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Abstract: Nile tilapia Oreochromis niloticus is the most cultivated fish species in continental 

waters and represents the second most important group for global aquaculture. In Brazilian 

continental fish farming, diseases represent an annual loss of approximately US$84 million. 

Aiming to minimize these adversities, researchers are constantly investigating viable 

alternatives to improve fish health, mainly through diet. At present, various products of plant 

origin are tested in aquaculture as growth and health promoters in fish as an alternative to 

chemotherapeutics and antibiotics, which represent real concerns for the health of animals, 

environment, and consumers. Azadirachtin, also known as neem extract, is a bioactive 

phytocompound extracted from Azadirachta indica, with great microbicidal and 

immunostimulating potential. In animal feed, neem extract or azadirachtin have already been 

tested as growth promoters, immunostimulants and modulators of the gastrointestinal 

microbiota. In recent years, many studies involving the use of azadirachtin and other neem 

derivatives have presented varied and controversial results in aquaculture, with positive and 

negative effects on the productive performance and health of animals. Therefore, the present 

review aimed to systematize information about A. indica and its derivatives, considering the 

viability for use in tilapia farming. 

Keywords: tilapia culture; Phyto therapeutics; sustainability; neem extract 

1. Introduction 

The accelerated growth of the aquaculture industry and the processes of 

productive intensification imply, among other issues, a greater density of fish in ponds, 

which consequently contribute to the deterioration of water quality [1]. Additionally, 

inadequate management of water quality can trigger a cycle of challenging events in 

the productive sector, as they contribute to the imbalance of the host-pathogen-

environment triad, increasing the risks for the emergence of outbreaks of infectious 

diseases e.g., causing financial losses [2].  

In global terms, the annual production of Nile tilapia Oreochromis niloticus 

reached 4.82 million tons in 2021, with Indonesia being the largest producer of the 

species in the world, with a production of 1.30 million tons, slightly greater than that 

recorded by China, of 1.24 million tons in 2021. This global tilapia production 

corresponds to around 3.83% of all global aquaculture production, approximately 126 

million tons in 2021, and 9.74% of total freshwater fish production. Although Brazil 

is ranked sixteenth in the world ranking of aquaculture production—responsible for 
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0.52% of global aquaculture production—the growth of recent decades in Brazilian 

tilapiculture has elevated the country to the position of fourth largest producer of 

tilapia in the world, accounting for 7.48% of world production, which in 2021 was 

estimated at US$ 9.68 billion [3].  

Despite its rusticity and resistance, tilapia is susceptible to diseases and in recent 

decades an increase in mortality records attributed to pathogens [4] or inadequate 

nutrition [5] has been evidenced. Considering that nutrition is strongly related to 

greater animal resistance to pathogens [5] (, it is likely that, in certain reports, disease 

outbreaks are related to inappropriate diets or inadequate feeding regimes for a given 

species. Among the most important pathogens in freshwater tilapia farms are the 

protozoa Ichthyophthirius multifiliis, Epistylis sp., Chilodonella sp., and Trichodina 

spp; the monogenoids Dactylogyrus sp.; the crustaceans Argulus spp. and Dolops spp.; 

the bacteria Aeromonas hydrophila, Pseudomonas sp., Vibrio spp., Flavobacterium 

columnare and Streptococcus agalactiae; the fungus Saprolegnia parasitica, and the 

Iridovirus [2].  

The use of antibiotics to treat bacteriosis has been routinely applied in 

aquaculture production for many years, however, indiscriminate use can bring 

numerous concerns related to the farmed animal, the environment, and humans, in 

addition to promoting the emergence of resistant strains [6]. For these reasons, the use 

of antibiotics in aquaculture has been strongly discouraged worldwide, while 

prophylactic management aimed at preventing illnesses using probiotics, prebiotics, 

immunostimulants and phytogenic substances have received great attention from 

research institutions in recent years, which have focused on the development and use 

of alternative products to antibiotics and synthetic chemotherapeutics. 

