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CHAPTER ONE: Literature review

1.1. Global Aquaculture state

World aquaculture production continues to grow, according to the latest available
statistics collected globally by FAO, world aquaculture production reached 90.4 million
tonnes in 2012. According to the latest information, FAO estimates that world food fish
aquaculture production rose by 5.8 percent. The global trend of aquaculture
development gaining importance in total fish supply has remained uninterrupted. The
mean annual growth rate of aquaculture has been 8.3 (or 6.5 percent except China)
percent, higher than the world mean population growth rate, through the years 1970-
2008, and its annual per capita supply has increased from 0.7 to 7.8 kg during this
period. Farmed food fish contributed a record 42.2 percent of the total 158 million
tonnes of fish produced by capture fisheries (including for non-food uses) and
aquaculture in 2012. This compares with just 13.4 percent in 1990 and 25.7 percent in
2000. Asia as a whole has been producing more farmed fish than wild catch since 2008,
and its aquaculture share in total production reached 54 percent in 2012, with Europe at
18 percent and other continents at less than 15 percent. The expansion and
intensification of aquaculture during the past decades have attributed to research,
accordance with consumer demand and improved aquaculture policy and governance.

Protein supply from seafood contributes significantly to human needs in several
geographic areas, especially in the developing world as well as in the emerging
economies of the world. At a global level, about 45% of all fish consumed by humans,

totalling about 48 millions tonnes is farm raised (FAO, 2007). Aquaculture thus plays a



vital role in supplying products known to have a high biological value to humans
(Bender and Haizelden, 1957) besides providing healthy long-chain ®-3
polyunsaturated fatty acids (Sargent, 1997). Different factors are driving the aquaculture
to intensification of which the main limiting factor is the unavailability of sites because
of restricted non-agricultural land for exploitation. In this regard novel ways of using
environment (land and water) for production are needed. By proceeding of

intensification, the need for scientific support, services and skilled forces is in increase.

1.2. Protein and amino acids

Proteins are the most abundant macromolecule in living cells, and they exhibit an
amazing diversity in their biological functions. The chemical composition of proteins
(Lovell, 1989) consists of carbon (50-55%), hydrogen (6.5-7.5%), nitrogen (15.518%,
an average of 16% is usually assumed), oxygen (21 -5-23.5%), and usually sulfur (0.5-
2.0%). All proteins, whether from the most ancient lines of bacteria or the most
complex forms of life, are constructed from the same ubiquitous set of 20 amino
acids (Lehninger et al., 1993). AIll of the amino acids found in proteins have a
carboxyl group and an amino group bonded to an a-carbon atom. They differ from each
other in their side chains, which vary in structure, size, and electric charge. This
influences the solubility of amino acids in water. In all amino acids, except glycine, the
a-carbon is a chiral centre and the tetrahedral arrangement of bonding orbitals gives two
sterioisomers of the amino acid, either D or L. The characteristic three dimensional

structure of proteins, which dictate their diverse biological activities, require that all



constituent amino acids be of one stereochemical series, usually the L-form (Lehninger
etal., 1993).

Proteins are chains of amino acids, each covalently joined to its neighbour by a
peptide bond. The bond is formed through a condensation reaction by removal of a
hydroxyl group from the a-carboxyl group of one amino acid, and a hydrogen atom
from the a-amino group of another. The biological diversity of proteins is due to the
distinctive number and sequence of amino acid residues in each protein.

Dietary protein is the major and most expensive component of formulated
aquafeeds (Wilson et al., 2002). Fishmeal is generally considered to be the most ideal
protein source for aquatic animals, despite its static global production,
seasonal/geographical variability in quality and composition, and concern as a vector of
contamination (Trushenski et al., 2006). Fish feed constitutes over 60% of the operating
cost of aquaculture (Nwanna, 2002). Yang et al. (2002) similarly described that fish feed
accounts for 50% or more of the total production cost. Out of this cost, protein takes
about 75% (Nwanna and Fashae, 2008) confirming it as the single most expensive
component of fish feeds (NRC, 1993; De Silva and Anderson, 1995). Proteins are the
major organic material in fish tissue, making up about 65 to 75% of the total on a dry-
weight basis. Fish consume protein to obtain amino acids. The protein is digested or
hydrolyzed and releases free amino acids, which are absorbed from the intestinal tract
and distributed by the blood to the organs and tissues. These amino acids are used by the
various tissues to synthesize new protein. A regular intake of protein or amino acids is
required because amino acids are used continually by the fish, either to build new

proteins (as during growth and reproduction) or to replace existing proteins
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(maintenance). Inadequate protein in the diet results in a reduction or cessation of
growth and a loss of weight due to withdrawal of protein from less vital tissues to
maintain the functions of more vital tissues. On the other hand, if too much protein is
supplied in the diet, only part of it will be used to make new proteins, and the remainder
will be converted to energy.

Amino acids are building blocks for protein. On the basis of needs from diet for
growth, amino acids were traditionally classified as nutritionally essential
(indispensable) or nonessential (indispensable) for fish. Essential amino acids are those
that either cannot be synthesized or are inadequately synthesized de novo by animals
relative to needs. Conditionally essential amino acids must be provided from the diet
under conditions where rates of utilization are greater than rates of synthesis. By
definition, all nonessential amino acids can be synthesized adequately by aquatic

animals.

1.3. The importance of protein and amino acid studies in fish

1.3.1. Comparison of nutrition in fish and other farmed anirnals

Before attempting studies on the requirements for any essential nutrients, factors
difierentiating the nutrition of fish from homoeothermic species must be recognized.
Firstly, fish are poikilotherrnic animals whose body temperatures change with that of
the water in which they live. This factor has nutritionally important implications
because, within their species specific temperature tolerance zone, fish do not use energy
to maintain body temperature, as do homoeothermic species.

Secondly, because of their aquatic living environrnent, fish continuously expel the
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by-products of protein catabolism directly into the ambient water, primarily through
passive diffusion of ammonia through the gills. It is estimated that fish excrete 70 to 90
percent of nitrogenous wastes directly into the water, with little or no energy
expenditure (Cho and Kaushik, 1990). As a result of this function, ammonia does not
accumulate to toxic levels in body tissues, thereby reducing the need for urea or uric
acid production prior to nitrogen excretion, as occurs in homeothermic animals. Protein
is required for the basic functions of providing essential amino acids and nitrogen for
the body. Early work by DeLong et al. (1958) found the protein requirements of fish to
be two to four times higher than those for birds and mammals, when expressed as a
percentage of the dry diet. Generally fish need two to three times more protein as a
percentage of their diet than terrestrial farmed species such as poultry and swine.
Tacon and Cowey (1985) attributed this high requirement to the largely omnivorous or
carnivorous feeding habits of many aquatic species, and their preferential use of protein
for energy needs. Lipids will spare proteins as an energy source, but carbohydrates are
poorly utilized by salmonids (Wilson, 1989b). They secrete insufficient enzymes to
break down complex carbohydrates, such as raw starch, and their digestive tract is too
short, and gut clearance times too rapid, to accommodate prolonged retention for more
efficient utilization (Goddard, 1996). Excessive dietary carbohydrate will result in the
accumulation of glycogen in the liver.

Amino acid oxidation makes a significant contribution to the generation of
metabolic energy (ME) (Lehninger et al., 1993). The fraction of ME derived from
amino acids varies greatly with the type of organism and the metabolic situation, but

this contribution must be recognized when studying amino acid requirements since
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more than 50% of ingested protein is likely used as a primary energy source (Cho,
1992). Immediately following a meal, carnivores may obtain up to 90% of their
energy requirement from amino acid oxidation (Lehninger et al., 1993). When a protein-
rich diet provides a surplus of amino acid that cannot be utilized for protein synthesis
the excess is catabolized because it cannot be stored. The carbon skeletons of histidine
and methionine are channelled into the chic acid cycle via a-ketoglutarate and succinyl-
CoA respectively and then, like all glucogenic amino acids, they are used in the liver to
produce glucose for immediate energy or glycogen, the storage form of carbohydrate in
animals. Tissues which rely on glucose as a fuel produce energy largely by
gluconeogenesis, with protein providing the principle source of gluconeogenic
precursors (Nalton and Cowey, 1982).

Fourthly, the difference between aquatic and terrestrial rearing environments
provides practical difficulties in quantifying feed intake, and hence feed conversion, in
fish. Unlike terrestrial species, when fish are fed there is an immediate loss and
deterioration of unconsumed feed that makes accurate determination of feed
consumption very difficult. These factors give an indication of the challenges associated
with nutrient requirement studies in fish that are not usually implicated in studies with
terrestrial, homoeothermic species. Nutritionists have, nonetheless, established
guidelines for the nutrient requirements of a remarkable number of the species that are

presently cultured on a commercial basis, worldwide.

1.3.2. Protein for the growth and maintenance of fish

Proteins are probably the most important nutritional contributors to growth,
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because they provide the necessary amino acids for maintenance and increase of muscle
mass, which takes place during growth and development (Peragon et al., 1994). Dietary
amino acids are necessary for both growth and maintenance, with growth being
quantitatively more important in Young, rapidly growing fish. Growth is largely a
process of protein deposition, and this is determined by the protein or amino acid supply
in the diet (Cowey, 1993; Cowey, 1994), as well as the post-prandial availability of
these dietary components (Garzon et al., 1994). Protein deposition is the sum of two
continuous processes, synthesis and degradation. Increased rates of growth from protein
deposition result when there is an acceleration of synthesis faster than degradation
(Cowey, 1993). Much of the protein being laid down as tissue protein during growth is
composed of relatively large amounts of a small number of different proteins such as
actin, myosin, collagens, etc. The amino acids deposited during growth are also
basically the same in different species (Cowey, 1994). Cho et al. (1992) noted that
phylogenetically distant species exhibit relatively similar amino acid requirements,
despite widely divergent protein requirements.

Cells are in a dynamic state, with their components undergoing constant
degradation and resynthesis. Amino acids are withdrawn from body pools for this
maintenance, which includes synthesis of proteins, nucleic acids, and lesser components
of cells. Maintenance includes replacing losses from the intestine and integument,
oxidation of amino acids, conversion of amino acids to other nitrogen containing
molecules, and protein turnover. Also a part of the maintenance aspect of protein
nutrition is the fact that comparatively large amounts of ingested amino acids are

deaminated and the carbon skeletons used as an energy source (Cowey, 1994). It is
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important to note that protein turnover itself does not necessarily result in a net loss of
amino acids from the body. Rates of protein turnover in fish muscle are very low, and as
muscle accounts for about 60% of the weight of fish, whole body protein turnover is not
likely to be a major factor in amino acid losses (Cowey, 1994).

The types of protein found in the body of fish are generally based on function or
solubility (Lovell, 1989). Fibrous proteins are insoluble proteins including collagen,
elastin, and keratin. Collagen is a component of connective tissues, bone, skin, fins, gill
operculum, and blood vessels. Elastins are found in arteries, tendons, and other tissues
that stretch. Keratins are found only in small amounts in fish. Contractile proteins are
those found in muscle. Actin, myosin, and tropomyosin B are the three proteins
involved in muscle contraction. Globular proteins are water extractable from tissue.
They include enzymes, protein hormones, and proteins of the soluble fraction of blood
(serum) (Lovell, 1989).

Although, like other animals, fish do not have a protein requirement per se, they
need a well-balanced mixture of essential amino acids and a source of non-essential
amino acids, and must consume protein to obtain these amino acids (Wilson and Halver,
1986). Cowey and Sargent (1972) determined that of the twenty amino acids found in
protein, fish require the following ten essential amino acids: arginine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine.
An absolute requirement for these ten essential amino acids has been found in all fish
species studied to date. An essential amino acid is one that cannot be synthesized in the
body, from materials ordinarily available to the cells, at a rate to meet the requirements

for optimum protein synthesis, it must, therefore, be included in the diet (Maynard et al.,
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1979; Cho et al., 1984; Bender, 1985). Nonessential amino acids can be eliminated from
the diet as long as there is an adequate supply of organic nitrogen, since they can be

synthesized in adequate amounts from common metabolic intermediates (Bender, 1985).

1.4. Amino acid metabolism

Amino acids have numerous functions in fish. The most familiar role amino acids
play is as the building blocks of proteins. Protein synthesis can account for a substantial
portion (20 — 42%) of the energy expenditures of growing fish (Houlihan et al., 1993,
1995). Most (85%) fish species are carnivorous (Love, 1980) and optimal growth
requires very high dietary protein levels (30 -55% crude protein) (Wilson, 1989). Fish
display an efficiency of conversion of dietary protein to tissue protein that is up to 20-
fold higher than that observed for chickens, pigs, and cattle (Tacon and Cowey, 1985).
The efficiency of conversion of dietary protein into tissue protein is somewhat
paradoxical given that fish rely extensively on amino acids as energy sources and thus
burn the precursors for proteins. Several hypotheses have been put forward to explain
this. Certainly, the direct excretion of ammonia as the end product of nitrogen
metabolism is more energetically favorable than expending energy to convert it to less
toxic forms such as urea or uric acid. The direct oxidation of dietary amino acids also
avoids the energetic expense of synthesizing storage molecules such as glucose and
lipids for subsequent use.

In energetic terms, a major function of amino acids is as catabolic substrates to

provide ATP for biomechanical, synthetic, and transport processes. Amino acids provide



14 —85% of the energy requirements of teleost fish (van Waarde, 1983) and 10 — 40% in
nonteleost species such as sturgeon (Dabrowski et al., 1987). In rainbow trout, 35— 40%
of a representative amino acid such as leucine is oxidized while the remainder is
converted to protein. This is a substantially higher rate of catabolism than in mammals
(20%) (Fauconneau and Arnal, 1985).

The role of one amino acid in particular, glutamine, differs in fish compared to
mammals. Glutamine does not serve as a nitrogen store for ammonium under normal
conditions in fish as it does in mammals, and circulating levels of this amino acid are
therefore lower in fish. Synthesis of glutamine in tissues, such as muscle, for export to
other tissues also does not occur in fish. These differences in glutamine metabolism
have a substantial impact on the metabolism of other amino acids in fish and are
discussed in more detail in subsequent sections. Despite many years of research on the
metabolism of fishes, little is known of the factors regulating the flow of amino acids
into catabolic or anabolic pathways. It has been suggested that some of the partitioning
of amino acids toward growth rather than catabolism in fish may be due to the 10-fold
lower Michaelis constant (Km) for amino acids of aminoacyl tRNA synthetases
compared to the Km of the transaminases that funnel amino acids into oxidative
pathways (Walton, 1985). This hypothesis has not been tested and the Km for any tRNA
synthetases has not been measured in fish. In spite of this, the pool size of free amino
acids has been suggested to play an important role in regulating protein synthesis
(Houlihan et al., 1993).

Most previous reviews of amino acid metabolism in fish have focused primarily on

the applied nutritional aspects as they relate to aquaculture (Tacon and Cowey, 1985;
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Walton, 1985; Cowey and Walton, 1989; Wilson, 1989; Cowey, 1993). More recently
Jurss and Bastrop (1995) reviewed other aspects of fish amino acids metabolism. This
current review examines some aspects of the intermediary metabolism of amino acids in
different tissues of fish with particular reference to the factors influencing and

controlling the pathways involved.

1.4.1. Digestion and uptake of amino acids

Proteolysis is initiated in the stomach by pepsin, with further hydrolysis of peptides
and aminopeptides taking place in the lumen of the intestine by the action of trypsin,
chymotrypsin, and leucine aminopeptidase. In the rabbitfish all of these enzymes have
alkaline pH optima, as in mammals (Sabapathy and Teo, 1995).

