 
have a tremendous impact on aquaculture and can be responsible for increased 
production efficiency and improved productivity in aquatic animals. Over the past 
decades, the importance of tilapia in global aquaculture has increased, as well as the 
intensity and diversity of research for genetic improvement (Gupta and Acosta 
2004). In addition, aquatic animals give the opportunity to scientists to implement 
different approaches for improving fish genetics, including hybridization, selective 
breeding, sex control, and crossbreeding. Recently research in fish genetics proved 
that using and implementing new approaches help discover new strains with high 
growth rate, feed efficiency, survival rate, tolerance to a wide range of environmental 
conditions, and disease resistance. Moreover, the adoption and implementation of 
new genetic approaches could help discover new strains of fish and shrimp that could 
grow in either freshwater or/and brackish water systems (Nguyen et al. 2010; Ninh 
et al. 2014). Nowadays, most tilapia genetic research has focused on hybridization



and monosex male fry production. The most relevant findings of this research 
indicate that tilapia males grow faster than females, and tilapia shows early matura-
tion, which leads to consecutive spawning during the growing period and thus 
inhibits and limits growth. Thereafter, female tilapia shows difficulty growing 
uniformly, so male fry is preferred (Chen et al. 2018; Martínez et al. 2014). This 
shows the importance of searching for novel techniques and modification and 
improvement of the existing ones such as manual sexing, interspecific hybridization, 
androgenesis, triploid, transgenesis, hormonal sex reversal, and YY male technology 
to produce monosex tilapia for successful and intensive tilapia production 
(Beardmore et al. 2001; Ponzoni et al. 2011). The current approaches to producing 
‘all male’ tilapia have limitations that make them expensive, unmaintainable, or not 
acceptable. For example, manual sexing is labour-consuming, and attention to 
maintaining broodstock for interspecific hybridization is needed. Although the 
most widespread approach to producing monosex offspring is tilapia masculiniza-
tion with hormone therapies or adrenal malfunction, hormone therapies have posed 
concerns because they may influence consumer acceptance and marketability of the 
fish, and hormone residues may have irreversible effects on biodiversity and water 
quality. In the case of the YY approach, the production of YY males requires at least 
three generations of breeding. Moreover, the employment of YY technology 
depends on the contribution of an outstanding laboratory with advanced facilities 
for the creation of YY males (Baroiller et al. 1995; Abucay et al. 1999; Baroiller and 
D'Cotta 2001; Tessema et al. 2006). Therefore, there is a need to look for alternative 
techniques to create ‘all male’ tilapia. Some research indicates an effect of temper-
ature on genotype interaction, such as increasing the male: female ratio in response 
to thermal treatment. For example, thermal treatment of about 38 °C for 10 days after 
post-hatching succeeded in producing above 80% of males (Ponzoni et al. 2011). It 
should be mentioned that of all the genetic techniques, just selective breeding 
presents the chance of permanent genetic achievements because the achievements 
can be transferred from generation to generation. Finally, a combination of classic 
selective breeding using marker-assisted selection (MAS) and polygenic selection 
could considerably promote the male-to-female ratio as a response to thermo-
sensitivity. 
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1.5 Environmental Impacts 

Currently, tilapias have been introduced as exotic species in most countries world-
wide, with successful growth and reproduction in new habitats. The traditional 
tilapia culture in semi-intensive, small-scale systems with minimum negative effects 
on the environment is now being replaced with intensive, large-scale farming 
systems. Since the use of manufactured inputs such as artificial feed, chemothera-
peutic agents, and hormones will become inevitable in intensive culture systems. 
The worldwide expansion of tilapia rearing at an extremely high rate is very 
presumably to cause environmental and socioeconomic risks. In the last few



decades, Nile tilapia (O. niloticus) production expanded to increase the seafood 
supply and fulfil the global demand for animal protein and food security. Neverthe-
less, although tilapia produces substantial economic growth, its fast expansion has 
caused numerous environmental threats like the destruction of wild habitats, the 
interaction between alien and endemic species, disturbance of wildlife, use of 
artificial culture inputs (e.g. chemotherapeutic agents, antibiotics, hormones, and 
fuels), and eutrophication because of the aquaculture wastewater (El-Sayed 2006a). 
Thus, the use of advanced and efficient management approaches is necessary. In this 
regard, some innovative methods have been recommended to boost responsible 
aquaculture activities including the amalgamation of aquaculture practices with 
livestock farming and agriculture (e.g. aquaponic, hydroponic, etc.), and also 
using the BFT and RAS systems that could help to control or manage infectious 
diseases outbreak and discharges of aquaculture farms (Wang and Lu 2016; Forio 
and Goethals 2020). These approaches can be the basis for effective long-term 
solutions for eco-friendly and green aquaculture in the future. Therefore, novel 
approaches are required if sustainable and green aquaculture is to be meaningfully 
understood and implemented (Montoya-Camacho et al. 2019). Since eutrophication, 
a process that is caused by the excessive input of nutrients (e.g., phosphorous and 
nitrogen), is largely recognized as a serious threat to the environment (Nakano et al. 
2016), in the past few decades, researchers have been investigating techniques to 
reduce aquaculture waste outputs, mainly phosphorus and nitrogen, from aquacul-
ture operations to obtain satisfaction of environmentalists (Azim and Little 2008; 
Pinho et al. 2017; Boyd 2019). The well-known techniques to achieve eco-friendly 
aquaculture are the BFT technique and the integrated multi-trophic approach. The 
biofloc approach has been accomplishing acceptance as an efficient alternative water 
quality management system (Emerenciano et al. 2013; Dauda 2020). This technique 
presents the elimination of nutrients from water with the production of microbial 
communities, which can be consumed by the culture species in situ as natural foods 
(De Schryver et al. 2008). The other approach is the integrated multi-trophic 
aquaculture which is defined as a unique self-cleaning approach for aquaculture 
ponds since the waste from one species (including uneaten feed, faeces, and meta-
bolic excretion) is the source of feed to support the growth of other species 
(Sampantamit et al. 2020). 
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Another factor that could affect the tilapia aquaculture community environment is 
the introduction of alien species destroying the ecosystem compositions and posing 
risks the global biodiversity (Brown et al. 2018; Anton et al. 2019). Although 
transgenic tilapia provide several advantages for tilapia farming, the rate of genetic 
alteration in transgenic tilapia is such that their phenotypic and behavioural attributes 
cannot be easily predicted (Mair 2002). Furthermore, transgenic tilapias are a new 
tool that introduces new strains into the community of wild tilapia and may have 
negative effects on the environment and other native species. The negative impact of 
transgenic is the replacement of native populations with novel strains that could 
become a part of the gene pool and also change the hierarchy of the natural 
populations (Dunham 1999).
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Unfortunately, despite the negative effects that the extension of tilapia rearing 
may have on the environment, most introductions have not been preceded by any 
environmental impact evaluation. Instead, in most cases, the evaluation was 
performed after the introductions took place. In such a case, modulating and 
managing the impacts of introduced tilapia in their new environments will be very 
challenging, or even unfeasible. Therefore, cautious and thorough assessment, as 
also proper management plans and programmes must be adopted to be carried out 
before any introductions or transfer of tilapia. 

1.6 Some Constraints and Suggestions for Solutions 
to Tilapia Farming 

Although tilapia farming holds great promise, there are some constraints to its 
development. Some constraints and their possible solutions are reported as follows: 

1. Training resource allocation related to tilapia farming. In general, aquaculture 
needs education about new technologies and farm management, because edu-
cation can play a substantial role in enhancing the skills and experiences of 
farmers and also resolving the restrictions and challenges facing aquaculture 
(Olaoye et al. 2013). Previous research expressed the importance of the aqua-
culturists’ education level to select reasonable technologies and manage the 
facilities efficiently (Ogunmefun and Achike (2017); Uddin et al. (2021). 
Therefore, resource allocation for training courses and workshops for tilapia 
farmers has to be considered. 

2. Insufficient supply of tilapia fry. The lack of larvae production to respond to the 
growing world demand is one of the major bottleneck restrictions to the devel-
opment of the tilapia-intensive culture (El-Sayed 2002). One of the most 
important obstacles to high-quality tilapia fry production is the poor reproduc-
tive performance of bloodstock due to asynchronous spawning cycles and low 
fecundity rate. 

Bhujel (2000) stated that the monitoring and management of the environ-
mental and nutritional status of brood stocks can improve their efficiency. 
Moreover, the selective breeding of superior brood stocks and strains with 
preferable size and age for breeding objectives could remarkably improve larvae 
production. Among the environmental factors, high salinity and low temperature 
might be helpful for the control and synchronization of broodstock reproduction 
when fry demand is low (Bhujel 2000). 

3. Environmental tolerance. Environmental tolerance is the major factor in con-
trolling the success of tilapia production. Although some tilapia like Mozam-
bique tilapia can grow in seawater, most tilapia species are categorized as 
freshwater fish and not tolerant to high salinity (El-Sayed 2006b; Shelton and 
Popma 2006). One of the promising techniques to improve salinity tolerance is 
the crossbreeding between Nile tilapia (O. niloticus) and Mozambique tilapia
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(O. mossambicus). Furthermore, the limited ability of tilapias to tolerate low 
temperatures (<15 °C) (El-Sayed 2006b; Shelton and Popma 2006) restricts the 
expansion of tilapia culture in a different geographic zone. Using warm water 
such as cooling water of some industries, thermal effluents, and/or warm springs 
and also maintaining tilapia in a greenhouse or indoor ponds because of their 
non-resistance to cold water can help them to overwinter in subtropical scopes of 
tilapia culture. 

4. Early maturation. Tilapia’s first maturity occurs at an early age (2–3 months old) 
and a short length (10–12 cm length). The most preferable and cost-effective 
technique is to create ‘all male’ tilapia because males grow faster than females 
and also have a more standard size (see Sect. 1.4). 

5. Genetic deterioration. In some conditions, there is evidence of genetic deterio-
ration. Genetic deterioration of introduced stocks is widely attributed to poor 
broodstock management resulting in inbreeding and introgression of less 
favourable genes. With the rapid advance of next-generation sequencing tech-
niques (Metzker 2010), marker-assisted selection and genomic selection will 
significantly accelerate the genetic improvement of tilapias (Sonesson 2011; 
Yue 2014). In general, the desirable characteristics of improved tilapia have 
been focused on higher production efficiency, better appearance, tolerance to 
certain environmental conditions, and, especially, control of unwanted breeding. 

Remarkable interests in improved growth rate and performance of tilapia 
under farm conditions have been shown from breeding programmes for selec-
tion and sex control. The achievements of the implementation of such breeding 
strategies have been introduced to aquaculture through technically and econom-
ically sustainable programmes (Mair 2002). For example, farming the Geneti-
cally Improved Farmed Tilapia (GIFT) strain rather than the not-improved local 
strain of the Nile tilapia (O. niloticus) can enhance the growth rate and produc-
tion efficiency of tilapia. Since feed accounts for over 50% of the cost of 
production, the higher feed conversion ratio of the GIFT strain would decrease 
production costs. The GIFT strain has a remarkably higher growth performance, 
better feed conversion ratio, and higher production efficiency than the local 
strain (Ridha and Cruz 2002). 

The other important aspect is the genetically improved strains dissemination 
to achieve the targeted beneficiaries effectively, including monitoring of the 
impact and adoption of improved breeds. On the other hand, genetic improve-
ment programmes will require the development of production stocks that are 
acceptable to each environment. Therefore, success in genetic improvement 
programmes will require long-term support and collaboration between partners 
from the government, university, and industry. 

6. Disease resistance. Since tilapia, cultural practices have been intensified, and the 
densities of tilapia have increased in different systems and culture has expanded 
into the colder climatic zones, where suitable environmental factors are more 
difficult to maintain, infectious diseases have emerged (Watanabe et al. 2002). 
Developing approaches for fish health stability through genetic improvement,
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water quality management, stress reduction, and the use of preventive 
immunostimulants are required to control infectious diseases. 

7. Lack of access to freshwater. Tilapias are freshwater fish; however, access to 
freshwater resources is one of the most critical environmental issues in devel-
oped and industrialized countries (Hankins 2002). Therefore, it is suggested to 
use water supplies that are not suitable for human consumption or agriculture 
such as brackish water or seawater. Moreover, the use of recirculating systems is 
another fit approach for water quality and quantity management. 

8. Negative impacts on the environment and global biodiversity. It is clear from the 
previous section (see Sect. 1.5) that mismanaged transfers and/or introductions 
of tilapia can lead to destructive environmental impacts. If tilapias are 
established in their new environment, it would be approximately infeasible to 
control and reduce their catastrophic impacts. It is hence necessary that strict 
regulations be established to control the introduction of tilapias in a new habitat 
and also precise monitoring programmes and certification of tilapia farms are 
mandatory to protect the environment and aquatic biodiversity (Bush et al. 
2013). 

Yue et al. (2016) expressed that the recirculating aquaculture systems and 
cage culture can mitigate the adverse effects of tilapia culture on the environ-
ment and aquatic biodiversity. Therefore, they would probably be developed in 
the production and technological advances of tilapia culture. These systems 
facilitate aquaculture and hence will be the key parts of next-generation 
aquaculture. 