Feed additives in aquaculture 

Feed additives are substances, microorganisms or formulated products that are 

not normally used as ingredients, intentionally added to animal diets, with or without 

nutritional value, but affect or improve the characteristics of animal feed or animal 

products, benefiting the growth performance of animals and health, without 

compromising nutritional requirements [7]. Additionally, feed additives are 

differentiated according to their usefulness, such as (1) nutritional additives—those 

referring to substances used to maintain or improve the nutritional properties of a 

product [8]; (2) sensory additives—those whose usefulness is to improve or modify 

organoleptic or visual characteristics of a product [9]; (3) technological additives—

substances added to the product intended for animal feed for technological purposes 

[10]; (4) anticoccidial additives—used to inhibit or eliminate protozoa [11,12]; and (5) 

zootechnical additives—used to improve animal zootechnical performance [7,8,13].  

Among the feed additives commonly used in aquaculture, prebiotics and 

probiotics are widely studied and frequently found on the market [14]. The 

microorganisms commonly used for the development of probiotics are from the genera 

Lactobacillus, Bifidobacterium, Enterococcus and Bacillus, while the most important 

prebiotics are fructooligosaccharides (FOS), mannan oligosaccharides (MOS), 

mannan oligosaccharides (MOS), yeast cell wall (YCW) [15,16].  

Enzymes and enzymatic complexes constitute another group commonly used as 
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feed additives in aquaculture [7]. The interest in the use of exogenous enzymes in diets 

arose because many ingredients used to formulate feed in aquaculture have a high 

market value, thus it is increasingly common for alternative ingredients, often of 

vegetable origin, to be tested and used in the aquafeed industry. In this sense, the use 

of these enzymes is an alternative to increase feed digestibility and animal 

performance [17]. Phytase, protease, amylase, pectinase, xylanase and beta-glucanase 

are among the main enzymes used as feed additives in aquaculture. 

Organic acids have also been used as zootechnical additives and play the role of 

digestive substance, flora balancer and performance improver in the production of 

numerous aquacultural species [7,18–20]. Acetic, benzoic, propionic, and formic acids 

are examples of organic acids frequently used and/or studied for use in aquaculture. 

Essential oils constitute a group that is currently widely studied in relation to their 

potential as a functional feed additive for aquaculture [21]. The challenge in using 

plant extracts for animal nutrition has been the identification and establishment of the 

effects exerted by the active compounds, present in these plants, on the animal 

organism, as there is still little knowledge of the action of many of these compounds. 

In this way, several plant extracts, products based on plant extracts and by-products 

from other food production sectors have been tested as potential food additives in 

aquaculture. 

For example, Khalil et al. [22] observed improvements in the zootechnical 

performance of tilapia fed diets enriched with dry leaf extract (3%) or seed extract 

(2%) of Eruca sativa compared to fish fed a basal diet. Tang et al. [23] tested the 

dietary supplementation of a mixture of Chinese herbs in the diet of O. niloticus and 

observed immunological improvements, in addition to improving the resistance of fish 

exposed to experimental infection by Aeromonas hydrophila. Extracts of Curcuma 

longa, Rosmarinus officinalis and Thymus vulgaris, Solanum ferox and Zingiber 

zerumbet have also been tested as feed additives for tilapia, providing positive results 

for some hemato-immunological parameters and/or resistance to A. hydrophila [24,25], 

while fenugreek Trigonella foenum-graecum and Aloe vera increased the resistance of 

tilapia O. mossambicus and O. niloticus to Streptococcus iniae infection [26,27]; and 

Aristolochia debilis, Panax ginseng, Spatholobus suberectus and Aegle marmelos 

increased the resistance of O. niloticus to Streptococcus agalactiae infection [28,29].  

It is notable that the use of phytogenic substances is intrinsically connected to the 

concept of sustainable aquaculture, based on prophylaxis management. However, 

there are still gaps regarding the application of this knowledge, whether in relation to 

the substances used, the specificity of species, the stage of development of the animals, 

and the dose to be applied. Furthermore, supplementation methods with such 

phytogenic compounds, whether isolated or protected, micro or nanoparticles, have 

shown great potential, as they have the capacity to increase the stability of the product 

and enhance the effect on the digestive tract of the target species [30]. 

