
Review Article
Dietary Strategies for Better Utilization of Aquafeeds in
Tilapia Farming

Thandile T. Gule 1 and Akewake Geremew 2

1African Centre of Excellence for Water Management, Addis Ababa University, P.O. Box 1176, Addis Ababa, Ethiopia
2Addis Ababa University, College of Natural and Computer Sciences, Department of Zoological Sciences, P.O. Box 1176,
Addis Ababa, Ethiopia

Correspondence should be addressed to Thandile T. Gule; thandile.gule@aau.edu.et

Received 23 October 2021; Accepted 9 January 2022; Published 31 January 2022

Academic Editor: Ayşegül Kubilay

Copyright © 2022 Thandile T. Gule and Akewake Geremew. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Feed management practices significantly impact the production performance of tilapia (Oreochromis species) culture
economically; hence, adopting appropriate feed management strategies is vital to maximize returns. The advancement in
aquaculture has also allowed an advancement in the development formulated feeds to supplement or replace natural feeds.
Farmers are now able to prepare their own fish feeds from locally available ingredients. Hence, feed ingredient evaluation is
crucial for better development of appropriate diets for different aquaculture species as well as nutritional research. Therefore,
this review used secondary data to evaluate the different strategies employed for better utilization of nutrients in feed by
providing a discussion of functional feed additives used in aquafeeds such as the addition of enzymes, pre/probiotics, feeding
stimulants, and use of hormones. Supplementation of diet with xynalase and phytase enzymes (P < 0:001) and probiotics
(P < 0:05) improved growth (g/d) and FCR when applied individually. The combination of enzymes and probiotics showed an
interaction effect (P < 0:05) on growth and FCR. A detailed discussion of feed ingredient processing strategies like
fermentation, heat treatment, germination, and other biological methods meant to improve the nutritional quality of the feed
and minimize antinutritional factors is provided. Furthermore, information on how genetic selection is being used to enhance
feed utilization in tilapia fish is provided. The food conversion efficiency was found to be significantly higher (P < 0:05) in
transgenic tilapia compared to the nontransgenic red tilapia fish with averageweight ± SD of 384 ± 158 g and 314 ± 101 for
transgenic fish and red tilapia, respectively, after 275 days of culture. The review further outlines the feed formulation
challenges, and research gaps in tilapia nutrition. It was noted that proper feeding management strategies are very critical for
the sustainability of tilapia aquaculture. In conclusion, dietary sources for tilapia are slowly shifting to plant-based products.
However, these come with a lot of antinutritional factors and digestibility problems; hence, the right feeding strategies have to
be employed to enable efficient nutrient utilization. The review discovered that there are a lot of strategies which employed
research gaps in tilapia nutrition, especially on nutrient utilization of feed and feed formulation.

1. Introduction

Tilapia are omnivorous fishes from the cichlid family native
to Africa and have been widely introduced all over the world
either accidentally or deliberately [1]. Tilapia is the second
most commercially farmed fish group after carp (Cyprinus
species) under intensive aquaculture in many developing
countries where it acts as an important protein food source
[2]. Of all these tilapia species, Nile tilapia (Oreochromis

niloticus) is the most commonly farmed with over 4:5
millionmetric tons ± SD of fishes produced per year in
2018 (Figure 1) [3] and produced in more than 100 coun-
tries [2].

Tilapia farming largely involves feed as one of the major
operating costs; therefore, the need for assessing the nutri-
tional requirements, feeding management strategies, and
nutrient utilization strategies is essential to ensure sustain-
able production and scalability in tilapia farming. Moreover,
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the increase in tilapia production means that more efficient
and productive feeding strategies need to be developed. At
this stage, the economic viability of formulating the feed
needs to be taken into consideration to ensure a positive
net return [4]. This factor is one of the determinants of the
long-term adoptability of every feeding strategy. Another
important factor is the nutrient utilization efficiency of the
feed. This is because not all nutrients that are present in
the feed are assimilated and converted to useful energy, but
some are lost in the system. If only a small proportion of
the total nutrients in a feed is being assimilated and retained
by the fish, the system becomes nutrient inefficient, and a lot
of waste is generated instead. This is both economically
unviable and a concern to the environment and water qual-
ity. Therefore, it is important that every feeding strategy
employed is nutritionally efficient to minimize feed wastage
and deterioration of water quality [5, 6]. This can be done by
assessing information on nutrient utilization to estimate the
efficiency as this varies upon the fish species and the farming
system [7]. With this in light, it is essential that the nutrient
utilization and economic viability of different tilapia dietary
strategies are kept in check.

