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Abstract
Currently, lysine supplementation is attaining popularity with the growing aquaculture production. However,
with the increasing cost of fishmeal in the recent years, it is an ideal time to replace it with cost effective
alternative feed sources in order to meet the increasing demands of fisheries sector. Because these
alternatives are deficient in certain essential amino acids especially, lysine therefore their subsequent
supplementation with lysine has been experimentally undertaken with the aim to evaluate their subsequent
impact on fish growth and weight gain capacity. Results indicated that various fish species fed with higher
lysine supplemented feed mixtures attained higher weights, increased fecundity, better immunity and
demonstrated rapid growth rates as compared to fishes fed with lysine deficient diets. In addition, lysine
supplemented alternatives to fish meal are far more economical and will be available in such a higher
quantities to meet the demands. Moreover, it is noteworthy that lysine requirement varies with each fish
species, therefore, lysine addition into fish feed will only give effective results when the supplemented
amount will be in specific range required by our species of interest.
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Introduction
The consumption of fish meal and oil as
fish feed components has increased dramatically
in order to meet the rising demands of increased
aquaculture production (Gatlin et al, 2007). However, due to higher prices and limited supply of
fish meal, it has become necessary to search for
alternative plant protein sources. It is important to
consider that such alternative sources should have
balanced dietary components and are capable to
maintain high growth rates (Tacon and Metian,
2008).
Fishes need a high protein ratio in their
diets (Lovell, 1989). Protein is a complete nutrient
which fulfils the energy requirements of the body
(Keembiyehetty and Gatlin, 1992). Moreover,
there are ten essential amino acids which are the
key components of fish feed. These amino acids
greatly influence the growth patterns, reproductive
performance and development of a fish (Wilson,
2003).
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Among these, lysine is one of the most
limiting amino acids in fish feed (Small and
Soares, 2000). Furthermore, all finfish species
require lysine as essential dietary component,
especially when alternative protein sources are
used instead of fishmeal. It has also been observed
that many fish skeletons contain highest lysine
concentrations (Ahmed and Khan, 2004). In
addition, fishes fed with essential amino acid
deficient diets showed reduced growth and higher
mortality rates (Ketolea, 1983).
Moreover, one of the major roles of lysine
is to regulate the carnitine synthesis in skeletal
muscle cells and liver, which in turn play a role in
transportation of long chain fatty acids into
mitochondria for beta-oxidation. Subsequently,
during fasting these fatty acids are oxidised to
fulfil energy needs (Walton et al, 1984).
To prevent excessive fat accumulation in
the body, carnitine work together with Coenzyme
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A in beta-oxidation and remove the short chain
organic acids from mitochondria (Ozorio et al,
2003). Furthermore, lysine play an important role
in maintaining osmotic pressure and acid-base
balance in the body fluids (Chiu et al, 1988).
The required range of lysine as a fish feed
component varies between 3.2 to 6.2% of the total
dietary protein for different fishes (Wilson, 2002).
The unique taste, disease resistant capacity and
better growth rate of Labeo rohita earns it the
status of being mostly cultured fish among Indian
major carps (Jhingran and Pullin, 1988).
Lysine and Its Physiological Role
To achieve and establish high growth rates