2. Indian neem: Ancient uses for application in modern 

agroindustry 

Over the last few decades, agriculture has incorporated the use of bioherbicides, 

also known as nature-based herbicides, to control pests as an alternative to the use of 
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chemical pesticides [31], and in this scenario the Meliaceae family has been identified 

as one of the most promising groups [32]. This family consists of approximately 550 

species in 50 genera, with a wide geographic distribution [33]. Among the species, the 

chinaberry Melia azedarach, the cedar Cedrela fissilis, the red-cedar Cedrela odorata, 

the Brazilian mahogany Swietenia macrophylla and the Indian neem Azadirachta 

indica A. Jussieu stand out in global research and commercially as raw materials for 

logging industry, cosmetics, and bioinsecticide, pesticide or microbicide products 

[32,34–37]. 

The Indian neem A. indica is a tree, whose size varies from 15 to 20 meters in 

height, originating from India and Myanmar, however, as it can develop under the 

most diverse climatic conditions, especially in tropical climates, it adapts easily in 

poor soils and with reduced rainfall. Because it has been used as a medicinal plant for 

centuries, it has spread throughout the world, and is currently present in many 

countries, including Brazil, where it was introduced in the 1980s for research for 

medicinal purposes [32,38].  

The Indian neem is a species widely studied among the Meliaceae in the 

agricultural industry [38]. Its bioactive compounds have action on more than 400 

species of insects, acting through mechanisms such as repellency, reduction of feeding, 

repellency of posture, interruption of development and ecdysis, reduction of fertility 

and fecundity, while presenting low toxicity to humans and other mammals, as well 

as poultry. Furthermore, compounds from neem also present toxicity against 

nematodes, which cause major losses in the agricultural industry [32,38–40].  

The oil from neem leaves, seeds and bark has a broad spectrum of antibacterial 

action [41]. Some of the bioactive compounds responsible for the antibacterial 

property of neem are azadirachtin, nimbidin, nimbin, nimbinin, nimbidinin, nimbidic 

acid and nimbolide; in addition to margolone, margolonone and isomargolonone, 

limnoids and tetranotriterpenoids. Among them, the compound found in the highest 

concentration and mainly in seeds, is azadirachtin [32,41–43]. The concentration of 

azadirachtin, however, can vary greatly according to harvest, processing and fruit 

health, tree health and environmental conditions such as temperature and humidity, 

even varying from tree to tree in the same production, and according to the origin of 

the seed material [32,38].  

Azadirachtin (C35H44O16) is a water-soluble, highly oxidized limonoid with a 

complex structure and rigid conformation due to the presence of intramolecular 

hydrogen bonds and many reactive functional groups in extremely close positions [44]. 

The chemical structure of azadirachtin comprises 16 stereogenic centers, of which 

seven are tetrasubstituted carbon atoms and nine are disubstituted carbon atoms. 

Additionally, the structure of azadirachtin comprises 16 oxygen atoms in four ester 

groups, two hydroxy groups and one hemiacetal group; epoxide and dihydrofuran, the 

latter being mainly responsible for the antifeedant activity of the molecule [38,44]. 

Agricultural and aquacultural uses of azadirachtin and neem derivatives 

The use of azadirachtin in the agricultural industry is not restricted to the purpose 

of bioinsecticide, moreover, as an effective chemotherapeutic agent in the control of 

some pest flies in sheep, horses, stables and cattle horns [45–50]. In animal feed, neem 
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extract or azadirachtin have been recurrently tested in poultry production, both as a 

growth-promoting supplement [51–53], as well as an immunostimulant and modulator 

of the gastrointestinal microbiota [32,54–56].  

Nevertheless, in aquaculture it is possible to list the research carried out with 

azadirachtin and other neem derivatives into three distinct groups: i) those focused on 

investigations of possible toxic effects of neem and its derivatives on aquatic 

organisms (Table 1); ii) those that test neem derivatives, whether the extract, oil or 

isolated azadirachtin, as substances for therapeutic baths in aquaculture (Table 2); iii) 

research related to the effects of dietary supplementation of azadirachtin and other 

Indian neem derivatives on the growth performance and health of aquatic organisms 

(Table 3). 

