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ABSTRACT
Background and Objective: Aquaculture is a widely practised agricultural method globally, which
involves raising aquatic organisms in suitable environmental conditions. Its main objective is to meet the
increasing   demand   for   fish   and   reduce   reliance   on   fish   imports   and   fishery   products.
Materials and Methods: In the present study, spotted tilapia, Pelmatolapia mariae, obtained from the
local market were fed with artificial diets, namely Diet 1, Diet 2, Diet 3, Diet 4 and Diet 5. Over a period
of 28 days, the live weight, standard length, total length and biochemical composition (protein,
carbohydrate and lipid) of the fish were monitored every 7 days. Results: After the 28 days period, the
control group exhibited higher total length and standard length, while Diet 5 resulted in a higher live
weight. Fish fed with Diet 5 also showed a higher protein content. Carbohydrate content was found to be
higher in fish fed with Diet 3 and the control group. On the other hand, the control group had a higher
lipid content. Conclusion: Considering the superior growth and biochemical constituents observed in fish
fed with Diet 5, it is recommended to incorporate chicken wastes such as legs and intestines, as well as
agricultural byproducts like cauliflower leaves and moringa, into artificial fish feed. This can potentially
enhance the overall performance and productivity of aquaculture systems.
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INTRODUCTION
Aquaculture is the fastest growing industry and now it is being rehearsed in numerous corridors of the
world. In the world, Asia contributes about 90% of the world’s aquaculture production. Seven countries
including India, Bangladesh, China, Indonesia, Vietnam, Japan and Thailand contribute much since 20001.
In the past 50 years, Indian aquaculture has grown at a faster rate and in some years the growth rate in
aquaculture was recorded as high as 9%. Freshwater aquaculture is known as raising, breeding and rearing
of aquatic animals and plants in ponds, lakes, reservoirs and rivers2. In 19th century, many focused on
Brackish water aquaculture but later due to environmental changes many practised freshwater
aquaculture. The three Indian major carp namely, catla (Catla catla), rohu (Labeo rohita) and mrighal
(Cirrhinus mirgala) are mostly grown in freshwater aquaculture. They contribute the bulk of production
with over 1.8 million tons3.
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Tilapia is a popular and well-known fish which is substantially found in tropical fish farms. Spotted tilapia
is placed under the class Actinopterygii and the order Perciformes and belongs to the family Cichlidae.
They are ray-finned fishes mostly found in freshwater and brackish water. They live in stagnant and flowing
waters in rocky or mud bottom areas4. Tilapia ranks as the third most important cultured fish group next
to carp and salmonids. They are cultured mostly in tropical and subtropical countries. Nearly 100 countries
are raising tilapia5. They feed on phytoplankton, zooplankton, periphyton, larval fish and detritus. They are
continuous diurnal feeders which could be microphagous or macrophagous based on their genus. Adult
tilapia is herbivorous but they get adapted to the commercial diets provided to them. Mostly spotted
tilapia are herbivorous and they feed on higher plants and algae but sometimes they feed on insects and
shrimps along with their eggs. Several environmental factors are responsible for the growth of tilapia. They
easily adapt to environmental factors like salinity, temperature, dissolved oxygen and pH6-8.

Fish is a crucial component of the human diet, playing a significant role in India. With over half of the
country’s population consuming fish, certain states such as Assam, the Northeastern States, West Bengal,
Odisha, Goa and Kerala have a staggering consumption rate of over 90%9. Consumption of fish by the
people increases by 20 kg per capita. More than 3.1 billion people consume fish as a food because it
contains a lot of nutrients. The production of fish increased gradually depending on their need10. For fast
growth and high yield of fish, a balanced diet should be given. A well-balanced prepared food is essential
and it is the most important for the betterment of culture. A well-balanced diet requires all nutrients
including proteins, carbohydrates, lipids, vitamins and minerals11. The edible fish farmers and ornamental
fish farmers purchase their feed for fish from commercial manufacturers. But small ornamental fish farms
need specialized fish feed only in small quantities. Producing specialized fish feed and exporting it in small
quantities causes loss to commercial manufacturers. To avoid it, ornamental fish farmers themselves began
to prepare the fish feed with common ingredients12,13. In this context, the present study has been planned
to find out the efficiency of different artificially prepared diets on the growth enhancement of
Pelmatolapia mariae.