9. Flesh quality problems of tilapias. Tilapia, flesh quality issues, are as follows: 
(i) odour and flavour, which are attributed to culture conditions, (ii) high 
percentage of bone if the harvest has occurred in small-size fish, and (iii) farmed 
tilapia species contain low levels of omega-3 fatty acids compared with other 
fish, especially salmon (Weaver et al. 2008). Likely, selective breeding 
(Gjedrem and Baranski 2010) and supplementing tilapia feeds with marine 
microalgae containing a high level of omega-3 (Tadesse et al. 2003) can increase 
the essential fatty acid content of tilapias. Moreover, finishing diets and also the 
GIFT breeds (reviewed by Eknath and Hulata 2009) and transgenic tilapia can 
moderate this problem. Although, before the commercialization of transgenic 
fish, food safety issues should be addressed. 

10. Failed marketing of products. The lack of attention given to marketing and 
business has also been recognized as one of the restrictions to the achievement 
of commercial tilapia production. The assessment of the tilapia market is rarely 
undertaken by aquaculturists due to time and expense and difficulties in 
attracting the cooperation of wholesalers and retailers, which should be consid-
ered (Watanabe et al. 1997).
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1.7 Conclusions and Recommendations 

This chapter may be considered as a short preface to tilapia rearing needs. Tilapia 
culture has gained significance increasingly in the world. Tilapia has a lot of positive 
characteristics that make it proper for culture. Amongst these are its general resil-
ience, high tolerance to unfavourable environmental conditions and adaptability to 
high stocking densities, its potential ability to tolerate low levels of dissolved oxygen 
and a wide range of salinity concentrations, and its infectious diseases resistance. 
Tilapia can utilize and grow in a wide variety of natural and artificial feeds, has a 
high survival rate, acceptable feed conversion ratio, fast growth rate, and high yield 
potential, and is accepted by a wide range of farmers and consumers. Moreover, 
tilapia can grow well in different aquaculture systems, ranging from extensive 
systems with simple substructures to more intensive systems with complex infra-
structure. With the increasing demand for tilapia products, tilapia farming will 
continue to be a source of different business benefits, since it is a cheap and easy 
source of affordable and inexpensive animal protein and provides several job 
opportunities to the community in developing countries. Finally, suitably designed 
fish farms, precisely selective breeding of tilapia strains, selection of a proper tilapia 
production system by the aquaculturists, government support on supply seed, feed, 
and instruments, training, extension services, and advice to the aquaculturists 
regarding tilapia culture, and the development of an organized marketing agenda 
would increase the commercial profitability and sustainability of tilapia production 
in many countries around the world. 

Therefore, it can be unavoidable to conduct research studies on resolving the 
issues met in tilapia culture because tilapia culture will guarantee the socioeconomic 
advantages and food security of developing countries. For example, although tilapia 
feed on a wide range of natural and artificial feeds, specific dietary requirements are 
yet lacking, and the interactions among nutrients and with cultured conditions and 
tilapia health and welfare are not completely known. Nowadays, research and 
interest in dietary feed additives such as immunostimulants and growth stimulants, 
especially phytobioactive compounds to improve fish health and growth perfor-
mance are likely to continue, which will fill existing research gaps. Moreover, 
more research work and resource and management development are required to 
improve breeds that are more cold-tolerant, salt-tolerant, and disease resistant. 

References 

Abd El-Gawad E, Abd El-Latif A, Shourbela R (2016) Enhancement of antioxidant activity, 
non-specific immunity and growth performance of Nile tilapia, Oreochromis niloticus by 
dietary fructooligosaccharide. J Aquac Res Dev 7(5):427–433. https://doi.org/10.4172/ 
2155-9546.1000427 

Abdel-Tawwab M, Abdel-Rahman AM, Ismael NE (2008) Evaluation of commercial live bakers’ 
yeast, Saccharomyces cerevisiae as a growth and immunity promoter for Fry Nile tilapia,

https://doi.org/10.4172/2155-9546.1000427
https://doi.org/10.4172/2155-9546.1000427


Oreochromis niloticus (L.) challenged in situ with Aeromonas hydrophila. Aquaculture 
280(1-4):185–189. https://doi.org/10.1016/j.aquaculture.2008.03.055 

34 G. Ashouri et al.

Abdel-Tawwab M, Ahmad MH, Khattab YA, Shalaby AM (2010) Effect of dietary protein level, 
initial body weight, and their interaction on the growth, feed utilization, and physiological 
alterations of Nile tilapia, Oreochromis niloticus (L.). Aquaculture 298(3-4):267–274. https:// 
doi.org/10.1016/j.aquaculture.2009.10.027 

Abucay JS, Mair GC, Skibinski DO, Beardmore JA (1999) Environmental sex determination: the 
effect of temperature and salinity on sex ratio in Oreochromis niloticus L. Aquaculture 173(1-4): 
219–234. https://doi.org/10.1016/S0044-8486(98)00489-X 

Alemayehu TA, Geremew A, Getahun A (2018) The role of functional feed additives in tilapia 
nutrition. Fish Aquac J 9(2):1–6. https://doi.org/10.4172/2150-3508.1000249 

Aly S, Mohamed M (2010) Echinacea purpurea and Allium sativum as immunostimulants in fish 
culture using Nile tilapia (Oreochromis niloticus). J Anim Physiol Anim Nutr 94(5):e31–e39. 
https://doi.org/10.1111/j.1439-0396.2009.00971.x 

Aly SM, Ahmed YA-G, Ghareeb AA-A, Mohamed MF (2008) Studies on Bacillus subtilis and 
Lactobacillus acidophilus, as potential probiotics, on the immune response and resistance of 
Tilapia nilotica (Oreochromis niloticus) to challenge infections. Fish Shellfish Immunol 
25(1-2):128–136. https://doi.org/10.1016/j.fsi.2008.03.013 

Anderson J, Jackson A, Matty A, Capper B (1984) Effects of dietary carbohydrate and fibre on the 
tilapia Oreochromis niloticus (Linn.). Aquaculture 37(4):303–314. https://doi.org/10.1016/ 
0044-8486(84)90296-5 

Anton A, Geraldi NR, Lovelock CE, Apostolaki ET, Bennett S, Cebrian J, Krause-Jensen D, 
Marbà N, Martinetto P, Pandolfi JM, Santana-Garcon J, Duarte CM (2019) Global ecological 
impacts of marine exotic species. Nat Ecol Evol 3:787–800. https://doi.org/10.1038/s41559-
019-0851-0 

Ayyat M, El-Marakby H, Sharaf SM (2011) Effect of dietary protein level, stocking density, and 
dietary pantothenic acid supplementation rate on performance and blood components of Nile 
tilapia, Oreochromis niloticus. 23(2):122–135. https://doi.org/10.1080/10454438.2011.581572 

Azim ME, Little DCJA (2008) The biofloc technology (BFT) in indoor tanks: water quality, biofloc 
composition, and growth and welfare of Nile tilapia (Oreochromis niloticus). Aquaculture 
283(1-4):29–35. https://doi.org/10.1016/j.aquaculture.2008.06.036 

Bahurmiz OM, Ng W-K (2007) Effects of dietary palm oil source on growth, tissue fatty acid 
composition and nutrient digestibility of red hybrid tilapia, Oreochromis sp., raised from 
stocking to marketable size. Aquaculture 262(2-4):382–392 

Baroiller JF, Chourrout D, Fostier A, Jalabert B (1995) Temperature and sex chromosomes govern 
sex ratios of the mouthbrooding cichlid fish Oreochromis niloticus. J Exp Zool 273(3):216–223. 
https://doi.org/10.1002/jez.1402730306 

Baroiller J-F, D'Cotta H (2001) Environment and sex determination in farmed fish. Comp Biochem 
Physiol Part C Toxicol Pharmacol 130(4):399–409. https://doi.org/10.1016/S1532-0456(01) 
00267-8 

Barros MM, Ranzani-Paiva MJT, Pezzato LE, Falcon DR, Guimarães IG (2009) Haematological 
response and growth performance of Nile tilapia (Oreochromis niloticus L.) fed diets containing 
folic acid. Aquac Res 40(8):895–903. https://doi.org/10.1111/j.1365-2109.2009.02175.x 

Beardmore J, Mair G, Lewis R (2001) Monosex male production in finfish as exemplified by tilapia: 
applications, problems, and prospects. Aquaculture 197(1–4):283–301. https://doi.org/10.1016/ 
S0044-8486(01)00590-7 

Bergheim A (2007) Water quality criteria I recirculation system for tilapia. IRIS-International 
Research Institute of Stavanger 4068, Norway 

Bhujel RC (2000) A review of strategies for the management of Nile tilapia (Oreochromis niloticus) 
broodfish in seed production systems, especially hapa-based systems. Aquaculture 181(1-2): 
37–59. https://doi.org/10.1016/S0044-8486(99)00217-3

https://doi.org/10.1016/j.aquaculture.2008.03.055
https://doi.org/10.1016/j.aquaculture.2009.10.027
https://doi.org/10.1016/j.aquaculture.2009.10.027
https://doi.org/10.1016/S0044-8486(98)00489-X
https://doi.org/10.4172/2150-3508.1000249
https://doi.org/10.1111/j.1439-0396.2009.00971.x
https://doi.org/10.1016/j.fsi.2008.03.013
https://doi.org/10.1016/0044-8486(84)90296-5
https://doi.org/10.1016/0044-8486(84)90296-5
https://doi.org/10.1038/s41559-019-0851-0
https://doi.org/10.1038/s41559-019-0851-0
https://doi.org/10.1080/10454438.2011.581572
https://doi.org/10.1016/j.aquaculture.2008.06.036
https://doi.org/10.1002/jez.1402730306
https://doi.org/10.1016/S1532-0456(01)00267-8
https://doi.org/10.1016/S1532-0456(01)00267-8
https://doi.org/10.1111/j.1365-2109.2009.02175.x
https://doi.org/10.1016/S0044-8486(01)00590-7
https://doi.org/10.1016/S0044-8486(01)00590-7
https://doi.org/10.1016/S0044-8486(99)00217-3


1 Tilapia Fish for Future Sustainable Aquaculture 35

Bhujel RC (2014a) Grow-out in cage. In: Bhujel RC (ed) A manual for tilapia business manage-
ment. CABI, Wallingford, Oxfordshire, UK, pp 102–113. https://doi.org/10.1079/ 
9781780641362.0000_5 

Bhujel RC (2014b) Introduction. In: Bhujel RC (ed) A manual for tilapia business management. 
CABI, Wallingford, Oxfordshire, UK, pp 1–11. https://doi.org/10.1079/9781780641362.0000_ 
1 

Boyd CE (2019) Water quality: an introduction. doi:https://doi.org/10.1007/978-3-030-2335-8 
Brown PM, Roy DB, Harrower C, Dean H, Rorke S, Roy H (2018) Spread of a model invasive alien 

species, the harlequin ladybird Harmonia axyridis in Britain and Ireland. Sci Data 5(1):180239. 
https://doi.org/10.1038/sdata.2018.239 

Bush SR, Belton B, Hall D, Vandergeest P, Murray FJ, Ponte S, Oosterveer P, Islam MS, Mol AP, 
Hatanaka M, Kruijssen F, Ha T, Little D, Kusmawati R (2013) Certify sustainable aquaculture? 
Science 341(6150):1067–1068. https://doi.org/10.1126/science.1237314 

Calder PC (2006) n-3 Polyunsaturated fatty acids, inflammation, and inflammatory diseases. Am J 
Clin Nutr 83(6):1505S–1519S. https://doi.org/10.1093/ajcn/83.6.1505S 

do Carmo e Sá MVC, Pezzato LE, MMBF L, de Magalhães Padilha P (2004) Optimum zinc 
supplementation level in Nile tilapia Oreochromis niloticus juveniles diets. Aquaculture 
238(1-4):385–401. https://doi.org/10.1016/j.aquaculture.2004.06.011 

Celik E (2012) Tilapia culture review, MS thesis. Norwegian University of Life Sciences, Ås 
Chavan B, Yakupitiyage A, Kamble MT, Medhe SV (2015) Tilapia as food fish: enhancement of 

Ω-3 polyunsaturated fatty acids in tilapia (Oreochromis spp.). Int J Agric Sci 7:671–677 
Chen J, Fan Z, Tan D, Jiang D, Wang D (2018) A review of genetic advances related to sex control 

and manipulation in tilapia. J World Aquac Soc 49(2):277–291. https://doi.org/10.1111/jwas. 
12479 

Chen YJ, Luo L, Zhang GZ, Li Z, Bai FJ, Shi YQ, Yang HS (2016) Effect of dietary L-malic acid 
supplementation on growth, feed utilization and digestive function of juvenile GIFT tilapia 
Oreochromis niloticus (Linnaeus, 1758). J Appl Ichthyol 32(6):1118–1123. https://doi.org/10. 
1111/jai.13119 

Chervinski J (1982) Environmental physiology of tilapias. In: Pullin RSV, Low-McConnell RH 
(eds) The biology and culture of Tilapia. Proceedings ofthe 7th ICLARM Conference, Interna-
tional Center for Livin Aquatic Resources Management, Manila, Philippines, pp 119–128 