Amino acids are taken up from the gut as free amino acids or as dipeptides.
Dipeptides are transported independent of cation gradients with hydrolysis to their
component amino acids taking place immediately after transport (Reshkin and Ahearn,
1991). Plasma free amino acid levels peak about 12 h after feeding and then return to
prefeeding values (Murai et al., 1987; Navarro et al., 1997).

Adaptation of the intestinal transport system to different dietary levels of amino
acids is known to occur in fish. For example, the Km for the transporters of amino acids
in the guts of herbivorous and omnivorous fishes is lower than those for carnivores,
presumably an adaptation to the lower gut levels of amino acids (Ferraris and Ahearn,
1984). Four sodium-dependent amino acid carrier systems have been identified in the
intestinal brush-border membrane of the eel: (1) a carrier for the cationic amino acids,

lysine and arginine; (2) an anionic carrier for glutamate and aspartate; (3) a carrier for
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proline and N-methylated amino acids; and (4) a neutral amino acid carrier for alanine,
glycine, serine, cysteine, and others (Storelli et al., 1989).

Transfer of absorbed amino acids to the blood side occurs at the basolateral surface
of intestinal cells. The basolateral membrane has at least three amino acid carriers
(Reshkin et al., 1988; Collie and Ferraris, 1995). Alanine, lysine, and phenylalanine are
transported by sodium-independent carriers (Reshkin et al., 1988), proline and
glutamate transport occur by the same sodium-dependent carrier, and glycine transport
uses the outward potassium gradient and inward sodium gradient (Reshkin et al., 1988).
Due to the direction of the electrochemical gradients for sodium and potassium, these
carriers likely function to bring amino acids into the cell rather than the reverse
(Reshkin et al., 1988). This may be necessary to provide intestinal cells with synthetic
precursors and oxidative substrates between periods of feeding. Future research should
be directed toward understanding the regulation and coupling of amino acid transport

and metabolism in the intestine.

1.5. Impacts of aquaculture expansion on aquafeed industry

The expansion of aquaculture production has been accompanied by rapid growth of
aquafeed production. The challenge facing the aquaculture industry is to identify
economically viable and environmentally-friendly alternatives to fish meal and fish oil
on which many present aquafeeds are largely based. While the supply of fish meal and
oil is arguably sustainable, the anticipated growth in demand internationally for use in
aquafeeds is expected to exceed the supply in the next decade. Thus, the aquafeeds

industry has recognized for many years that viable utilization of plant feedstuffs
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formulated in aquafeeds for the production of cold, cool and warmwater aquatic species
is an essential requirement for future development of aquaculture. Such plant feedstuffs
must provide nutritious diets that will effectively grow aquatic species with minimal
environmental impact and produce high quality fish flesh to confer human health
benefits in a cost-effective manner. As the aquaculture industry continues to expand on a
global scale, access to key feedstuffs, such as fish meal and oil, will become
increasingly limited because of a finite wild-harvest resource. In addition to concerns
about the sustainability of fisheries resources, other issues including the potential
presence of organic and inorganic contaminants in fish meal and the net effect of
demand-and-supply economics in the global market require enhanced efforts to

thoroughly evaluate reasonable alternatives such as various plant feedstuffs.

1.6. Developing low or non-fish meal diets

One of the major issues affecting the aquaculture industry is the availability of
protein-rich feedstuffs. Under intensive fish farming conditions, fish meal and fish oil
are the most common feedstuffs supplying the essential nutrients (amino acids, fatty
acids, minerals and trace elements) vital for growth, health, reproduction and
physiological well-being of farmed fish. While the marine capture fisheries remains
constant, the demand for such feedstuffs derived from capture fisheries is on the
increase and the costs are rocketing. In this context, replacement of fishmeal by
alternative protein sources remains a major thrust area of research and much has been
accomplished in reducing the level of fishmeal in all species (Gatlin et al., 2007; Lim et

al., 2008). Fishmeal is unique in that it is not only an excellent source of high quality
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protein having an ideal amino acid profile for fish and shrimp. Fish meal is also a good
source of essential fatty acids, minerals and trace elements. In choosing alternatives to
fish meal, it is then necessary to look at the amino acid profile, but also at other macro
and micronutrients.

From a quantitative point of view, efficiency of protein utilization and muscle
protein growth are the most crucial issues. Although fish are generally considered better
converters of dietary protein, compared with terrestrial vertebrates, given the global
context of rapid development of aquaculture and the increasing costs and dearth of
protein-rich feedstuffs, there is an impending necessity for improvements in dietary
protein utilization, achievable only by optimising dietary supply in tune with the
different physiological needs of organisms. This then necessitates a full understanding
of the physiological basis for the requirements and efficient exploitation of available

sources to meet such needs.

1.7. Plant proteins as potential protein alternatives

Fish meal has been the protein source of choice in aquafeeds for many reasons,
including its high protein content, excellent amino acid profile, high nutrient
digestibility, general lack of antinutrients, relative low price (until recently) and its wide
availability. To reach a sustainable aquaculture, new alternative protein sources are
needed to be introduced for stable aquafeed production (Higgs et al., 1995). It is
suggested that the increased use of plant proteins in fish diets can reduce the cost of fish
feeds (Lim and Lee, 2009). Plant-derived feedstuffs all have some characteristics that

place them at a disadvantage to fish meal in terms of their suitability for use in
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aquafeeds. However, demand for protein ingredients is expected to exceed the annual
world supply of fish meal in the next decade, and this increased demand will change the
economic and nutritional paradigms that up to now have resulted in high use levels of
fish meal in aquafeeds.

To be a viable alternative feedstuff to fish meal in aquafeeds, a candidate
ingredient must possess certain characteristics, including wide availability, competitive
price, plus ease of handling, shipping, storage and use in feed production. Furthermore,
it must possess certain nutritional characteristics, such as low levels of fiber, starch,
especially non-soluble carbohydrates and antinutrients, plus have a relatively high
protein content, favourable amino acid profile, high nutrient digestibility and reasonable
palatability. Although some plant-derived ingredients, such as soy protein concentrate or
wheat gluten, possess most of these characteristics, they have been too expensive
relative to the price of fish meal to be used in most aquafeeds. It is likely that a
combination of plant-derived feed ingredients will be required to replace fish meal, and
that supplements, such as amino acids, flavourings and possibly exogenous enzymes,
will be needed to produce aquafeeds without fish meal that support growth rates

necessary for the economic production of farmed fish.

1.8. Importance of amino acid requirement studies

To reach a sustainable aquaculture, new alternative protein sources including
cheaper plant or animal origin proteins are needed to be introduced for stable aquafeed
production (Higgs et al., 1995). It is suggested that the increased use of plant proteins in

fish diets can reduce the cost of fish feeds (Lim and Lee, 2009). However, most plant
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proteins have a secondary AA profile compared to fish meal and do not meet the EAA
requirement of fish, hence crystalline amino acids are being supplemented to the diet to
cover the EAA requirements (Fournier et al., 2003; NRC, 2011). Regarding this issue,
knowledge of dietary EAA requirement of fishes is necessary for the formulation of

diets with higher protein utilization efficiency and reduced nitrogen excretion.

1.9. Qualitative Amino Acid Requirements

The first successful amino acid test diet for fish was developed by Halver (1957).
He developed his initial test diet based on previous amino acid test diets used in
determining the amino acid requirements of young albino rats. Halver (1957) compared
test diets containing 70% crystalline L-amino acids formulated based on the amino acid
patterns of whole chicken egg protein, chinook salmon egg protein, and chinook yolk
sac fry protein. The test diet based on whole chicken egg protein gave the best growth
and feed efficiency for chinook salmon for a 12-week period. Therefore, this test diet
was used to determine the qualitative amino acid needs of Chinook salmon (Halver et
al., 1957). These workers determined the essentiality of the 18 common protein amino
acids by comparing the relative growth rates of chinook salmon fed the basal and the
specific amino acid-deficient diets over a 10-week period. The results indicated that the
following 10 amino acids were indispensable for chinook salmon: arginine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine.
All other species that have been studied to date have been shown to require the same 10

amino acids.
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1.10. Quantitative Amino Acid Requirements

Most investigators have used the method developed by Halver and co-workers
(Mertz, 1972) to determine the quantitative amino acid requirements of fish. This
procedure involves feeding graded levels of one amino acid at a time in a test diet
containing either all crystalline amino acids or a mixture of casein, gelatin, and amino
acids formulated so that the amino acid profile is identical to that of whole chicken egg
protein except for the amino acid being tested. This procedure has been used
successfully with several species, however, the amino acid test diets must be neutralized
with sodium hydroxide for utilization by carp (Nose et al., 1974) and channel catfish
(Wilson et al., 1977).

Other investigators have used semipurified and practical diets supplementedwith
crystalline amino acids to estimate the amino acid requirements of certain fish. The
semipurified diets have usually included an imbalanced protein as the major source of
the dietary amino acids, e.g., zein (Kaushik, 1979) or corn gluten (Halver et al., 1958;
Ketola, 1983), which are deficient in certain amino acids. Practical-type diets utilize
normal feed ingredients to furnish the bulk of the amino acids. These may be formulated
with a fixed amount of intact protein, and the remaining protein equivalent is made up
of crystalline amino acids (Luquet and Sabaut, 1974; Jackson and Capper, 1982;Walton
et al., 1984a). The various problems inherent in using these types of diets to assess the

amino acid requirements of fish have been discussed elsewhere (Wilson, 1985).

1.10.1. Growth Studies

Most of the amino acid requirement values have been estimated based on the
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conventional growth response curve or Almquist plot. Replicate groups of fish are fed
diets containing graded levels of the test amino acid until measurable differences appear
in the weight gain of the test fish. A linear increase in weight gain is normally observed
with increasing amino acid intake up to a break point corresponding to the requirement
of the specific amino acid, at which the weight gain levels off or plateaus.

Various methods have been used to estimate or calculate the break point
corresponding to the requirement value based on the weight gain data. The requirement
values for chinook salmon (reviewed byMertz, 1972), common carp, and Japanese eel
(Nose, 1979) were estimated using an Almquist plot without the aid of any statistical
analysis, whereas others have used regression analysis to generate the Almquist plot
(Harding et al., 1977; Akiyama et al., 1985a). Wilson et al. (1980) used the continuous
broken-line model developed by Robbins et al. (1979) to estimate the requirement
values. Santiago and Lovell (1988) used both the broken-line model and quadratic
regression analysis to estimate the requirement values for Nile tilapia based on weight
gain data. Quadratic regression analysis resulted in the lowest error term for estimating
the requirement values, whereas the broken-line model yielded the lowest error term for
only three requirement values.Most of the requirement values that have been reported

within the last 10 years have been estimated based on the broken-line model.

1.10.2. Serum or Tissue Amino Acid Studies

Some investigators have found a high correlation of either serum or blood and
muscle free amino acid levels with dietary amino acid intake in fish. The hypothesis is

that the serum or tissue content of the amino acid should remain low until the
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requirement for the amino acid is met and then increase to high levels when excessive
amounts of the amino acid are fed.

This technique has proven useful in confirming the amino acid requirements in
only a few cases. For example, of the 10 indispensable amino acid requirement studies
in the channel catfish, only the serum lysine (Wilson et al., 1977), threonine (Wilson et
al., 1978), histidine (Wilson et al., 1980), and methionine (Harding et al., 1977) data
were useful in confirming the requirement values estimated based on weight gain data.
Serum methionine data on sea bass (Thebault et al., 1985) and serum lysine of hybrid
striped bass (Griffin et al., 1992) have been used to confirm the requirement values for
these species. Blood and muscle arginine concentrations were found to increase
gradually in rainbow trout fed increasing levels of arginine and were not useful for
assessing the arginine requirement of this species (Kaushik, 1979). Walton et al. (1984b)
were unable to use blood tryptophan levels to confirm the tryptophan requirement of
rainbow trout. Of the 10 amino acids required by Nile tilapia, Santiago and Lovell
(1988) were able to use only the muscle free lysine, threonine, and isoleucine
concentrations to confirm the requirement values for these amino acids based on growth

studies.

1.11. Classification of amino acids

Amino acids may be grouped according to their transport affinities or essential role
in animal nutrition or on the basis of catabolic fate of the carbon skeleton. Additional
subsets are also recognized, based on common structural features. Thus, leucine,

isoleucine and valine are referred to as the branched-chain amino acids (BCAA),
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whereas phenylalanine and tyrosine are categorized as the aromatic amino acids.
Assessments of requirements for sulphur amino acids (SAA) are invariably based on a
summation of methionine and cyst(e)ine needs, but it will be recalled that homocysteine
is another member of this group. Another subset, the excitatory amino acids, includes

glutamate and aspartate.

1.11.1. Branched-chain amino acids

Branched-chain amino acids (BCAAs) are essential amino acids whose carbon
structure is marked by a branch point. The BCAAs are valine, isoleucine and leucine
having aliphatic side chains that are nonlinear.

These three EAAs play important structural roles and are primarily deposited in
body protein, notably in skeletal muscles (Cowey and Walton, 1989). Valine is also
involved in the synthesis of the myelin covering of the nerves, and valine deficiency can
cause degenerative neurological conditions in mammals. Because of their critical roles
in the protein structure, most proteins have a relatively high proportion of BCAAs, and
these represent a significant proportion of amino acids consumed by animals.

The increase in circulating BCAAs that occurs after a protein-containing meal is
“sensed” by a number of different tissues and has important effects in these tissues
(Yang et al., 2008). Thus, the BCAAs serve as important signals to other tissues; among
the tissues that respond to BCAA concentrations are brain and skeletal muscle. Leucine
is increasingly recognized as an anabolic nutrient signal, communicating the presence of
an ingested protein-containing meal to peripheral tissues, and stimulating insulin

secretion by the B-cells of the pancreas and protein synthesis in muscle and adipose

-20 -



tissue through the target of rapamycin signaling pathway (Yang et al., 2008).

The metabolism of BCAAs differs from that of the other amino acids in three
important respects. First, rather than being restricted to the liver as for most EAAs, the
catabolic enzymes for BCAAs are distributed widely in body tissues, including the
kidney, muscle, and even the central nervous system (Cowey and Walton, 1989).
Second, all three BCAAs share the same common transporter for intestinal absorption.
Finally, the first steps in the oxidation of each of these three amino acids are catalyzed
by two common enzymes, and so the organism metabolizes these three amino acids
using the same enzymatic system. The first step in BCAA catabolism is transamination
catalyzed by BCAT (branched-chain aminotransferase) isozymes. In this reaction, the
amino group is transferred from a BCAA to a-ketoglutarate to form glutamate and the
respective branched-chain a-keto acid (BCKA). The keto acid products are irreversibly
oxidized by the second enzyme in the catabolic pathway, the mitochondrial BCKA

dehydrogenase enzyme complex (Brosnan and Brosnan, 2006).

