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Abstract 
With the increasing human population, fish will be cheapest protein food source which considerably 
contribute to human sector for the minimization of hunger and malnutrition. This situation to take place, 
it is essential to produce fish with minimum cost, so that it will reach poor people; need significant input 
from aquaculture. Feed accounts 50 to 60% of total expenditure in the aquaculture. The reduction of feed 
cost will improve the economic status of aquaculture business. At present, conventional ingredients 
utilised in fish feeds are costly, which increases the feed cost in turn raises the cost of fish for production. 
Therefore, it is a need for switch over to cost less non-conventional feed ingredients to produce fish with 
low costs and neem seed cake has great potential in this context. The scope and limitations to place NSC 
as one of the major ingredients during diet formulation was discussed in this technical review. 
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Introduction 
At present, the key issue which affected fish feed industry is the price rise of currently used 
feed ingredients [1]. Besides, lesser access and higher demand of conventional feedstuffs 
restrict their application for feed formulation. In fish production, about 50-60% of total 
operation cost is accounted by artificial feeds. Saving even small degree of costs for feed will 
definitely increase the profitability to fish farmers [2, 3].This constructs the temptation to feed 
formulators to look for cost less ingredient for fish diet preparation [4]. Preparing cost effective 
feed does not make sense if not nutritionally balanced. Therefore, the search for alternate 
unconventional feed ingredients which can replace conventional feedstuffs both nutritionally 
and economically got major attention among the feed manufacturers. Some researchers have 
motivated to identify those cost less ingredients. NSC is such an ingredient, which has great 
potential in these facets contain balanced nutrients [5].  
Neem (Azadirachta indica) seed cake is a by-product of neem oil industry with a potential 
annual production of about 1 million tonnes. At present, it is largely used as manure-cum-
insecticide and lesser extend used in animal feed industry [6]. It contains the high crude protein, 
amino acids and minerals profile, and does not spoil on storage or attack by fungi. The 
inclusion of NSC for animal feed was subjected to a major debate due to the presence of toxic 
and odour compounds and discouraged as its utilization affects animal health performances [7]. 
But the proper treatment can solve these problems. At present, research on terrestrial animals, 
including fish has shown that treated NSC is less or free of toxic and bad smell; therefore, it 
can be incorporated in the diet without affecting their growth and nutrient utilisation [8, 9]. But 
before reach the formulation stage, certain research need to be accomplished in the 
commercially important cultivable species with respect to this area. The percentage at which 
NSC can replace the other conventional feedstuffs should be properly addressed to the feed 
formulators. 
 
Global scenario of world fisheries and aquaculture production 
The present world fisheries and aquaculture state shows the importance of aquaculture to meet 
the protein demand of fish consumption. During 1960s global capture fisheries and 
aquaculture production was 33.9 and 1.6 million tonnes; and now it travelled to 93.4 and 73.8 
million tonnes respectively [10, 11]. The statistics shows that global fish farming is on the top has 
a steep growth for last six decades and capture fisheries production had declining trend. Global  
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per capita fish consumption has increased over the past six 
decades, rising from 10 kg in 1961, 19 kg in 2012 [10] and now 
it reaches 20 kg [11]. According to statistics, every one third of 
fish consumed by human population is coming from farm 
raised. As recent years the human population increases, in 
order to avoid the competition for protein food and to avoid 
malnutrition cheapest source of fish food to humans must be 
easily available need intensive focus on aqua farming. 
 
Conventional feed ingredients and its hampering effect to 
aquaculture 
Expensive feeds for aquaculture affects the profitability of fish 
farmers [12]. High costs of conventional feed ingredients, 
especially fish meal and soybean affects the cost of 
production. In the last decade the price of the fish feed is 
significantly increased. If this situation continuous there will 
be a shortage of fish farmers to continue farming, which may 
results in the economic loss to fish feed industries. Feed 
accounts for 30-70% of total operation cost in fish farming [13] 

and no doubt that success in fish production is determined by 
the cost of feed. For instance, if greater part of production cost 
deals with feed, it will results to high production cost of 
farmed fish, which hampers the economic benefit of 
aquaculture development. 
 
Why need replacement of conventional feed ingredients? 
The conventional feed ingredients are costly. For instance, the 
price of fish meal in the market during 2007 was 21-33 Rs/Kg 
[14] and now it reaches 40-60 Rs/ Kg depending upon the 
availability and place. Similarly the cost of soybean meal 
during the year 2007 was 11.4-13.4 Rs/kg [14] and now it 
touched around 30-40 Rs/Kg. substituting them with non-
conventional feedstuffs would fall in price of feed. 
Replacement of fishmeal and fish oil with available and 
cheaper plant feedstuffs has been identified as an essential 
requirement for the future development of aquaculture [15]. To 
replace fish meal, a nutritionally balanced Soya bean meal 
(SBM) is a common custom. SBM contains high protein and 
relatively well balanced amino acid profiles. It is limited and 
expensive source in fish feeds after fish meal [16]. As the cost 
for conventional protein sources including SBM is increasing 
[17] search to find out non- conventional, locally available, 
cheap feed ingredients as alternative energy source for fish 
feed is inevitable [5].  
 