Chiu K-H, Liu W-S (2014) Dietary administration of the extract of Rhodobacter sphaeroides 
WL-APD911 enhances the growth performance and innate immune responses of seawater red 
tilapia (Oreochromis mossambicus × Oreochromis niloticus). Aquaculture 418:32–38. https:// 
doi.org/10.1016/j.aquaculture.2013.10.007 

Dabrowska H, Meyer-Burgdorff K, Günther K-D (1989) Interaction between dietary protein and 
magnesium level in tilapia (Oreochromis niloticus). Aquaculture 76(3-4):277–291. https://doi. 
org/10.1016/0044-8486(89)90081-1 

Dauda AB (2020) Biofloc technology: a review on the microbial interactions, operational param-
eters and implications to disease and health management of cultured aquatic animals. Rev 
Aquac 12(2):1193–1210. https://doi.org/10.1111/raq.12379 

Dawood MA, Eweedah NM, Moustafa EM, Shahin MG (2020) Synbiotic effects of Aspergillus 
oryzae and β-glucan on growth and oxidative and immune responses of nile Tilapia, 
Oreochromis niloticus. Probiotics Antimicrob 12(1):172–183. https://doi.org/10.1007/s12602-
018-9513-9 

Dawood MA, Koshio S (2016) Recent advances in the role of probiotics and prebiotics in carp 
aquaculture: a review. Aquaculture 454:243–251. https://doi.org/10.1016/j.aquaculture.2015. 
12.033 

De Schryver P, Crab R, Defoirdt T, Boon N, Verstraete W (2008) The basics of bio-flocs 
technology: the added value for aquaculture. Aquaculture 277(3-4):125–137. https://doi.org/ 
10.1016/j.aquaculture.2008.02.019 

Diab AS, Aly SM, John G, Abde-Hadi Y, Mohammed MF (2008) Effect of garlic, black seed and 
Biogen as immunostimulants on the growth and survival of Nile tilapia, Oreochromis niloticus

https://doi.org/10.1079/9781780641362.0000_5
https://doi.org/10.1079/9781780641362.0000_5
https://doi.org/10.1079/9781780641362.0000_1
https://doi.org/10.1079/9781780641362.0000_1
https://doi.org/10.1007/978-3-030-2335-8
https://doi.org/10.1038/sdata.2018.239
https://doi.org/10.1126/science.1237314
https://doi.org/10.1093/ajcn/83.6.1505S
https://doi.org/10.1016/j.aquaculture.2004.06.011
https://doi.org/10.1111/jwas.12479
https://doi.org/10.1111/jwas.12479
https://doi.org/10.1111/jai.13119
https://doi.org/10.1111/jai.13119
https://doi.org/10.1016/j.aquaculture.2013.10.007
https://doi.org/10.1016/j.aquaculture.2013.10.007
https://doi.org/10.1016/0044-8486(89)90081-1
https://doi.org/10.1016/0044-8486(89)90081-1
https://doi.org/10.1111/raq.12379
https://doi.org/10.1007/s12602-018-9513-9
https://doi.org/10.1007/s12602-018-9513-9
https://doi.org/10.1016/j.aquaculture.2015.12.033
https://doi.org/10.1016/j.aquaculture.2015.12.033
https://doi.org/10.1016/j.aquaculture.2008.02.019
https://doi.org/10.1016/j.aquaculture.2008.02.019


(Teleostei: Cichlidae), and their response to artificial infection with Pseudomonas fluorescens. 
Afr J Aquat Sci 33(1):63–68. https://doi.org/10.2989/AJAS.2007.33.1.7.391 

36 G. Ashouri et al.

Dos Santos L, Furuya W, Da Silva L, Matsushita M, de Castro ST (2011) Dietary conjugated 
linoleic acid (CLA) for finishing Nile tilapia. Aquac Nutr 17(2):e70–e81. https://doi.org/10. 
1111/j.1365-2095.2009.00735.x 

Dunham RA (1999) Utilization of transgenic fish in developing countries: potential benefits and 
risks. J World Aquac Soc 30(1):1–11. https://doi.org/10.1111/j.1749-7345.1999.tb00312.x 

Eid AE, Ghonim SI (1994) Dietary zinc requirement of fingerling Oreochromis niloticus. Aqua-
culture 119(2-3):259–264. https://doi.org/10.1016/0044-8486(94)90180-5 

Ekasari J, Rivandi DR, Firdausi AP, Surawidjaja EH, Zairin M Jr, Bossier P, De Schryver P (2015a) 
Biofloc technology positively affects Nile tilapia (Oreochromis niloticus) larvae performance. 
Aquaculture 441:72–77. https://doi.org/10.1016/j.aquaculture.2015.02.019 

Ekasari J, Zairin M Jr, Putri DU, Sari NP, Surawidjaja EH, Bossier P (2015b) Biofloc-based 
reproductive performance of Nile tilapia Oreochromis niloticus L. broodstock. Aquac Res 
46(2):509–512. https://doi.org/10.1111/are.12185 

Eknath AE, Hulata G (2009) Use and exchange of genetic resources of Nile tilapia (Oreochromis 
niloticus). Rev Aquac 1(3-4):197–213. https://doi.org/10.1111/j.1753-5131.2009.01017.x 

Eleraky W, Saleh G, Gropp J (1995) A short note on the vitamin E requirement of Tilapia nilotica 
(Oreochromis niloticus)—effects on health and growth. J Appl Ichthyol 11(3-4):375–377. 
https://doi.org/10.1111/j.1439-0426.1995.tb00044.x 

El-Sayed AFM (2002) Effects of stocking density and feeding levels on growth and feed efficiency 
of Nile tilapia (Oreochromis niloticus L.) fry. Aquac Res 33(8):621–626. https://doi.org/10. 
1046/j.1365-2109.2002.00700.x 

El-Sayed A-FM (1991) Evaluation of sugarcane bagasse as a feed ingredient for the tilapias, 
Oreochromis niloticus and Tilapia Zilli. Asian Fish Sci 4(1991):53–60 

El-Sayed A-FM (1999) Alternative dietary protein sources for farmed tilapia, Oreochromis spp. 
Aquaculture 179(1-4):149–168 

El-Sayed A-FM (2006a) Environmenal impacts. In: El-Sayed A-FM (ed) Tilapia culture. CABI, 
Oxfordshire, UK, pp 207–215. https://doi.org/10.1079/9780851990149.0000_12 

El-Sayed A-FM (2006b) Tilapia culture. CABI, Oxfordshire, UK, p 293. https://doi.org/10.1079/ 
9780851990149.0000 

El-Sayed A-FM (2006c. Avances en Nutrición Acuícola VIII) Tilapia culture in salt water: 
environmental requirements, nutritional implications and economic potentials. In: Suárez 
LEC, Marie DR, Salazar MT et al (eds) VIII Simposium Internacional de Nutrición Acuícola, 
15 - 17 Novembre. Universidad Autónoma de Nuevo León, Monterrey, Nuevo León, México, 
pp 95–106 

El-Sayed A-FM, Garling DL Jr (1988) Carbohydrate-to-lipid ratios in diets for Tilapia zillii 
fingerlings. Aquaculture 73(1-4):157–163. https://doi.org/10.1016/0044-8486(88)90050-6 

El-Sayed HM, Hakim Y, El-Sayed BM (2014) Dietary effect of ginger (Zingiber officinale Roscoe) 
on growth performance, immune response of Nile tilapia (Oreochromis niloticus) and disease 
resistance against Aeromonas hydrophila. Abbassa Int J Aqua 7:35–52 

El-Sherif M, El-Feky AM Effect of ammonia on Nile tilapia (O. niloticus) performance and some 
hematological and histological measures. In: Proceeding of the 8th International Symposium on 
Tilapia in Aquaculture. 12-14 October, Cairo, Egypt, 2008. Citeseer, pp 513–530 

Emerenciano M, Gaxiola G, Cuzon G (2013) Biofloc technology (BFT): a review for aquaculture 
application and animal food industry. In: Matovic MD (ed) Biomass now-cultivation utilization. 
IntechOpen, Queen’s University, Belfast, Canada, pp 301–328. https://doi.org/10.5772/53902 

FAO (2020) Sustainability in action, vol 200. State of World Fisheries and Aquaculture, Rome. 
https://doi.org/10.4060/ca9229en 

Ferguson R, Merrifield DL, Harper GM, Rawling MD, Mustafa S, Picchietti S, Balcàzar JL, Davies 
SJ (2010) The effect of Pediococcus acidilactici on the gut microbiota and immune status of 
on-growing red tilapia (Oreochromis niloticus). J Appl Microbiol 109(3):851–862. https://doi. 
org/10.1111/j.1365-2672.2010.04713.x

https://doi.org/10.2989/AJAS.2007.33.1.7.391
https://doi.org/10.1111/j.1365-2095.2009.00735.x
https://doi.org/10.1111/j.1365-2095.2009.00735.x
https://doi.org/10.1111/j.1749-7345.1999.tb00312.x
https://doi.org/10.1016/0044-8486(94)90180-5
https://doi.org/10.1016/j.aquaculture.2015.02.019
https://doi.org/10.1111/are.12185
https://doi.org/10.1111/j.1753-5131.2009.01017.x
https://doi.org/10.1111/j.1439-0426.1995.tb00044.x
https://doi.org/10.1046/j.1365-2109.2002.00700.x
https://doi.org/10.1046/j.1365-2109.2002.00700.x
https://doi.org/10.1079/9780851990149.0000_12
https://doi.org/10.1079/9780851990149.0000
https://doi.org/10.1079/9780851990149.0000
https://doi.org/10.1016/0044-8486(88)90050-6
https://doi.org/10.5772/53902
https://doi.org/10.4060/ca9229en
https://doi.org/10.1111/j.1365-2672.2010.04713.x
https://doi.org/10.1111/j.1365-2672.2010.04713.x


1 Tilapia Fish for Future Sustainable Aquaculture 37

Fitzsimmons K (2000) Tilapia: the most important aquaculture species of the 21st century. In: 
Proceedings from the fifth International Symposium on tilapia Aquaculture, Rio de Janeiro. 
ISTA Rio de Janeiro, pp 3-8 

Forio MAE, Goethals PL (2020) An integrated approach of multi-community monitoring and 
assessment of aquatic ecosystems to support sustainable development. Sustainability 12(14): 
5603. https://doi.org/10.3390/su12145603 

Fuentes-Silva C, Soto-Zarazúa GM, Torres-Pacheco I, Flores-Rangel A (2013) Male tilapia pro-
duction techniques: a mini-review. Afr J Biotechnol 12(36):5496–5502. https://doi.org/10.5897/ 
AJB11.4119 

Gabriel NN, Qiang J, He J, Ma XY, Kpundeh MD, Xu P (2015) Dietary Aloe vera supplementation 
on growth performance, some haemato-biochemical parameters and disease resistance against 
Streptococcus iniae in tilapia (GIFT). Fish Shellfish Immunol 44(2):504–514. https://doi.org/ 
10.1016/j.fsi.2015.03.002 

Gbadamosi OK, Fasakin AE, Adebayo OT (2016) Hepatoprotective and stress-reducing effects of 
dietary Moringa oleifera extract against Aeromonas hydrophila infections and transportation-
induced stress in Nile tilapia, Oreochromis niloticus (Linnaeus 1757) fingerlings. Int J Environ 
Agric Res 2(7):121–128 

Gibson GR, Roberfroid MB (1995) Dietary modulation of the human colonic microbiota: intro-
ducing the concept of prebiotics. J Nutr 125(6):1401–1412. https://doi.org/10.1093/jn/125.6. 
1401 

Gjedrem T, Baranski M (2010) Selective breeding in aquaculture: an introduction. doi:https://doi. 
org/10.1007/978-90-481-2773-3 

Goda AMS (2008) Effect of dietary Ginseng herb (Ginsana® G115) supplementation on growth, 
feed utilization, and hematological indices of Nile Tilapia, Oreochromis niloticus (L.), finger-
lings. J World Aquac Soc 39(2):205–214. https://doi.org/10.1111/j.1749-7345.2008.00153.x 

Guo R, Lim C, Xia H, Aksor MY, Li M (2010) Effect of various dietary vitamin A levels on growth 
performance and immune response of tilapia (Oreochromis niloticus). Front Agric China 4(4): 
507–512. https://doi.org/10.1007/s11703-010-1048-0 

Gupta MV, Acosta BO (2004) A review of global tilapia farming practices. Aquac Asia Magazine 
10(1):7–12 

Gutierrez-Wing MT, Malone RF (2006) Biological filters in aquaculture: trends and research 
directions for freshwater and marine applications. Aquac Eng 34(3):163–171. https://doi.org/ 
10.1016/j.aquaeng.2005.08.003 

Hamdan A, El-Sayed A, Mahmoud M (2016) Effects of a novel marine probiotic, Lactobacillus 
plantarum AH 78, on growth performance and immune response of Nile tilapia (Oreochromis 
niloticus). J Appl Microbiol 120(4):1061–1073. https://doi.org/10.1111/jam.13081 