1.11.2. Arginine

Arginine has been established as an essential amino acid in diets of many fish
species (NRC, 1993; Cowey, 1994). It is most limiting amino acid in plant protein
sources such as corn, sesame and Zein meal (Mai et al., 1994; Berge et al., 1997; Luo et
al., 2007). It is precursor of several biologically important metabolites, including nitric
oxide (NO), polyamines and creatine (Wu and Morris, 1998; Galli, 2007; Grillo and
Colombatto, 2007). Also, it participates in several metabolic pathways including protein

synthesis, urea production and metabolism of glutamic acid and proline (Hird, 1986).
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1.11.3. Methionine

Methionine is the sulphur-containing amino acid required by terrestrial vertebrates
as well as various fish species for normal growth and metabolic functions. Methionine
takes part in protein synthesis and other important physiological functions (Lovell,
1989). The essential amino acid methionine is important because it is used for protein
synthesis, converted to cystine for incorporation into protein, and in the form of S-
adenosyl-methionine, it is the principal donor of methyl groups in the body. As S-
adenosyl methionine, methionine is the precursor of the polyamines spermine and
spermidine which have diverse physiological role related to cell proliferation and
growth (Murray et al., 1996). Methionine is also a precursor of choline and Kasper et al.
(2000) reported that when methionine is not in excess in the diet of Nile tilapia,
Oreochromis niloticus, choline is required for growth. Methionine is usually the first
limiting amino acid in many fish diets, especially those containing higher levels of plant
protein sources such as soybean meal, peanut meal and copra meal (Tacon and Jackson,
1985; Dabrowski et al., 1989). The study of sulphur amino acid nutrition in fish has
become increasingly important as dietary formulations incorporate lower levels of fish
meal and higher levels of plant feedstuffs (Twibell et al.,, 2000). Studies have
demonstrated that supplementation of methionine to plant protein diets is able to
improve growth response of many fish species (Mukhopadhyay and Ray, 2001; Takagi
et al., 2001; Opstvedt et al., 2003). In fish both excess and restricted dietary methionine
content have been reported to affect growth performance, feed intake and carcass
quality (Jackson and Capper, 1982; Rumsey et al., 1983; Mambrini et al., 2001; Sveier

et al., 2001). Also, cataracts were observed in several salmonid species fed with
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methionine-deficient diets (Walton et al. 1982; Rumsey et al. 1983; Keembiyehetty and
Gatlin, 1993). Thus, to maximize the utilization of cheap plant and animal protein
sources, especially those that have low methionine levels, the determination of
methionine requirement in semipurified diets and its application to practical diets are

important for the development of cost-effective feed.

1.12. Utilization of peptides in formulated diets in fish

Young teleosts can obtain dietary amino acid in the form of protein-bound, free
amino acids (FAA) or peptides. When peptides or FAA are the major amino acid
sources in the diets, absorption can be completed in the intestine bypassing the digestion
by proteases secreted in the stomach and from pancreas to the intestine. In mammals,
amino acids are mainly taken up and released from the gut by the Na+-dependent amino
acid transport system or the Na+-independent amino acid transport system located in the
intestine mucosal cells. Peptides have different transport systems from free amino acids.
The mammalian peptide transporter, oligopeptide transporter (Pept-1), is also
abundantly expressed in larval zebrafish (Danio rerio) (Verri et al. 2003). Studies with
larvae of several fish species showed faster absorption of small peptides and FAA
compared with protein if injected into the digestive tract prior to their metamorphosis
(Rust et al. 1993; Ronnestad et al. 2003). Therefore, it seems that free amino acids and
small peptides are promising dietary amino acids sources in the formulated diets for
teleost fish at their early life stages.

Compared with FAA-based or protein based diets, peptide-based diets may play a

positive role in the development of the brush border enzyme expression and gut
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differentiation in young fish (Zambonino et al. 1997, Cahu et al. 2001). Aragao et al.
(2004) showed that retention of amino acids was improved when Artemia-fed postlarval
Senegal sole was supplemented with dipeptides through direct meal intubation. More
advantages of peptide inclusion in common carp diets were earlier found by Carvalho et
al. (1997) who reported that protein hydrolyzates (peptides) can be effectively utilized
in this species for growth. A study conducted by Dabrowski et al. (2003) showed that
synthetic dipeptides-based diet sustained the high growth rate of rainbow trout alevins
and juveniles. Espe et al. (1999) showed that muscle protein synthesis in Atlantic
salmon decreased 1.5-2.0 folds and the growth rate significantly decreased with an
increase in proportion of small peptides. In contract, more recent studies conducted by
Aragao et al. (2004) showed that dipeptides could improve dietary amino acid balance
in comparison to free AA in juvenile Senegal sole. Terjesen et al. (2006) reported that a
diet with 1:1 ratio of protein to synthetic dipeptides resulted in better performance by
rainbow trout alevins than an entirely dipeptide-based diet, and comparable to a protein-
based diet in terms of growth rate, survival and muscle indispensible free amino acid

levels.

1.13. Chapter Justification

The aims of this dissettation are to (1) determine the essential amino acid
requirements of juvenile red sea bream (chapters 2 and 3) and olive flounder (chapters 4
and 5) (2) to compared the utilization efficiency of two different forms of amino acids
including free and dipeptide forms in terms of growth performance and the

concentrations of whole-body amino acids (chapter 6).
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The justification of each chapter is as follows;

Chapter 2 is about the evaluation of dietary valine requirement of juvenile red sea
bream. In this study the valine requirement level was estimated based on fish growth
performance and the effects of dietary valine level was examined on fish hematology,
innate immunity and protein utilization.

Chapter 3 was conducted to determine dietary arginine requirement of juvenile red
sea bream and to assess the arginine effects on hematological and innate immune
parameters.

Chapter 4 focuses on the effects of varying dietary isoleucine levels on growth
performance, hematology and non-specific immune response of juvenile olive flounder.

Chapter 5 focuses on dietary methionine requirement of juvenile olive flounder. In
this study, fish growth performance and whole-body amino acid composition were
examined.

Finally, chapter 6 was carried out to compare the growth performance and whole-
body amino acid composition of juvenile olive flounder fed free or dipeptide form of

lysine.
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CHAPTER TWO

Dietary valine requirement of juvenile red sea bream Pagrus major

2.1. Introduction

Protein is the most expensive dietary component and nutrient affecting fish growth
performance. The knowledge of fish protein requirement is of limited value without
essential amino acid (EAA) requirement data. Amino acids (AA) are not only the
building blocks of proteins but also they serve as key regulators of major metabolic
pathways (Meijer, 2003; Jobgen et al., 2006). Determination of EAA requirement of
cultured fish is extremely important for formulation of well-balanced, low-cost and
environmental-friendly diets due to their significant effects on muscle growth in fish
and nitrogen pollution to water (Small and Soares, 1999). Deficiency of most EAA
results in a reduced weight gain, poor feed conversion, loss of appetite and lower
disease resistance (Cowey, 1979). Formulation of diets that meet the EAA requirement
of fish but do not exceed an optimum level is important, as excessive levels of EAA
lead to higher ammonia excretion (Cai et al., 1996; Yang et al., 2002).

To reach a sustainable aquaculture, new alternative protein sources including
cheaper plant or animal origin proteins are needed to be introduced for stable aquafeed
production (Higgs et al., 1995). It is suggested that the increased use of plant proteins in
fish diets can reduce the cost of fish feeds (Lim and Lee, 2009). However, most plant

proteins have a secondary AA profile compared to fish meal and do not meet the EAA
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requirement of fish, hence crystalline amino acids are being supplemented to the diet to
cover the EAA requirements (Fournier et al., 2003; NRC, 2011). Knowledge of dietary
EAA requirement of fishes is necessary for the formulation of diets with higher protein
utilization efficiency and reduced nitrogen excretion.

Branched-chain amino acids (BCAA) (valine, isoleucine, leucine) play important
roles in protein synthesis and inhibiting protein degradation (Holecek et al., 2001;
Shimomura et al., 2006). Valine has been identified as an EAA for fish (Nose, 1979). It
is involved in different metabolic pathways and is necessary for growth, tissue repair
and maintenance of nitrogen balance in the body. Valine deficiency has resulted in a
reduced growth performance of common carp (Nose, 1979) and Mrigal carp (Cirrhinus
mrigala) (Ahmed and Khan, 2006). The valine requirements have been determined for
common carp (Cyprinus carpio) (Nose, 1979), channel catfish (Ictalurus punctatus)
(Wilson et al., 1980), lake trout (Salvelinus namaycush) (Hughes et al., 1983), Nile
tilapia (Oreochromis niloticus) (Santiago and Lovell, 1988), rainbow trout
(Oncorhynchus mikiss) (Rodehutscord et al., 1997), rohu carp (Labeo rohita) (Abidi and
Khan, 2004a), Mrigal carp (Cirrhinus mrigala) (Ahmed and Khan, 2006) and Jian carp
(Cyprinus carpio var. Jian) (Dong et al., 2012).

Red sea bream is a high value commercial marine cultured fish in Korea and Japan.
This species is strictly carnivorous and is generally fed with trash fish or formulated
diets with high fish meal content (Huang et al., 2007). The demand for red sea bream
has been grown tremendously for the last decade because it is a high-quality sashimi
grade fish with high market value. Extensive research has been conducted to determine

the basic nutritional and husbandry requirements for this species. However, quantitative
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estimate of EAA requirement of the fish is limited to lysine (Forster and Ogata, 1998).
To our knowledge, there is no available data on dietary valine requirement of red sea
bream. Therefore, the present study was conducted to determine valine requirement of
red sea bream. EAA requirement is generally determined on the basis of growth rates
using diets with graded levels of the EAA under study (Wilson et al., 1978; Twibell et
al., 2000; Abidi and Khan 2004a,b; Ahmed et al., 2004). Hematological parameters
have been regarded as valuable means of determining the health status of fish, as they
are supposed to be more sensitive to dietary manipulations. Accordingly, in the present
study the changes in blood parameters were examined to confirm the optimum dietary

valine requirement level for red sea bream.
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2.2. Materials and methods

2.2.1. Experimental diets

Formulation and proximate composition of the experimental diets are shown in
Table 2-1. Six isonitrogenous (45% protein) and isocaloric (4.38 kcal g™ gross energy)
diets were formulated using fish meal and a mixture of crystalline AA to contain graded
levels of L-valine (0.27 — 2.38% dry diet). Fish meal was included to increase
palatability of the semi-purified diets. The mixture of crystalline AA without valine was
prepared according to Dabrowski et al. (2003) and used as the main protein source. The
basal diet contained a minimum level of valine from fish meal and supplemented with
incremental levels (0.4%) of L-valine. Targeted dietary valine concentrations were 0.27,
0.79, 1.22, 1.69, 2.04 and 2.38%. The experimental diets were kept isonitrogenous by
decreasing the level of glycine as the valine level was increased. The energy value of
each diet was estimated on the basis of physiological fuel value, i.e., 3.99 kcal g*
proteins or carbohydrates and 9.01 kcal g™ lipids (Lee and Putnam, 1973). The pH of
the experimental diets was adjusted to 7.0 — 7.5 by adding 4 N NaOH solution. Amino
acid composition of fish meal and the experimental diets were determined using an
automated amino acid analyzer (Beckman 7300, Beckman Instruments, Palo Alto, CA).
Concentrations of the essential and non-essential amino acids in the experimental diets
are shown in Table 2-2. All dry ingredients were thoroughly mixed and after addition of
squid liver oil and double distilled water extruded through a meat chopper machine
(SMC-12, Kuposlice, Korea) in 3 mm diameter. Then, the diets were freeze-dried for 24

h, crushed into desirable particle sizes, sealed in bags and stored at —20 °C until used.
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Table 2-1. Formulation and proximate composition of the experimental diets (% dry

matter).

Ingredients 1 2 3 4 5 6
White fish meal 13.0 13.0 13.0 13.0 13.0 13.0
Free AA mix' 345 345 345 345 345 345
Valine 0.0 0.4 0.8 1.2 1.6 2.0
Glycine 2.0 1.6 1.2 0.8 0.4 0.0
Dextrin 32.0 32.0 32.0 32.0 32.0 32.0
Taurine 1.0 1.0 1.0 1.0 1.0 1.0
Mineral mix® 2.0 2.0 2.0 2.0 2.0 2.0
Vitamin mix® 2.0 2.0 2.0 2.0 2.0 2.0
Choline chloride 1.0 1.0 1.0 1.0 1.0 1.0
Squid liver oil 12.5 12.5 12.5 12.5 12.5 12.5

Proximate composition

Dry matter (DM) 94.0 94.0 94.0 92.7 93.0 94.0
In DM:

Protein 45.9 45.6 46.0 45.6 46.0 46.1
Lipid 8.7 8.5 8.7 8.9 8.9 8.9
Ash 3.8 3.5 3.7 3.6 3.4 3.5

"Free amino acid mixture (g kg™ of mixture): arginine hydrochloride, 33.6; lysine
hydrochloride, 40.4; methionine, 22.4; histidine, 15.7; isoleucine, 20.2; leucine, 31.4;
phenylalanine, 40.4; threonine, 17.9; tryptophan, 4.5; alanine, 248.9; glutamic acid,
248.9; glycine, 275.8.

’Mineral premix (g kg™ of mixture): MgSO,4.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCI,
130.0; Ferric citrate, 40.0; ZnS0O,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AlCls.
6H,0, 0.15; Na,Se,03, 0.01; MnSO4.H,0, 2.0; CoCl,.6H,0, 1.0.

3Vitamin premix (g kg™ of mixture): L-ascorbic acid, 121.2; DL-a. tocopheryl acetate,

18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin,
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36.4; Ca-p-pantothenate, 12.7; myo-inositol, 181.8; p-biotin, 0.27; folic acid, 0.68; p-
aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003;

cyanocobalamin, 0.003.
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Table 2-2. Analyzed amino acid composition of the experimental diets (% dry diet).

1 2 3 4 5 6
EAA!
Arg 1.34 1.36 1.40 1.32 1.41 1.36
His 0.74 0.71 0.67 0.76 0.70 0.69
lle 0.87 0.82 0.79 0.80 0.84 0.78
Leu 1.22 1.20 1.19 1.22 1.18 1.21
Lys 1.61 1.64 1.70 1.65 1.64 1.68
Met 0.89 0.80 0.82 0.84 0.78 0.84
Phe 1.64 1.62 1.66 1.64 1.71 1.70
Thr 0.87 0.84 0.84 0.82 0.90 0.86
Val 0.27 0.79 1.22 1.69 2.04 2.38
NEAA?
Ala 9.20 9.32 9.40 9.12 9.28 9.24
Asp 1.20 0.96 1.10 1.13 1.18 0.97
Cys 0.13 0.09 0.11 0.10 0.14 0.11
Glu 10.30 10.25 10.21 10.34 10.26 10.30
Gly 12.81 12.32 11.91 11.45 11.07 10.65
Pro 0.62 0.61 0.69 0.60 0.59 0.68
Ser 0.76 0.69 0.74 0.72 0.68 0.70
Tyr 0.34 0.32 0.30 0.31 0.34 0.32

'Essential amino acids

2Non-essential amino acids
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2.2.2. Fish and feeding trial

Juvenile red sea bream were transported from a private hatchery to the Marine and
Environmental Research Institute of Jeju National University (Jeju, South Korea). The
health status of fish was checked upon arrival, and they were quarantine bathed with
100 mg I"* formalin for 20 min. All the fish were fed the basal diet for one week to be
acclimated to the semi-purified diet and the experimental conditions. At the end of the
acclimation period, 30 randomly selected fish (averaging at 32.04 + 0.2 g) were stocked
into each polyvinyl circular tanks of 150 L capacity and supplied with filtered seawater
at a flow rate of 3 L min™ and aeration to maintain enough dissolved oxygen. Triplicate
groups of fish were hand-fed with one of the test diets to apparent satiation (twice a day,
09:00 and 17:00 h) for 12 weeks. Uneaten food was siphoned out 30 min after feeding
and weighed to determine the feed intake. Growth of fish was measured with three-
week intervals. Feeding was stopped 24 h prior to weighing or blood sampling to
minimize handling stress on fish. The water temperature during the feeding trial ranged

from 19 to 23 °C and the photoperiod was maintained on a 12:12 light:dark schedule.