MATERIALS AND METHODS
The study was carried out in Zoology Laboratory, The American College, Madurai, Tamil Nadu, India from
December, 2018 to April, 2019.  The  tilapia  was  procured  from  a  fish  market  in  Arumbanur,  Madurai,
Tamil Nadu, India and subsequently transported to the laboratory. Implementing a triplicate setup, 10 fish
were allocated to each tank, resulting in a total of 120 fish distributed across 12 tanks. Different artificially
prepared diets along with control were used to feed the fish. Groundnut oil cake and rice brawn were used
as the control diet. The five different artificially prepared diets were given to the fish (Fig. 1a-f).

The live weight, whole length and standard length of the fish were determined. The measurements were
taken once in 7 days, for 28 days. After every 7 days, protein, carbohydrate and lipid content have been
estimated in the fish for up to 28 days using standard procedures. The biochemical composition of the
fish before and after the experiment was also determined14.

Fig. 1(a-f): Diets used in the experiment, (a) Control,  (b)  Diet  1,  (c)  Diet  2,  (d)  Diet  3,  (e)  Diet  4  and 
(f) Diet 5
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RESULTS
Table 1 shows the ingredients that are used in the preparation of the artificial diets. The control diet
contained the groundnut oil cake and rice bran. The Diet 1 had the composition of groundnut oil cake,
rice bran and chicken intestine. Diet 2 had groundnut oil cake, rice bran and moringa leaves. Diet 3
contained groundnut oil cake, rice bran and chicken leg. Diet 4 was prepared with groundnut oil cake, rice
bran and cauliflower leaves. Diet 5 had groundnut oil cake, rice bran, chicken intestine, moringa leaves,
chicken leg and cauliflower leaves.

Table 2 exhibits the biochemical composition (protein, carbohydrate, lipid) of the diet. The protein content
was higher in the Diet 5 followed by Diet 2. Diet 2 had higher carbohydrate content followed by Diet 4.
The lipid content was higher in control diet followed by Diet 5.

The total length of the spotted tilapia when fed with different diets is shown in Table 3. Control fish
showed the highest growth after 28 days followed by Diet 1 and Diet 5. During this experiment, minimal
growth was observed in Diet 4. The maximum total length of 6.05±0.33 cm was observed after 28 days
for control and the minimum total length of 5.35±0.44 cm was observed after 28 days for Diet 4.

Table 4 shows the standard length of the spotted tilapia observed during the experiment. Control fish
exhibited the highest standard length followed by fish fed with Diet 1 after 28 days. Fish fed with Diet 3
and Diet 5 exhibited equal standard length. The maximum standard length of 5.15±0.75 cm was observed
after 28 days for control fish and the minimum standard length of 4.3±0.45 cm was observed after 28 days
for fish fed with Diet 4.

The live weight of spotted tilapia observed during the experiment is exhibited in Table 5. There was a
gradual increase in growth when fishes were fed with Diet 5. Fish fed with Diet 2 exhibited the second
highest growth followed by that of Diet 1. The maximum live weight of 3.47±0.49 g was observed after
28 days in fish fed with diet 5 and minimum live weight of 2.8±0.78 g was observed after 28 days in fish
fed with diet 3.

Table 1: Ingredients (g/kg) used in the preparation of fish diets
Ingredients Control Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Groundnut oil cake 500 400 400 400 400 400
Rice bran 500 400 400 400 400 400
Chicken intestine - 200 - - - 50
Moringa leaves - - 200 - - 50
Chicken leg - - - 200 - 50
Cauliflower leaves - - - - 200 50

Table 2: Biochemical components (mg/g dry weight) of fish diets
Parameter Control Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Protein 2.8 4.8 7.75 7.6 5.45 8.45
Carbohydrate 48 41 52.5 48 50 42.5
Lipid 0.1131 0.0445 0.0468 0.0458 0.0404 0.0513

Table 3: Total length (cm) of the spotted tilapia, Pelmatolapia mariae fed with the artificial diets for 28 days
Experimental period (days)