Han B, Long W-q, He J-y, Liu Y-j, Si Y-q, Tian L-x (2015) Effects of dietary Bacillus licheniformis 
on growth performance, immunological parameters, intestinal morphology and resistance of 
juvenile Nile tilapia (Oreochromis niloticus) to challenge infections. Fish Shellfish Immunol 
46(2):225–231. https://doi.org/10.1016/j.fsi.2015.06.018 

Hankins JA (2002) Perspective on the role of government, industry, and research in advancing the 
environmental compatibility and sustainability of aquaculture. In: Libey GS, Timmons MB, 
Flick GJ, Rakestraw TT (eds) Proceedings of the 3rd. International Conference on Recirculating 
Aquaculture, 20-23 July, Roanoke, Virginia. Virginia Polytechnic and State University, pp 
80–87 

Hassaan M, Soltan M, Jarmołowicz S, Abdo H (2018) Combined effects of dietary malic acid and 
Bacillus subtilis on growth, gut microbiota and blood parameters of N ile tilapia (Oreochromis 
niloticus). Aquac Nutr 24(1):83–93. https://doi.org/10.1111/anu.12536 

Hassaan M, Wafa M, Soltan M, Goda A, Mogheth N (2014) Effect of dietary organic salts on 
growth, nutrient digestibility, mineral absorption and some biochemical indices of Nile tilapia; 
Oreochromis niloticus L. fingerlings. World Appl Sci J 29(1):47–55. https://doi.org/10.5829/ 
idosi.wasj.2014.29.01.81237

https://doi.org/10.3390/su12145603
https://doi.org/10.5897/AJB11.4119
https://doi.org/10.5897/AJB11.4119
https://doi.org/10.1016/j.fsi.2015.03.002
https://doi.org/10.1016/j.fsi.2015.03.002
https://doi.org/10.1093/jn/125.6.1401
https://doi.org/10.1093/jn/125.6.1401
https://doi.org/10.1007/978-90-481-2773-3
https://doi.org/10.1007/978-90-481-2773-3
https://doi.org/10.1111/j.1749-7345.2008.00153.x
https://doi.org/10.1007/s11703-010-1048-0
https://doi.org/10.1016/j.aquaeng.2005.08.003
https://doi.org/10.1016/j.aquaeng.2005.08.003
https://doi.org/10.1111/jam.13081
https://doi.org/10.1016/j.fsi.2015.06.018
https://doi.org/10.1111/anu.12536
https://doi.org/10.5829/idosi.wasj.2014.29.01.81237
https://doi.org/10.5829/idosi.wasj.2014.29.01.81237


38 G. Ashouri et al.

He S, Zhang Y, Xu L, Yang Y, Marubashi T, Zhou Z, Yao B (2013) Effects of dietary Bacillus 
subtilis C-3102 on the production, intestinal cytokine expression and autochthonous bacteria of 
hybrid tilapia Oreochromis niloticus♀ × Oreochromis aureus♂. Aquaculture 412:125–130. 
https://doi.org/10.1016/j.aquaculture.2013.06.028 

He S, Zhou Z, Liu Y, Shi P, Yao B, Ringø E, Yoon I (2009) Effects of dietary Saccharomyces 
cerevisiae fermentation product (DVAQUA®) on growth performance, intestinal autochtho-
nous bacterial community and non-specific immunity of hybrid tilapia (Oreochromis niloticus♀ 
× O. aureus♂) cultured in cages. Aquaculture 294(1-2):99–107. https://doi.org/10.1016/j. 
aquaculture.2009.04.043 

Hoseinifar SH, Ringø E, Shenavar Masouleh A, Esteban MÁ (2016) Probiotic, prebiotic and 
synbiotic supplements in sturgeon aquaculture: a review. Rev Aquac 8(1):89–102. https://doi. 
org/10.1111/raq.12082 

Hu C-J, Chen S-M, Pan C-H, Huang C-H (2006) Effects of dietary vitamin A or β-carotene 
concentrations on growth of juvenile hybrid tilapia, Oreochromis niloticus × O. aureus. Aqua-
culture 253(1-4):602–607. https://doi.org/10.1016/j.aquaculture.2005.09.003 

Huang C-H, Chang R-J, Huang S-L, Chen W (2003) Dietary vitamin E supplementation affects 
tissue lipid peroxidation of hybrid tilapia, Oreochromis niloticus ×O. aureus. Comp Biochem 
Physiol Part B Biochem Mol Biol 134(2):265–270. https://doi.org/10.1016/s1096-4959(02) 
00256-7 

Huang C-H, Huang M-C, Hou P-C (1998) Effect of dietary lipids on fatty acid composition and 
lipid peroxidation in sarcoplasmic reticulum of hybrid tilapia, Oreochromis niloticus × 
O. aureus. Comparative Biochemistry Physiology Part B: Biochemistry. Mol Biol 120(2): 
331–336. https://doi.org/10.1016/S0305-0491(98)10022-6 

Ibrahem MD, Fathi M, Mesalhy S, Abd El-Aty A (2010) Effect of dietary supplementation of inulin 
and vitamin C on the growth, hematology, innate immunity, and resistance of Nile tilapia 
(Oreochromis niloticus). Fish Shellfish Immunol 29(2):241–246. https://doi.org/10.1016/j.fsi. 
2010.03.004 

Iwashita MKP, Nakandakare IB, Terhune JS, Wood T, Ranzani-Paiva MJT (2015) Dietary supple-
mentation with Bacillus subtilis, Saccharomyces cerevisiae and Aspergillus oryzae enhance 
immunity and disease resistance against Aeromonas hydrophila and Streptococcus iniae infec-
tion in juvenile tilapia Oreochromis niloticus. Fish Shellfish Immunol 43(1):60–66. https://doi. 
org/10.1016/j.fsi.2014.12.008 

Jauncey K (1983) The quantitative essential amino acid requirements of Oreochromis 
(Sarotherodon) mossambicus. In: International Symposium on Tilapia in Aquaculture, 1st 
Proceedings, 8-13 May, Nazareth, Israel, 8-13 May. Tel Aviv University, pp 328–337 

Jauncey K (2000) Nutritional requirments. In: Beveridge MCM, McAndrew BJ (eds) Tilapias: 
biology and exploitation. Fish and Fisheries Series, vol 25. Springer, Dordreht, Netherlands, pp 
327–375. https://doi.org/10.1007/978-94-011-4008-9_9 

Jeney G, De Wet L, Jeney Z, Yin G (2015) Plant extracts. In: Lee CS, Lim C, Gatlin DM III, 
Webster CD (eds) Dietary nutrients, additives, and fish health. Wiley-Blackwell, Oxford, UK, 
pp 321–332. https://doi.org/10.1002/9781119005568.ch16 

Kanazawa A, Teshima S, Sakamoto M, Awal A (1980) Requirements of Tilapia zillii for essential 
fatty acids. Bull Japan Soc Sci Fish 46(11):1353–1356. https://doi.org/10.2331/suisan.46.1353 

Kasper CS, White MR, Brown PB (2000) Choline is required by tilapia when methionine is not in 
excess. J Nutr 130(2):238–242. https://doi.org/10.1093/jn/130.2.238 

Kuebutornye FK, Wang Z, Lu Y, Abarike ED, Sakyi ME, Li Y, Xie CX, Hlordzi V (2020) Effects 
of three host-associated Bacillus species on mucosal immunity and gut health of Nile tilapia, 
Oreochromis niloticus and its resistance against Aeromonas hydrophila infection. Fish Shellfish 
Immunol 97:83–95. https://doi.org/10.1016/j.fsi.2019.12.046 

Lauzon HL, Dimitroglou A, Merrifield DL, Ringø E, Davies SJ (2014) Probiotics and prebiotics: 
concepts, definitions and history. In: Merrifield D, Ringø E (eds) Aquaculture nutrition: gut 
health, probiotics prebiotics. Wiley-Blackwell, Oxford, UK, pp 169–184. https://doi.org/10. 
1002/9781118897263.ch7

https://doi.org/10.1016/j.aquaculture.2013.06.028
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://doi.org/10.1111/raq.12082
https://doi.org/10.1111/raq.12082
https://doi.org/10.1016/j.aquaculture.2005.09.003
https://doi.org/10.1016/s1096-4959(02)00256-7
https://doi.org/10.1016/s1096-4959(02)00256-7
https://doi.org/10.1016/S0305-0491(98)10022-6
https://doi.org/10.1016/j.fsi.2010.03.004
https://doi.org/10.1016/j.fsi.2010.03.004
https://doi.org/10.1016/j.fsi.2014.12.008
https://doi.org/10.1016/j.fsi.2014.12.008
https://doi.org/10.1007/978-94-011-4008-9_9
https://doi.org/10.1002/9781119005568.ch16
https://doi.org/10.2331/suisan.46.1353
https://doi.org/10.1093/jn/130.2.238
https://doi.org/10.1016/j.fsi.2019.12.046
https://doi.org/10.1002/9781118897263.ch7
https://doi.org/10.1002/9781118897263.ch7


1 Tilapia Fish for Future Sustainable Aquaculture 39

Lecerf J-M (2009) Fatty acids and cardiovascular disease. Nutr Rev 67(5):273–283. https://doi.org/ 
10.1111/j.1753-4887.2009.00194.x 

Lee J (2003) Vitamin K requirements of juvenile hybrid tilapia (Oreochromis niloticus × O. aureus) 
and grouper (Epinephelus malabaricus). Master Thesis, National Taiwan Ocean University, 
Keelung, Taiwan 

Li K, Liu L, Clausen JH, Lu M, Dalsgaard A (2016) Management measures to control diseases 
reported by tilapia (Oreochromis spp.) and whiteleg shrimp (Litopenaeus vannamei) farmers in 
Guangdong, China. Aquaculture 457:91–99. https://doi.org/10.1016/J.AQUACULTURE.2016. 
02.008 

Li Z, Ye W, He X (1991) The nutritional value of commercial feed ingredients for Nile tilapia 
(Oreochromis niloticus) in China. In: Fish nutrition research in Asia. Proceedings of the fourth 
Asian Fish Nutrition Workshop, Manila, Philippines. Asian Fish Soc Spec Publ, Asian Fish Soc, 
pp 101–106 

Liao D, Chen C-W (2001) Socio-economics and technical efficiency of tilapia production in 
Taiwan. 25-30 November. In: 6th Asian Fisheries Forum, p. 147, National Sun Yat-Sen 
University, Kaohsiung, Taiwan. Asian Fish Soc, p 365 

Lim C, Barros MM, Klesius PH, Shoemaker CA (2000) Thiamin requirement of Nile tilapia, 
Oreochromis niloticus. Page 201 in book of abstracts. Paper presented at the Aquaculture 
America 2000, 2-5 February, New Orleans, Louisiana, 

Lim C, Klesius P (2001) Influence of dietary levels of folic acid on growth response and resistance 
of Nile tilapia, Oreochromis niloticus to Streptococcus iniae. Page 150 in book of abstracts. In: 
6th Asian Fisheries Forum. 25-30 November, kaohsiung, Taiwan. Asian Fish Soc 

Lim C, Leamaster B, Brock J (1991) Thiamin requirement of red hybrid tilapia grown in seawater. 
Page 39 in programs and abstracts. In: 22nd Annual Conference & Exposition, 16-20 June, San 
Juan, Puert Rico. Baton Rouge, Louisiana: World Aquac Soc 

Lim C, Leamaster B, Brock JA (1993) Riboflavin requirement of fingerling red hybrid tilapia grown 
in seawater. J World Aquac Soc 24(4):451–458. https://doi.org/10.1111/j.1749-7345.1993. 
tb00573.x 

Lim C, LeaMaster BR, Brock JA (1995) Pyridoxine requirement of fingerling red hybrid tilapia 
grown in seawater. J Appl Aquac 5(2):49–60. https://doi.org/10.1300/J028v05n02_05 

Lim C, Lückstädt C, Webster CD, Kesius P (2015) Organic acids and their salts. In: Lee CS, Lim C, 
Gatlin DM III, Webster CD (eds) Dietary nutrients, additives, and fish health. Willey-Blackwell, 
Oxford, UK, pp 305–319. https://doi.org/10.1002/9781119005568.ch15 

Lim C, Yildirim-Aksoy M, Barros MM, Klesius P (2011b) Thiamin requirement of Nile tilapia, 
Oreochromis niloticus. J World Aquac Soc 42(6):824–833. https://doi.org/10.1111/j. 
1749-7345.2011.00531.x 

Lim C, Yildirim-Aksoy M, Klesius P (2011a) Lipid and fatty acid requirements of tilapias. N Am J 
Aquac 73(2):188–193. https://doi.org/10.1080/15222055.2011.579032 

Lim CE, Webster CD (2006) Nutrient requirements. In: Lim CE, Webster CD (eds) Tilapia: 
biology, culture, and nutrition. CRC Press, New York, US, pp 469–501. https://doi.org/10. 
1300/5513_12 

Liu W, Ren P, He S, Xu L, Yang Y, Gu Z, Zhou Z (2013) Comparison of adhesive gut bacteria 
composition, immunity, and disease resistance in juvenile hybrid tilapia fed two different 
Lactobacillus strains. Fis Shellfish Immunol 35(1):54–62. https://doi.org/10.1016/j.fsi.2013. 
04.010 