2.2.3. Sample collection and analyses

At the beginning of the experiment 10 fish were sampled and stored at —20 °C for
analysis of initial whole-body proximate composition. At the end of the feeding trial, all
the fish in each tank were bulk-weighed and counted for calculation of growth
parameters and survival. Three intact fish per tank (9 fish per dietary treatment) were
selected and kept at —20 °C for whole-body proximate composition analysis. Three

another fish per tank were randomly captured, anesthetized with 2-phenoxyethanol (200
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mg 1), and blood samples were collected from the caudal vein with heparinized
syringes for determination of hematocrit, hemoglobin and respiratory burst activity.
After the above mentioned measurements with whole blood, plasma were separated by
centrifugation at 5000 x g for 10 min and stored at —70 °C for determination of
immunoglobulin (1g) level and blood biochemical parameters including plasma total
protein, alanine aminotransferase (ALT), aspartate aminotransferase (AST), glucose and
cholesterol. Another set of blood samples (3 fish per tank) were taken without heparin
and allowed to clot at room temperature for 30 min. Then, the serum was separated by
centrifugation for 10 min at 5000 % g and stored at —70 °C for the analysis of non-
specific immune responses including lysozyme, myeloperoxidase (MPQ), superoxide
dismutase (SOD) and antiprotease activities.

Analyses of moisture and ash contents of samples were performed by the standard
procedures (AOAC, 1995). Crude protein was measured by using automatic Kjeltec
Analyzer Unit 2300 (FossTecator, Hoganas, Sweden) and crude lipid was determined
using the Soxhlet method with extraction in diethyl ether (Soxhlet Extraction System C-
SH6, Korea). Hematocrit was determined by microhematocrit technique (Brown, 1980).
Hemoglobin and plasma levels of total protein, glucose and cholesterol and activities of
ALT and AST were determined by an automated blood analyzer (SLIM, SEAC Inc,
Florence, Italy).

Oxidative radical production by phagocytes during respiratory burst was measured
through NBT (nitro-blue-tetrazolium) assay described by Anderson and Siwicki (1995).
Briefly, blood and NBT (0.2%) (Sigma, St. Louis, MO, USA) were mixed in equal

proportion (1:1) and incubated for 30 min at room temperature. Then 50 pl was taken
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out and dispensed into glass tubes. One ml of dimethylformamide (Sigma) was added
and centrifuged at 2000 x g for 5 min. Finally, the optical density of supernatant was
measured at 540 nm using a spectrophotometer (Genesys 10UV, Rochester, NY, USA).
Dimethylformamide was used as the blank.

Plasma Ig level was determined according to the method described by Siwicki and
Anderson (1993). Briefly, plasma total protein concentration was measured using a
micro protein determination method (C-690; Sigma), prior to and after precipitating
down the Ig molecules using a 12% solution of polyethylene glycol (Sigma). The
difference in protein concentration represents the Ig content.

A turbidometric assay was used for determination of serum lysozyme level by the
method described by Hultmark (1980) with slight modifications. Briefly, Micrococcus
lysodeikticus (0.75 mg ml™) was suspended in sodium phosphate buffer (0.1 M, pH 6.4),
200 pl of suspension was placed in each well of 96-well plates, and 20 pl serum was
added subsequently. The reduction in absorbance of the samples was recorded at 570
nm after incubation at room temperature for 0 and 30 min in a microplate reader (UVM
340, Biochrom, Cambridge, UK). A reduction in absorbance of 0.001 min™® was
regarded as one unit of lysozyme activity.

MPO activity was measured according to Quade and Roth (1997). Briefly, 20 pl of
serum was diluted with HBSS (Hanks Balanced Salt Solution) without Ca** or Mg?*
(Sigma, USA) in 96-well plates. Then, 35 pl of 3,3°,5,5’-tetramethylbenzidine
hydrochloride (TMB, 20 mM) (Sigma, USA) and H,O, (5 mM) were added. The color
change reaction was stopped after 2 min by adding 35 pl of 4 M sulfuric acid. Finally,

the optical density was read at 450 nm in a microplate reader.
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SOD activity was measured by the percentage reaction inhibition rate of enzyme
with WST-1 (Water Soluble Tetrazolium dye) substrate and xanthine oxidase using a
SOD Assay Kit (Sigma, 19160) according to the manufacturer's instructions. Each
endpoint assay was monitored by absorbance at 450 nm (the absorbance wavelength for
the colored product of WST-1 reaction with superoxide) after 20 min of reaction time at
37 °C. The percent inhibition was normalized by mg protein and presented as SOD
activity units.

Serum antiprotease activity was measured according to the method described by
Ellis et al. (1990), with slight modifications (Magnadottir et al., 1999). Briefly, 20 ul of
serum was incubated with 20 pl of standard trypsin solution (Type II-S, from porcine
pancreas, 5 mg ml™, Sigma-Aldrich) for 10 min at 22 °C. Then, 200 pl of phosphate
buffer (0.1 M, pH 7.0) and 250 pl azocasein (2%) (Sigma) were added and incubated for
1 h at 22 °C. Five hundred microliters of trichloro acetic acid (10%) was added and
further incubated for 30 min at 22 °C. The mixture was centrifuged at 6000xg for 5 min
and 100 pl of the supernatant was transferred to the wells of a 96 well flat bottomed
microplate containing 100 pl of 1 N NaOH. Optical density was read at 430 nm. For a
100% positive control, buffer replaced the serum, while for the negative control buffer
replaced both serum and trypsin. The trypsin inhibition percentage was calculated using
the following equation:

Trypsin inhibition (%) = (A1 — A2/A;) x 100
where A; = control trypsin activity (without serum); A, = trypsin activity remained after

adding serum.
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2.2.4. Ammonia excretion

At the end of the experiment, 10 fish per tank were randomly captured and stocked
into 18 plastic rectangular tanks of 64 L capacity. The fish were acclimated to the tanks
for 2 days and were fed the corresponding diets to apparent satiation. On the third day,
the remaining diets and fecal materials were removed after the last feeding, water flow
was stopped and ammonia excretion was measured after 2 and 24 h. The sampling times
were considered as characteristic for postprandial and basal levels (Kaushik and
Dabrowski, 1984; Dabrowski, 1986). The ammonia concentration was determined with
a water analyzer (RQflex 10, Merck, Germany) using kits. The following equation was
used for calculation of ammonia excretion:

Ammonia excretion = AN-NH3z x v/ (mx t)
where the AN-NH; is the change in total ammonia concentration during each test

period; v is the water volume (l); m is the fish biomass (kg); and t is the test period (h).

2.2.5. Statistical analysis

All dietary treatments were assigned by a completely randomized design. Data
were analyzed by one-way analysis of variance (ANOVA) in SPSS version 11.0 (SPSS
Inc., Chicago, IL, USA). When ANOVA identified differences among groups, the
difference in means was made with Tukey's HSD multiple range test. Statistical
significance was determined at P < 0.05. A broken-line regression model was used for
determination of optimum dietary valine level based on fish weight gain and protein
deposition. Data are presented as mean + SD. Percentage data were arcsine transformed

before statistical analysis.
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2.3. Results

Fish growth performance was significantly (P < 0.05) affected by dietary valine
levels (Table 2-3). Significantly higher weight gain (WG) and specific growth rate
(SGR) were obtained by increment of valine level from 0.27 to 0.79%. Although higher
growth rates were obtained at higher valine levels than 0.79%, the differences were not
significant (P > 0.05). The lowest feed intake was recorded at minimum dietary valine
level and significantly differed from that of the other groups. Feed conversion ratio
(FCR) was significantly improved by the increment of dietary valine level >0.79%, but
no further significance was found beyond the level. Protein efficiency ratio (PER) and
protein deposition (PD) were significantly increased in fish fed >0.79% valine
compared to those of fish fed the basal valine level. The optimal dietary valine
requirement level was estimated at 0.90 and 0.99% in diet by the broken-line regression
analysis on the basis of WG and PD, respectively (Figs. 2-1 and 2-2, respectively).
Survival rate varied from 86 to 95% without significant differences among dietary
treatments (Table 2-3).

Whole-body composition varied significantly among dietary treatments (Table 2-4).
Moisture content significantly decreased as dietary valine level increased from 0.27 to
0.79%. Fish fed dietary valine levels of >0.79% exhibited significantly higher protein
contents than fish fed the minimum valine level. Lipid content was increased by
increment of valine level and the highest significant level was observed in fish fed
2.04% valine. Ash content did not significantly differ among treatments.

Hematocrit, hemoglobin and plasma glucose concentration as well as ALT activity

were not significantly influenced by dietary valine levels (Table 2-5). Plasma total
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protein level was increased in fish fed dietary valine levels of 1.22 - 2.04% compared to
the fish fed 0.27% valine and thereafter decreased significantly with the additional
supplementation (Table 2-5). Significantly lower AST and higher cholesterol levels
were found in fish fed 2.04% valine compared to those fed the diet containing 0.27%
valine.

Non-specific immune responses were positively affected by dietary valine levels
(Table 2-6). Respiratory burst, MPO and lysozyme activities in fish fed the diet
containing 2.04% valine were significantly higher than those of the fish fed the basal
valine level. Plasma Ig level significantly increased in fish fed dietary valine levels of
>1.22%. However, SOD and antiprotease activities were not significantly different
among all the treatments.

Significantly lower postprandial ammonia excretion levels were obtained in the
groups fed dietary valine levels of 1.69 and 2.04% in comparison to fish fed 0.27%

valine (Fig. 2-3).
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Table 2-3. Growth performance of red sea bream (initial body weight, 32.04+0.2) fed different levels of dietary valine for 12 weeks.

Valine level FBW(g) WG? (%) SGR (%)°  Fl*g/fish)  FCR® PER® PD (g/fish)’  Survival (%)
0.27 47.09+2.80°  46.38+8.07°  0.45+0.07° 55.43+3.47° 3.77+0.45° 0.55+0.06° 0.09+0.02°  87.78+12.62
0.79 68.47+1.98°  113.75+8.56° 0.90+0.05° 69.11+1.86°  1.90+0.16° 1.09+0.09° 0.20+0.02°  95.56+5.09
1.22 70.24+2.69*  119.73+9.20° 0.94+0.05°  69.03+2.91*  1.81+0.15"  1.14+0.09° 0.22+0.01*  95.56+3.85
1.69 71.06+2.80°  121.89+7.33% 0.95+0.04% 65.11+4.41°  1.67+0.05° 1.23+0.03*° 0.25+0.00°  87.78+1.92
2.04 74.17+153*  131.67+3.80° 1.00+0.02° 66.63+4.73*  1.58+0.13" 1.29+0.11*  0.26+0.01°  88.89+5.09
2.38 69.43+2.97°  116.83+9.71° 0.92+0.05° 67.90+1.24°  1.82+0.18" 1.12+0.11°  0.22+0.02°°  86.67+3.33

Values are mean of triplicate groups and presented as mean + SD. Values in the same column having different superscript letters are

significantly different (P < 0.05). The lack of superscript letter indicates no significant differences among treatments.

'Final body weight

“Weight gain= [(final body weight — initial body weight) / initial body weight x 100]

*Specific growth rate = [(In final body weight - In initial body weight) / days] x 100

*Feed intake (g/fish) = dry feed consumed (g)/fish

>Feed conversion ratio= dry feed fed/wet weight gain

®Protein efficiency ratio= wet weight gain/total protein given

" Protein deposition = Protein gain/protein intake
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Table 2-4. Whole-body proximate composition of red

dietary valine for 12 weeks.

sea bream fed different levels of

Valine level Moisture Protein Lipid Ash

0.27 72.54+0.49 15.99+0.65" 6.14+0.46° 5.16+0.20
0.79 68.88+0.94° 17.01+0.27° 8.38+1.09%° 4.54+0.45
1.22 68.91+1.32° 17.28+0.31° 8.42+1.29%° 4.37+0.22
1.69 69.83+0.50° 17.77+0.172 8.58+1.26% 4.69+0.28
2.04 68.29+0.98° 17.66+0.37° 9.53+0.272 4.68+0.16
2.38 68.56+0.46° 17.41+0.12° 8.34+0.27%° 5.23+0.60

Values are mean of triplicate groups and presented as mean + SD. Values in the same column

having different superscript letters are significantly different (P < 0.05). The lack of

superscript letter indicates no significant differences among treatments.

41



Table 2-5. Hematological parameters of red sea bream fed different levels of dietary valine for 12 weeks.

Valine level Ht* Hb! Total protein®  ALT? AST® Glucose® Cholesterol’
0.27 30.72+¢1.78  4.42+0.39  2.88+0.16° 13.0442.82  24.44+554* 35144303  122.54+11.62"
0.79 34.33+3.72 5224039  3.44+0.36™ 11.50#3.59  19.79+3.32% 38.39+6.20  147.02+8.45%
1.22 33.87+1.30 5114043  3.81+0.24® 9.01+0.97 19.23+0.79"  36.85+2.72  146.87+9.32%
1.69 32.90+0.46  5.00£0.59  3.93+0.06™ 8.47+1.67 16.10£1.80" 38.69+2.29  137.85+10.76%
2.04 34.07+0.50  5.42+051  4.35+0.43° 8.46+0.91 14.90+0.69°  36.53+1.94  157.70+8.83°
2.38 32.80+2.43  4.76+0.08  3.34+0.16" 8.24+1.60 20.78+3.86® 35.06+1.90  130.17+15.64%

Values are mean of triplicate groups and presented as mean + SD. Values in the same column having different superscript letters

are significantly different (P < 0.05). The lack of superscript letter indicates no significant differences among treatments.

'Hematocrit

’Hemoglobin

*Total protein (g dI™)

* Alanine aminotransferase activity (U I™%)

> Aspartate aminotransferase (U I™%)

®Glucose (mg dI™%)

"Total cholesterol (mg dI™)



Table 2-6. Innate immune parameters of red sea bream fed different levels of dietary valine for 12 weeks.

Valine level Lysozyme® NBT? MPO? Ig* soD® Antiprotease®
0.27 9.13+2.91° 0.75+0.07° 0.88+0.11° 3.00+0.40° 67.46+3.24 29.18+3.57
0.79 10.73+1.07° 0.82+0.16% 1.01+0.12% 4.04+0.42° 74.05+5.09 32.60+2.91
1.22 10.40+0.67° 0.89+0.07%° 1.12+0.13% 7.04+1.50° 75.19+2.78 30.04+3.13
1.69 12.47+1.09% 0.86+0.06% 1.10+0.03% 8.59+0.55% 75.40+3.27 31.74+4.44
2.04 14.79+0.572 1.00+0.08% 1.2140.13% 9.97+1.00% 76.81+2.62 29.59+2.11
2.38 12.64+0.23%® 0.87+0.03% 1.03+0.13% 6.55+0.76° 72.40+7.71 29.70+0.78

Values are mean of triplicate groups and presented as mean + S.D. Values in the same column having different superscript letters

are significantly different (P < 0.05). The lack of superscript letter indicates no significant differences among treatments.