------------------------------------------------------------------------------------------------
Diets 0 7 14 21 28
Control 4.34±0.05 4.55±0.75 5.17±0.63 5.80±0.48 6.05±0.33
Diet 1 4.34±0.05 4.25±0.64 4.77±0.55 5.15±0.45 5.97±0.37
Diet 2 4.34±0.05 4.72±0.26 4.95±0.36 4.95±0.83 5.62±1.05
Diet 3 4.34±0.05 4.75±0.31 4.87±0.78 4.95±0.34 5.45±0.53
Diet 4 4.34±0.05 4.22±0.53 4.72±0.66 5.42±0.89 5.35±0.44
Diet 5 4.34±0.05 4.75±0.23 5.02±0.35 5.85±0.51 5.65±0.26
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Table 4: Standard length (cm) of the spotted tilapia, Pelmatolapia mariae fed with the artificial diets for 28 days
Experimental period (days)

------------------------------------------------------------------------------------------------
Diets 0 7 14 21 28
Control 3.42±0.13 3.70±0.53 4.15±0.51 4.60±0.48 5.15±0.75
Diet 1 3.42±0.13 3.25±0.50 3.87±0.37 4.02±0.42 5.05±0.58
Diet 2 3.42±0.13 3.77±0.17 4.00±0.32 3.90±0.76 4.65±1.03
Diet 3 3.42±0.13 3.77±0.35 4.02±0.55 3.97±0.26 4.52±0.63
Diet 4 3.42±013 3.50±0.58 3.82±0.53 4.42±0.63 4.30±0.45
Diet 5 3.42±0.13 3.75±0.28 4.05±023 4.65±0.62 4.52±0.17

Table 5: Live weight (g) of the spotted tilapia,Pelmatolapia mariae fed with the artificial diets for 28 days
Experimental period (days)

------------------------------------------------------------------------------------------------
Diets 0 7 14 21 28
Control 2.18±0.20 2.05±0.58 2.47±0.75 3.02±1.10 3.25±0.70
Diet 1 2.18±0.20 2.02±0.65 1.97±0.65 2.32±0.64 3.25±0.34
Diet 2 2.18±0.20 1.90±0.14 2.00±0.31 2.10±0.81 3.32±1.04
Diet 3 2.18±0.20 1.95±0.17 2.10±0.67 2.12±0.33 2.80±0.78
Diet 4 2.18±0.20 2.15±0.71 1.80±0.64 3.05±0.93 2.97±0.67
Diet 5 2.18±0.20 2.02±0.41 2.30±0.55 3.17±0.96 3.47±0.49

Table 6: Protein content (mg/g dry weight) of the spotted tilapia, Pelmatolapia mariae fed with the artificial diets for 28 days
Experimental period (days)

----------------------------------------------------------------------------------------------
Diets 0 7 14 21 28
Control 3.04 1.70 3.15 3.45 2.80
Diet 1 3.04 2.30 4.60 2.60 4.80
Diet 2 3.04 2.45 3.85 2.40 7.75
Diet 3 3.04 1.95 2.65 4.25 7.60
Diet 4 3.04 2.50 3.70 4.00 5.45
Diet 5 3.04 3.40 5.75 4.40 8.45

Table 7: Carbohydrate content (mg/g dry weight) of the spotted tilapia, Pelmatolapia mariae fed with the artificial diets for 28 days
Experimental period (days)

---------------------------------------------------------------------------------------------
Diets 0 7 14 21 28
Control 3.4 4.0 4.0 69.5 65.0
Diet 1 3.4 6.5 5.4 76.0 40.0
Diet 2 3.4 5.3 8.5 57.5 61.0
Diet 3 3.4 6.1 7.6 54.5 65.0
Diet 4 3.4 4.1 3.7 61.0 40.0
Diet 5 3.4 4.0 8.5 63.0 54.5

The protein content of the spotted tilapia during the experiment is exhibited in Table 6. After 28 days, fish
fed with Diet 5 showed the highest protein content followed by fish fed with Diet 2 and 3. Fish reared with
Diet 1 showed less protein content followed by control.

Table 7 shows the carbohydrate content of fish reared during the experiment. Fish fed with Diet 3 and
control fish had high carbohydrate content followed by fish reared with Diet 2 and 5 after 28 days. Fish
cultured with Diet 1 and 4 exhibited low carbohydrate content.