What hinders NSC usage in aqua feed? 
Although NSC is nutritionally balanced the incorporation of 
NSC in animal diets was discouraged due to their adverse 
effect on their performance because of the presence of bitter 
and toxic Anti-nutritional factors of triterpenoids mainly 
nimbin, nimbidin, azadirachtin and salanin [18, 19]. The bitter 
taste of neem seed is as a result of the presence of sulphur 
containing compounds, while the tignic acid is the main 
compound believed to be responsible for its odour [7]. 
Meliacine forms bitter taste. Seed contain tignic acid (5-
methyl-2-butanic acid) responsible for the distinctive odour of 
the oil [20]. Raw cake has revealed poor palatability and 
adverse performance. Poor palatability accompanied to the 
animals due to pungent smell and bitterness which lead to poor 
weight gain or loss of body weight along with lowered nutrient 
digestibility. Ruminants can tolerate higher levels of the NSC. 
However, monogastric animals can be tolerable to a lower 
limit.  
 

Methods of processing and strategies to remove toxic and 
bitter compounds in NSC 
First the kernel part of the neem is collected and it is sun dried. 
After ground dried the yield is only 50% out of 100%. Again it 
goes for removal of oil i.e. 20%. Finally, the rest 30% of de-
oiled part is prepared as NSC by pellet pressing machine.  
 

 
 

Fig 1: Production Cycle of Need seed Cake 
 

Attempts have been made over the years to detoxify and 
reduce the bitterness of the NSC for animal use, through 
extraction, water washing, alkali soaking, urea ammunition 
and autoclaving [7-9]. In the market different kinds of neem 
seed cakes are available depending upon the method of 
processing and extraction of oil from neem seeds. 
Accordingly, these cakes also differ in their chemical 
composition and nutritive values. The major types of NSC 
such as expelled out neem seed cake (Decorticated and 
Undecorticated) and solvent extracted / deoiled NSC that are 
being manufactured from the industries of India.  
 
Can the NSC substitute conventional feed ingredients in 
aqua feed? 
The feed is profitable if it prepared economically and 
nutritionally balanced. Both economics and nutrition must play 
a pivotal role in the selection of feed ingredients. NSC is one 
of such source showing great potential for inclusion in animal 
feeds. NSC contains toxic and odour compounds which make 
it avoid using in the feed. But, when properly treated, NSC has 
high protein contents similar to that of soya bean. In addition, 
it is a good source of protein (45–50%), phosphorus, calcium 
and iron. A human need of these is very less and cost effective. 
As earlier mentioned, fish meal per kg is 40 to 60 Rs. and 
soybean meal per Kg is around 30 Rs. But, NSC is only 
around 10 to 15 Rs. per kg. Study of Cost and Benefit Analysis 
of experimental Diets with NSC as main ingredients were 
carried out in African catfish and co-authors [21] replaced with 
soybean meal in the diet. A result obtained in the study was 
represented in the table 1.  
 
Table 1: Profit index of NSC based diet replaced with soybean meal 

in African catfish 
 

Diets Profit index Cost/Kg/Feed(₦) 
0% NSC 2.61±0.030 226.66 

9.62% NSC 2.52±0.146 219.00 
17.5% NSC 2.40±0.216 211.23
28.5% NSC 4.18±0.093 199.99 

Commercial diet 1.16±0.021 450.00 
Note: Price is in given in Nigerian dollars (₦) - Adapted from Hassan 
and co-authors [21] 
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Fish meal (60-80% CP) and Soya bean meal (40-55%) 
contains high protein and relatively well balanced amino acid 
profiles. So, it is very difficult to replace this in the fish diet. 
All over the globe, farmers are looking for alternative 
ingredients which can replace this without affecting the 
nutritional quality. Nutritional compositions of NSC have 
evaluated by many researchers and have been reported to be 

highly nutritious. Gowda and Sastry [6] stated that NSC is 
equal to Soybean protein contains 45–50% of CP, phosphorus, 
calcium and iron. The sulphur-containing amino acids content 
was high in the NSC. Lysine and methionine content higher 
than most of the cereal proteins but lower than that of legume 
proteins. Nutritional composition of NSC in comparison with 
other feed ingredients was represented in the table 2. 