! Lysozyme (U ml™)

’Nitro blue tetrazolium activity (Absorbance)

*Myeloperoxidase (Absorbance)

*Immunoglobulin (mg mI™)

>Superoxide dismutase (% inhibition)

®Anti-protease activity (% trypsin inhibition)
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Fig. 2-1. Relationship between weight gain and dietary valine level for red sea bream as

described by broken-line regression.
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Fig. 2-2. Relationship between protein retention and dietary valine level for red sea

bream as described by broken-line regression.
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Fig. 2-3. Ammonia excretion of red sea bream fed diets with different levels of dietary

valine. Bars with different letters are significantly different (P < 0.05).
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2.4. Discussion

Results of the present study showed that growth performance of juvenile red sea
bream was affected by dietary valine levels. The reduced growth performance of fish
fed valine deficient diets has been demonstrated to be primarily due to the loss of
appetite and poor feed utilization efficiency (Ahmed and Khan, 2006; Rollin et al.,
2006; Dong et al., 2012). In the current study fish fed the minimum valine level
exhibited significantly lower feed intake than other groups and confirmed the previous
findings. The notion that dietary valine level affects fish feed utilization further
confirmed by the results of the present study as significantly higher PER and PD and
lower FCR values were recorded in fish fed the diets containing >0.79% valine. In the
present study, a depressed growth performance was observed when fish were fed the
diet containing 2.38% valine. Similarly, the results of earlier studies showed the reduced
growth performance of rohu carp (Abidi and Khan 2004a) and Jian carp (Dong et al.,
2012) when they were provided with excessive dietary valine. It has been demonstrated
that excessive intake of one AA results in toxic effects and negatively influences the
utilization of other AAs (Coloso et al., 1999).

In the present study the highest growth performance and feed utilization efficiency
were observed in fish fed 2.04% dietary valine. The optimum valine requirement level
was determined by the broken-line regression analysis on the basis of WG and PD and
estimated to be approximately 0.9% diet. This value is similar to the reported
requirements for channel catfish, 0.7% (Wilson et al., 1980) lake trout, 0.8-1.0%
(Hughes et al., 1983) and rainbow trout, 0.8-1.6% diet (Rodehutscord et al., 1997).

However, it is lower than the requirements of other fish species including common carp,
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1.4% (Nose, 1979); Nile tilapia, 1.6% (Santiago and Lovell, 1988); rohu carp, 1.5%
(Abidi and Khan, 2004a); Mrigal carp, 1.52% (Ahmed and Khan, 2006) and Jian carp,
1.37% (Dong et al., 2012). The variations in valine requirement level have been
attributed to differences in species, experimental conditions, composition of basal diet
and sources of supplemental amino acids along with the used mathematical models
(Abidi and Khan, 2004a).

Fish whole-body composition was significantly influenced by dietary valine levels.
Whole-body protein and lipid contents showed a similar trend with fish growth
performance and moisture content decreased significantly. These are in agreement with
the results in rohu carp (Abidi and Khan, 2004a) and Mrigal carp (Ahmed and Khan,
2006). Also, Dong et al. (2012) reported the significant increase of whole-body protein
in Jian carp by increment of dietary valine level, but the fat content showed a decreasing
trend. The significant role of dietary valine in protein synthesis has been earlier reported
in fishes (Ahmed and Khan, 2006). The significant improvement of PD by increment of
dietary valine level in this study further confirmed that supplementation of appropriate
level of valine in diets for red sea bream would enhance protein deposition, which is the
major part of fish weight gain (Cowey, 1994).

Hematological parameters are used as valuable biological indicators in response to
dietary manipulations (Adhikari et al., 2004; Shah and Altindag, 2005; Maheswaran et
al., 2008). To our knowledge, there is little available information on the effects of
dietary valine on hematological parameters of fish species. In the present study,
hematological parameters of red sea bream were taken into account and significant

differences were found among dietary treatments. Higher hematocrit and hemoglobin
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values were found in fish fed valine levels of >0.79%, although the differences were not
significant. Among the different component of plasma, the levels of total protein,
glucose, total cholesterol, ALT and AST are regarded as useful indices for assessment of
health status in fish. In this study, plasma total protein level was significantly influenced
by valine levels and higher values were found by increment of dietary valine up
t02.04%. Earlier, Zhou et al. (2010) reported the significant increase of serum total
protein level in black sea bream (Sparus macrocephalus) when they were fed
incremental levels of lysine. The results of another study by Cao et al. (2012) showed
the significant increase of plasma total protein concentration in juvenile yellow catfish
(Pelteobagrus fulvidraco) fed optimum dietary lysine level. AST and ALT are
transaminase enzymes and generally are used as indices of liver function in vertebrates.
Increment of AST and ALT levels generally indicate the liver abnormal function (Bain,
2003). They are also used as valuable diagnostic means of stress responses in several
fish species (De Smet and Blust, 2001; Almeida et al., 2002; Choi et al., 2007). Their
concentration in plasma increases in response to several factors such as pollution and
ammonia and nitrite toxications (Das et al., 2004). In the present study plasma AST
level decreased by increment of dietary valine up to 2.04% thereafter increased by
further increment. Also, plasma ALT levels decreased by increment of valine level up to
2.04%, however, the differences were not significant. It has been demonstrated that
plasma cholesterol level is affected by the type of dietary proteins (Carroll and
Hamilton, 1975; Kritchevsky, 1979; Terpstra et al., 1983). In this concept, the main
influencing factor has been suggested to be the difference in the AA composition of

dietary proteins. Sugiyama et al. (1996) investigated the relationship between the AA
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composition of dietary proteins and plasma cholesterol concentration in rats fed
different dietary proteins. Their results showed a significant positive correlation
between the plasma total cholesterol level and plasma concentration of valine. In the
present study plasma cholesterol concentration was affected by dietary valine levels and
significantly increased in fish fed 2.04% valine compared with those fed 0.27% valine.
This finding may provide more evidence for hypercholesterolemic effect of valine.

It has been shown that deficiency of dietary protein or AAs leads to impaired
immune function. AAs are involved in synthesis of a variety of specific proteins,
including cytokines and antibodies, and play key roles in metabolic pathways of the
immune response. BCAA are involved in biosynthesis of glutamine, as part of the
immune system, by providing a-amino group (Newsholme and Calder, 1997). Also, the
carbon skeletons of BCAA are required by leucocytes for protein synthesis (Waithe et
al., 1975). The results of cell culture studies have demonstrated the essentiality of
BCAA for synthesis of protein, RNA and DNA by lymphocytes (Calder, 2006). A
number of animal studies have shown that deficiency of BCAA results in impairment of
immune function. In mice, deficiency of dietary BCAA disrupts several immune
functions leading to increased susceptibility to disease (Petro and Bhattacharjee, 1981).
Dietary supplementation of BCAA resulted in greater number of liver-associated
lymphocytes, cytotoxic T lymphocytes and natural Killer cells in rats (Tsukishiro et al.,
2000). There is limited available information regarding the effects of BCAA on immune
function in fish species. In the present study the effects of varying levels of dietary
valine were investigated on some aspects of humoral non-specific immune response and

the results showed positive effect of valine on immune function. Lysozyme, respiratory
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burst and MPO activities as well as plasma Ig level significantly increased by increment
of valine level up to 2.04% and further increment resulted in immunosuppressive effects.
It has been suggested that as BCAA share the same transporter on the cell membrane the
imbalances in their dietary composition can result in impairment of immune function
(Aschkenasy, 1979).

Formulation of diets with balanced AA profile is necessary for optimization of
dietary protein utilization (Boisen et al., 2000; Green and Hardy, 2002; Rollin et al.,
2003). Imbalances in AA composition of diet results in reduced feed intake and protein
utilization (D’Mello, 1994; Yamamoto et al., 2000; Berge et al., 2002; Green and Hardy,
2002; Gomez-Requeni et al., 2003). Deficiency of even an individual AA in the diet
limits protein synthesis (Cole and Van Lunen, 1994) and leads to increased deamination
and oxidation of AA and consequently increased nitrogenous excretion (Cho and
Kaushik, 1985). In the present study fish fed 0.27% valine showed higher postprandial
ammonia excretion level than those fed 1.69 and 2.04% valine probably indicating
imbalances in dietary AA composition.

In conclusion, the results showed the essentiality of valine for optimal growth of
juvenile red sea bream. The optimum valine requirement level was estimated to be
approximately 0.9% diet (2% of dietary protein) by broken-line regression analysis on
WG and PD. Fish immune response and hematological parameters were influenced by
dietary valine levels and the results confirmed the requirement level determined based
on fish growth. The findings in this study can aid in formulation of well-balanced

practical diets for juvenile red sea bream.
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CHAPTER THREE

Dietary arginine requirement of juvenile red sea bream Pagrus major

3.1. Introduction

Quantitative estimation of the essential amino acid (EAA) requirements in diets for
fishes is extremely important due to their critical impacts on muscle deposition, feed
costs and nitrogen wastes (Small and Soares, 1999; Nguyen and Davis, 2009). Arginine
has been established as an EAA in diets of many fish species (NRC, 1993; Cowey,
1994). It is the most limiting amino acid in plant protein sources such as corn, sesame
and zein meal (Mai et al., 1994; Berge et al., 1997; Luo et al., 2007). It is a precursor of
several biologically important metabolites including nitric oxide (NO), polyamines and
creatine (Wu and Morris, 1998; Galli, 2007; Grillo and Colombatto, 2007). Also, it
participates in several metabolic pathways including protein synthesis, urea production
and metabolism of glutamic acid and proline (Hird, 1986).

Arginine has been established as an immunonutrient in higher animals such as
humans, rodents, swine and poultry (Evoy et al., 1998; Li et al., 2007; Roth, 2007; Wu,
2010). There have been accumulating evidences that arginine influences immune
function in fish as well. Buentello and Gatlin (1999, 2001) showed that supplementation
of arginine in diets for channel catfish (Ictalurus punctatus) influences the NO
production which is a strong antioxidant molecule used to combat a variety of invading

pathogens. Also, dietary supplementation of arginine enhanced the innate immunity of
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channel catfish in vivo, and a moderate inclusion level of arginine in culture media
augmented phagocytosis in vitro (Buentello et al., 2007). A significant increase in
neutrophil oxidative radical production was found in red drum (Sciaenops ocellatus)
when they were fed supplemental dietary arginine (Cheng et al., 2011). Recently the
changes in immune response of fish are taken into account in arginine requirement
studies (Zhou et al., 2012; Ren et al., 2013; Yue et al., 2013; Pohlenz et al., 2014; Ren et
al., 2014).

The dietary arginine requirement has been estimated for many fish species and
literature review shows the high variations in requirement level among species.
Therefore, it is critical to determine the quantitative arginine requirement for each
species. Red sea bream is one of the most important fish in Korea and Japan. Total
amount of 2,755 tons red sea bream was produced in Korea in 2013 (Ministry of
Maritime Affairs and Fisheries of Korea, 2013). However, to the best of our knowledge,
quantitative requirements of the species for EAAs have just been reported for lysine
(Forster and Ogata, 1998) and valine (Rahimnejad and Lee, 2013) and there is no
available data on its arginine requirement. Therefore, the present study was carried out
to evaluate the dietary arginine requirement of red sea bream and the effects of varying

levels of arginine on hematological and innate immune parameters.
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3.2. Materials and methods

3.2.1. Experimental diets

Formulation and proximate composition of the experimental diets are provided in
Table 3-1. Six isonitrogenous (50% crude protein) and isocaloric (4.23 kcal g™ gross
energy) diets were formulated to contain graded levels of arginine ranging from 1.2 to
3.2% of dry diet. The basal diet contained 1.2% of arginine from fish meal and soybean
protein concentrate and five other diets were prepared by supplementation of L-arginine
at 0.4% increments. The diets were kept isonitrogenous using glycine. A mixture of
crystalline amino acids without arginine was used to simulate the amino acid
composition of juvenile red sea bream whole-body protein (Alam et al., 2005) except
for arginine. The energy content of each diet was estimated on the basis of physiological
fuel value, i.e., 3.99 kcal g™ proteins or carbohydrates and 9.01 kcal g™ lipids (Lee and
Putnam, 1973). All dry ingredients were thoroughly mixed and after addition of squid
liver oil and double distilled water extruded through a meat chopper machine (SMC-12,
Kuposlice, Busan, Korea) in 3 mm diameter. Then, the diets were freeze-dried for 24 h,

crushed into desirable particle sizes, sealed in bags and stored at —20 °C until used.
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Table 3-1. Formulation and proximate composition of the experimental diets (% dry

matter).

Ingredients 1 2 3 4 5 6
White fish meal 25.0 25.0 25.0 25.0 25.0 25.0
SPC? 8.0 8.0 8.0 8.0 8.0 8.0
FAA mix" 25.6 25.6 25.6 25.6 25.6 25.6
Arginine 0.0 0.4 0.8 1.2 1.6 2.0
Glycine 2.0 1.6 1.2 0.8 0.4 0.0
Dextrin 20.9 20.9 20.9 20.9 20.9 20.9
Taurine 1.0 1.0 1.0 1.0 1.0 1.0
Mineral mix® 2.0 2.0 2.0 2.0 2.0 2.0
Vitamin mix* 2.0 2.0 2.0 2.0 2.0 2.0
Choline chloride 1.0 1.0 1.0 1.0 1.0 1.0
Squid liver oil 12.5 12.5 12.5 12.5 12.5 12.5

Proximate composition

Dry matter (DM) 905 90.0 897 89.4  90.0 89.7
In DM:

Protein 501 501 510 512 516 51.4
Lipid 155 151 15.0 151 152 15.4
Ash 442 440 435 432 431 4.38

%Soybean protein concentrate

"Free amino acid mixture (g kg™ of mixture): arginine hydrochloride, 33.6; lysine
hydrochloride, 40.4; methionine, 22.4; histidine, 15.7; isoleucine, 20.2; leucine, 31.4;
phenylalanine, 40.4; threonine, 17.9; tryptophan, 4.5; alanine, 248.9; glutamic acid,
248.9; glycine, 275.8.

Mineral premix (g kg™ of mixture): MgS0O..7H,0, 80.0; NaH,P0,.2H,0, 370.0; KCI,
130.0; Ferric citrate, 40.0; ZnSO,4.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AICls.
6H,0, 0.15; Na,Se,03, 0.01; MnSO4.H,0, 2.0; CoCl,.6H,0, 1.0.
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%Vitamin premix (g kg™ of mixture): L-ascorbic acid, 121.2; DL-a. tocopheryl acetate,
18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin,
36.4; Ca-p-pantothenate, 12.7; myo-inositol, 181.8; p-biotin, 0.27; folic acid, 0.68; p-
aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003;

cyanocobalamin, 0.003.
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3.2.2. Fish and feeding trial

Juvenile red sea bream were transported from a private hatchery to the Marine and
Environmental Research Institute of Jeju National University (Jeju, South Korea). The
health status of fish was checked upon arrival, and they were quarantine bathed with
100 mg I™* formalin for 20 min. All the fish were fed the basal diet for 2 weeks to
become acclimatized to the experimental conditions and facilities. At the end of the
acclimation period, 20 randomly captured fish (averaging at 13.3 £ 0.2 g) were
distributed into each polyvinyl circular tanks of 120 L capacity and supplied with sand
filtered seawater at a flow rate of 3 L min™ and aeration to maintain enough dissolved
oxygen. Triplicate groups of fish were hand-fed with one of the test diets to apparent
satiation twice daily (09:00 and 17:00 h) for 9 weeks. Uneaten food was siphoned out
30 min after feeding and weighed to determine the feed intake. Growth of fish was
measured with three-week intervals. Feeding was stopped 24 h prior to weighing or
blood sampling to minimize handling stress on fish. The water temperature during the
feeding trial ranged from 21 to 27 °C and the photoperiod was maintained on a 12:12

light:dark schedule.