There has been great advancement in fish nutrition over
the years, accompanied by the development of specific feed
formulations, with new, balanced commercial species-
specific diets that promote optimal growth and high-
quality healthy fish production. However, nutrient require-
ments and improved feeding strategies and their efficiency
are not fully understood worldwide, especially in the African
continent. Scholars also continue to report varying results on
the nutritional requirements of tilapia [8]. Conflicting results
have appeared in the dietary lipid and protein requirements
where different amounts have been recommended for
improved growth and health of fish. Hitherto, little is known
about additives, for example, enzymes, hormones, and pro/
prebiotics added into the tilapia diet with the aim to improve
nutrient utilization and their interactions. Additionally,
studies evaluating the results of supplementing with these
additives often contrast with each other. For example, some
studies [9, 10] assessing the influence of adding enzymes in
fish diet reported great improvement in growth and nutrient

digestibility, while others [11, 12] found zero to minimal
effects. Maas et al. [13] pointed out that these differences
may be due to differences between the supplied additives
and the diet.

Previous reviews [14–17] have examined alternative
sources of nutrients in the tilapia diets. However, most of
these studies only focused on certain aspects of nutrition,
and since they were done a couple of years back, they do
not cover the new developments in dietary strategies that
have occurred over the years. Therefore, the main objective
of this review was to critically explore the dietary strategies
that improve nutrient utilization in tilapia by assessing the
strategies that have been employed for better utilization of
aquafeeds and processing of feed ingredients and further
debate their efficiencies. The review also tries to determine
the extent to which studies on these dietary strategies have
been conducted in tilapia nutrition and explores the major
challenges and research gaps in this area. The significance
of this review is that it will help to spot research gaps and
propel in-depth research in the field. This review will also
provide updated nutritional information for better utiliza-
tion of aquafeeds and further help to identify research gaps
and areas that need revalidation in this field to improve
nutrient utilization in tilapia nutrition. Most research has
been directed towards the nutrient requirements and feeding
strategies of fish; hence, additional information is needed to
better understand how efficient these dietary strategies are in
terms of nutrient utilization by fish.

2. Discussions

2.1. Strategies for Better Utilization of Aquafeeds

2.1.1. Addition of Functional Feed Additives in Aquafeeds.
The increase in tilapia farming has also resulted in an
increased need for the development of improved feed for-
mulations. Nutrients form part of the fish diet and are vital
for regulating metabolism, maximizing the growth, repro-
duction, and health of the fish [18]. Over 40 of these nutri-
ents are required by the fish with the need for each
nutrient differing with age, weight, and body composition
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Figure 1: Total contribution of Nile tilapia to global tilapia production from 2010 to 2018. Black represents Nile tilapia, and grey represents
other tilapia species [3].
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of the fish [15, 18, 19]. These nutrients are released during
the food digestion process and can be grouped into macro-
nutrients (proteins, lipids, and carbohydrates) and micronu-
trients (vitamins, minerals) depending on the amount
required. It is important that these nutrients be provided
in appropriate amounts so to optimize performance and effi-
ciency [18]. Feed components are also often added in tilapia
feed for better utilization of aquafeeds and to improve the
physiological and economic significance of the culture.
These components include enzymes, prebiotics, probiotics,
hormones, feeding stimulants, and antioxidants.

The need for these additives stems from the increase in
tilapia fish culture and the use of plant-based products
aimed at meeting the demand for commercial diets. Some
of these products, especially from plant origin, come with
an increase in other antinutritional factors that can reduce
the nutritional value of the feed. For example, 70% phospho-
rus in plant food sources is available as a phytate which
needs to be hydrolyzed with the enzyme phytase to release
inorganic phosphorus, inositol, and other nutrients [20].
However, fish lack an intestinal phytase to hydrolize the
phytate during digestion; hence, the phosphorus in their feed
stuff is not readily available for them to efficiently utilize
[20]. The presence of phytates in fish feed also reduces the
availability of proteins and amino acids because they form
protein complexes that are hard to digest [21]. Furthermore,
the bioavailability of other minerals like copper, iron, zinc,
calcium, magnesium, and manganese is reduced [22]. Previ-
ous studies have shown that supplementation of the diet
with the enzyme phytase can be a solution. Phytase has been
shown to improve protein digestion and the availability of
minerals like phosphorus and calcium, as well as improve
their utilization [23]. This helps in improving the feed qual-
ity and subsequently the tilapia fish growth. The efficiency of
the enzyme phytase depends on the method of feed process-
ing and the temperature should be less than 658°C [24]. Its
efficiency is also dependent on its adaptation to fish physiol-
ogy (Nwanna & Schwarz, [25]).