Table 8 shows the lipid content of the spotted tilapia during the experiment. The lipid content was high
in fish cultured in control diet followed by fish fed with  Diet  2  and  4  after  28  days.  Fish  cultured  with
Diet 1 showed less amount of lipid content.
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Table 8: Lipid content (mg/g live weight) of the spotted tilapia, Pelmatolapia mariae fed with the artificial diets for 28 days
Experimental period (days)

----------------------------------------------------------------------------------------------
Diets 0 7 14 21 28
Control 0.0522 0.0312 0.1183 0.0732 0.1077
Diet 1 0.0522 0.0033 0.0691 0.0102 0.0069
Diet 2 0.0522 0.2278 0.0206 0.1131 0.0187
Diet 3 0.0522 0.0254 0.0098 0.0072 0.0084
Diet 4 0.0522 0.2301 0.0118 0.0221 0.0125
Diet 5 0.0522 0.0092 0.0019 0.0098 0.0110

Table 9: Average daily weight gain (WG) (g) of the spotted tilapia, Pelmatolapia mariae reared using artificial diets for 28 days
Experimental period (days)

-------------------------------------------------------------------------
Diets 7 14 21 28
Control 0.13 0.42 0.97 1.20
Diet 1 0.16 0.08 0.27 1.20
Diet 2 0.28 0.05 0.05 1.27
Diet 3 0.23 0.05 0.07 0.75
Diet 4 0.03 0.25 1.00 0.92
Diet 5 0.16 0.25 1.12 1.42

Table 10: Average daily length gain (ADL) (cm) of the spotted tilapia, Pelmatolapia mariae reared using artificial diets for 28 days
Experimental period (days)

-------------------------------------------------------------------------
Diets 7 14 21 28
Control 0.21 0.83 1.46 1.71
Diet 1 0.09 0.43 0.81 1.63
Diet 2 0.38 0.61 0.61 1.28
Diet 3 0.41 0.53 0.61 1.11
Diet 4 0.12 0.38 1.08 1.01
Diet 5 0.41 0.68 1.51 1.31

Table 11: Specific growth rate of the spotted tilapia, Pelmatolapia mariae reared using artificial diets for 28 days
Experimental period (days)

-------------------------------------------------------------------------
Diets 7 14 21 28
Control 0.08 0.08 0.17 0.20
Diet 1 0.08 0.02 0.05 0.20
Diet 2 0.11 0.01 0.01 0.21
Diet 3 0.10 0.01 0.02 0.14
Diet 4 0.07 0.06 0.18 0.16
Diet 5 0.08 0.05 0.19 0.23

Table 9 illustrates the average daily weight gain (ADG) of the spotted tilapia grown during the experiment.
Fish cultured with Diet 5 showed the highest average daily weight gain followed by Diet 2. Fish fed with
Diet 3 had a low average daily weight gain.

The average daily length gain (ADL) of the spotted tilapia observed during the experiment is exhibited in
Table 10. After 28 days, control fish had the highest average daily length gain followed by fish fed with
Diet 1 and 5. Fish reared with Diet 4 showed less average daily length gain.

Table 11 illustrates the specific growth rate of the spotted tilapia during the experiment. After 28 days,
fish fed with Diet 5 showed the highest specific growth rate followed by Diet 2. The minimum specific
growth rate was noticed in the fish fed with diet 3 after 28 days.
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DISCUSSION
Fish are an excellent source of animal protein, providing essential nutrients for our bodies. However, it is
important to note that the nutritional value of fish can vary depending on factors such as species, size,
sexual conditions, feeding season and physical activity15. Unlike other animals, fish don’t have a specific
requirement for crude protein (CP). Instead, they need a combination of essential amino acids to thrive.
Therefore, it is crucial to carefully formulate the dietary protein profile for fish. Factors like fish size, age,
dietary protein source, energy content, water quality and culture conditions all play a role in determining
the protein requirement of fish. The essential amino acids necessary for fish growth include arginine,
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine. However,
it is worth noting that the specific requirement for these essential amino acids can vary among different
fish species. At the same time, insufficient feeding under high population densities can hinder growth and
cause nutritional problems16,17. Therefore, it is essential to develop and produce artificial feeds that contain
a well-balanced combination of essential nutrients. This ensures the prompt intensification of fish
metabolic functions upon feeding.