3.2.3. Sample collection and analyses

At the beginning of the experiment 10 fish were sampled and stored at —20 °C for
analysis of initial whole-body proximate composition. At the end of the feeding trial, all
the fish in each tank were bulk-weighed and counted for calculation of growth
parameters and survival. Six intact fish per tank (18 fish per treatment) were selected

and kept at —20 °C for whole-body and muscle composition analysis. Three fish per
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tank were randomly captured, anesthetized with 2-phenoxyethanol (200 mg I™), and
blood samples were collected from the caudal vein with heparinized syringes for
determination of hematocrit, hemoglobin and respiratory burst activity. After the above
mentioned measurements with whole blood, plasma were separated by centrifugation at
5000 x g for 10 min and stored at =70 °C for determination of total immunoglobulin
(Ig) level and blood biochemical parameters including plasma total protein, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), glucose, cholesterol and
triglyceride. Another set of blood samples (3 fish per tank) were taken without heparin
and allowed to clot at room temperature for 30 min. Then, the serum was separated by
centrifugation for 10 min at 5000 x g and stored at —70 °C for the analysis of total nitric
oxide synthase (T-NOS), lysozyme, myeloperoxidase (MPOQO), superoxide dismutase
(SOD) and antiprotease activities.

Analyses of moisture and ash contents of samples were performed by the standard
procedures (AOAC, 1995). Crude protein was measured by using automatic Kjeltec
Analyzer Unit 2300 (FossTecator, Hoganas, Sweden) and crude lipid was determined
using the Soxhlet method with extraction in diethyl ether (Soxhlet Extraction System C-
SH6, Seoul, Korea). Hematocrit was determined by microhematocrit technique (Brown,
1980). Hemoglobin and plasma levels of total protein, glucose, cholesterol and
triglyceride and activities of ALT and AST were determined by an automated blood
analyzer (SLIM, SEAC Inc, Florence, Italy).

Oxidative radical production by phagocytes during respiratory burst was measured
through NBT (nitro-blue-tetrazolium) assay described by Anderson and Siwicki (1995).

Briefly, blood and NBT (0.2%) (Sigma, St. Louis, MO, USA) were mixed in equal
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proportion (1:1) and incubated for 30 min at room temperature. Then 50 ul was taken
out and dispensed into glass tubes. One ml of dimethylformamide (Sigma) was added
and centrifuged at 2000 x g for 5 min. Finally, the optical density of supernatant was
measured at 540 nm using a spectrophotometer (Genesys 10UV, Rochester, NY, USA).
Dimethylformamide was used as the blank.

Plasma Ig level was determined according to the method described by Siwicki and
Anderson (1993). Briefly, plasma total protein concentration was measured using a
micro protein determination method (C-690; Sigma), prior to and after precipitating
down the Ig molecules using a 12% solution of polyethylene glycol (Sigma). The
difference in protein concentration represents the Ig content.

A turbidometric assay was used for determination of serum lysozyme level by the
method described by Hultmark (1980) with slight modifications. Briefly, Micrococcus
lysodeikticus (0.75 mg ml™) was suspended in sodium phosphate buffer (0.1 M, pH 6.4),
200 pl of suspension was placed in each well of 96-well plates, and 20 pl serum was
added subsequently. The reduction in absorbance of the samples was recorded at 570
nm after incubation at room temperature for 0 and 30 min in a microplate reader (UVM
340, Biochrom, Cambridge, UK). A reduction in absorbance of 0.001 min™ was
regarded as one unit of lysozyme activity.

MPO activity was measured according to Quade and Roth (1997). Briefly, 20 ul of
serum was diluted with HBSS (Hanks Balanced Salt Solution) without Ca** or Mg?*
(Sigma, USA) in 96-well plates. Then, 35 pl of 3,3°,5,5’-tetramethylbenzidine
hydrochloride (TMB, 20 mM) (Sigma, USA) and H,0, (5 mM) were added. The color

change reaction was stopped after 2 min by adding 35 pl of 4 M sulfuric acid. Finally,
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the optical density was read at 450 nm in a microplate reader.

SOD activity was measured by the percentage reaction inhibition rate of enzyme
with WST-1 (Water Soluble Tetrazolium dye) substrate and xanthine oxidase using a
SOD Assay Kit (Sigma, 19160) according to the manufacturer's instructions. Each
endpoint assay was monitored by absorbance at 450 nm (the absorbance wavelength for
the colored product of WST-1 reaction with superoxide) after 20 min of reaction time at
37 °C. The percent inhibition was normalized by mg protein and presented as SOD
activity units.

Serum antiprotease activity was measured according to the method described by
Ellis et al. (1990), with slight modifications (Magnadottir et al., 1999). Briefly, 20 ul of
serum was incubated with 20 pl of standard trypsin solution (Type II-S, from porcine
pancreas, 5 mg ml™, Sigma-Aldrich) for 10 min at 22 °C. Then, 200 pl of phosphate
buffer (0.1 M, pH 7.0) and 250 pul azocasein (2%) (Sigma) were added and incubated for
1 h at 22 °C. Five hundred microliters of trichloro acetic acid (10%) was added and
further incubated for 30 min at 22 °C. The mixture was centrifuged at 6000xg for 5 min
and 100 pl of the supernatant was transferred to the wells of a 96 well flat bottomed
microplate containing 100 pl of 1 N NaOH. Optical density was read at 430 nm. For a
100% positive control, buffer replaced the serum, while for the negative control buffer
replaced both serum and trypsin. The trypsin inhibition percentage was calculated using
the following equation:

Trypsin inhibition (%) = (A; — Ax/A;) x 100

where A; = control trypsin activity (without serum); A, = trypsin activity remained

after adding serum.
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Serum total nitric oxide synthase (T-NOS) activity was measured using a

commercial kit (Calbiochem-Novabiochem Corporation, USA).

3.2.4. Statistical analysis

All dietary treatments were assigned by a completely randomized design. Data
were analyzed by one-way analysis of variance (ANOVA) in SPSS version 11.0 (SPSS
Inc., Chicago, IL, USA). When ANOVA identified differences among groups, the
difference in means was made with Tukey's HSD multiple range test. Statistical
significance was determined at P < 0.05. A polynomial regression model was used for
determination of optimum dietary arginine level based on weight gain (WG). Data are
presented as mean + SD. Percentage data were arcsine transformed before statistical

analysis.

-61-



3.3. Results

Growth performance and feed utilization results are shown in Table 3-2. Fish fed >
2.0% arginine exhibited significantly (P < 0.05) higher growth performance than those
fed 1.2% arginine. Slight improvements in feed conversion ratio (FCR) and protein
efficiency ratio (PER) were obtained by increment of dietary arginine level but the
differences were not significant. However, fish fed 2.4% arginine showed significantly
higher protein productive value (PPV) than fish fed 1.2% arginine. Feed intake and
survival did not significantly differ among dietary treatments. The optimal dietary
arginine requirement level was estimated to be 2.54% in diet by the polynomial
regression analysis on WG (Fig. 3-1).

Whole-body protein content increased in fish fed 2-2.4% arginine and differed
significantly from that of the fish fed 1.2% arginine (Table 3-3). A similar trend was
observed for muscle protein content, however, the differences were not significant.
Whole-body lipid content decreased significantly in groups of fish fed 2-2.4% arginine
compared to those fed 1.2% arginine and muscle lipid did so in groups fed 2-2.8%
arginine. The group of fish fed 1.2% arginine exhibited the lowest muscle moisture
content even though the differences were not significant.

Plasma total protein level increased significantly at arginine levels of 2.4-2.8% in
comparison to fish groups fed < 1.6 arginine (Table 3-4). Significantly lower ALT and
glucose levels were recorded at dietary arginine levels of 2-2.4% and >1.6%,
respectively. However, hematocrit, hemoglobin, cholesterol and triglyceride levels and

AST activity were not significantly influenced.
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Significantly higher lysozyme activities were found at over 2.4% arginine
compared to the fish offered 1.2% arginine and MPO activity was significantly elevated
at arginine levels of 2.4-2.8% (Table 3-5). The groups of fish fed 2-2.8% arginine
showed significantly higher plasma Ig levels. Serum T-NOS activity was enhanced by
increment of dietary arginine level up to 2.8% and significant differences were found
between the groups fed 1.2 and 2.8% arginine (Fig. 3-2). However, respiratory burst,
SOD and antiprotease activities were not significantly influenced by dietary arginine

levels.
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Table 3-2. Growth performance of red sea bream (initial body weight, 13.25 + 0.2) fed different levels of dietary arginine for 9

weeks.

Arg level FBW(g) WG? (%) SGR® (%) Fl%g/fish) FCR® PER® PPV’ Survival (%)
1.2 48.90+0.85° 269.21+8.72°  2.11+0.04° 72.98+7.45 1.95+0.14  1.03+0.07 17.38+2.28° 88.33+11.55
1.6 51.76+1.13" 289.05+7.56°° 2.19+0.03" 78.71+2.18 1.92+0.07 1.04+0.04  17.87+0.76° 86.67+10.41
2.0 54.38+1.01%° 308.63+6.18" 2.27+0.02® 7573+7.52 178+0.17 1.11+0.10  20.44+2.29" 91.67+7.64
2.4 56.62+2.83*  328.20+20.42° 2.34+0.08° 74.74+2.10 1.68+0.10  1.22+0.17  23.10+1.90* 93.33%5.77
2.8 55.71+1.21%° 319.91+17.42% 2.31+0.07* 72.75+3.89 1.69+0.01  1.15+0.01  20.35+0.16® 95.00+8.66
3.2 53.42+1.05® 305.83+10.83" 2.26+0.04* 76.85+6.52 1.81+0.13  1.08+0.08  18.60+2.54® 85.00+8.66

Values are mean of triplicate groups and presented as mean + SD. Values in the same column having different superscript letters
are significantly different (P<0.05).
'Final body weight
Weight gain= [(final body weight — initial body weight)/initial body weight x 100]

3Specific growth rate = [(In final body weight - In initial body weight) / days] x 100

*Feed intake (g/fish) = dry feed consumed (g)/fish

>Feed conversion ratio= dry feed fed/wet weight gain
SProtein efficiency ratio= wet weight gain/total protein given
"Protein productive value= protein gain / protein intake

-64 -



Table 3-3. Proximate composition of whole body and muscle of red sea bream fed different levels of dietary arginine for 9 weeks.

Arg level

1.2 1.6 2.0 2.4 2.8 3.2
Whole-body (%0)
Protein 17.38+£0.37°  17.87+0.31*  1852+0.20°  18.65+0.52°  17.69+0.31*"  17.74%0.37®
Lipid 14.76£0.48"  13.61%0.92°  11.11+0.64°  11.03+0.55°  13.17#1.22*  12.69+1.20%
Ash 4.44+0.82 4.01+0.23 4.02+0.46 3.57+0.30 4.13+0.36 3.85+0.41
Moisture 65.66+1.95  65.57+0.13 66.47+1.04 66.44+0.73 65.60+0.74 64.69+0.62
Muscle (%)
Protein 21.8241.27  22.91+0.47 23.34+0.95 23.25+0.47 22.41+0.76 22.50+0.67
Lipid 2.47+0.30° 2.16+0.19%° 1.660.37" 1.3440.12° 1.50+0.26" 2.05+0.22%°
Ash 1.45+0.14 1.46+0.15 1.46+0.06 1.53+0.04 1.45+0.04 1.43+0.09
Moisture 73.774#0.45  75.13+0.45 75.16+0.76 75.05+0.44 75.35+1.09 75.21+0.42

Values are presented as mean + SD. Values in the same row having different superscript letters are significantly different (P<0.05).

The lack of superscript letter indicates no significant differences among treatments.
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Table 3-4. Hematological parameters of red sea bream fed different levels of dietary arginine for 9 weeks.

Total protein

Arglevel  Ht! Hg' 3 ALT* AST® Glucose® Cholesterol’ TG®

1.2 45.9+1.7 7.03x0.71 4.76+0.07° 19.64+1.65%  32.24+2.28 4.99+0.20° 256+21.6 284+25.1
1.6 43.7£6.1 7.20+0.39 4.78+0.50" 15.86+1.02%  30.50+3.11 3.63+0.41° 242+33.2 303+31.8
2.0 42.4+0.9 6.75+0.37 5.58+0.06% 14.54+1.60°  29.00+2.91 2.15+0.25° 247+35.7 288+14.2
2.4 45.0£4.0 7.23x0.57 6.22+0.13% 14.80+2.92°  28.91+3.24 2.47+0.24° 264+16.5 310+34.0
2.8 45.9+3.4 7.16+0.56 5.97+0.50% 15.60+0.31®  30.92+3.59 2.71+0.29° 264+19.7 306+28.6
3.2 42.5+2.8 6.65+0.52 5.80+0.64%° 15.13+1.83%  31.17+3.17 2.84+0.34"  260+15.9 289+29.9

Values are mean of triplicate groups and presented as mean + SD. Values in the same column having different superscript letters
are significantly different (P<0.05). The lack of superscript letter indicates no significant differences among treatments.
'Haematocrit

’Haemoglobin

3Total protein (g/dL)

*Alanine aminotransferase activity (U/L)

>Aspartate aminotransferase (U/L)

®Glucose (mg/dL)

"Total cholesterol (mg/dL)

*Triglyceride
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Table 3-5. Non-specific immune response parameters of red sea bream fed different levels of dietary arginine for 9 weeks.

Arg level Lysozyme® NBT? MPO? Ig* sop® Antiprotease®
1.2 14.19+1.22" 0.96+0.03 1.13+0.12° 14.88+2.56° 66.03+6.91 29.11+1.55
1.6 18.02+1.45% 1.000.10 1.25+0.12" 18.67+1.36™ 62.50+4.45 32.52+3.79
2.0 19.63+1.79%° 1.06+0.06 1.31+0.04% 23.33+4.99% 75.29+3.41 32.46+3.00
2.4 22.56+1.90° 0.95+0.11 1.64+0.09° 28.49+1.96 74.73+1.42 32.38+2.04
2.8 20.42+2.91° 1.01+0.06 1.53+0.15% 28.31+3.73° 74.64+7.60 30.28+3.68
3.2 21.42+2 .53 1.08+0.06 1.41+0.13%° 21.65+1.19%° 75.35+7.90 30.22+4.37

Values are mean of triplicate groups and presented as mean + S.D. Values in the same column having different superscript letters

are significantly different (P<0.05). The lack of superscript letter indicates no significant differences among treatments.

! Lysozyme (U/ml)

“Nitro blue tetrazolium activity (Absorbance)

*Myeloperoxidase (Absorbance)

*Immunoglobulin (mg/ml)

>Superoxide dismutase (% inhibition)

®Anti-protease activity (% trypsin inhibition)
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Fig. 3-1. Second-order polynomial relationship of weight gain to dietary arginine levels.
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3.4. Discussion

The results of this study revealed the essentiality of arginine for maximal growth of red
sea bream. The lowest growth performance was obtained in fish fed 1.2% arginine and its
dietary increment up to 2.4% resulted in significant improvement in growth performance. The
estimated value of 2.54% dietary arginine is similar to the reported arginine requirements for
Chinook salmon (Oncorhynchus tshawytscha), 2.4% (Klein and Halver, 1970); Coho salmon
(Oncorhynchus kisutch), 2.2-2.5% (Luzzana et al., 1998); Japanese flounder (Paralichthys
olivaceus), 2-2.5% (Alam et al., 2002a, b) and blunt snout bream (Megalobrama
amblycephala), 2.46% (Ren et al., 2013). However, this requirement level is higher than
those of Indian major carp (Catla catla), 1.67% (Zehra and Khan, 2013); Indian catfish
(Heteropneustes fossilis), 1.63% (Ahmed, 2013) and Nile tilapia (Oreochromis niloticus L.),
1.82% (Yue et al., 2013), but lower than that of black sea bream (Acanthopagrus schlegelii),
2.79-3.09% (Zhou et al., 2010). The large variations observed in arginine requirement within
and among fish species have been reported to be due to the differences in fish size and age,
dietary protein sources and levels, the reference amino acid pattern, availability of amino acid
and amino acid sources, response criteria, the used mathematical model, and environmental
and culture condition. Also, considering the ability of teleostean fish to synthesize arginine
from glutamate, the dietary glutamate content may affect the dietary arginine requirement
estimation. Furthermore, Ahmed and Khan (2004) pointed out that the metabolic demands of
the different pathways can interfere with the arginine requirement for protein synthesis,
resulting in differences in arginine requirement level.