Another enzyme has been employed to supplement tila-
pia feed in the protease enzyme which is used to improve
nutrient utilization in low fishmeal diets. Fish meal is some-
times replaced with plant proteins in the diet, and this has
been shown to significantly decrease the growth of fish and
their feed digestibility and utilization [26]. It has also been
shown that combining both phytase and protease enzymes
further improves nutrient utilization and decreases the
amount of inorganic phosphorus and fish meal needed in
the diet compared to individual supplementation. Another
issue with plant-derived feed sources is their low digestibility
which results in low nutrient utilization and reduced growth
in tilapia fish. The low digestibility of these plant products is
as a result of the presence of the starch polysaccharide com-
ponent within their structure [27]. The xylanase enzyme,
which is a glycoside hydrolase produced by yeast, bacteria,
and fungi, is therefore sometimes added into tilapia feed to
improve the hydrolysis of these polysaccharides and hemi-
cellulose of the cell walls of these plant-derived feed products
[28]. In this way, the xylanase enzyme improves nutrient uti-
lization of plant ingredients in food particularly carbohy-

drates, hence aiding in fish growth. Efficient use of these
plant materials also decreases the amount of feed needed,
hence minimizing pollution to the aquatic environment.
Other studies have also revealed that the xylanase enzyme
improves fish performance by enhancing energy utilization
[10, 29–32]. However, the use of this xylanase enzyme for
supplementation of feed in aquaculture is negatively affected
by its high cost, hence the need for the development of more
economically sustainable strategies.

[13] underlined that the influence of enzyme supple-
mentation on the growth of fish and its nutrient digestibility
is widely determined by the type of ingredients added in the
feed. They incorporated ingredients containing different
types of nonstarch polysaccharides (i.e., cellulose, hemicellu-
lose, and pectin) which were wheat bran (WB), sunflower
meal (SFM), and citrus pulp (CP) to a reference diet
(REF), and the enzymes phytase and xylanase were added
into the diet. The results indicated that enzyme supplemen-
tation in wheat bran and sunflower meal diets improved the
growth rate of fish and the digestibility of ash, phosphorus,
calcium, and nonstarch polysaccharides, whilst the perfor-
mance of fish fed citrus pulp and reference diet did not
improve. The enzyme supplementation also improved the
feed conversion ratio (FCR) from 1.00 to 0.92 for the WB
diet and from 1.12 to 1.07 for the SFM diet, whilst the
FCR for the reference diet was low in nonstarch polysaccha-
rides, and the pectin rich citrus pulp diet did not improve
even with the enzyme supplementation. This shows that
the efficiency of the enzymes in the fish diet depends on
the ingredients used and in this case the nonstarch polysac-
charide fraction composition. Different enzymes also target
and hydrolyze different bonds; therefore, the digestibility of
the feed also depends on the enzymes administered. The
increased nutrient digestibility in turn results in enhanced
fish growth. It is therefore important to know the composi-
tion of the diet and the targeted components before choosing
the enzyme to supplement the diet to make sure that the
enzyme supplementation is complementary with the diet
composition [33]. The economic aspect should also be con-
sidered during enzyme supplementation to ensure profitabil-
ity. Improved tilapia growth means extra income depending
on the market prices.

The amount of enzyme added into the feed also widely
influences their effectiveness in improving growth and feed
utilization. For example, a study by Lin et al. [10] evaluated
the influence of a combined solution of exogenous enzymes
administered in different quantities in the diet on the growth
performance of juvenile hybrid tilapia Oreochromis niloticus
× Oreochromis. aureus. A commercial enzyme complex con-
sisting of neutral protease, β-glucanase, and xylanase was
added into the diet at the level of 0.0 (control group), 1.0,
and 1.5 g kg−1 diet. The findings indicated that fish fed the
basal diet with no enzymes exhibited lower growth than diet
supplemented with enzymes. This indicates that the growth
of tilapia fish greatly benefits from enzyme supplementation.
Fish fed diets supplemented with exogenous enzymes also
exhibited higher digestion of lipids, proteins, and gross
energy compared to those fed the control diet. Nutrient
digestibility was shown to improve with increase in the
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amount of supplemental enzyme added. These results sug-
gest that the supplementation of fish diets with enzymes
can compensate for the negative impacts of plant feed
ingredients.

Nutritional supplements are slowly being used now in
tilapia aquaculture to improve the health and gastrointesti-
nal defense mechanisms of fish compared to antibiotics to
which the fish can develop resistance to with time. Probiotics
and prebiotics are one of the additives included in the tilapia
diet to improve fish’s resistance to diseases which can come
due to opportunistic pathogens within the aquatic environ-
ment [34]. Prebiotic are nondigestible additives that improve
the utilization of feed by encouraging the growth and activity
of bacteria in the digestive tract that enhance fish health.
Examples of these prebiotics include oligosaccharides, resis-
tant starch, and specific nonstarch polysaccharides. Probio-
tics on the other hand are live microorganisms which
when added to the fish diet enhancing the intestinal micro-
bial balance [35]. Probiotics help in enhancing the zootech-
nical performance of tilapia fish, their immune response,
and growth. The play of probiotics in aquaculture activities
is also environmentally friendly and sustainable [34]. These
probiotics can consist of microbes such as Bacillus sp., Ped-
iococcus sp., Enterococcus sp. and Lactobacillus sp. One of
the most commonly used probiotics in aquaculture is B.
amyloliquefaciens, which has been shown in some studies
to provide immunity and resistance against diseases such
as A. hydrophila in Nile tilapia fish [36]. Prebiotics can also
be used as an additive since they are resistant to attack by
endogenous enzymes.