Different compositions of diets were used in the current study to examine their impact on the growth of
spotted tilapia. These diets included groundnut oil cake, rice bran, moringa leaves, cauliflower leaves,
chicken intestine and chicken legs. The diets were prepared with varying amounts of protein, carbohydrate
and lipid content. Diet 1, 2 and 5 were particularly rich in lipids, carbohydrates and proteins, respectively.
Among the tested diets, the spotted tilapia exhibited the greatest total length and standard length when
fed Diet 1, which consisted of groundnut oil cake, rice bran and chicken intestine. Following a 28 days
experimental period, Diet 5, which comprised groundnut oil cake, rice bran, moringa leaves, cauliflower
leaves, chicken intestine and chicken legs, resulted in the highest live weight, average daily weight gain,
average daily length gain and specific growth rate. The present study utilized both plant-based protein
sources (groundnut oil cake, rice bran, moringa leaves and cauliflower leaves) and animal-based protein
sources (chicken intestine and chicken legs) for the formulation of the diets.

Fish meal, poultry byproduct meal, blood meal, hydrolyzed feather meal and meat are the most commonly
used protein sources that enhance the protein content in fish18. Among these, fish meal is a traditional
choice. Another group of alternative protein components used in fish diets are byproducts from the oil
industry, such as oil cake and meal extracted from sunflower and peanut19. Additionally, plant protein
sources like soybean meal, cotton seed meal and aquatic plants like Lemna minor, Azolla pinnata,
Hydrodictyon reticulatum, Potamogeton gramineus and Ceratophyllum demersum can be utilized. These
protein sources need to be consistently included in the diet to support fish growth and reproduction20.
Diet 5, which contains all essential components, has a higher protein content. Plant products like
cauliflower and moringa leaves can also increase the protein content in fish. Similarly, using rice bran as
feed resulted in a higher protein content (28.87%) in Labeo rohita21. Protein is essential for the
development of structural tissues, such as muscles and organs, as well as for follicle formation in
embryos22. However, there was no significant increase in the growth of tilapia fed with a diet containing
35 to 45% protein23. Azolla, which contains essential nutrients, was used as a feed for Tilapia mossambica,
leading to increased fish growth and protein production24. Spirulina, when used as a fish feed for tilapia,
also increased the protein content in fish due to its faster growth rate compared to crops and
microorganisms like yeast and bacteria25.

Fish store carbohydrates as glycogen in their tissue and organs, such as muscle and liver, to use as an
energy source. Compared to proteins, carbohydrates provide a larger amount of energy. Additionally,
carbohydrates are a more cost-effective source of dietary energy compared to proteins and lipids26.
However, fish generally have a low level of carbohydrates. Instead, amino acids and fatty acids that are
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already present in fish serve as precursors to supply glucose through gluconeogenesis. Therefore, most
fish do not have a specific requirement for carbohydrates27. In terms of diet, Diet 3 (consisting of
groundnut oil cake, rice bran and cauliflower leaves) and the control had higher carbohydrate content.
The catfish species Clarias batrachus can utilize feed with varying levels of carbohydrates. Among these,
a diet containing 15% carbohydrates resulted in better growth for Clarias batrachus, but its fry cannot
tolerate a diet with about 20% carbohydrates28.

Lipids serve as the primary source of energy and are crucial for the absorption of fat-soluble vitamins.
They play a vital role in the structure and function of cell membranes and serve as precursors for steroid
hormones. Fish lipids contain approximately 40% long-chain unsaturated fatty acids with 5-6 double
bonds. Comparatively, the lipid content in fish is lower than that found in beef and chicken. Additionally,
the lipid content is higher in control fish, specifically those fed with groundnut oil cake and rice bran. A
fish diet with a high level of lipid content provides twice the amount of energy compared to protein and
carbohydrates. However, relying solely on a single type of food is inadequate as it fails to supply all the
necessary  nutrients  to  the  fish.  Therefore,  an  artificial  diet  is  utilized  to  ensure  the  fish  receive
all essential nutrients and this diet can be stored for extended periods without any changes in its
composition29.