Liu W, Wang W, Ran C, He S, Yang Y, Zhou Z (2017) Effects of dietary scFOS and lactobacilli on 
survival, growth, and disease resistance of hybrid tilapia. 470:50–55. https://doi.org/10.1016/j. 
aquaculture.2016.12.013 

Luo Z, Tan XY, Liu CX, Li XD, Liu XJ, Xi WQ (2012) Effect of dietary conjugated linoleic acid 
levels on growth performance, muscle fatty acid profile, hepatic intermediary metabolism and 
antioxidant responses in genetically improved farmed tilapia strain of Nile tilapia, Oreochromis 
niloticus. Aquac Res 43(9):1392–1403. https://doi.org/10.1111/j.1365-2109.2011.02942.x

https://doi.org/10.1111/j.1753-4887.2009.00194.x
https://doi.org/10.1111/j.1753-4887.2009.00194.x
https://doi.org/10.1016/J.AQUACULTURE.2016.02.008
https://doi.org/10.1016/J.AQUACULTURE.2016.02.008
https://doi.org/10.1111/j.1749-7345.1993.tb00573.x
https://doi.org/10.1111/j.1749-7345.1993.tb00573.x
https://doi.org/10.1300/J028v05n02_05
https://doi.org/10.1002/9781119005568.ch15
https://doi.org/10.1111/j.1749-7345.2011.00531.x
https://doi.org/10.1111/j.1749-7345.2011.00531.x
https://doi.org/10.1080/15222055.2011.579032
https://doi.org/10.1300/5513_12
https://doi.org/10.1300/5513_12
https://doi.org/10.1016/j.fsi.2013.04.010
https://doi.org/10.1016/j.fsi.2013.04.010
https://doi.org/10.1016/j.aquaculture.2016.12.013
https://doi.org/10.1016/j.aquaculture.2016.12.013
https://doi.org/10.1111/j.1365-2109.2011.02942.x


40 G. Ashouri et al.

Mair GC (2002) Tilapia genetics and breeding in Asia. In: Guerrero RI, Guerrero-del Castillo M 
(eds) Tilapia Farming in the 21st Century, Proceedings of the International Forum on Tilapia 
Farming in the 21st Century, 25-27 February, Los Baños, Laguna Philippines. Philippine Fish 
Assoc Inc., pp 100–123 

Makwinja R, Geremew A (2020) Roles and requirements of trace elements in tilapia nutrition. 
Egypt J Aquac Res 46(3):281–287. https://doi.org/10.1016/j.ejar.2020.05.001 

Martínez P, Viñas AM, Sánchez L, Díaz N, Ribas L, Piferrer F (2014) Genetic architecture of sex 
determination in fish: applications to sex ratio control in aquaculture. Front Genet 5:340. https:// 
doi.org/10.3389/fgene.2014.00340 

Merrifield DL, Dimitroglou A, Foey A, Davies SJ, Baker RT, Bøgwald J, Castex M, Ringø E 
(2010) The current status and future focus of probiotic and prebiotic applications for salmonids. 
Aquaculture 302(1-2):1–18. https://doi.org/10.1016/j.aquaculture.2010.02.007 

Merrifield DL, Harper GM, Mustafa S, Carnevali O, Picchietti S, Davies SJ (2011) Effect of dietary 
alginic acid on juvenile tilapia (Oreochromis niloticus) intestinal microbial balance, intestinal 
histology and growth performance. 344(1):135–146. https://doi.org/10.1007/s00441-010-
1125-y 

Metwally M (2009) Effects of garlic (Allium sativum) on some antioxidant activities in tilapia 
nilotica (Oreochromis niloticus). World J Fish Marine Sci 1(1):56–64 

Metzker ML (2010) Sequencing technologies—the next generation. Nat Rev Genet 11(1):31–46. 
https://doi.org/10.1038/nrg2626 

Mjoun K, Rosentrater K, Brown ML (2010) Tilapia: environmental biology and nutritional 
requirements. South Dakota Cooperetive extension service. Fact Sheets . Paper 164. http:// 
openprairie.sdstate.edu/extension_fact/164 

Montoya-Camacho N, Marquez-Ríos E, Castillo-Yáñez FJ, Cárdenas López JL, López-Elías JA, 
Ruíz-Cruz S, Jiménez-Ruíz EI, Rivas-Vega ME, Ocaño-Higuera VM (2019) Advances in the 
use of alternative protein sources for tilapia feeding. Rev Aquac 11(3):515–526. https://doi.org/ 
10.1111/raq.12243 

Nakano S-I, Yahara T, Nakashizuka T (2016) Aquatic biodiversity conservation and ecosystem 
services. doi:https://doi.org/10.1007/978-981-10-0780-4 

Ng W (2005) Lipid nutrition of farmed tilapia. Glob Aquacult Advocate, October: 60-61 
Ng W-K, Chong C-Y An overview of lipid nutrition with emphasis on alternative lipid sources in 

tilapia feeds. In: Proceedings of the Sixth International Symposium on Tilapia in Aquaculture, 
Manila, Philippines, Sept. 12–16, 2004. Citeseer, pp 241-248 

Ng W-K, Gibon V (2010) Palm oil and saturated fatty acid-rich vegetable oils. In: Turchini GM, Ng 
W-K, Tocher DR (eds) Fish oil replacement alternative lipid sources in aquaculture feeds 

Ng WK, Hanim R (2007) Performance of genetically improved Nile tilapia compared with red 
hybrid tilapia fed diets containing two protein levels. Aquac Res 38(9):965–972. https://doi.org/ 
10.1111/j.1365-2109.2007.01758.x 

Ng WK, Koh CB, Din Z (2006) Palm oil-laden spent bleaching clay as a substitute for marine fish 
oil in the diets of Nile tilapia, Oreochromis niloticus. Aquac Nutr 12(6):459–468. https://doi. 
org/10.1111/j.1365-2095.2006.00449.x 

Ng WK, Koh CB, Sudesh K, Siti-Zahrah A (2009) Effects of dietary organic acids on growth, 
nutrient digestibility and gut microflora of red hybrid tilapia, Oreochromis sp., and subsequent 
survival during a challenge test with Streptococcus agalactiae. Aquac Res 40(13):1490–1500. 
https://doi.org/10.1111/j.1365-2109.2009.02249.x 

Ng W-K, Lim P-K, Sidek H (2001) The influence of a dietary lipid source on growth, muscle fatty 
acid composition and erythrocyte osmotic fragility of hybrid tilapia. Fish Physiol Biochem 
25(4):301–310. https://doi.org/10.1023/A:1023271901111 

Ng WK, Romano N (2013) A review of the nutrition and feeding management of farmed tilapia 
throughout the culture cycle. Rev Aquac 5(4):220–254. https://doi.org/10.1111/raq.12014 

Nguyen NH, Ponzoni RW, Abu-Bakar KR, Hamzah A, Khaw HL, Yee HY (2010) Correlated 
response in fillet weight and yield to selection for increased harvest weight in genetically

https://doi.org/10.1016/j.ejar.2020.05.001
https://doi.org/10.3389/fgene.2014.00340
https://doi.org/10.3389/fgene.2014.00340
https://doi.org/10.1016/j.aquaculture.2010.02.007
https://doi.org/10.1007/s00441-010-1125-y
https://doi.org/10.1007/s00441-010-1125-y
https://doi.org/10.1038/nrg2626
http://openprairie.sdstate.edu/extension_fact/164
http://openprairie.sdstate.edu/extension_fact/164
https://doi.org/10.1111/raq.12243
https://doi.org/10.1111/raq.12243
https://doi.org/10.1007/978-981-10-0780-4
https://doi.org/10.1111/j.1365-2109.2007.01758.x
https://doi.org/10.1111/j.1365-2109.2007.01758.x
https://doi.org/10.1111/j.1365-2095.2006.00449.x
https://doi.org/10.1111/j.1365-2095.2006.00449.x
https://doi.org/10.1111/j.1365-2109.2009.02249.x
https://doi.org/10.1023/A:1023271901111
https://doi.org/10.1111/raq.12014


improved farmed tilapia (GIFT strain), Oreochromis niloticus. 305(1-4):1–5. https://doi.org/10. 
1016/j.aquaculture.2010.04.007 

1 Tilapia Fish for Future Sustainable Aquaculture 41

Nguyen TN, Davis AD (2009) Methionine requirement in practical diets of juvenile Nile tilapia, 
Oreochromis niloticus. J World Aquac Soc 40(3):410–416. https://doi.org/10.1111/j. 
1749-7345.2009.00261.x 

Ninh NH, Thoa NP, Knibb W, Nguyen NH (2014) Selection for enhanced growth performance of 
Nile tilapia (Oreochromis niloticus) in brackish water (15–20 ppt) in Vietnam. Aquaculture 428: 
1–6. https://doi.org/10.1016/j.aquaculture.2014.02.024 

NRC (1993) Nutrient requirements of fish. National Academies Press, Washington D.C., p 114 
O'Connell JP, Gatlin DM (1994) Effects of dietary calcium and vitamin D3 on weight gain and 

mineral composition of the blue tilapia (Oreochromis aureus) in low-calcium water. Aquacul-
ture 125(1-2):107–117. https://doi.org/10.1016/0044-8486(94)90287-9 

Ogunmefun S, Achike A (2017) Socioeconomic characteristics and constraints of pond fish farmers 
in Lagos State, Nigeria. Agric Sci Res J 7(10):304–317 

Olaoye O, Ashley-Dejo S, Fakoya E, Ikeweinwe N, Alegbeleye W, Ashaolu F, Adelaja O (2013) 
Assessment of socio-economic analysis of fish farming in Oyo State, Nigeria. GJSFRAVet 
13(9):45–55 

Opiyo MA, Jumbe J, Ngugi CC, Charo-Karisa H (2019) Dietary administration of probiotics 
modulates non-specific immunity and gut microbiota of Nile tilapia (Oreochromis niloticus) 
cultured in low input ponds. Int J Vet Sci Med 7(1):1–9. https://doi.org/10.1080/23144599. 
2019.1624299 

Orachunwong C, Thammasart S, Lohawatanakul C 2001 Recent developments in tilapia feeds. In: 
Recent developments in tilapia feeds. In: Subasinghe S & Singh T (eds) Tilapia: production, 
marketing and technical developments. Proceedings of the Tilapia 2001 International Technical 
and Trade Conference on Tilapia, Infofish, Kuala Lumpur, Malaysia. pp. 113–122 

Pachanawan A, Phumkhachorn P, Rattanachaikunsopon P (2008) Potential of Psidium guajava 
supplemented fish diets in controlling Aeromonas hydrophila infection in tilapia (Oreochromis 
niloticus). J Biosci Bioeng 106(5):419–424. https://doi.org/10.1263/jbb.106.419 

Peres H, Lim C, Klesius PH (2004) Growth, chemical composition and resistance to Streptococcus 
iniae challenge of juvenile Nile tilapia (Oreochromis niloticus) fed graded levels of dietary 
inositol. Aquaculture 235(1-4):423–432. https://doi.org/10.1016/j.aquaculture.2003.09.021 

Pinho SM, Molinari D, de Mello GL, Fitzsimmons KM, Emerenciano MGC (2017) Effluent from a 
biofloc technology (BFT) tilapia culture on the aquaponics production of different lettuce 
varieties. Ecol Eng 103:146–153. https://doi.org/10.1016/j.ecoleng.2017.03.009 

Pirarat N, Kobayashi T, Katagiri T, Maita M, Endo M (2006) Protective effects and mechanisms of 
a probiotic bacterium Lactobacillus rhamnosus against experimental Edwardsiella tarda infec-
tion in tilapia (Oreochromis niloticus). Vet Immunol Immunopathol 113(3-4):339–347. https:// 
doi.org/10.1016/j.vetimm.2006.06.003 

Pirarat N, Pinpimai K, Endo M, Katagiri T, Ponpornpisit A, Chansue N, Maita M (2011) Modu-
lation of intestinal morphology and immunity in nile tilapia (Oreochromis niloticus) by  Lacto-
bacillus rhamnosus GG. Res Vet Sci 91(3):e92–e97. https://doi.org/10.1016/j.rvsc.2011.02.014 

Plongbunjong V, Phromkuntong W, Suanyuk N, Viriyapongsutee B, Wichienchot S (2011) Effects 
of prebiotics on growth performance and pathogenic inhibition in sex-reversed red tilapia 
(Oreochromis niloticus × Oreochromis mossambicus). Thai J Agric Sci 44(5):162–167 

Ponzoni RW, Nguyen NH, Khaw HL, Hamzah A, Bakar KRA, Yee HY (2011) Genetic improve-
ment of Nile tilapia (Oreochromis niloticus) with special reference to the work conducted by the 
WorldFish Center with the GIFT strain. Rev Aquac 3(1):27–41. https://doi.org/10.1111/j. 
1753-5131.2010.01041.x 

Prabu E, Rajagopalsamy CBT, Ahilan B, Jeevagan IJMA, Renuhadevi M (2019) Tilapia–an 
excellent candidate species for world aquaculture: a review. Ann Res Rev Biol 33(3):1–14. 
https://doi.org/10.9734/ARRB/2019/v31i330052 