in fishes, it is not only necessary to have protein
rich feed mixtures, but, the perfect ratio of all the
dietary amino acids is obligatory (Li et al, 2009).
Lysine is an essential and one of the most limiting
amino acids (Mai et al, 2006; Gatlin et al, 2007),
therefore, it is an important fish feed component
required for the high growth performance and
maintenance of fish population (Zhou et al, 2007).
Dietary lysine supplementation is important in inhibiting fin rotting of a fish and decrease
the mortality rates as well (Li et al, 2009). Moreover, it plays a major role in development of gastrointestinal system and immune system function.
In addition, it exclusively enhances protein deposition in the body and fillet content (Sveier et al,
2000; Furuya and Furuya, 2010; Hamid et al,
2016).
Lysine is associated with nitrogen retention (Cao et al, 2012) and it reduces the fat
proportion in the fish body (Berge et al, 1998;
Nguyen et al, 2013). Furthermore, lysine rich diets
increase the weight gain capacity of a fish (Khan
and Abidi, 2011; Nguyen and Davis, 2016).
Lysine increases the muscle growth in fish
by rapidly increasing size and length of muscle
fibers through hyperplasia and hypertrophy (Valente et al, 2013; Michelato et al, 2016). How-ever,
factors like fish species, its age, muscle type and
feed composition affect the muscle growth
enhancement through these processes (Johansen
and Overturf, 2005; Aguiar et al, 2008).
Lysine synthesizes the carnitine which
transport fatty acids into mitochondria for their
subsequent oxidation (Walton et al, 1984). Lysine
is also involved in maintaining acid-base concentrations and to balance the osmotic pressure in the
body (Chiu et al, 1988).
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It has also been found that lysine along
with asparagine, valine and methionine increase
mobile spermatozoid concentrations and their
motility rates as well (Lahnsteiner, 2010). Lysine
is strongly associated with the reproductive
system and it has profound effects on the quality
of ovarian and testicular tissues, eggs, semen and
fecundity (Hamid et al, 2016).
Fish Feed Sources
There are two main types of fish feed
sources i.e. fishmeal and alternative (plant and
animal) feed sources.
Fishmeal
Fishmeal is a nutrient rich and easily
digestible food source for the farmed animals,
especially, fishes. It predominantly contains proteins, lipids, minerals and vitamins while a small
proportion of carbohydrates as well. Fishmeal is
usually prepared from wild caught fishes and
small marine fishes. In addition, it may also be
manufactured from highly sustainable fish stocks.
Actually, four to five tons of fish mass are used to
prepare one ton of dry fishmeal. Peru contributes
to about 33% of the global fishmeal production
annually.
Limitations
The worldwide requirement for the freshwater fish production has dramatically increased
up to 30% during the period of 2003 to 2007. At
the same time, fishmeal consumption has increased from 15% to 65% during last twenty years
(Tacon and Metian, 2008). Consequently, with the
increase in demand of fishmeal, its price has
significantly risen from US$400 to US$900 per mt
until 2005 to over US$1500 per mt in 2006,
accordingly (Hardy, 2010). Recently, the price of
fish meal has increased to more than twice as
compared to few previous years (Ogello et al,
2014).
Firstly, fishmeal supply is limited and is
not produced in enough quantity to meet the increased demand of aquaculture. Secondly, the day
by day rises in fishmeal cost has stimulated
researchers to look for alternative and high quality
fish feed sources to fulfil the demand (Tacon and
Metian, 2008).
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Table 1: Essential amino acid requirements for fishes.
Amino Acids
Essential Amino Acids
Lysine
Leucine
Tyrosine and Phenylalanine
Arginine
Valine
Isoleucine
Threonine, Methionine and Cystine
Histidine
Tryptophan