However, in one of the first reports of the use of azadirachtin in aquaculture 

health, Logambal and Michael [57] tested the effects of injectable doses (0.526 to 526 

ng) of azadirachtin in O. mossambicus combined with injection of bovine serum 

albumin (BSA) antigens and sheep erythrocytes (SRBC). Fish that received injections 

of azadirachtin and BSA antigen showed an increase in primary and secondary 

antibody responses to BSA and an increase in leukocyte counts, regardless of the dose 

and time of application. On the other hand, an inverse relationship was observed 

between the dose of azadirachtin administered and the degree of stimulation of the 

immune response when SRBC were used as antigen, indicating that azadirachtin could 

produce different and even conflicting results for different types of stimuli. 

Another potential use of azadirachtin in aquaculture is the influence of this 

substance on controlling the reproduction of fish in captivity. Obaroh and Achionye-

Nzeh [58] tested the effects of dietary inclusion of neem leaf extract on the 

reproduction of groups of 180 O. niloticus, 90 females and 90 males per tank, for 56 

days. Fish that did not receive the diet with the addition of neem had reproduction 

ranging from 63 to 89 larvae in a period of 3 weeks, while the administration of 0.5 g 

kg diet−1 of neem extract resulted in 35 to 51 larvae in a period of 5 weeks. Doses 

greater than 0.5 g kg feed−1 have not recorded reproduction. 
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Table 1. Assembly of research conducted in recent decades on the toxicity of azadirachtin and its neem derivatives to aquacultured fish. 

Compound Species Main goal Posology Main findings Key references 

Azadirachtin Cyprinus carpio 

Investigated effects of azadirachtin on 

thyroid, stress hormone and some 

cytokines levels in freshwater common 

carp. 

Acute and sub-chronic trials, lasting 4 and 

30 days, respectively, and doses of 1.0, 

2.0 and 2.4 ppm for both periods. 

Significant worsening in hormone levels compared to control; 

significantly higher cortisol levels compared to control in both trials 

regardless of dose. 

Korkmaz and 

Örün [59]  

Azadirachtin 
Oncorhynchus 

mykiss 

Effects of azadirachtin on markers of 

oxidative damage and antioxidant 

enzymes in the brain of O. mykiss. 

Exposure to azadirachtin doses of 0.12 

and 0.24 ppm for 21 days. 

0.24 ppm azadirachtin significantly increased the expression of 

oxidative damage markers; while 0.12 and 0.24 ppm significantly 

decreased the activity of antioxidant enzymes. 

Alak et al. [60]  

Azadirachtin Labeo rohita 
Effects of azadirachtin on the 

hematological profile of L. rohita. 

Exposure for 96 h to increasing levels of 

azadirachtin from 30 to 60 mg L−1. 

LC50
96 h = 44.61 ppm. Azadirachtin decreased total erythrocyte and 

blood hemoglobin concentration and MCHC index; immune-

toxicological effects were identified in relation to leukocyte 

subpopulations. 

Maitra et al. [61]  

Azadirachtin Danio rerio 

Toxicity of azadirachtin on markers of 

oxidative stress in the brain and 

muscle of D. rerio. 

Exposure to azadirachtin at concentrations 

of 0.025, 0.17 and 0.35 µg L−1 for 16 

days. 

Increased levels of markers of oxidative damage in the brain and 

muscle for all concentrations throughout the period; significant 

decrease in catalase activity in both tissues after 16 days. 

Sharma and 

Ansari [62]  

A. indica (oil) 
Glossogobius 

giuris 

Effects of neem oil on gill tissues and 

azadirachtin accumulation in G. giuris. 
Exposure to 1.0 ppm neem oil for 96 h. 

HPLC analysis identified 1.9 ppm of azadirachtin in gill tissue after 

96 h of treatment; 0 ppm after 90 days; increased histological 

changes and ventilation rate of the opercula. 

Mamatha and 

Mohan [63]  

Azadirachtin 
Heteropneustes 

fossilis 

Evaluate the acute toxicity of 

azadirachtin to H. fossilis. 

Baths lasting 96 h in increasing 

concentrations of 25 to 250 mg L−1 of 

azadirachtin. 