Qin C, Zhang Y, Liu W, Xu L, Yang Y, Zhou Z (2014) Effects of chito-oligosaccharides 
supplementation on growth performance, intestinal cytokine expression, autochthonous gut

https://doi.org/10.1016/j.aquaculture.2010.04.007
https://doi.org/10.1016/j.aquaculture.2010.04.007
https://doi.org/10.1111/j.1749-7345.2009.00261.x
https://doi.org/10.1111/j.1749-7345.2009.00261.x
https://doi.org/10.1016/j.aquaculture.2014.02.024
https://doi.org/10.1016/0044-8486(94)90287-9
https://doi.org/10.1080/23144599.2019.1624299
https://doi.org/10.1080/23144599.2019.1624299
https://doi.org/10.1263/jbb.106.419
https://doi.org/10.1016/j.aquaculture.2003.09.021
https://doi.org/10.1016/j.ecoleng.2017.03.009
https://doi.org/10.1016/j.vetimm.2006.06.003
https://doi.org/10.1016/j.vetimm.2006.06.003
https://doi.org/10.1016/j.rvsc.2011.02.014
https://doi.org/10.1111/j.1753-5131.2010.01041.x
https://doi.org/10.1111/j.1753-5131.2010.01041.x
https://doi.org/10.9734/ARRB/2019/v31i330052


bacteria and disease resistance in hybrid tilapia Oreochromis niloticus♀ × Oreochromis 
aureus♂. Fish Shellfish Immunol 40(1):267–274. https://doi.org/10.1016/j.fsi.2014.07.010 

42 G. Ashouri et al.

Ramos M, Batista S, Pires M, Silva A, Pereira L, Saavedra M, Ozório R, Rema P (2017) Dietary 
probiotic supplementation improves growth and the intestinal morphology of Nile tilapia, 
Oreochromis  niloticus .  Anim Sci  11(8):1259–1269.  https://doi.org/10.1017/  
S1751731116002792 

Rawling MD, Merrifield DL, Davies SJ (2009) Preliminary assessment of dietary supplementation 
of Sangrovit® on red tilapia (Oreochromis niloticus) growth performance and health. Aquacul-
ture 294(1-2):118–122. https://doi.org/10.1016/j.aquaculture.2009.05.005 

Reigh RC, Robinson EH, Brown PB (1991) Effects of dietary magnesium on growth and tissue 
magnesium content of blue tilapia Oreochromis aureus. J World Aquac Soc 22(3):192–200. 
https://doi.org/10.1111/j.1749-7345.1991.tb00734.x 

Ren P, Xu L, Yang Y, He S, Liu W, Ringø E, Zhou Z (2013) Lactobacillus planarum subsp. 
plantarum JCM 1149 vs. Aeromonas hydrophila NJ-1 in the anterior intestine and posterior 
intestine of hybrid tilapia Oreochromis niloticus♀ × Oreochromis aureus♂: An  ex vivo study. 
Fish Shellfish Immunol 35(1):146–153. https://doi.org/10.1016/j.fsi.2013.04.023 

Ridha MT, Cruz E (2002) Evaluation of growth, feed conversion, salinity tolerance and survival of 
an improved strain of the Nile tilapia (Oreochromis niloticus). Kuwait Inst Sci Res, Kuwait 

Ringø E, Dimitroglou A, Hoseinifar SH, Davies SJ (2014) Prebiotics in finfish: an update. In: 
Merrifield DL, Ringø E (eds) Aquaculture nutrition: gut health, probiotics and prebiotics. 
Wiley-Blackwell, Oxford, UK, pp 360–400. https://doi.org/10.1002/9781118897263.ch14 

Robinson EH, LaBomascus D, Brown PB, Linton TL (1987) Dietary calcium and phosphorus 
requirements of Oreochromis aureus reared in calcium-free water. Aquaculture 64(4):267–276. 
https://doi.org/10.1016/0044-8486(87)90189-X 

Ross L (2000) Environmental physiology and energetics. In: Beveridge MCM, McAndrew BJ (eds) 
Tilapias: biology and exploitation. Fish Fish, vol 25. Springer, Dordrecht, Netherlands., pp 
89–128. https://doi.org/10.1007/978-94-011-4008-9_4 

Russo GL (2009) Dietary n-6 and n-3 polyunsaturated fatty acids: from biochemistry to clinical 
implications in cardiovascular prevention. Biochem Pharmacol 77(6):937–946. https://doi.org/ 
10.1016/j.bcp.2008.10.020 

Ruxton C, Reed SC, Simpson M, Millington K (2004) The health benefits of omega-3 polyunsat-
urated fatty acids: a review of the evidence. J Hum Nutr Diet 17(5):449–459. https://doi.org/10. 
1111/j.1365-277X.2004.00552.x 

Şahan A, Özütok S, Kurutaş EB (2016) Determination of some hematological parameters and 
antioxidant capacity in Nile tilapia (Oreochromis niloticus Linnaeus, 1758) fed ginger (Zingiber 
officinale Roscoe) to  Aeromonas hydrophila. Turkish J Fish Aquat Sci 16(1):197–204. https:// 
doi.org/10.4194/1303-2712-v16_1_20 

Saleh G, Eleraky W, Gropp J (1995) A short note on the effects of vitamin A hypervitaminosis and 
hypovitaminosis on health and growth of Tilapia nilotica (Oreochromis niloticus). J Appl 
Ichthyol 11(3-4):382–385. https://doi.org/10.1111/j.1439-0426.1995.tb00046.x 

Sampantamit T, Ho L, Lachat C, Sutummawong N, Sorgeloos P, Goethals P (2020) Aquaculture 
production and its environmental sustainability in Thailand: challenges and potential solutions. 
Sustainability 12(5):2010. https://doi.org/10.3390/su12052010 

Santiago CB, Lovell RT (1988) Amino acid requirements for growth of Nile tilapia. J Nutr 118(12): 
1540–1546. https://doi.org/10.1093/jn/118.12.1540 

Shalaby A, Khattab Y, Abdel Rahman A (2006) Effects of Garlic (Allium sativum) and chloram-
phenicol on growth performance, physiological parameters and survival of Nile tilapia 
(Oreochromis niloticus). J Venom Anim Toxins Incl Trop Dis 12(2):172–201. https://doi.org/ 
10.1590/S1678-91992006000200003 

Shelby RA, Lim C, Yildirim-Aksoy M, Welker TL, Klesius PH (2009) Effects of yeast oligosac-
charide diet supplements on growth and disease resistance in juvenile Nile tilapia, Oreochromis 
niloticus. J Appl Aquac 21(1):61–71. https://doi.org/10.1080/10454430802694728

https://doi.org/10.1016/j.fsi.2014.07.010
https://doi.org/10.1017/S1751731116002792
https://doi.org/10.1017/S1751731116002792
https://doi.org/10.1016/j.aquaculture.2009.05.005
https://doi.org/10.1111/j.1749-7345.1991.tb00734.x
https://doi.org/10.1016/j.fsi.2013.04.023
https://doi.org/10.1002/9781118897263.ch14
https://doi.org/10.1016/0044-8486(87)90189-X
https://doi.org/10.1007/978-94-011-4008-9_4
https://doi.org/10.1016/j.bcp.2008.10.020
https://doi.org/10.1016/j.bcp.2008.10.020
https://doi.org/10.1111/j.1365-277X.2004.00552.x
https://doi.org/10.1111/j.1365-277X.2004.00552.x
https://doi.org/10.4194/1303-2712-v16_1_20
https://doi.org/10.4194/1303-2712-v16_1_20
https://doi.org/10.1111/j.1439-0426.1995.tb00046.x
https://doi.org/10.3390/su12052010
https://doi.org/10.1093/jn/118.12.1540
https://doi.org/10.1590/S1678-91992006000200003
https://doi.org/10.1590/S1678-91992006000200003
https://doi.org/10.1080/10454430802694728


1 Tilapia Fish for Future Sustainable Aquaculture 43

Shelton WL, Popma TJ (2006) Biology. In: Lim CE, Webster CD (eds) Tilapia, biology, culture and 
nutrition. CRC, New York, US, pp 1–49. https://doi.org/10.1300/5513_01 

Shiau S, Shiau L (2001) Re-evaluation of the vitamin E requirements of juvenile tilapia 
(Oreochromis niloticus × O. aureus). Anim Sci 72(3):529–534. https://doi.org/10.1017/ 
S135772980005205X 

Shiau S-Y, Chin Y-H (1999) Estimation of the dietary biotin requirement of juvenile hybrid tilapia, 
Oreochromis niloticus × O. aureus. Aquaculture 170(1):71–78. https://doi.org/10.1016/S0044-
8486(98)00391-3 

Shiau S-Y, Chuang J-C (1995) Utilization of disaccharides by juvenile tilapia, Oreochromis 
niloticus x O. aureus. Aquaculture 133(3-4):249–256. https://doi.org/10.1016/0044-8486(95) 
00018-W 

Shiau S-Y, Hsieh H-L (1997) Vitamin B6 requirements of tilapia Oreochromis niloticus x 
O. aureus fed two dietary protein concentrations. Fish Sci 63(6):1002–1007. https://doi.org/ 
10.2331/fishsci.63.1002 

Shiau S-Y, Hsieh J-F (2001) Quantifying the dietary potassium requirement of juvenile hybrid 
tilapia (Oreochromis niloticus × O. aureus). Br J Nutr 85(2):213–218. https://doi.org/10.1079/ 
BJN2000245 

Shiau S-Y, Hsu T-S (1999) Quantification of vitamin C requirement for juvenile hybrid tilapia, 
Oreochromis niloticus × Oreochromis aureus, with L-ascorbyl-2-monophosphate-Na and 
L-ascorbyl-2-monophosphate-Mg. Aquaculture 175(3-4):317–326. https://doi.org/10.1016/ 
S0044-8486(99)00103-9 

Shiau S-Y, Huang S-Y (2001) Dietary folic acid requirement for maximum growth of juvenile 
tilapia Oreochromis niloticus × O. aureus. Fish Sci 67(4):655–659. https://doi.org/10.1046/j. 
1444-2906.2001.00302.x 

Shiau S-Y, Hwang J-Y (1993) Vitamin D requirements of juvenile hybrid Tilapia Oreochromis 
niloticus × O. aureus. Nippon Suisan Gakkaishi 59(3):553–558. https://doi.org/10.2331/suisan. 
59.553 

Shiau S-Y, Lei M-S (1999) Feeding strategy does affect carbohydrate utilization by hybrid tilapia 
Oreochromis niloticus × O. aureus. Fish Sci 65(4):553–557. https://doi.org/10.2331/fishsci. 
65.553 

Shiau S-Y, Lo P-S (2000) Dietary choline requirements of juvenile hybrid tilapia, Oreochromis 
niloticus × O. aureus. J Nutr 130(1):100–103. https://doi.org/10.1093/jn/130.1.100 

Shiau S-Y, Lu L-S (2004) Dietary sodium requirement determined for juvenile hybrid tilapia 
(Oreochromis niloticus × O. aureus) reared in fresh water and seawater. BJN 91(4):585–590. 
https://doi.org/10.1079/BJN20041091 

Shiau S-Y, Lung C-Q (1993) No dietary vitamin B12 required for juvenile tilapia Oreochromis 
niloticus × O. aureus. Comp Biochem Physiol Part A Physiol 105(1):147–150. https://doi.org/ 
10.1016/0300-9629(93)90187-9 

Shiau S-Y, Shy S-M (1998) Dietary chromic oxide inclusion level required to maximize glucose 
utilization in hybrid tilapia, Oreochromis niloticus × O. aureus. Aquaculture 161(1-4):357–364. 
https://doi.org/10.1016/S0044-8486(97)00283-4 

Shiau S-Y, Su L-W (2003) Ferric citrate is half as effective as ferrous sulfate in meeting the iron 
requirement of juvenile tilapia, Oreochromis niloticus × O. aureus. J N 133(2):483–488. https:// 
doi.org/10.1093/jn/133.2.483 

Shiau S-Y, Su S-L (2005) Juvenile tilapia (Oreochromis niloticus × Oreochromis aureus) requires 
dietary myo-inositol for maximal growth. Aquaculture 243(1-4):273–277. https://doi.org/10. 
1016/j.aquaculture.2004.10.002 

Shiau S-Y, Suen G-S (1992) Estimation of the niacin requirements for tilapia fed diets containing 
glucose or dextrin. J Nutr 122(10):2030–2036. https://doi.org/10.1093/jn/122.10.2030 