In the current investigation, the growth of tilapia was monitored using artificial feed containing the
necessary ingredients. Previous research on Labeo rohita has shown that fish growth is correlated with
both overall length and weight gain when artificial feed is utilized30. When tilapia fry was continuously fed
with artificial feed, there was an increase in the length of the fry during the final stages, but no significant
growth was observed during the initial stage31. Cirrhinus mrigala exhibited higher growth when fish meal
was used as a diet, whereas poor growth was observed when barley was used as a diet32. Similarly, the
growth of Labeo rohita and Cyprinus carpio was enhanced by the use of an artificial diet25. The growth rate
of Poecilia sphenops was found to be better when tapioca powder, beetroot, carrot and spirulina were
included in the fish diet. Additionally, fish meal had the highest protein and fat content compared to
tapioca flour24. Rice bran, which has a higher fiber content, was found to enhance fish growth. Spinach was
also used as a feed for fish to ensure overall fish health23. It is recommended to include a lower quantity
of maize oil cake in the fish diet in order to achieve a higher body weight32. In the case of tilapia fry, when
fed with artificial feeds, there was no increase in weight observed initially, with the weight only increasing
at the final stage due to continuous feeding with artificial feeds31.

The progress of artificial fish feed has the potential to significantly impact the environment. The
production and disposal of this feed could lead to pollution and disturb the delicate balance of aquatic
ecosystems. Furthermore, the costs involved in developing and manufacturing artificial fish feed could
potentially increase the overall expenses of fish farming, thereby affecting the market price of fish.
Additionally, the use of artificial fish feed may have implications for the health and nutrition of farmed fish.
Insufficient nutrient supply in the feed could result in health issues and undermine the overall quality of
the fish harvest.

By incorporating artificial fish feed, the yield of farmed fish can be significantly improved, ensuring a
consistent and regulated supply of nourishment. This innovation plays a vital role in addressing the
increasing demand for fish while reducing the reliance on capturing fish from the wild, thus promoting
sustainable fish farming practices. Through the customization of artificial fish feed, it becomes feasible to
meet the specific nutritional needs of different fish species, thereby facilitating their enhanced growth and
development.
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Extensive research, like the present study, is indispensable to overcome the implications prior to the
development of artificial fish feed. The research should focus on understanding the nutritional
requirements of diverse fish species and the potential environmental consequences associated with the
feed. Implementing stringent quality control measures throughout the production process is vital to
ensure that the feed meets the essential nutritional criteria and is free from any harmful substances.
Collaborating with fish farmers provides valuable insights into the specific challenges and needs of fish
farming, which in turn facilitates the development of cost effective artificial fish feed that is both efficient
in fish farming and sustainable for aquatic ecosystem.

CONCLUSION
In aquaculture, the preparation of artificial fish feed holds immense importance as it involves a meticulous
selection of ingredients, precise formulation and suitable processing techniques to fulfill the nutritional
requirements of the fish. The adoption of artificial feed has significantly contributed to the progress and
expansion of the aquaculture industry, offering a cost-effective and efficient solution to feed a large
population of fish. However, it is crucial to acknowledge that the quality of the feed plays a pivotal role
in ensuring the well-being and growth of the fish. Therefore, continuous research and enhancement in
the preparation of artificial fish feed are indispensable to cater to the changing nutritional needs of
different fish species and promote sustainable aquaculture practices.

SIGNIFICANCE STATEMENT
The present work on preparation of artificial fish feed can be beneficial in the field of aquaculture for a
better understanding of the influence of feed nutritional components on the growth of the fish. This study
will pave the way for the researchers to uncover the critical areas of influence of artificial fish feed on the
growth of aquatic organisms such as fish that many researchers have not explored. Thus a new theory on
obtaining the desired marketable size of fish through artificial fish feed may be arrived at.

ACKNOWLEDGMENT
The authors thank the authorities of The American College, Madurai, Tamil Nadu- 625002, India for the
facilities and encouragement.

REFERENCES
1. Ahmed,  N.  and  S.  Thompson,  2019.  The  blue  dimensions  of  aquaculture:  A  global  synthesis.

Sci. Total Environ., 652: 851-861.
2. Singh, R., H. Singh and A.S. Raghubanshi, 2019. Challenges and opportunities for agricultural

sustainability  in  changing  climate  scenarios:  A  perspective  on  Indian  agriculture.  Trop.  Ecol.,
60: 167-185.

3. Ngasotter, S., S.P. Panda, U. Mohanty, S. Akter, S. Mukherjee, D. Waikhom and L.S. Devi, 2020. Current
scenario of fisheries and aquaculture in India with special reference to Odisha: A review on its status,
issues and prospects for sustainable development. Int. J. Bio-resour. Stress Manage., 11: 370-380.