%age in Fishmeal
64.5
4.72
4.48
4.35
3.82
2.77
2.66
2.31
1.45
0.45
Miles and Chapman, 1993

Table 2: Lysine requirements of different Fishes
Fish species
Atlantic salmon
Catla catla
Channel catfish
Chinook salmon
Chum salmon
Coho salmon
Common carp
Gilthead bream
Head striped bass
Japanese eel
Milkfish
Mossambique tilapia
Nile tilapia
Rainbow trout
Red drum

Alternative Feed Sources
There is a variety of alternate feed sources
broadly classified into two categories.

i.

Lysine %age/total protein
4.0
6.2
5.1
5.0
5.0
3.8
5.7
5.0
4.0
5.3
4.0
4.1
5.1- 5.8
6.1
4.4
Akiyama et al, 1997

these limiting amino acids can be supplemented
by mixing the animal meal with complementary
protein sources (Davies et al, 1989)
ii.

Animal Derivatives

Animal feed sources are palatable, readily
available, and cheaper, therefore these are a perfect choice to replace fishmeal (El-Sayed, 1999).
The list includes poultry by-product meal (PBM),
feather meal (FeM), blood meal (BM), and meat
and bone meal (MBM).
Although, these sources are enriched with
protein, but, some essential amino acids are still
deficient, especially, lysine, methionine and
isoleucine (Tacon
and Jackson,
1985).
Nevertheless, in order to achieve balanced amino
acid profile and to compensate the deficiency,
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Plant Protein-Rich Derivatives

Plant derivatives resemble the fishmeal with
respect to their amino acid digestion capabilities
and protein proportions (Hardy, 1996). The list
includes soy bean meal, cotton seed meal, wheat
gluten meal, corn gluten meal, canola meal, pea
seed meal and other oil seed plant by-products
(Tacon and Metian, 2008; Ogello et al, 2014).
However, their amino acid composition differs
from that of fishmeal which is primarily required
by many fishes. It was reported that lysine is the
primary limiting amino acid in many plant cereals
(Michelato et al, 2016). Corn gluten has very low
lysine concentration, wheat gluten is lysine and
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arginine deficient whereas soybean meal is methionine deficient (Gallagher, 1994). Plant derivatives also contain anti-nutritional factors which
in turn reduce their palatability (Francis et al,
2001). It has been proved experimentally that the
plant feed sources do not limit the growth rates of
many fishes such as carps, catfish and tilapia
when they are supplemented with lysine and
methionine (Tacon and Metian, 2008).

are more economical and a better choice than fishmeal as protein source for Nile tilapia. Another
evaluation indicated that blood meal is more economical than fishmeal e.g., a comparative study
on tilapia demonstrated that it took 0.79 US
dollars by using fishmeal to produce 30g of tilapia
whereas tilapia fed with blood meal produced 64g
with an effective cost of 0.62 US dollars
(Aladetohun and Sogbesan, 2013).

Limitations

Conclusion

Animal as well as plant feed sources do not
contain a balanced amino acid profile. Animal
derivatives are deficient in lysine, methionine and
isoleusine (Tacon and Jackson 1985), whereas
plant sources do not contain adequate amounts of
lysine, methionine and arginine (Gallagher, 1994).

The objective of this review was to evaluate
the impact of lysine supplementation in fish feed
over fish physiology. Results indicated that
various fish species fed with higher lysine supplemented feed mixtures attained higher weights,
increased fecundity, better immunity and demonstrated rapid growth rates as compared to fishes
fed with lysine deficient diets. In addition, lysine
supplemented alternatives to fish meal are far
more economical and are available in such a
higher quantities to meet the demand. Moreover, it
is noteworthy that lysine requirement varies with
each fish species, therefore, lysine addition into
fish feed will only give effective results when the
supplemented amount will be in specific range
required by our species of interest. Therefore, I
recommend lysine-bound fish meal alternatives to
be used on large scale to revolutionize aquaculture
industry.

Lysine Requirements for Different Fishes
In fact, the lysine requirement for different
fishes is not same, but it varies slightly with each
species.
Post Supplementation Evaluation
It was reported that catfish and tilapia were fed
with diets that were supplemented with different
lysine levels. Results indicated that these fishes
show faster growth rates and higher weight gains
with the increase in concentration of lysine in their
diet but, up to a certain limit (Nguyen and Davis,
2016)
Another study was conducted to evaluate the
impact of lysine on growth and reproductive performance of Rhamdia voulezi. Consequently, it was
concluded that Rhamdia voulezi showed an
increase in seminal volume as well as a significant
increase in weight by enhancing the lysine
concentrations in its diet (Hamid et al, 2016).
It has been experimentally observed in Nile
tilapia that the addition of lysine in its feed will
increase its muscle growth by hypertrophy and
hyperplasia. The optimum lysine requirement for
large Nile tilapia was found out to be 5.8% of the
total dietary protein (Michelato et al, 2016).
Economic Feasibility of Lysine Containing
Fishmeal Alternatives
Economic analysis of different feed
sources such as cotton seed feed (El-Sayed, 1990),
corn gluten meal (Wu et al, 1995) and animal
derived meal (El-Sayed, 1998) indicated that these
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