LC50
24h = 173.06 mg L−1; 

LC50
48h = 80.69 mg L−1; 

LC50
72h = 58.57 mg L−1; 

LC50
96h = 52.35 mg L−1. 

Kumar et al. [64]  

A. indica (Leaf 

extract) 
O. niloticus 

Evaluate lethal levels and effects of 

sub-lethal doses of neem leaf extract 

for O. niloticus. 

Extended 2-day immersion bath in 

concentrations of 0.5, 1.5, 2.0 and 2.5 mg 

L−1 of extract. 

2.5 mg L−1 of neem extract caused 90% mortality of O. niloticus 

within 48 h. LC50 = 1.64 g L−1. Sub-lethal doses provided effects 

of stress and anemia. 

Fafioye [65]  

Azadirachtin O. niloticus 
Toxicity of azadirachtin to O. niloticus 

post-larvae 

Tested exposure to azadirachtin at 

concentrations of 0, 0.59, 1.18, 1.77 and 

2.36 mg L−1 for 96 h. 

Animals exposed to azadirachtin showed sub-lethal behavior in the 

first 12 h. Estimated lethal dose in 96 h = 1.28 mg L−1. 
Lima et al. [66]  

A. indica (seed oil) O. niloticus 

Evaluated effects of the oil on 

oxidative stress and erythrocytes of O. 

niloticus and the potential of lupine 

seeds in mitigating these effects. 

Fish exposed to doses of 56 and 112 ppm 

of neem oil for 1, 2 and 3 weeks; dietary 

supplementation with 5% lupine powder 

for 3 weeks. 

Neem oil increased concentrations of markers of oxidative stress 

and glycemia; Lupine powder supplementation significantly 

mitigated the stressful effects of neem oil. 

El-Badawi and 

Al-Salahy [67]  

Azadirachtin 
Heteropneustes 

fossilis 

Evaluate the effects of azadirachtin on 

blood electrolytes of  

H. fossilis. 

Short-term exposure = 41.89 mg L−1 over 

96 h; Long-term exposure = 10.47 mg L−1 

over 28 days. 

Both exposure times caused a significant decrease in H. fossilis 

serum calcium and phosphate levels over time. 
Kumar et al. [68]  
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Table 1. (Continued). 

Compound Species Main goal Posology Main findings Key references 

Azadirachtin 
Piaractus 

mesopotamicus 

Evaluate LC50 and toxic effects of 

azadirachtin for alevins and juveniles 

of P. mesopotamicus. 

Exposure of alevins and juveniles to six 

increasing doses of azadirachtin, from 0 to 

1.77 mg L−1 for 96 h. 

LC50 = 1.18 mg L−1 for alevins; 1.20 mg L−1 for juveniles; 0.29 and 

0.59 mg L−1 safe for alevins and juveniles, respectively. 
Cruz et al. [69]  

A. indica (Aqueous 

extract of leaves) 
O. niloticus 

Assessment of the piscicidal potential 

of neem extract in O. niloticus. 

96-h exposure to extract doses of 0, 2.0, 

4.0, 6.0, 8.0 and 10 mL L−1. 

LC50
24h = 6.40 ml L−1; 

LC50
48h = 3.22 ml L−1; 

LC50
 96h = 2.57 ml L−1 

Cagauan et al. 

[70]  

A. indica (Aqueous 

extract of leaves) 

Gambusia 

affinis 

Assessment of the piscicidal potential 

of neem extract in G. affinis. 

96-hour exposure to extract doses of 0, 

2.0, 4.0, 6.0, 8.0 and 10 mL L−1. 

LC50
24h = 6.00 ml L−1; 

LC50
48h = 3.43 ml L−1; 

LC50
96h = 3.00 ml L−1 

Cagauan et al. 

[70]  

Table 2. Assembly of research conducted in recent decades on therapeutic baths with azadirachtin and neem derivatives for aquacultured fish. 

Compound Species Main goal Posology Main findings Key references 

Azadirachta indica 

(leaf powder) 
O. niloticus 

Health effects of tilapiaexposed to 

lead. 