4. Prabu, E., C.B.T. Rajagopalsamy, B. Ahilan, I.J.M.A. Jeevagan and M. Renuhadevi, 2019. Tilapia-An
excellent candidate species for world aquaculture: A review. Annu. Res. Rev. Biol., Vol. 31.
10.9734/arrb/2019/v31i330052.

5. Miao, W. and W. Wang, 2020. Trends of aquaculture production and trade: Carp, tilapia, and shrimp.
Asian Fish. Sci., 33: 1-10.

6. Cishahayo, L., E. Yongo, E. Mutethya, E. Waithaka and R. Ndayishimiye, 2022. Length-weight
relationship, condition factor, sex ratio and size at first maturity of the blue spotted tilapia
(Oreochromis leucostictus) in Lake Naivasha, Kenya. Lakes Reservoirs, Vol. 27. 10.1111/lre.12417.

7. Standen, B.T., D.L. Peggs, M.D. Rawling, A. Foey, S.J. Davies, G.A. Santos and D.L. Merrifield, 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/10.3923/ajbs.2024.128.137  |                 Page 135



Asian J. Biol. Sci., 17 (1): 128-137, 2024

8. Bradford,  M.,  F.J.  Kroon  and  D.J.  Russell,  2011.  The biology and management of Tilapia mariae
(Pisces: Cichlidae) as a native and invasive species: A review. Mar. Freshwater Res., 62: 902-917.

9. Das, G., J.K. Patra, S.K. Singdevsachan, S. Gouda and H.S. Shin, 2016. Diversity of traditional and
fermented foods of the seven sister states of India and their nutritional and nutraceutical potential:
A review. Front. Life Sci., 9: 292-312.

10. Metian, M., M. Troell, V. Christensen, J. Steenbeek and S. Pouil, 2020. Mapping diversity of species in
global aquaculture. Rev. Aquacult., 12: 1090-1100.

11. da Silva, R.F., A. Kitagawa and F.J.S. Vázquez, 2016. Dietary self-selection in fish: A new approach to
studying fish nutrition and feeding behavior. Rev. Fish Biol. Fish., 26: 39-51.

12. Sharma, M., 2020. Ornamental fish rearing and breeding-A new dimension to aquaculture
entrepreneurship in Himachal Pradesh. Int. J. Fish. Aquat. Stud., 8: 157-162.

13. Arechavala-Lopez, P., M. J. Cabrera-Álvarez, C.M. Maia and J.L. Saraiva, 2022. Environmental
enrichment  in  fish  aquaculture:  A  review  of  fundamental  and  practical  aspects.  Rev.  Aquacult.,
14: 704-728.

14. Ocaño-Higuera,   V.M.,   A.N.   Maeda-Martínez,   E.   Marquez-Ríos,   D.F.   Canizales-Rodríguez   and
F.J. Castillo-Yáñez et al., 2011. Freshness assessment of ray fish stored in ice by biochemical, chemical
and physical methods. Food Chem., 125: 49-54.

15. Delgado, A.M., S. Parisi and M.D.V. Almeida, 2017. Fish, Meat and Other Animal Protein Sources. In:
Chemistry of the Mediterranean Diet, Delgado, A.M., M.D.V. Almeida and S. Parisi (Ed.), Springer,
Cham, Switzerland, ISBN: 978-3-319-29370-7, pp: 177-207.

16. Nunes, A.J.P., M.V.C. Sá, C.L. Browdy and M. Vazquez-Anon, 2014. Practical supplementation of shrimp
and fish feeds with crystalline amino acids. Aquaculture, 431: 20-27.

17. Li, X., S. Zheng and G. Wu, 2021. Nutrition and Functions of Amino Acids in Fish. In: Amino Acids in
Nutrition and Health: Amino Acids in the Nutrition of Companion, Zoo and Farm Animals, Wu, G. (Ed.),
Springer, Cham, Switzerland, ISBN: 978-3-030-54462-1, pp: 133-168.

18. Psofakis, P., I.T. Karapanagiotidis, E.E. Malandrakis, E. Golomazou, A. Exadactylos and E. Mente, 2020.
Effect of fishmeal replacement by hydrolyzed feather meal on growth performance, proximate
composition,  digestive  enzyme  activity,  haematological  parameters  and  growth-related  gene
expression  of  gilthead  seabream  (Sparus  aurata).  Aquaculture,  Vol.  521.
10.1016/j.aquaculture.2020.735006.