Shiau SY, Tseng HC (2007) Dietary calcium requirements of juvenile tilapia, Oreochromis 
niloticus × O. aureus, reared in fresh water. Aquac Nutr 13(4):298–303. https://doi.org/10. 
1111/j.1365-2095.2007.00481.x

https://doi.org/10.1300/5513_01
https://doi.org/10.1017/S135772980005205X
https://doi.org/10.1017/S135772980005205X
https://doi.org/10.1016/S0044-8486(98)00391-3
https://doi.org/10.1016/S0044-8486(98)00391-3
https://doi.org/10.1016/0044-8486(95)00018-W
https://doi.org/10.1016/0044-8486(95)00018-W
https://doi.org/10.2331/fishsci.63.1002
https://doi.org/10.2331/fishsci.63.1002
https://doi.org/10.1079/BJN2000245
https://doi.org/10.1079/BJN2000245
https://doi.org/10.1016/S0044-8486(99)00103-9
https://doi.org/10.1016/S0044-8486(99)00103-9
https://doi.org/10.1046/j.1444-2906.2001.00302.x
https://doi.org/10.1046/j.1444-2906.2001.00302.x
https://doi.org/10.2331/suisan.59.553
https://doi.org/10.2331/suisan.59.553
https://doi.org/10.2331/fishsci.65.553
https://doi.org/10.2331/fishsci.65.553
https://doi.org/10.1093/jn/130.1.100
https://doi.org/10.1079/BJN20041091
https://doi.org/10.1016/0300-9629(93)90187-9
https://doi.org/10.1016/0300-9629(93)90187-9
https://doi.org/10.1016/S0044-8486(97)00283-4
https://doi.org/10.1093/jn/133.2.483
https://doi.org/10.1093/jn/133.2.483
https://doi.org/10.1016/j.aquaculture.2004.10.002
https://doi.org/10.1016/j.aquaculture.2004.10.002
https://doi.org/10.1093/jn/122.10.2030
https://doi.org/10.1111/j.1365-2095.2007.00481.x
https://doi.org/10.1111/j.1365-2095.2007.00481.x


44 G. Ashouri et al.

Shiau S-Y, Yu Y-P (1999) Dietary supplementation of chitin and chitosan depresses growth in 
tilapia, Oreochromis niloticus × O. aureus. Aquaculture 179(1-4):439–446. https://doi.org/10. 
1016/S0044-8486(99)00177-5 

Shimeno S, Ming D, Takeda M (1993) Metabolic response to dietary carbohydrate to lipid ratios in 
Oreochromis niloticus. Bull Japan Soc Sci Fish 59:827–833 

Soliman AK, Wilson RP (1992a) Water-soluble vitamin requirements of tilapia. 1 Pantothenic acid 
requirement of blue tilapia, Oreochromis aureus. Aquaculture 104(1-2):121–126. https://doi. 
org/10.1016/0044-8486(92)90142-8 

Soliman AK, Wilson RP (1992b) Water-soluble vitamin requirements of tilapia. 2. Riboflavin 
requirement of blue tilapia, Oreochromis aureus. Aquaculture 104(3-4):309–314. https://doi. 
org/10.1016/0044-8486(92)90212-4 

Sonesson A (2011) Genomic selection for aquaculture: principles and procedures. In: Liu ZJ 
(ed) Next generation sequencing and whole genome selection in aquaculture. Blackwell Pub-
lishing, Des Moines, IA, pp 151–164 

de Souza EM, de Souza RC, Melo JF, da Costa MM, de Souza AM, Copatti CE (2019) Evaluation 
of the effects of Ocimum basilicum essential oil in Nile tilapia diet: growth, biochemical, 
intestinal enzymes, haematology, lysozyme and antimicrobial challenges. Aquaculture 504:7– 
12. https://doi.org/10.1016/j.aquaculture.2019.01.052 

Standen B, Peggs D, Rawling M, Foey A, Davies S, Santos G, Merrifield D (2016) Dietary 
administration of a commercial mixed-species probiotic improves growth performance and 
modulates the intestinal immunity of tilapia, Oreochromis niloticus. Fish Shellfish Immunol 
49:427–435. https://doi.org/10.1016/j.fsi.2015.11.037 

Standen B, Rawling M, Davies S, Castex M, Foey A, Gioacchini G, Carnevali O, Merrifield D 
(2013) Probiotic Pediococcus acidilactici modulates both localised intestinal-and peripheral-
immunity in tilapia (Oreochromis niloticus). Fish Shellfish Immunol 35(4):1097–1104. https:// 
doi.org/10.1016/j.fsi.2013.07.018 

Stickney R, McGeachin R Responses of Tilapia aurea to semipurified diets of differing fatty acid 
composition. In: Proceedings of the International Symposium on Tilapia in Aquaculture, 
Nazareth, Israel, 1983. Tel Aviv University Press, pp 346-355 

Sweilum MA, Abdella MM, Salah El-Din SA (2005) Effect of dietary protein-energy levels and fish 
initial sizes on growth rate, development and production of Nile tilapia, Oreochromis niloticus 
L. Aquac Res 36(14):1414–1421. https://doi.org/10.1111/j.1365-2109.2005.01362.x 

Tacon AG (1987) The nutrition and feeding of farmed fish and shrimp a training manual: Part 1. The 
essential nutrients. FAO, Brasilia, Brazil 

Tadesse Z, Boberg M, Sonesten L, Ahlgren G (2003) Effects of algal diets and temperature on the 
growth and fatty acid content of the cichlid fish Oreochromis niloticus L.–A laboratory study. 
Aquat Ecol 37(2):169–182. https://doi.org/10.1023/A:1023942711822 

Takeuchi T, Satoh S, Watanabe T (1983) Dietary lipids suitable for the practical feed of Tilapia 
nilotica. Bull Japan Soc Sci Fish 49:1361–1365 

Tan HY, Chen S-W, Hu S-Y (2019) Improvements in the growth performance, immunity, disease 
resistance, and gut microbiota by the probiotic Rummeliibacillus stabekisii in Nile tilapia 
(Oreochromis niloticus). Fish Shellfish Immunol 92:265–275. https://doi.org/10.1016/j.fsi. 
2019.06.027 

Taoka Y, Maeda H, Jo J-Y, Kim S-M, Park S-I, Yoshikawa T, Sakata T (2006) Use of live and dead 
probiotic cells in tilapia Oreochromis niloticus. Fish Sci 72(4):755–766. https://doi.org/10. 
1111/j.1444-2906.2006.01215.x 

Teoh C-Y, Turchini GM, Ng W-K (2011) Genetically improved farmed Nile tilapia and red hybrid 
tilapia showed differences in fatty acid metabolism when fed diets with added fish oil or a 
vegetable oil blend. Aquaculture 312(1-4):126–136. https://doi.org/10.1016/j.aquaculture.2010. 
12.018 

Teshima SI, Kanazawa A, Sakamoto M (1982) Essential fatty acids of Tilapia nilotica. Mem 
FacFish Kagoshima Univ 31:201–204

https://doi.org/10.1016/S0044-8486(99)00177-5
https://doi.org/10.1016/S0044-8486(99)00177-5
https://doi.org/10.1016/0044-8486(92)90142-8
https://doi.org/10.1016/0044-8486(92)90142-8
https://doi.org/10.1016/0044-8486(92)90212-4
https://doi.org/10.1016/0044-8486(92)90212-4
https://doi.org/10.1016/j.aquaculture.2019.01.052
https://doi.org/10.1016/j.fsi.2015.11.037
https://doi.org/10.1016/j.fsi.2013.07.018
https://doi.org/10.1016/j.fsi.2013.07.018
https://doi.org/10.1111/j.1365-2109.2005.01362.x
https://doi.org/10.1023/A:1023942711822
https://doi.org/10.1016/j.fsi.2019.06.027
https://doi.org/10.1016/j.fsi.2019.06.027
https://doi.org/10.1111/j.1444-2906.2006.01215.x
https://doi.org/10.1111/j.1444-2906.2006.01215.x
https://doi.org/10.1016/j.aquaculture.2010.12.018
https://doi.org/10.1016/j.aquaculture.2010.12.018


1 Tilapia Fish for Future Sustainable Aquaculture 45

Tessema M, Müller-Belecke A, Hörstgen-Schwark G (2006) Effect of rearing temperatures on the 
sex ratios of Oreochromis niloticus populations. Aquaculture 258(1-4):270–277. https://doi.org/ 
10.1016/j.aquaculture.2006.04.041 

Tiengtam N, Khempaka S, Paengkoum P, Boonanuntanasarn S (2015) Effects of inulin and 
Jerusalem artichoke (Helianthus tuberosus) as prebiotic ingredients in the diet of juvenile Nile 
tilapia (Oreochromis niloticus). Anim Feed Sci Tech 207:120–129. https://doi.org/10.1016/j. 
anifeedsci.2015.05.008 

Tonial I, Stevanato F, Matsushita M, De Souza N, Furuya W, Visentainer J (2009) Optimization of 
flaxseed oil feeding time length in adult Nile tilapia (Oreochromis niloticus) as a function of 
muscle omega-3 fatty acids composition. Aquac Nutr 15(6):564–568. https://doi.org/10.1111/j. 
1365-2095.2008.00623.x 

Trushenski JT, Boesenberg J, Kohler CC (2009) Influence of grow-out feed fatty acid composition 
on finishing success in Nile tilapia. N Am J Aquac 71(3):242–251. https://doi.org/10.1577/ 
A08-051.1 

Tung P-H, Shiau S-Y (1991) Effects of meal frequency on growth performance of hybrid tilapia, 
Oreochromis niloticus × O. aureus, fed different carbohydrate diets. Aquaculture 92:343–350. 
https://doi.org/10.1016/0044-8486(91)90039-A 

Tung P-H, Shiau S-Y (1993) Carbohydrate utilization versus body size in tilapia Oreochromis 
niloticus × O. aureus. Comp Biochem Physiol Part A Physiol 104(3):585–588. https://doi.org/ 
10.1016/0300-9629(93)90468-J 

Uddin MN, Kabir KH, Roy D, Hasan MT, Sarker MA, Dunn ES (2021) Understanding the 
constraints and its related factors in tilapia (Oreochromis sp.) fish culture at farm level: A 
case from Bangladesh. Aquaculture 530:735927. https://doi.org/10.1016/j.aquaculture.2020. 
735927 

Van Doan H, Hoseinifar SH, Chitmanat C, Jaturasitha S, Paolucci M, Ashouri G, Dawood MA, 
Esteban MÁ (2019) The effects of Thai ginseng, Boesenbergia rotunda powder on mucosal and 
serum immunity, disease resistance, and growth performance of Nile tilapia (Oreochromis 
niloticus) fingerlings. Aquaculture 513:734388. https://doi.org/10.1016/j.aquaculture.2019. 
734388 

Van Doan H, Hoseinifar SH, Dawood MA, Chitmanat C, Tayyamath K (2017a) Effects of 
Cordyceps militaris spent mushroom substrate and Lactobacillus plantarum on mucosal, 
serum immunology and growth performance of Nile tilapia (Oreochromis niloticus). Fish 
Shellfish Immunol 70:87–94. https://doi.org/10.1016/j.fsi.2017.09.002 

Van Doan H, Hoseinifar SH, Elumalai P, Tongsiri S, Chitmanat C, Jaturasitha S, 
Doolgindachbaporn S (2018a) Effects of orange peels derived pectin on innate immune 
response, disease resistance and growth performance of Nile tilapia (Oreochromis niloticus) 
cultured under indoor biofloc system. Fish Shellfish Immunol 80:56–62. https://doi.org/10. 
1016/j.fsi.2018.05.049 

Van Doan H, Hoseinifar SH, Faggio C, Chitmanat C, Mai NT, Jaturasitha S, Ringø E (2018b) 
Effects of corncob derived xylooligosaccharide on innate immune response, disease resistance, 
and growth performance in Nile tilapia (Oreochromis niloticus) fingerlings. Aquaculture 495: 
786–793. https://doi.org/10.1016/j.aquaculture.2018.06.068 

Van Doan H, Hoseinifar SH, Jaturasitha S, Dawood MA, Harikrishnan R (2020a) The effects of 
berberine powder supplementation on growth performance, skin mucus immune response, 
serum immunity, and disease resistance of Nile tilapia (Oreochromis niloticus) fingerlings. 
Aquaculture 520:734927. https://doi.org/10.1016/j.aquaculture.2020.734927 

Van Doan H, Hoseinifar SH, Tapingkae W, Seel-Audom M, Jaturasitha S, Dawood MA, 
Wongmaneeprateep S, Thu TTN, Esteban MÁ (2020b) Boosted growth performance, mucosal 
and serum immunity, and disease resistance Nile tilapia (Oreochromis niloticus) fingerlings 
using corncob-derived xylooligosaccharide and Lactobacillus plantarum CR1T5. Probiotics 
Antimicrob Proteins 12(2):400–411. https://doi.org/10.1007/s12602-019-09554-5 

Van Doan H, Hoseinifar SH, Khanongnuch C, Kanpiengjai A, Unban K, Srichaiyo S (2018c) Host-
associated probiotics boosted mucosal and serum immunity, disease resistance and growth

https://doi.org/10.1016/j.aquaculture.2006.04.041
https://doi.org/10.1016/j.aquaculture.2006.04.041
https://doi.org/10.1016/j.anifeedsci.2015.05.008
https://doi.org/10.1016/j.anifeedsci.2015.05.008
https://doi.org/10.1111/j.1365-2095.2008.00623.x
https://doi.org/10.1111/j.1365-2095.2008.00623.x
https://doi.org/10.1577/A08-051.1
https://doi.org/10.1577/A08-051.1
https://doi.org/10.1016/0044-8486(91)90039-A
https://doi.org/10.1016/0300-9629(93)90468-J
https://doi.org/10.1016/0300-9629(93)90468-J
https://doi.org/10.1016/j.aquaculture.2020.735927
https://doi.org/10.1016/j.aquaculture.2020.735927
https://doi.org/10.1016/j.aquaculture.2019.734388
https://doi.org/10.1016/j.aquaculture.2019.734388
https://doi.org/10.1016/j.fsi.2017.09.002
https://doi.org/10.1016/j.fsi.2018.05.049
https://doi.org/10.1016/j.fsi.2018.05.049
https://doi.org/10.1016/j.aquaculture.2018.06.068
https://doi.org/10.1016/j.aquaculture.2020.734927
https://doi.org/10.1007/s12602-019-09554-5


performance of Nile tilapia (Oreochromis niloticus). Aquaculture 491:94–100. https://doi.org/ 
10.1016/j.aquaculture.2018.03.019 