Baker (1984) stated that increased growth performance in animals by dietary
supplementation of an essential nutrient can be due to increased feed intake and/or metabolic
efficiency. In the present study, we did not find any significant difference in the feed intake.

However, previous studies reported the significant enhancement in feed intake by increment
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of dietary arginine in grouper (Epinephelus coioides) (Luo et al., 2007), largemouth bass
(Micropterus salmoides) (Zhou et al., 2012) and Indian catfish (Ahmed, 2013). Enhancement
of growth performance in this study might be due to the improved feed utilization because we
found slight improvements of FCR and PER at higher arginine levels. Also, significantly
higher PPV was obtained by increment of dietary arginine level and the highest PPV was
observed in fish fed 2.4% arginine. Similarly, Zhou et al. (2012) did not find significant effect
of dietary arginine level on FCR and PER in yellow grouper, but PPV was significantly
elevated by arginine level.

Whole-body and muscle compositions were affected by dietary arginine levels;
significantly higher whole-body protein content was achieved at dietary arginine levels of
2.0-2.4% and lipid content decreased at the same levels. A similar tendency to that of whole-
body was observed for muscle composition but protein content was not significantly different
among treatments. These results are in agreement with previous studies on Indian major carp
(Ahmed and Khan, 2004), black sea bream (Zhou et al., 2010) and H. fossilis (Khan and
Abidi, 2011). Arginine is one of the most versatile amino acids and is a crucial precursor for
protein synthesis (Wu and Morris, 1998). In this study whole-body protein content showed a
similar trend with PPV and further confirmed that inclusion of an appropriate level of
arginine can enhance protein deposition. It has been reported that arginine and its products
play important roles in the metabolism of energy substrates (Jobgen et al., 2006; Shantz and
Levin, 2007; Montanez et al., 2008). Jobgen et al. (2009) remarked that arginine
supplementation enhances lipolysis and inhibits lipogenesis in rats by regulating the
expression and function of the key enzymes which are involved in lipid metabolism. The
present study further demonstrated that arginine participates in lipid metabolism resulting in
decreased lipid deposition.

Hematological parameters are increasingly being taken into account in fish nutrition
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studies due to their importance in monitoring the health status of fish (Hrubec et al., 2000;
Congleton and Wagner, 2006). Analysis of hematological parameters provides valuable
information on metabolic disorders, deficiencies and chronic stress status (Bahmani et al.,
2001). Previous studies showed the changes in blood components in response to dietary
supplementation of EAAs (Huai et al., 2009; Zhou et al., 2010; Khan and Abidi, 2011). Also,
our previous study exhibited the significant effect of dietary valine on red sea bream
hematology (Rahimnejad and Lee, 2013). The increased plasma protein in the present study
is in agreement with a black sea bream study that showed significant enhancement of serum
protein levels by dietary arginine increment (Zhou et al., 2010). AST and ALT are generally
used as indicators of cellular damage both in mammals and fishes (Welker and Congleton,
2003; Olsen et al., 2005). Their concentration in plasma increases by several stressors
including pollution and ammonia toxicity (Das et al., 2004). In this study, significantly lower
ALT levels were recorded at arginine levels of 2.0-2.4% and numerically decreased plasma
AST was found. Increment of dietary arginine level led to significant decrease of plasma
glucose concentration and supported the previous findings in black sea bream (Zhou et al.,
2010). Fu et al. (2005) reported that dietary supplementation of L-arginine enhances the
expression of key genes responsible for glucose oxidation in rats. It has been suggested that
nitric oxide (NO), a signaling molecule produced from L-arginine by various isoforms of NO
synthase (NOS), is involved in regulation of hepatic gluconeogenesis. It was shown that
physiological levels of NO stimulate glucose uptake and oxidation in insulin-sensitive tissues
and inhibit the synthesis of glucose in target tissues (Jobgen, 2007). In this study increment of
dietary arginine level enhanced T-NOS activity and this can be at least partially responsible
for reduction of plasma glucose concentration at increased arginine levels.

Arginine has been identified as a potential modulator of both the innate and adaptive

immune systems in vertebrates. As mentioned earlier, arginine is used as precursor for the
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synthesis of NO and polyamines (Satriano et al., 1999), of which NO plays an important role
in the cellular defense mechanisms (Buentello and Gatlin, 1999; Tafalla and Novoa, 2000).
Also, it has been shown that incubation of seabream leucocytes with polyamines augments
expression of immune-relevant genes (Satriano et al., 1999; Reyes-Becerril et al., 2011).
Further, Costas et al. (2011) reported that supplementation of arginine in diets for Senegalese
sole increases the expression of immune related genes including HIF-1, HAMP-1, MIP1-
alpha and gLYS which play important roles in fish innate immunity. In the present study,
innate immunity was positively affected by the increased dietary arginine levels. Serum T-
NOS activity was significantly elevated at arginine level of 2.8% and confirmed the results of
previous studies on yellow grouper (Zhou et al., 2012), blunt snout bream (Ren et al., 2013)
and cobia (Ren et al., 2014). Significantly higher lysozyme activity was recorded in fish
groups offered 2.4-3.2% arginine and agreed with the results of the studies on largemouth
bass (Zhou et al., 2012) and Senegalese sole (Costas et al., 2011). However, no significant
changes were detected in lysozyme activity of Nile tilapia (Yue et al., 2013) and channel
catfish (Pohlenz et al., 2014) when they were provided with different dietary arginine levels.
Also, our results exhibited the significant enhancement of MPO activity and plasma Ig level.
Similarly, Costas et al. (2011) reported the significant enhancement of peroxidase activity in
Senegalese sole (Solea senegalensis) fed arginine supplemented diets.

In conclusion, the findings in this study clearly demonstrated that dietary arginine not
only promotes the growth performance of juvenile red sea bream but also positively affects
the hematological and innate immune parameters. The optimal dietary arginine requirement
for the maximal growth of red sea bream was estimated at 2.54% dry diet, corresponding to

5.08% of dietary protein.
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CHAPTER FOUR

Dietary isoleucine requirement of juvenile olive flounder (Paralichthys olivaceus)

4.1. Introduction

Protein is the most important component of fish feeds providing essential amino acids
for tissue repair and growth (Luo et al., 2006). Proteins and their building blocks, amino
acids (AA), play very important roles in the structure and metabolism of living organisms
(Meijer, 2003). Fishes cannot synthesize all the AAs and they will need an exogenous source
of AAs to meet the requirements (NRC, 2011). A consistent amount of proteins and AAs
needs to be incorporated in fish diets as they are continually used by the fish to build new
proteins, peptides, free AAs, enzymes, hormones, neurotransmitters and cofactors. Branched-
chain amino acids (BCAA), isoleucine, leucine and valine, exert very important roles in
certain biochemical reactions and growth. Isoleucine participates in production of certain
biochemical compounds which are involved in energy production, and together with the other
two BCAA promotes tissue building. It is the first limiting BCAA in meat and bone meal
(Wang et al., 1997). Isoleucine deficiency results in biochemical malfunction including
growth retardation (Ahmed and Khan, 2006; Khan and Abidi, 2007).

It has long been demonstrated that deficiency of dietary proteins and AAs leads to
impairment of immune function and increased susceptibility to infectious disease (Li et al.,
2007). Results from both oral and parenteral feeding studies showed that protein intake and
availability of certain dietary AAs are vital for optimal immune function of the intestine and
the proximal resident immune cells (Ruth and Field, 2013). A large body of studies has been

conducted to assess the role of AAs in immune function of animals including fish (Roch,
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1999; Calder, 2006; Grimble, 2006; Kim et al., 2007). Early reports suggested that AAs are
used as important energy substrates for immune cells (Wu et al., 1991a,b,c; Field et al., 1994)
and antioxidant defense mechanisms (Xue and Field, 2011). Several AAs have been
recognized to play significant roles in modulating various immune responses including the
activation of lymphocytes, NK cells, and macrophages; proliferation of lymphocytes;
regulation of intracellular redox states; gene expression; and production of cytokines (Yoneda
et al., 2009). BCAA are involved in biosynthesis of glutamine, as part of the immune system,
by providing a-amino group (Newsholme and Calder, 1997). Also, the carbon skeletons of
BCAA are required by leucocytes for protein synthesis (Waithe et al., 1975). It has been
reported that deficiency of BCAA results in immune impairment. Petro and Bhattacharjee
(1981) reported that mice fed BCAA-deficient diet exhibit increased susceptibility to
Salmonella typhimurium, impaired antibody production, reductions in serum concentrations
of transferrin and complement C3, and increased numbers of bacteria in liver and spleen.
Isoleucine has been reported to influence innate immunity including induction of the
antimicrobial peptide beta-defensin from Madin—Darby bovine kidney (MDBK) epithelial
cells (Fehlbaum et al., 2000). Also, it has been shown that isoleucine is incorporated into
human leucocyte cellular proteins and lipids (Burns, 1975) and improves the serum
complement component 3 (C3) level in mice (Petro and Bhattacharjee, 1980). However, there
is only a single available study on immunomodulating effects of isoleucine in fishes; Zhao et
al. (2013) showed that dietary isoleucine promotes the immune responses in Jian carp
(Cyprinus carpio var. Jian).

Olive flounder has been the most important cultured marine fish species in Korea. Its
total production reached ~37000 tons in 2013 in Korea (Ministry of Maritime Affairs and

Fisheries of Korea, 2013). Regarding the importance of olive flounder for Korean aquaculture
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industry, this study was conducted to examine the effects of different dietary isoleucine levels

on growth, hematology and non-specific immune response of the species.

76



4.2. Materials and methods

4.2.1. Experimental diets

Formulation and proximate composition of the experimental diets are shown in Table 4-
1. Six isonitrogenous (45% crud protein) and isocaloric (4.45 kcal g™ gross energy) diets
were formulated using fish meal and a mixture of crystalline AAs to contain graded levels of
isoleucine (0.48 — 2.78% dry diet). The mixture of crystalline AAs without isoleucine was
prepared according to Dabrowski et al. (2003) and used as the main protein source and fish
meal was included to increase palatability of the semi-purified diets. The basal diet contained
a minimum level of isoleucine from fish meal and supplemented with incremental levels
(0.5%) of L-isoleucine. Targeted dietary isoleucine concentrations were 0.48, 0.87, 1.43, 1.94,
2.37 and 2.78%. The experimental diets were kept isonitrogenous by decreasing the level of
glycine as the isoleucine level was increased. All dry ingredients were thoroughly mixed and
after addition of squid liver oil and double distilled water pelleted through a meat chopper
machine (SMC-12, Kuposlice, Busan, Korea) in 3 mm diameter. Then, the diets were freeze-
dried for 24 h, crushed into desirable particle sizes, sealed in bags and stored at —20 °C until

used.
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Table 4-1. Formulation and proximate composition of the experimental diets (% dry matter).

Ingredients 1 2 3 4 5 6

White fish meal 20.0 20.0 20.0 20.0 20.0 20.0
Free AA mix* 27.5 27.5 27.5 27.5 27.5 27.5
Isoleucine 0.0 0.5 1.0 1.5 2.0 2.5
Glycine 2.5 2.0 1.5 1.0 0.5 0.0
Dextrin 33.5 33.5 33.5 33.5 33.5 33.5
Taurine 1.0 1.0 1.0 1.0 1.0 1.0
Mineral mix® 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin mix® 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride 1.0 1.0 1.0 1.0 1.0 1.0
Squid liver oil 12.5 12.5 12.5 12.5 12.5 12.5

Proximate composition

Dry matter 93.1 93.0 94.0 93.4 94.0 94.0
Protein 44.9 45.2 45.0 45.4 45.6 45.1
Lipid 8.8 8.6 8.8 8.7 8.9 8.9
Ash 3.6 3.8 3.5 3.7 3.5 3.5
Isoleucine 0.48 0.87 1.43 1.94 2.37 2.78

"Free amino acid mixture composition: (g per 446 g dry weight mixture): arginine
hydrochloride, 15; lysine hydrochloride, 18; methionine, 10; histidine, 7; valine, 12; leucine,
14; phenylalanine, 18; threonine, 8; tryptophan, 2; glutamic acid, 111; glycine, 231.

Mineral premix (g kg™): MgSO..7H,0, 80.0; NaH,P0O,.2H,0, 370.0; KCI, 130.0; Ferric
citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AICl;. 6H,0, 0.15;
Na,Se;03, 0.01; MnS0,4.H,0, 2.0; CoCl,.6H,0, 1.0.

SVitamin premix (g kg™): L-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8; thiamin
hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-p-
pantothenate, 12.7; myo-inositol, 181.8; p-biotin, 0.27; folic acid, 0.68; p-aminobezoic acid,

18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003.
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4.2.2. Fish and feeding trial

Juvenile olive flounder were transported from a private hatchery to the Marine and
Environmental Research Institute of Jeju National University (Jeju, South Korea). All
the fish were fed the basal diet for one week to be acclimated to the semi-purified diet
and the experimental conditions. At the end of the acclimation period, 45 randomly
selected fish (averaging at 8.59 + 0.13 g) were stocked into each polyvinyl circular
tanks of 150 L capacity and supplied with filtered seawater at a flow rate of 3 L min™
and aeration to maintain enough dissolved oxygen. Triplicate groups of fish were hand-
fed one of the test diets to apparent satiation (twice a day, 09:00 and 17:00 h) for 9
weeks. Uneaten food was siphoned out 30 min after feeding and weighed to determine
the feed intake. Growth of fish was measured with three-week intervals. Feeding was
stopped 24 h prior to weighing or blood sampling to minimize handling stress on fish.
The water temperature during the feeding trial ranged from 13 to 17 °C and the

photoperiod was maintained on a 12:12 light:dark schedule.

4.2.3. Sample collection and analyses

At the end of the feeding trial, all the fish in each tank were bulk-weighed and
counted for calculation of growth parameters and survival. Five intact fish per tank (15
fish per treatment) were selected and kept at —20 °C for whole-body composition
analysis. Five fish per tank (15 fish per treatment) were randomly captured, anesthetized
with 2-phenoxyethanol (200 mg 1), and blood samples were collected from the caudal

vein with heparinized syringes for determination of hematocrit, hemoglobin and
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respiratory burst activity. After the above mentioned measurements with whole blood,
plasma were separated by centrifugation at 5000 x g for 10 min and stored at —70 °C for
determination of total immunoglobulin (1g) level and blood biochemical parameters
including plasma total protein, glucose and cholesterol concentrations and activities of
alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Another set of
blood samples (5 fish per tank, 15 fish per dietary treatment) were taken without heparin
and allowed to clot at room temperature for 30 min. Then, the serum was separated by
centrifugation for 10 min at 5000 x g and stored at —70 °C for the analysis of non-
specific immune responses including lysozyme, myeloperoxidase (MPO) and
superoxide dismutase (SOD) activities.