Bath for 2 weeks with 1.0 g L−1 of leaf 

powder, concomitantly with contamination of 

the water with 5.0 or 10 mg L−1 of lead. 

Mitigated oxidative stress and suppressed antioxidant enzymes in 

animals exposed to lead at a concentration of 5.0 mg L−1. 

Abu-Elala et al. 

[71]  

Azadirachta indica 

(leaf powder) 

Anabas 

testudineus 

Treatment of lesions caused by 

hexamitid protozoa. 

36-h baths in concentrations of 5.0; 10.0 and 

30.0 mg L−1. 

LC50
96h for A. testudineus = 6.2 g L−1; positive results for the three 

treatments in relation to the control, for total erythrocytes, total 

leukocytes, antioxidant enzyme activity and reduction in lipid 

peroxidation. 

Mondal et al. 

[72]  

Azadirachta indica 

(oil) 

Lates 

calcarifer 
Control of caligid copepod infestation Prolonged baths in different concentrations. 

LC50 of 2 ppm and 20 ppm for copepods and sea bass, 

respectively; 10 ppm bath = 100% efficacy against the pathogen 

in 96 h. 

Khoa et al. [73]  

Azadirachtin 
Carassius 

auratus 

Antiparasitic activity against Argulus 

spp. 

72-h bath; doses of 1.0; 5.0; 10.0; 15.0 and 

20.0 mg L−1. 

100% efficacy within 72 and 48 h for doses of 15.0 and 20.0 mg 

L−1, respectively. 
Kumar et al. [74]  

Azadirachtin C. auratus 

Effects on hemato-biochemical 

parameters of fish treated against 

Argulus spp. 

72-h bath; doses of 1; 5; 10; 15 and 20 mg 

L−1. 

Generalized improvement in hematological parameters and 

activity of antioxidant enzymes in relation to the control; 

however, the dose of 20 mg L−1 resulted in higher concentrations 

of glucose and LDH, indicating stress. 

Kumar et al. [42]  

Azadirachta indica 

(aqueous extract of 

leaves) 

C. carpio 

Effect on hematological parameters of 

fish infected by the fungus 

Aphanomyces invadans. 

Daily baths of 5 min for 24 days with a dose 

of 1.0% aqueous extract of the leaves, 12 days 

after experimental infection. 

Induced lesions were healed and hematological parameters were 

restored to values close to the pre-infection period. 

Harikrishnan et 

al. [75]  



Probe - Fishery Science & Aquaculture 2024, 6(1), 2208.  

8 

Table 3. Assembly of research conducted in recent decades on dietary supplementation with azadirachtin and neem derivatives for aquacultured fish. 

Compound Species Main goal Posology Main findings Key references 

Hydrolyzed A. indica 

seed protein 

O. 

niloticus 

Verified effects on performance, general 

health and resistance of O. niloticus to A. 

veronii. 

Replacing fishmeal with rates of 10.0; 

20.0; 30.0 and 40.0% hydrolyzed A. 

indica protein for 60 days. 

Higher survival rates post-infection with A. veronii compared 

to the control; general improvement in zootechnical 

performance, immunological parameters of blood serum and 

activities of antioxidant enzymes. 

Rahman et al. 

[76]  

Azadiractina 
Salmo 

salar 

Verified the effectiveness of dietary 

inclusion with azadirachtin to control 

Lepeophtheirus salmonis infestation. 

Dietary inclusion of azadirachtin at 

concentrations of 0.24, 0.47, 0.64 and 1.78 

mg g−1 of feed for 104 days. 

Lower feed consumption and lower condition factor in diets of 

0.64 and 1.78 compared to 0.24 and 0.47 mg g−1; all inclusion 

levels resulted in lower parasite counts compared to the control 

after 57 days of treatment. 

Kim and Walker 

[77]  

A. indica (leaf extract) O. mykiss 

Effects of dietary supplementation of neem 

extract on the zootechnical performance and 

proximate composition of O. mykiss. 

Dietary inclusion of neem extract at 

concentrations of 5.0; 7.0 and 10.0% for 

90 days. 

7.0% inclusion promoted greater weight gain and greater feed 

efficiency in relation to all treatments and control; highest 

condition factor of all levels in relation to control; 7.5% 

estimated as ideal dose. 