The use of probiotics in aquaculture is based on the con-
cept of producing high-quality feed that maximizes growth
and at the same time provides immunity [37]. It is also
partly one of the attempts to produce functional and envi-
ronmentally friendly aquafeeds. The impact of these probio-
tics on fish has been studied widely both from an individual
supplement perspective and combined supplementation
with other additives like enzymes. The addition of both pro-
biotics and enzymes into the diet results in a complementary
mode of action such as the production of fibre-degrading
enzymes by probiotics which complements enzyme activity
for digestion in fish [38]. Probiotics also produce digestive
enzymes and stimulate the activity of some others like amy-
lase, lipase, and protease, hence improving the digestibility
of the feed [39]. Likewise, enzymes complement the action
of probiotics by increasing the amount of available substrate
for probiotics to work as well as encouraging the growth of
beneficial bacteria [40].

Adeoye et al. [41] conducted a study to determine the
combined effect of enzymes and the addition of probiotics
on tilapia fish growth performance and health. This they
did by conducting an experiment where tilapia were fed
one of four diets, one of which was supplemented with
enzymes (combination of phytase, xylanase, and protease)
while the other probiotics (containing Bacillus subtilis, Bacil-
lus licheniformis, and Bacillus pumilus), the third one a com-
bination of the enzymes and probiotic, and the fourth one
was the control. The results showed that fish fed the diet
supplemented with a combination of probiotics and

enzymes performed better in terms of final body weight
(FBW), specific growth rate (SGR), protein efficiency ratio
(PER), and feed conversion ratio (FCR). A 100% survival
was recorded in all treatments. This shows that supplemen-
tation of diet with a combination of probiotics and enzymes
is capable of improving the growth and health status of tila-
pia fish. In addition, the enzymes also improve nutrient
digestibility and enhance nutrient absorption and assimila-
tion. However, in another study by Maas et al. [42], the syn-
ergistic effect expected from the addition of a combination of
enzymes and probiotics in the diet was not observed. How-
ever, improved growth and FCR were still observed when
these were applied individually. The microbial community
in the gut of fish is also altered by the presence of probiotics,
and the production of digestive enzymes (amylases, prote-
ases, and lipases) also increases resulting in increased avail-
ability of nutrients such as short chain fatty acids and
amino acids [39]. Probiotics (B. amyloliquefaciens) are also
known to alter the gut environment through the changing
of pH, production of metabolites, and changing of physiol-
ogy, which makes the environment less suitable for supple-
menting enzymes such as phytase and xylanase [43]. This
reduces the digestion efficiency [42]. The effect of supple-
mentation of diet with probiotics on fish performance differs
from host to host and is also determined by strain differ-
ences, dose and duration of administration, culture environ-
ment, and diet composition.

Another important additive in aquafeeds is the inclusion
of feeding stimulants which are meant to enhance palatabil-
ity and feed acceptance [35]. These are mostly used when the
fishes are very young, particularly at the larval stage where
feed acceptability is of concern. Four important properties
of these feeding stimulants need to be put into consideration,
and these include components of low molecular weight,
nitrogen has to be a constituent, they have to be nonvolatile
and water soluble, and lastly, exhibit both acid and base
properties (amphoteric) [44]. Compounds that can be used
as stimulants include betaine and amino acids like glycine,
alanine, or mixtures of L-amino acids and the nucleotides,
inosine, or inosine 50-monophosphate. Organic acids are
also good feeding stimulants for tilapia fish. Studies have
also shown that carnivorous fish species positively respond
to alkaline or nitrogenous stimulants such as valine, glycine,
proline, betaine, and taurine, while herbivore species
respond to acidic stimulants such as glutamic acid and
aspartic acid [44].

Hormones are also an essential additive in tilapia aqua-
feeds where they are used to regulate a number of processes
such as food intake, absorption, assimilation, metabolism,
and excretion [45]. In this way, hormones influence the
growth rate of the fish because all of these processes directly
influence growth. Some of the most commonly used hor-
mones include growth hormones, thyroid hormones, gonad-
otropins, prolactin, insulin, and steroids [35]. Despite their
aforementioned importance in fish culture, the use of hor-
mones is highly restricted due to consumer sensitivity con-
cerns and government restrictions. Moreover, the overuse
of some hormones like steroids can result in detrimental side
effects such as early gonadal development, skeletal
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deformity, higher susceptibility to infections, and pathologi-
cal changes in the liver, kidneys, and digestive tract [46].