19. Ataguba, G.A., M.T. Kamble and K.R. Salin, 2017. Food Industry By-Products as Protein Replacement
in Aquaculture Diets of Tilapia and Catfish. In: Food Processing By Products and their Utilization, Anal,
A.K. (Ed.), John Wiley and Sons Limited, Hoboken, New Jersey, ISBN: 9781118432921, pp: 471-507.

20. Bandara,  T.,  2018.  Alternative  feed  ingredients  in  aquaculture:  Opportunities  and  challenges.
J. Entomol. Zool. Stud., 6: 3087-3094.

21. Priyadarshini,  M.,  J.K.  Manissery,  B.  Gangadhar  and  P.  Keshavanath,  2011.  Influence  of  feed,
manure and their combination on the growth of Cyprinus carpio (L.) fry and fingerlings. Turk. J. Fish.
Aquat. Sci., 11: 577-586.

22. Devi, A., A. Surendran and A.J. Thatheyus, 2019. Effect of chosen artificial fish feeds on the growth rate
of the black molly, Poecilia sphenops. J. Vet. Med. Anim. Sci., Vol. 2.

23. Ogunji, J.O., J. Nimptsch, C. Wiegand and C. Schulz, 2007. Evaluation of the influence of housefly
maggot meal (magmeal) diets on catalase, glutathione S-transferase and glycogen concentration in
the liver of Oreochromis niloticus fingerling. Comp. Biochem.  Physiol.  Part  A:  Mol.  Integr.  Physiol.,
147: 942-947.

24. Mosha, S.S., 2018. A review on significance of Azolla meal as a protein plant source in finfish culture.
J. Aquacult. Res. Dev., Vol. 9. 10.4172/2155-9546.1000544.

25. Mahmoud,   M.M.A.,   M.M.M.   El-Lamie,   O.E.   Kilany   and   A.A.   Dessouki,   2018.   Spirulina
(Arthrospira platensis) supplementation improves growth performance, feed utilization, immune
response, and relieves oxidative stress in Nile tilapia (Oreochromis niloticus) challenged with
Pseudomonas fluorescens. Fish Shellfish Immunol., 72: 291-300.

https://doi.org/10.3923/ajbs.2024.128.137  |                 Page 136



Asian J. Biol. Sci., 17 (1): 128-137, 2024

26. Xu, H., G.M. Turchini, D.S. Francis, M. Liang, T.S. Mock, A. Rombenso and Q. Ai, 2020. Are fish what they
eat? A fatty acid’s perspective. Prog. Lipid Res., Vol. 80. 10.1016/j.plipres.2020.101064.

27. Hemre, G.I., T.P. Hommsen and Å. Krogdahl, 2002. Carbohydrates in fish nutrition: Effects on growth,
glucose metabolism and hepatic enzymes. Aquacult. Nutr., 8: 175-194.

28. Wang, L.N., W.B. Liu, K.L. Lu, W.N. Xu, D.S. Cai, C.N. Zhang and Y. Qian, 2014. Effects of dietary
carbohydrate/lipid ratios on non-specific immune responses, oxidative status and liver histology of
juvenile yellow catfish Pelteobagrus fulvidraco. Aquaculture, 426-427: 41-48.

29. Lima, L.C., P. Dhertb and P. Sorgeloos, 2003. Recent developments in the application of live feeds in
the freshwater ornamental fish culture. Aquaculture, 227: 319-331.

30. Hashibur Rahman, M. and M. Arifuzzaman, 2021. An experiment on growth performance, specific
growth rate (SGR) and feed conversion ratio (FCR) of rohu (Labeo rohita) and tilapia (Oreochromis
niloticus) in tank based intensive aquaculture system. Int. J. Aquacult. Fish. Sci., 7: 35-41.

31. Caldini, N.N., D. de Holanda Cavalcante, P.R.N.R. Filho and M.V. do Carmo e Sá, 2015. Feeding Nile
tilapia with artificial diets and dried bioflocs biomass. Acta Sci. Anim. Sci., 37: 335-341.

32. Jabeen, S., M. Salim and P. Akhtar, 2004. Feed conversion ratio of major carp Cirrhinus mrigala
fingerlings fed on cotton seed meal, fish meal and barley. Pak. Vet. J., 24: 42-45.

https://doi.org/10.3923/ajbs.2024.128.137  |                 Page 137