46 G. Ashouri et al.

Van Doan H, Hoseinifar SH, Tapingkae W, Khamtavee P (2017b) The effects of dietary kefir and 
low molecular weight sodium alginate on serum immune parameters, resistance against Strep-
tococcus agalactiae and growth performance in Nile tilapia (Oreochromis niloticus). Fish 
Shellfish Immunol 62:139–146. https://doi.org/10.1016/j.fsi.2017.01.014 

Van Doan H, Hoseinifar SH, Tapingkae W, Tongsiri S, Khamtavee P (2016a) Combined admin-
istration of low molecular weight sodium alginate boosted immunomodulatory, disease resis-
tance and growth enhancing effects of Lactobacillus plantarum in Nile tilapia (Oreochromis 
niloticus). Fish Shellfish Immunol 58:678–685. https://doi.org/10.1016/j.fsi.2016.10.013 

Van Doan H, Tapingkae W, Moonmanee T, Seepai A (2016b) Effects of low molecular weight 
sodium alginate on growth performance, immunity, and disease resistance of tilapia, 
Oreochromis niloticus. Fish Shellfish Immunol 55:186–194. https://doi.org/10.1016/j.fsi. 
2016.05.034 

Vechklang K, Lim C, Boonanuntanasarn S, Welker T, Ponchunchuwong S, Klesius PH, Wanapu C 
(2012) Growth performance and resistance to Streptococcus iniae of juvenile Nile tilapia 
(Oreochromis niloticus) fed diets supplemented with GroBiotic®-A and Brewtech dried 
brewers yeast. J Appl Aquac 24(3):183–198. https://doi.org/10.1080/10454438.2012.678786 

Villamil L, Reyes C, Martínez-Silva M (2014) In vivo and in vitro assessment of Lactobacillus 
acidophilus as probiotic for tilapia (Oreochromis niloticus, Perciformes: Cichlidae) culture 
improvement. Aquac Res 45(7):1116–1125. https://doi.org/10.1111/are.12051 

Visentainer JV, de Souza NE, Makoto M, Hayashi C, Franco MRB (2005) Influence of diets 
enriched with flaxseed oil on the α-linolenic, eicosapentaenoic and docosahexaenoic fatty acid 
in Nile tilapia (Oreochromis niloticus). Food Chem 90(4):557–560. https://doi.org/10.1016/j. 
foodchem.2004.05.016 

Waiyamitra P, Zoral MA, Saengtienchai A, Luengnaruemitchai A, Decamp O, Gorgoglione B, 
Surachetpong W (2020) Probiotics modulate tilapia resistance and immune response against 
tilapia lake virus infection. Pathogens 9(11):919. https://doi.org/10.3390/pathogens9110919 

Wang M, Lu M (2016) Tilapia polyculture: a global review. Aquac Res 47(8):2363–2374. https:// 
doi.org/10.1111/are.12708 

Wang Y-B, Tian Z-Q, Yao J-T, Li W-f (2008) Effect of probiotics, Enteroccus faecium, on tilapia 
(Oreochromis niloticus) growth performance and immune response. Aquaculture 277(3-4): 
203–207. https://doi.org/10.1016/j.aquaculture.2008.03.007 

Watanabe T, Satoh S, Takeuchi T (1988) Availability of minerals in fish meal to fish. Asian Fish Sci 
1(2):75–195 

Watanabe WO, Losordo TM, Fitzsimmons K, Hanley F (2002) Tilapia production systems in the 
Americas: technological advances, trends, and challenges. Rev Fish Sci 10(3-4):465–498. 
https://doi.org/10.1080/20026491051758 

Watanabe WO, Olla BL, Wicklund RI, Head WD (1997) Saltwater culture of the Florida red tilapia 
and other saline-tolerant tilapias: a review. Tilapia Aquac Am 1:54–141 

Weaver KL, Ivester P, Chilton JA, Wilson MD, Pandey P, Chilton F (2008) The content of 
favorable and unfavorable polyunsaturated fatty acids found in commonly eaten fish. J Am 
Diet Assoc 108(7):1178–1185. https://doi.org/10.1016/j.jada.2008.04.023 

Welker TL, Lim C (2011) Use of probiotics in diets of tilapia, Aquac Res Dev. S1::014. https://doi. 
org/10.4172/2155-9546.S1-014 

Welker TL, Lim C, Yildirim-Aksoy M, Klesius PH (2012) Use of diet crossover to determine the 
effects of β-glucan supplementation on immunity and growth of Nile Tilapia, Oreochromis 
niloticus. J World Aquac Soc 43(3):335–348. https://doi.org/10.1111/j.1749-7345.2012. 
00569.x 

Whittington R, Lim C, Klesius PH (2005) Effect of dietary β-glucan levels on the growth response 
and efficacy of Streptococcus iniae vaccine in Nile tilapia, Oreochromis niloticus. Aquaculture 
248(1-4):217–225. https://doi.org/10.1016/j.aquaculture.2005.04.013

https://doi.org/10.1016/j.aquaculture.2018.03.019
https://doi.org/10.1016/j.aquaculture.2018.03.019
https://doi.org/10.1016/j.fsi.2017.01.014
https://doi.org/10.1016/j.fsi.2016.10.013
https://doi.org/10.1016/j.fsi.2016.05.034
https://doi.org/10.1016/j.fsi.2016.05.034
https://doi.org/10.1080/10454438.2012.678786
https://doi.org/10.1111/are.12051
https://doi.org/10.1016/j.foodchem.2004.05.016
https://doi.org/10.1016/j.foodchem.2004.05.016
https://doi.org/10.3390/pathogens9110919
https://doi.org/10.1111/are.12708
https://doi.org/10.1111/are.12708
https://doi.org/10.1016/j.aquaculture.2008.03.007
https://doi.org/10.1080/20026491051758
https://doi.org/10.1016/j.jada.2008.04.023
https://doi.org/10.4172/2155-9546.S1-014
https://doi.org/10.4172/2155-9546.S1-014
https://doi.org/10.1111/j.1749-7345.2012.00569.x
https://doi.org/10.1111/j.1749-7345.2012.00569.x
https://doi.org/10.1016/j.aquaculture.2005.04.013


1 Tilapia Fish for Future Sustainable Aquaculture 47

Wilson R (1994) Utilization of dietary carbohydrate by fish. Aquaculture 124(1-4):67–80. https:// 
doi.org/10.1016/0044-8486(94)90363-8 

Wilson RP (1991) Handbook of nutrient requirements of finfish. CRC Press, Florida, p 204 
Xia Y, Lu M, Chen G, Cao J, Gao F, Wang M, Liu Z, Zhang D, Zhu H, Yi M (2018) Effects of 

dietary Lactobacillus rhamnosus JCM1136 and Lactococcus lactis subsp. lactis JCM5805 on 
the growth, intestinal microbiota, morphology, immune response and disease resistance of 
juvenile Nile tilapia, Oreochromis niloticus. Fish Shellfish Immunol 76:368–379. https://doi. 
org/10.1016/j.fsi.2018.03.020 

Xia Y, Wang M, Gao F, Lu M, Chen G (2020) Effects of dietary probiotic supplementation on the 
growth, gut health and disease resistance of juvenile Nile tilapia (Oreochromis niloticus). Anim 
Nutr 6(1):69–79. https://doi.org/10.1016/j.aninu.2019.07.002 

Yin G, Jeney G, Racz T, Xu P, Jun X, Jeney Z (2006) Effect of two Chinese herbs (Astragalus radi 
x and Scutellaria radix) on non-specific immune response of tilapia, Oreochromis niloticus. 
Aquaculture 253(1-4):39–47. https://doi.org/10.1016/j.aquaculture.2005.06.038 

Young K (2009) Omega-6 (n-6) and omega-3 (n-3) fatty acids in tilapia and human health: a review. 
Int J Food Sci Nutr 60(sup5):203–211. https://doi.org/10.1080/09637480903140503 

Yuan Y, Yuan Y, Dai Y, Gong Y (2017) Economic profitability of tilapia farming in China. Aquac 
Int 25(3):1253–1264. https://doi.org/10.1007/s10499-017-0111-8 

Yue GH (2014) Recent advances of genome mapping and marker-assisted selection in aquaculture. 
Fish Fish 15(3):376–396. https://doi.org/10.1111/faf.12020 

Yue GH, Lin HR, Li JL (2016) Tilapia is the fish for next-generation aquaculture. Int J Marine Sci 
Ocean Technol 3(1):11–13. https://doi.org/10.19070/2577-4395-160003 

Yuji-Sado R, Raulino-Domanski F, de Freitas PF, Baioco-Sales F (2015) Growth, immune status 
and intestinal morphology of Nile tilapia fed dietary prebiotics (mannan oligosaccharides-
MOS). Lat Am J Aquat Res 43(5):944–952. https://doi.org/10.3856/vol43-issue5-fulltext-14 

Zahran E, Abd El-Gawad EA, Risha E (2018) Dietary Withania sominefera root confers protective 
and immunotherapeutic effects against Aeromonas hydrophila infection in Nile tilapia 
(Oreochromis niloticus). Fish Shellfish Immunol 80:641–650. https://doi.org/10.1016/j.fsi. 
2018.06.009 

Zheng Z, Wang K, Gatlin DM III, Ye J (2011) Evaluation of the ability of GroBiotic®-A to enhance 
growth, muscle composition, immune responses, and resistance against Aeromonas hydrophila 
in Nile tilapia, Oreochromis niloticus. J World Aquac Soc 42(4):549–557. https://doi.org/10. 
1111/j.1749-7345.2011.00497.x 

Zhou X, Tian Z, Wang Y, Li W (2010a) Effect of treatment with probiotics as water additives on 
tilapia (Oreochromis niloticus) growth performance and immune response. Fish physiol 
Biochem 36(3):501–509. https://doi.org/10.1007/s10695-009-9320-z 

Zhou X, Wang Y, Yao J, Li W (2010b) Inhibition ability of probiotic, Lactococcus lactis, against 
A. hydrophila and study of its immunostimulatory effect in tilapia (Oreochromis niloticus). Int J 
Eng Sci Technol 2(7):73–80. https://doi.org/10.4314/IJEST.V2I7.63743 

Zilberg D, Tal A, Froyman N, Abutbul S, Dudai N, Golan-Goldhirsh A (2010) Dried leaves of 
Rosmarinus officinalis as a treatment for streptococcosis in tilapia. J Fish Dis 33(4):361–369. 
https://doi.org/10.1111/j.1365-2761.2009.01129.x

https://doi.org/10.1016/0044-8486(94)90363-8
https://doi.org/10.1016/0044-8486(94)90363-8
https://doi.org/10.1016/j.fsi.2018.03.020
https://doi.org/10.1016/j.fsi.2018.03.020
https://doi.org/10.1016/j.aninu.2019.07.002
https://doi.org/10.1016/j.aquaculture.2005.06.038
https://doi.org/10.1080/09637480903140503
https://doi.org/10.1007/s10499-017-0111-8
https://doi.org/10.1111/faf.12020
https://doi.org/10.19070/2577-4395-160003
https://doi.org/10.3856/vol43-issue5-fulltext-14
https://doi.org/10.1016/j.fsi.2018.06.009
https://doi.org/10.1016/j.fsi.2018.06.009
https://doi.org/10.1111/j.1749-7345.2011.00497.x
https://doi.org/10.1111/j.1749-7345.2011.00497.x
https://doi.org/10.1007/s10695-009-9320-z
https://doi.org/10.4314/IJEST.V2I7.63743
https://doi.org/10.1111/j.1365-2761.2009.01129.x

	Chapter 1: Tilapia Fish for Future Sustainable Aquaculture
	1.1 Introduction
	1.2 Nutritional and Environmental Requirements
	1.2.1 Nutritional Requirements
	1.2.1.1 Protein and Amino Acid Requirements of Tilapia
	1.2.1.2 Lipid and Fatty Acid Requirements of Tilapia
	1.2.1.3 Carbohydrates
	1.2.1.4 Vitamin and Mineral Requirements of Tilapia
	1.2.1.5 Nutrition and Immunity

	1.2.2 Environmental Requirements

	1.3 Comparative Assessment of Tilapia Culture Systems
	1.3.1 Biofloc Technology

	1.4 Genetic Improvement
	1.5 Environmental Impacts
	1.6 Some Constraints and Suggestions for Solutions to Tilapia Farming
	1.7 Conclusions and Recommendations
	References