Some fish feeds contain a high concentration of polye-
noic fatty acids that are susceptible to oxidation and there-
fore need to be stabilized. Therefore, antioxidants can be
added in the tilapia diet to minimize the deterioration and
oxidative rancidity of the feed, thus preserving the fats and
oils, vitamins, and other components of the feed [47]. The
compounds that are produced during the rancidity process
can also react with the epsilon amino group of lysine, hence
further reducing the nutritional value of the diet. Prevention
of lipid peroxidation with these antioxidants therefore helps
keep the feed fresh. Antioxidants can either be natural (e.g.,
tocopherols, vitamin C, and flavonoids), which are usually
effective for a short period of time, or they can be synthetic
(ethoxyquin, butylated hydroxytoluene, and butylated
hydroxyanisole). Recent studies have shown that supple-
menting fish feed using a combination of lecithin and vita-
min C induces better growth rate, modifies fatty acids
profile enhances fish physiological competence, and sup-
ports a potential antioxidant status [48]. Other synthetic
antioxidants used in aquafeed include propyl gallate, ascor-
byl palmitate, dilauryl thiodipropionate, and thiodipropio-
nate [35].

2.1.2. Feed Ingredient Processing Strategies for Improved
Nutritional Quality and Minimized Antinutritional Factors.
The expansion of the aquaculture industry worldwide has
also come with a coupled increase in the cost of aquafeed,
which in turn has also led to the introduction of alternative
strategies to replace traditional feed ingredients with cheaper
unconventional ingredients [49]. However, these unconven-
tional feed ingredients are limited because they contain high
fibre and antinutritional factors [50]. The presence of anti-
nutritional factors such as phytate can negatively affect the
growth and feed efficiency due to poor nutrient digestibility
in tilapia fish aquaculture [6]. Depending on the source of
ingredients used to make the feed and the method used in
processing them, antinutrients may have a significant impact
on amino acid utilization, gut function, and immune
response. Feed ingredient processing strategies aimed at
improving nutritional quality and minimizing the impacts
of these antinutritional factors to optimize the growth rates
of tilapia fish are therefore necessary. Feed conversion ratio
(FCR) is an important indicator of the quality of fish feed,
with a lower FCR indicating better utilization of the feed.
It is calculated by dividing the weight of the feed fed to the
fish by the weight of fish growth. An FCR of less than 2 is
generally considered to indicate good growth for most tilapia
fish species [51].

Most fish culturing industries are aimed at promoting
the growth, egg production, and health of fish at low costs,
and therefore, the feed ingredient processes used are regard-
ing these goals [52]. In the development of these strategies, a
variety of factors need to be taken into consideration, such as
the feed duration, frequency, ration size, and appetite of the
fish being fed as well as their nutritional requirements. Feed-
ing strategies also differ with the size of the fish, for example,
smaller fish consume more feed in relation to body weight

compared to larger fish. Feeding processing strategies are
also dependent on the farming system being used, whether
it is extensive, intensive, or semiextensive. When formulat-
ing fish diets, it is also necessary to know the dietary energy
values of the ingredients and how much of each one of them
should be incorporated into the feed [53]. The necessary
additives that need to be incorporated into the feed to meet
the nutrient requirements and achieve production goals at
an optimal cost for tilapia species also need to be deter-
mined. Adding to these two, the impact that the processing
strategies will have on the quality of the ingredients, their
function, nutritional requirements of fish at different life
stages, production systems, and market expectations need
to be considered [53].

One feed ingredient processing strategy of significance in
aquafeeds is fermentation which plays a big role in improv-
ing the nutritional quality of both animal- and plant-based
protein sources. This process involves treating the source
ingredients with microorganisms before adding them into
the aquafeed [54]. In this way, the nutrients found in these
sources are preserved, hence improving the nutritional value
of the feed. Fermentation increases the vitamin content and
protein solubility and reduces the crude fibre, antinutritional
factors, and toxins found in the feed ingredients [55]. It also
improves the palatability of the feed and digestibility of
organic matter, fibres, and amino acids [56]. Fermented feed
ingredients contain a lot of essential amino acids and bio-
molecules that are important for improving the growth per-
formance of fish. Fermentation also breaks up carbohydrates
into compounds of lower molecular weight, hence increasing
the energy available and mineral absorption in fish [57]. Fer-
mented dietary products tend to have higher water stability
which improves feed ingestion in a short period of time
[58]. Other roles played by fermented aquafeeds include
improved disease resistance, inhibition of bacterial quorum
sensing, immunity, stress tolerance, gut microbiota, and
aquatic bioremediation. The most commonly used microor-
ganisms in this fermentation process are fungal cells (Asper-
gillus sp.), yeast (Saccharomyces), and bacterial cells
(Bacillus sp., Enterococcus sp., and Lactobacillus sp.) [59].
The two techniques used for fermentation are solid state fer-
mentation and submerged fermentation method [60]. The
former involves the addition of dry ingredients such as rice
grains, rice bran, and wheat bran as well as the microorgan-
ism to be used in the formulation. Submerged fermentation,
on the other hand, involves the suspension of the ingredients
and growth of the microorganisms in an aqueous solu-
tion [61].