 
Table 2: Nutritional composition of NSC compared to other ingredients 

 

Ingredients Dry Matter Crude Protein (CP) Crude Fiber Crude Lipid Total Ash Nitrogen Free Extract 
Fish meal 88.70 60.00 0.00 10.56 9.22 20.10 

Soybean meal 93.19 40.19 6.17 8.69 5.32 39.63 
Neem seed Cake 89.88 31.81 8.06 5.11 8.26 46.76 

Maize 90.73 10.00 2.70 4.00 1.30 82.00 
Note: NSC also enriched with the following minerals; Calcium: 0.77%, Magnesium: 0.75%, Phosphorous: > 1%, Sulphur: 1.20%, Potassium: > 
1%. Therefore, adding NSC in the diet may alleviate some mineral supplementation in the diet. Adapted from Hassan and co-authors [21] 

 
Study of detoxified NSC in the diet of terrestrial animals 
In terrestrial animals the study on detoxified NSC in the diet 
was explored and dosage at which NSC can be supplemented 

without affecting the animal performance has been 
standardized. Review of some selected research work in 
terrestrial animals is displayed in the table 3.  

 
Table 3: Some selected studies on NSC in the diet of terrestrial animals 

 

Animals Remarks 

Goats Water washed NSC can be incorporated in diets up to 25% without deleterious effects on nutrient utilization and 
metabolism [22]. 

Lambs Alkali treated NSC improved the crude protein digestibility and efficiency and body weight changes [23]. 
Crossbred calves Water washed NSC can be feed without any adverse effect on their performance [24]. 

Pigs Water washed NSC at 10-15% level in diet have no adverse effect on growth performance [25]. 

Buffalos Alkali (2.5% W/W NaOH) treated and urea (3.5% W/W) ammoniated NSC could be fed at 30% level in the 
concentrate mixture had no any adverse effect on their performance and meat quality [26]. 

Cockerel Chickens Water soaked NSC can replace part of soybean meal without any adverse effect on their performance [1]. 

Rats Water washed NSC improved the reproductive maturity in rats but there was no adverse effect on semen quality 
of breeding bulls, quiet for long durations [27]. 

 
Attempted study of detoxified neem Seed Cake in the diet 
of aquatic animals 
Despite the use of NSC for feeding explored very long ago in 
terrestrial animals, it was only three study conducted in the 
fish with response to use NSC as an ingredient. Till 2005, 

there was only one study was accessible on the use of NSC in 
fish feed [16]. However, after that there were two more 
supporting evidence became available for using NSC in the 
diet of aquatic animals [21, 28]. The results of these three 
conducted studies were displayed in the table 4. 

 
Table 4: Some selected studies on NSC in the diet of aquatic animals 

 

Animals Remarks 
Common carp 

(Cyprinus carpio) 
The study discloses that water washed NSC at the level of 5% can be incorporated in the diet without 

affecting the animal growth and nutrient utilisation [16]. 
Common carp 

(Cyprinus carpio) 
The study shoes that water washed NSC at the level of 15% in the diet did not affect the amylase and 

protease enzyme activity [28]. 
African catfish 

(Clarias gariepinus) 
The result reveals that water washed NSC at the level of 25% in the diet can be incorporated without 

compromising fish growth and nutrient utilization [21]. 
 

Justifications to place NSC as one of the main ingredient in 
aquaculture 
 Treatment can alleviate the odour and toxicity of NSC. 
 Treated NSC is equal to Soybean meal. 
 Treated NSC has no problems in palatability. Only 

exceeding dosage limits pose problems. 
 Limiting amino acids in fish meal & soybean are rich in 

this. 
 Easily available through the year and very less expensive 

as its annual production is around one million ton.  
 Can be stored for a long time and does not attack by fungi. 
 Human demand for NSC is very less and lesser 

competition with livestock. 

Future expectations 
So far research attempted on the assessment of NSC in fish 
diet was only conducted under wet laboratory conditions. This 
must be tried at farm levels also. The nutritional value of NSC 
varies according to the regions and therefore the composition 
of nutrients and anti-nutritional factors of raw and treated NSC 
from different regions has to be assessed. The nutrient 
utilization of fish fed with NSC based diets has to be studied 
and the inclusion levels in the fish diet have to be standardized 
without compromising any negative impacts to fish. This 
should be studied with commercially cultivable species. If 
there is any synergistic effect of NSC with other ingredients in 
the diet need to be studied. Their negative impact if any 
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noticed has to be investigated clearly. If there is any adverse 
effect to the animals should be properly addressed. If all these 
expectations fulfilled, the feed formulators can able to produce 
the feed cost effectively by placing NSC as a major ingredient. 
Simultaneously, feed cost can be significantly reduced for the 
sustainability of poor farmers for aquaculture. 
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