Abidin et al. [78]  

A. indica (leaf extract) C. carpio 
Hematological response of C. carpio to 

dietary supplementation with neem extract. 

Inclusions of 0.25, 0.50, 1.00, 1.50 and 

2.00 g kg feed−1 for 180 days. 

Increase in total erythrocytes and leukocytes; increase in 

hemoglobin concentration and MCHC index; increase in total 

proteins and serum globulins. 

Kaur et al. [79]  

A. indica (leaf powder) 
O. 

niloticus 

Zootechnical performance and general 

health. 

1.0; 2.0; 4.0 and 8.0 g kg feed−1 for 3 

months. 

Significant decrease in reproduction; worsening in growth and 

feed conversion; decreased hemoglobin concentration, lower 

MCHC index; lymphocytosis. 

Kapinga et al. 

[80]  

Azadiractina C. auratus 
Immunostimulation and resistance to A. 

hydrophila. 

Dietary inclusion in concentrations of up 

to 1.0 g kg−1. 

Significantly improved immunological parameters and survival 

post-infection by A. hydrophila compared to the control group. 
Kumar et al. [42]  

Azadiractina 
Cirrhinus 

mrigala 

Effects of azadirachtin on hemato-

biochemical parameters of C. mrigala 

challenged with Aphanomyces invadans. 

Dietary inclusion of 0.2% azadirachtin for 

30 days post-infection with A. invadans. 

Increase in total erythrocytes, hemoglobin and hematocrit; 

lymphocyte, eosinophil and neutrophil count; serum proteins, 

glucose, calcium and cholesterol compared to untreated 

infected fish. 

Harikrishnan et 

al. [81]  

A. indica + Ocimum 

sanctum + Curcuma 

longa (leaf powder in 

proportion 1:1:1) 

C. auratus 
Immunostimulation and resistance to 

A.hydrophila. 

Dietary inclusion at a concentration of 2.5 

g kg−1 30 days post-infection. 

Increased production of superoxide anion, phagocytic activity, 

complement activity and lysozyme; 100% survival to bacterial 

challenge versus 5% for untreated fish. 

Harikrishnan et 

al. [82]  

Azadiractina C. auratus 
Immunostimulation and resistance to A. 

hydrophila. 

Dietary inclusion at a concentration of 2.5 

g kg−1 30 days post-infection. 

Increased production of superoxide anion, phagocytic activity, 

complement activity and lysozyme; 90% survival to bacterial 

challenge versus 5% for untreated fish. 

Harikrishnan et 

al. [82]  
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Kapinga et al. [83] tested the effects of neem leaf powder supplementation at 

doses of 1.0, 2.0, 4.0 and 8.0 g kg feed−1 for 3 months on O. niloticus and found that 

neem supplementation, even at the lowest dose, significantly decreased the absolute 

fecundity and gonadosomatic index of the fish. The authors recommended 2.0 g kg 

feed−1 of the diet to control unwanted reproduction of tilapia in mixed population 

cultures, without degeneration of the individuals' gonadal tissue. However, during this 

review we realized that there are still few studies of this nature on fish farming. The 

screening of different protocols for the administration of azadirachtin in the fish diet 

and the effects of this supplementation on different aspects of animal health, mainly 

regarding the histomorphological effects caused in animals, as well as on the 

antimicrobial action of this compound against a wider range of important pathogens 

for aquaculture remain scarce. 

3. Conclusions 

Azadirachtin is a relatively little-explored bioactive compound as a dietary 

supplement for Nile tilapia O. niloticus. Despite this, azadirachtin as an 

immunostimulant can improve the immune system and reducing infectious diseases in 

fish. The use of Azadirachtin in aquaculture is viable considering the dosages, 

application forms and regulatory standards for each species and farming systems. 

Azadirachtin is a natural product that can contribute to more sustainable and healthier 

aquaculture. However, aquaculture is concerned with the lack of research related to 

the inclusion of azadirachtin in the tilapia diet. Thus, the incorporation of the active 

biocompound derived from azadirachtin as a food additive could become a sustainable 

strategy in tilapia farming. 
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