Dawood et al. [47] examined the influence of including
fermented poultry by-product meal (FPBM) on the digestive
enzyme activity and growth performance of Nile tilapia fish.
This study used a diet made of fish meal and soybean meal
as a control, and different levels of FPBM were added to cre-
ate four other diets with 10, 20, 30, and 40% FPBM. Accord-
ing to the results, the addition of FPBM at 11.17–25.14%
improves the growth and health condition of tilapia fish.
The fermented diet was shown to have an improved nutri-
tional status in terms of having higher protein levels and
essential amino acids compared to the untreated control
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diets. Another study by Hong et al. [62] evaluated the influ-
ence of fermentation with Aspergillus oryzae on the nutri-
tional status of soybean meal. The nutrient content of
fermented soybean meal was compared with that of raw soy-
bean meal. The presence of antinutritional factors like tryp-
sin inhibitor was also measured. Results revealed that the
fermented soybean meal contained 10% more crude protein
than raw soybean meal. Most of the trypsin inhibitor was
eliminated from the fermented soybean meal, and the essen-
tial amino acid profile still remained the same after fermen-
tation. From these studies, it is therefore evident that the
fermentation process can help improve the quality of tilapia
fish feed and its utilization, as well as remove the unwanted
antinutritional factors in the diet.

Another technique used to eliminate or reduce the
effects of antinutritional factors is heat treatment. This
method is mostly used in the production of pelleted com-
plete feeds to remove moisture and create a porous structure
essential for subsequent oil absorption [63]. This improves
the quality of the feed. Hot air drying of feed ingredients
during processing helps inactivate most of the heat sensitive
antinutritional factors. For example, a study by Peres et al.
[64] indicated that autoclaving of soybean meal using the
dry cycle at 130°C for 40 minutes improved the growth per-
formance of fish and their feed utilization efficiency. How-
ever, care has to be taken to keep the heat minimal to
avoid the destruction of essential amino acids such as methi-
onine and lysine. Another study by Soltan [65] showed that
soaking canola seed meal in water followed by heat treat-
ment (100°C for 40min) reduced trypsin inhibitor, total
polyphenolic compounds, and phytic acid by 80, 69, and
63%, respectively. Ferreira et al. [66] evaluated the heat treat-
ment of bean residue meal as an alternative protein source in
diets for Nile tilapia fish. The study showed that the protein
retention of the fish increases when bean residue meal is
subjected to heat treatment. The findings from this study
also revealed that the physical characteristics of the feed such
as its durability, waterproof time, dry matter leaching, and
water stability time are greatly improved. This is because
heat gelatinizes the starch in the diet hence making the feed
more stable [67]. From these studies, it is therefore evident
that heat treatment can greatly improve the quality of the
feed and reduce the impact of antinutritional factors in tila-
pia diets. These studies also show that appropriate levels of
heat of heat can minimize the influence of nonstarch poly-
saccharides which prevent starch gelatinization in tilapia
feed.

There are also a number of biological methods for
removing antinutritional factors. Among these is the germi-
nation method which has been shown to significantly
improve the nutritional value of fish feed by inducing the
formation of enzymes that reduce phytates, trypsin inhibi-
tors, and tannins in seeds and positively influence the prox-
imate composition of the ingredients [68]. This method is
sometimes used in combination with autoclaving, and the
synergy of these two methods has been shown to be more
effective in removing antinutritional factors in fish feed.
Autoclaving involves moist heat treatment of the feed ingre-
dients [69]. The combination of these methods can also

increase the digestibility of dry matter and crude protein
[70]. This increase in digestibility can be attributed to the
changes in nutrient content of the ingredients, the destruc-
tion of antinutritional factors, and denaturing of nonnutri-
tive complex molecules to simple nutritive ones from the
feed ingredients such as the disruption of protein structures
and cell wall encapsulated starch [71].

2.1.3. Enhancing Feed Utilization through Genetic Selection
of Fish. As the demand for foods from aquatic sources con-
tinues to grow in response to human population growth and
diminishing wild fish stocks, more possible feed products are
being explored for sustainable management of the aquacul-
ture industry. Some feed products, especially plant-based
products, contain nutrients and antinutrients that are not
ideal for aquafeeds, hence the need to change some specific
traits through genetic manipulation. Genetic and genomic
studies have looked at the molecular mechanisms that come
to play in order for different traits to be expressed. Knowl-
edge from these studies and the introduction of biotechnol-
ogy and its development has allowed for the engineering of
genetically modified fish and manipulation of genes in aqua-
culture aimed at improving valuables engineered to grow
faster and have a lot of meat with less feed [72]. This not
only boosts their market but also improves their feed con-
version efficiency. The correlation of biochemical informa-
tion with genetic data provides great insight into the
functions of unknown genes and system responses to nutri-
ent changes. It is important to know how fish that have been
evolutionary selected to utilize most animal protein can
thrive and be selected for improved utilization of plant-
based products as their feed.

The most commonly used way of improving growth and
enhancing feed conversion efficiency in fish to date is
through the transfer of growth hormone gene constructs
[73]. Growth hormone transgenic fish can mature to sizes
larger than those in the wild and in a short period of time.
Males also tend to grow larger due to their higher feed con-
version efficiency compared to females. These phenotypic
effects observed in fish also influence production character-
istics (e.g., feed conversion efficiency, disease resistance,
and growth rate) in turn. However, some of these fish species
are prone to death after sexual maturity.

Improving feed efficiency in fish is of great importance
at both economic and environmental levels. However, this
goal has been hampered by the fact that only a limited
number of studies have been conducted in an attempt to
determine the influence of genotypes on nutrient utiliza-
tion for tilapia species. Previous studies only related the
growth performance, feed efficiency, digestibility, and
proximate analysis of the fish to variation in diet compo-
sition. For an improved understanding of the role of genes
in nutrient utilization among fish species, what is occur-
ring to the fish not only physiologically with gene varia-
tion needs to be determined. In this way, nutritionists
can then correlate dietary changes with specific physiolog-
ical pathways and evaluate the diet according to proper
nutritional needs differences. However, genetic modifica-
tions are not encouraged because of mutagenesis concerns
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and the fear of undesirable side effects that can result from
the integration and expression of recombinant genes [74].
Furthermore, predicting the ecological risk of transgenic
fish escaping into the wild is difficult due to genotype by
environment effects. Cabezas et al. [73] produced a trans-
genic hybrid tilapia (Oreochromis hornorum) by microin-
jection into early embryos of a transgene containing the
tilapia growth hormone. They then cultured these trans-
genic tilapias in some conditions with nontransgenic tila-
pias. The results showed a better growth performance in
transgenic fish than the nontransgenic red tilapia
(Figure 2). These results confirm that genetic manipula-
tions can improve the growth and feed utilization of fish.

2.1.4. Feed Types, Feed, and Feeding Strategies. The amount
of feed to serve and how to serve it to the fish is determined
by the prevailing conditions. The fish should be given just
enough to support their nutritional needs and achieve opti-
mal growth while minimizing feed wastage. The feed
response is visually monitored and stopped when the fish
reach satiation. The amount of protein in the feed, feeding
rate, and frequency should be reduced as the fish grow.
Another alternative to switching to a lower protein diet is
maintaining the same protein level and reducing the amount
of feed instead. Fish feed can either be complete, meaning it
contains all necessary nutrients necessary to maximize the
growth and health of the fish, or supplemental, meaning it
contains only certain nutrients to complement already exist-
ing feed ingredients [75]. When fish are reared in indoor sys-
tems where they are confined and cannot forage freely on
natural food, they must be provided a complete diet. In con-
trast, supplemental diets are intended only to help support
the natural food normally available to fish in natural ecosys-
tems. In most cases, farmers use complete diets which are
composed of 28-50% protein [76, 77], 5-25% lipids, 30-
45% starch [78–80], <8.5% ash, <1.5% phosphorus, <10%
water, and trace amounts of vitamins and minerals [15,

81]. The amount of all these nutrients also depends on the
fish species and the life stage they are in.

Fish feed can either be live feed or artificial. Live feed is
mostly found in natural ponds and includes phytoplankton
and zooplanktons [82]. It is important for juvenile tilapias
and helps to reduce the time taken for the organogenesis
process and allows for early completion of a functional
digestive system which subsequently optimizes the growth
of the fry [5]. Juvenile Nile tilapia fish have been sown to dis-
play defects such as reduction in digestibility, absorption,
and assimilation of nutrients when deprived access to live
feed. This affects their overall growth performance through-
out to the adulthood stage [83]. Organic and inorganic fertil-
izers are often used to boost the growth of phytoplankton in
natural ponds as the main live food mostly consumed by
juvenile tilapia. Artificial fish feed, on the other hand, can
be divided into two types depending on whether it is manu-
factured as extruded or pressure-pelleted, the difference
being that the latter is buoyant, while the former sinks.
The extruded feeds are costly to manufacture; hence, they
are expensive to buy. The feed type used in a culture depends
on the fish species being cultured, but most species can be
trained to accept floating feed. However, floating feed is
advantageous because it is easier to observe how much the
fish are eating and thus adjust the feeding rates accordingly.
It is also easier to notice if your fish are not well because they
constantly come to the surface to eat. A study by Workagegn
et al. [84] revealed that fish fed different feed types also differ
significantly in growth and feed utilization efficiency.

Appropriate feed management techniques are also large
contributors to the appropriate utilization of feed by fish.
Proper feeding management can reduce the feed cost to
the extent of 15-20 percent by reducing waste [53]. Feeding
the fishes rightly, according to their requirements is one of
the biggest challenges in aquaculture. Both underfeeding
and overfeeding are common. Underfeeding wastes feed
leading to poor growth and low productivity while

Transgenictilapia

Red tilapia

Average weight (g) ±SD
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0
0 77 90 103 117 159 188 257
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Figure 2: Averageweight ± SD increase in transgenic O. hornorum × O. aureus heterozygous tilapia compared to hybrid red tilapia under
intensive polyculture conditions (Cabezas et al., [73]).
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overfeeding should also be avoided to avoid water quality
deterioration [85, 86]. Most fish farmers in developing coun-
tries use manual feeding strategies such as broadcasting feed
because they are less costly. However, several studies
([87–89]; Mohapatra et al., [90]) have also reported the use
of automatic fish feeding devices which save time and labour
compared to manual strategies.

2.2. Research Gaps and Formulation Challenges. From the lit-
erature review, it was noted that knowledge of dietary strate-
gies that improve nutrient utilization remains incomplete
and not well understood. Fish often exhibit unidentified
growth factors which cannot be included when formulating
the feed [91]. Restrictions and constraints are also unavoid-
able, for example, the inclusion of plant proteins in carnivo-
rous fish diets is restricted to 15% or less to avoid molecules
such as tannins, nonstarch polysaccharides, oligosaccharides,
and mycotoxins reaching harmful levels that can impair the
gut health and feed intake. Omnivorous fish on the other hand
can accommodate up to 50% plant material [27]. Other
restrictions arise from the fact that the amino acid profile
within the diet has to be balanced, and the nutrients should
be digestible ones [15]. However, most of these nutrient
sources especially proteins are costly which may limit the
availability of feed processing and formulation technology to
farmers. This often results in a trade-off between the feed cost
and the nutritional value of the diet.

Additionally, ignorance of feed formulation and process-
ing knowledge amongst farmers is a challenge. Most feed is
formulated in laboratories and not under actual farming con-
ditions and then sold to farmers who have no idea of the nutri-
tional requirements of their farmed fish species [53]. This
increases the risk of using inappropriate formulations among
farmers. Inappropriate amounts of feed may be administered
to fish or worse the wrong kind of feed meant for other fish
species can be given out. The little research done on feed for-
mulation and nutrient utilization is circulated among scientific
researchers and not communicated to the farmers who actu-
ally need to employ these feeding strategies.

Most of the studies reviewed demonstrated that there is
an interaction between the feeding strategies and the utiliza-
tion of nutrients by the fish. Furthermore, a literature search
has shown that although there has been a major shift in the
use of plant feed materials, little has been done to overcome
the challenges associated with the antinutritional factors
they come with. For example, the efficiency of supplement-
ing a feed with additives depends on the feed content and
information on which additives to use for which the feed is
not sufficiently and systematically covered. Additives such
as enzymes are ideal to use under specific conditions like
temperature and pH; therefore, the lack of information on
what enzyme to use in which culture conditions limits their
cost-effectiveness. Thus, it is not surprising that there is dis-
agreement among literatures on the dietary requirements
and feeding strategies in tilapia nutrition. In addition, the
nutritional requirements for tilapia fish are not fully
understood.

Most literature only covers the nutritional needs of tila-
pia in general, yet different nutrients are required and uti-

lized differently by tilapia of different ages, weight, and
body composition. Information on nutritional requirements
and utilization is also not linked properly to culture condi-
tions, yet all this information is essential to optimize feed
efficiency and subsequent growth performance of the fish.
Studies have also shown that the genetic profile of the fish
may also play a role in feed utilization. However, only a
few studies have been conducted in this aspect, and many
questions remain largely unanswered, and several research
avenues remain open. Another challenge can stem from
the variation of environmental conditions in different aqua-
culture systems, which also influences the response of the
fish and its nutritional requirements. This makes the provi-
sion of species-specific feeds that meet the nutritional
requirements of the fish at different life stages difficult.
Future studies may include research on the use of feed pro-
cessing strategies such as heat treatment is also vital. This is
so to test the appropriate temperatures to use under different
environmental conditions to inactivate different antinutri-
tional factors. A holistic understanding of the influence of
genes in nutrient utilization under different environmental
conditions is therefore greatly needed. However, currently,
most genetic manipulations are done in the laboratory, but
not in actual culture conditions, so it is hard to make a sim-
ulation of the influence of genetic variation on nutrient uti-
lization as it also varies with the culture conditions. Genetic
experiments are also costly to conduct; hence, their use in
improving nutrient utilization among fish is limited.

3. Conclusions

In conclusion, dietary sources for tilapia are slowly shifting
to plant-based products. However, these come with a lot of
antinutritional factors and digestibility problems; hence,
the right feeding strategies have to be employed to enable
efficient nutrient utilization. Nutritional requirements differ
with culture stages; therefore, it is important to determine
the nutritional requirements of the fish throughout their life
cycle and subsequently employ appropriate feeding manage-
ment strategies. It is recommended that feed formulation
information be shared with farmers to ensure improved
quality of feed and the use of appropriate feeding strategies
in aquaculture at sustainable costs.
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