Analyses of moisture and ash contents of samples were performed by the standard
procedures (AOAC, 1995). Crude protein was measured by using automatic Kjeltec
Analyzer Unit 2300 (FossTecator, Hoganas, Sweden) and crude lipid was determined
using the Soxhlet method with extraction in diethyl ether (Soxhlet Extraction System C-
SH6, Seoul, Korea). Hematocrit was determined by microhematocrit technique (Brown,
1980). Hemoglobin and plasma levels of total protein, glucose and cholesterol and
activities of ALT and AST were determined by an automated blood analyzer (SLIM,
SEAC Inc, Florence, Italy).

A turbidometric assay was used for determination of serum lysozyme level by the
method described by Hultmark (1980) with slight modifications. Briefly, Micrococcus
lysodeikticus (0.75 mg ml™) was suspended in sodium phosphate buffer (0.1 M, pH 6.4),
then 200 pl of suspension was placed in each well of 96-well plates and 20 pl serum

was added subsequently. The reduction in absorbance of the samples was recorded at
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570 nm after incubation at room temperature for 0 and 30 min in a microplate reader
(UVM 340, Biochrom, Cambridge, UK). A reduction in absorbance of 0.001 min™ was
regarded as one unit of lysozyme activity.

Oxidative radical production by phagocytes during respiratory burst was measured
through NBT (nitro-blue-tetrazolium) assay described by Anderson and Siwicki (1995).
Briefly, blood and NBT (0.2%) (Sigma, USA) were mixed in equal proportion (1:1) and
incubated for 30 min at room temperature, then 50 pl was taken out and dispensed into
glass tubes. Then, 1 ml dimethylformamide (Sigma) was added and centrifuged at 2000
x g for 5 min. Finally, the optical density of supernatant was measured at 540 nm using
a spectrophotometer (Genesys 10UV, Rochester, NY, USA). Dimethylformamide was
used as blank.

Serum myeloperoxidase (MPO) activity was measured according to Quade and
Roth (1997). Briefly, twenty microliter of serum was diluted with HBSS (Hanks
Balanced Salt Solution) without Ca®* or Mg®* (Sigma, USA) in 96-well plates. Then, 35
pl of 3,3”,5,5’-tetramethylbenzidine hydrochloride (TMB, 20 mM) (Sigma, USA) and
H.0, (5 mM) were added. The color change reaction was stopped after 2 min by adding
35 pl of 4 M sulfuric acid. Finally, the optical density was read at 450 nm in the
microplate reader.

Plasma Ig level was determined according to the method described by Siwicki and
Anderson (1993). Briefly, plasma total protein concentration was measured using a
micro protein determination method (C-690; Sigma), prior to and after precipitating
down the Ig molecules using a 12% solution of polyethylene glycol (Sigma). The

difference in protein concentration represents the Ig content.
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Serum superoxide dismutase (SOD) activity was measured by the percentage
reaction inhibition rate of enzyme with WST-1 (Water Soluble Tetrazolium dye)
substrate and xanthine oxidase using a SOD Assay Kit (Sigma, 19160) according to the
manufacturer's instructions. Each endpoint assay was monitored by absorbance at 450
nm (the absorbance wavelength for the colored product of WST-1 reaction with
superoxide) after 20 min of reaction time at 37 °C. The percent inhibition was

normalized by mg protein and presented as SOD activity units.

4.2.4. Statistical analysis

All dietary treatments were assigned by a completely randomized design. Data
were analyzed by one-way analysis of variance (ANOVA) in SPSS version 11.0 (SPSS
Inc., Chicago, IL, USA). When ANOVA identified differences among groups, the
difference in means was made with Tukey's HSD multiple range test. Statistical
significance was determined at P < 0.05. A second-order polynomial regression
analysis was used for determination of optimum dietary isoleucine level based on
weight gain. Data are presented as mean = SD. Percentage data were arcsine

transformed before statistical analysis.
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4.3. Results

The results showed the improvement of fish growth performance and feed
utilization by increment of dietary isoleucine level and significantly (P < 0.05) higher
values were obtained at dietary isoleucine levels of >0.87% (Table 4-2). Feed
conversion ratio decreased significantly at isoleucine levels of 0.87-1.94% and
significantly higher protein efficiency ratio was found in fish fed 1.43 and 1.94%
isoleucine compared to those offered 0.48% isoleucine. The optimum dietary isoleucine
level was determined by a second-order polynomial regression analysis on the basis of
weight gain and was estimated to be 1.69% diet corresponding to 3.75% dietary protein
(Fig. 4-1). Fish survival was not affected by dietary treatments. Also, the results showed
no significant effect of dietary isoleucine on fish whole-body composition (Table 4-3).

Higher hematocrit values were obtained by increment of dietary isoleucine level,
but the differences were not significant (Table 4-4). Significantly higher plasma total
protein and cholesterol concentrations were found in groups of fish fed 1.43-2.37%
isoleucine. Also, the results revealed the significant reduction of plasma ALT and AST
activities at dietary isoleucine levels of 1.43-1.94% and 0.87-1.94%, respectively.

Non-specific immune response parameters were affected by dietary isoleucine
levels (Table 4-5). Significantly higher lysozyme and SOD activities were found in fish
fed isoleucine levels of 0.87-2.37% and 1.94-2.37%, respectively, compared to those fed
the basal diet. Respiratory burst activity was significantly increased at the levels of
1.43-1.94% isoleucine. The highest Ig level was detected in fish fed 1.94% isoleucine
and differed significantly (P < 0.05) from that of the fish fed 0.43% isoleucine.

However, MPO activity did not significantly differ among experimental groups.
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Table 4-2. Growth performance of olive flounder (initial body weight, 8.59 + 0.13) fed different levels of dietary isoleucine for 9

weeks.

Ile level WG (%) SGR? (%) FI® (g/fish) FCR* PER® Survival (%)
0.48 81.54 + 4.68° 0.95 + 0.04¢ 18.71 + 3.47 2.68 +0.61° 0.84 +0.22° 80.00 + 13.5
0.87 119.12 + 4.07%® 1.25 +0.03%® 19.89 +1.14 1.92 +0.06" 1.14 + 0.04%® 77.78 +7.70
1.43 128.41 + 4.85° 1.31 +0.03? 17.93 + 0.80 1.64 +0.12° 1.33 + 0.10° 89.63 + 5.59
1.94 116.80 + 5.76% 1.23 + 0.04® 18.15 + 1.23 1.80 + 0.21° 1.22 +0.14% 88.15 + 16.8
2.37 109.04 + 4.77™ 1.17 +0.04™ 18.47 + 0.96 1.98 +0.18% 1.10 + 0.10%® 89.63 + 8.41
2.78 101.98 + 5.40° 1.12 +0.04° 17.69 + 1.16 2.05 + 0.03% 1.05 + 0.01% 91.85 +5.13

Values are mean of triplicate groups and presented as mean £ SD. Values in the same column having different superscript letters

are significantly different (P<0.05). The lack of superscript letter indicates no significant differences among treatments.

"Weight gain = [(final body weight — initial body weight) / initial body weight x 100]

2Specific growth rate = 100 x [(In final body weight - In initial body weight) / days]

3Feed intake (g/fish) = dry feed consumed (g) / fish
*Feed conversion ratio = dry feed fed / wet weight gain

>Protein efficiency ratio = wet weight gain / total protein given
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Table 4-3. Whole-body composition of olive flounder fed different levels of dietary

isoleucine for 9 weeks.

lle level Protein Lipid Moisture Ash

0.48 16.78+0.45 1.08+0.16 82.40+0.61 3.48+0.38
0.87 16.83+0.71 1.09+0.03 81.85+0.60 3.25+0.69
1.43 17.55+0.73 0.99+0.05 81.93+0.14 3.56+0.70
1.94 16.97+0.53 1.14+0.19 81.47+0.25 3.33+0.52
2.37 16.80+0.65 1.15+0.12 81.73+0.50 3.65+0.39
2.78 16.87+0.50 1.12+0.04 81.54+0.45 3.51+0.75

Values are mean of triplicate groups and presented as mean = SD. The lack of

superscript letter indicates no significant differences among treatments.
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Table 4-4. Hematological parameters of olive flounder (initial body weight, 8.59 + 0.13) fed different levels of dietary isoleucine

for 9 weeks.

lle level  Ht* Hg* Total protein®  ALT* AST® Glucose® Cholesterol’
0.48 15.83+1.04  2.36+0.24  1.72+0.15° 57.33+6.66° 105.5+6.40° 19.65+1.94  39.77+8.21°
0.87 16.50+1.80  2.38+0.02  1.87+0.24° 56.20+4.20° 83.74+5.24° 24.02+4.19  49.12+9.42°
1.43 17.50+2.18  2.45+0.33  2.58+0.38% 35.79+2.44° 64.94+7.58° 24314358  77.55+5.80°
1.94 17.67+1.76  2.59+0.25  2.96+0.28% 43.26+4.95  78.00+9.13° 25.19+3.46  67.08+7.57%°
2.37 17.33+0.76  2.30£0.13  2.88+0.21% 55.37+5.37%°  84.88+8.42%"  24.60+2.40  64.85+7.86%
2.78 17.67+1.04  2.33+0.10  2.53+0.34% 62.81+2.66° 85.03+7.97®  23.40+4.89  60.54+8.18%°

Values are mean of triplicate groups and presented as mean + SD. Values in the same column having different superscript letters
are significantly different (P<0.05). The lack of superscript letter indicates no significant differences among treatments.
'Haematocrit

“Haemoglobin

3Total protein (g/dL)

* Alanine aminotransferase activity (U/L)

> Aspartate aminotransferase (U/L)

®Glucose (mg/dL)

"Total cholesterol (mg/dL)
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Table 4-5. Innate immune response parameters of olive flounder (initial body weight, 8.59 + 0.13) fed different levels of dietary

isoleucine for 9 weeks.

Ile level (% diet) Lysozyme® NBT? MPO?® Ig* soD®

0.48 19.74+2.29° 0.26+0.01° 1.42+0.04 5.89+0.57° 55.22+2.84°
0.87 28.23+2.45% 0.34+0.03% 1.49+0.04 8.83+0.73%® 59.06+3.16™
1.43 28.06+2.13% 0.41+0.04° 1.51+0.15 10.36+0.21% 62.54+4.562
1.94 34.21+2.48° 0.42+0.08? 1.65+0.09 12.92+3.18° 68.41+1.51%
2.37 33.27+2.592 0.35+0.03% 1.45+0.10 10.72+3.56% 64.58+2.10%
2.78 24.73+4.57" 0.37+0.05% 1.50+0.03 9.75+2.59% 58.67+3.57"

Values are mean of triplicate groups and presented as mean + S.D. Values in the same column having different superscript letters

are significantly different (P<0.05). The lack of superscript letter indicates no significant differences among treatments.

! Lysozyme (U/ml)

“Nitro blue tetrazolium activity (Absorbance)

*Myeloperoxidase (Absorbance)

*Immunoglobulin (mg/ml)

>Superoxide dismutase (% inhibition)
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Fig. 4-1. Relationship between weight gain and dietary isoleucine level for olive flounder as

described by second-order polynomial regression.
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4.4. Discussion

In the present study the fish readily accepted the semi-purified test diets, however,
relatively low growth rates were achieved due to low rearing water temperature. The results
showed the significant enhancement of fish growth by increment of dietary isoleucine level
up to 1.43% and thereafter a decreasing tendency was achieved. The increased fish growth in
this study was primarily due to improved feed utilization efficiency as significantly lower
FCR and higher PER were obtained by increment of dietary isoleucine level. It has long been
demonstrated that a balanced AA profile is required for effective utilization of dietary protein
for tissue synthesis (D’Mello, 1994; Yamamoto et al., 2000; Berge et al., 2002; Green and
Hardy, 2002; Goemez-Requeni et al., 2003). In this study reduced growth was found in fish
groups fed isoleucine deficient diets and those fed higher isoleucine levels than 1.43%
indicating imbalances in dietary AA profile. The results showed no significant influence of
isoleucine on feed intake. Similarly, previous studies on catla (Catla catla) (Zehra and Khan,
2013) and Pacific white shrimp (Litopenaeus vannamei) (Liu et al., 2014) did not show any
significant effect of dietary isoleucine on feed intake. However, Zhao et al. (2012) reported
the significant increase of feed intake in Jian carp (Cyprinus carpio var. Jian) offered
incremental dietary isoleucine levels. Quantitative requirement for essential AAs is generally
estimated on the basis of fish growth; however regarding the secondary growth of fish in this
study the data were not used for determination of optimal isoleucine requirement level and
further studies in the future are required. Fish whole-body composition was taken into
account in the present study and the results revealed no significant changes regarding to
variations in dietary isoleucine level.

Dietary isoleucine requirement of olive flounder, 3.75% of dietary protein, worked out

in this experiment is found to be higher than that reported for white sturgeon, 3.0% (Ng and
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Hung, 1995); red sea bream, 2.2% (Forster and Ogata, 1998); turbot, 2.60% (Kaushik, 1998);
Atlantic salmon, 3.2% (Rollin, 1999) and mrigal carp, 3.12-3.15% (Benakappa and Varghese,
2003, Ahmed and Khan, 2006) but lower than the requirement reported for milkfish, 4.0%
(Borlongan and Coloso, 1993) and grass carp, 4.0-4.23% (Di et al., 2009) and comparable to
the requirement of rohu, 3.75% (Khan and Abidi 2007) and tilapia 3.45% of dietary protein
(NRC 2011). The above discrepancies in amino acid requirements of fish may be affected by
fish size and age, adequate levels of other nutrients, flow rate, stock density, and the
environmental and culture conditions adopted by different laboratories (Cowey and Luquet,
1983; Kim et al., 1992; Forster and Ogata, 1998; Luzzana, et al. 1998; Abidi and Khan, 2009).
Nutrient and energy digestibility, amino acid profile and energy content may also alter the
amino acid requirements (Simmons et al., 1999; De Silva et al., 2000).

Hematological parameters are being increasingly taken into account in AA requirement
studies because of their sensitivity to dietary manipulations (Hrubec et al., 2000; Congleton
and Wagner, 2006). Accordingly, in the current study the changes in hematological and blood
biochemical parameters were examined and significant improvements could be detected.
Zhao et al. (2013) reported the significant increase of red and white blood cells count in Jian
carp by increment of dietary isoleucine level. In the current study, numerically higher
hematocrit values were observed at higher isoleucine levels, however the differences were not
significant. Plasma total protein level has been measured frequently as an indicator of
physiological condition in fish nutrition studies (Nakagawa et al., 2000; Farhangi and Carter,
2001; Watanabe et al., 2001; Harikrishnan et al., 2003). Total protein in plasma is the most
stable component, and few dietary factors have been reported to affect the levels in fish.
Plasma total protein is elevated when dietary protein intake increases (Leveille and
Sauberlich, 1961) indicating improved physiological condition (Dawson and Bortolotti,

1997). Also, it has been suggested that increased blood protein level is associated with
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enhanced innate immune response in fish (Wiegertjes et al., 1996). In the current study
significant enhancements in plasma total protein level was observed at increased isoleucine
levels. There is no available study on the effect of dietary isoleucine on fish plasma total
protein level, but in agreement to our study significant enhancements in fish serum/plasma
protein levels have been reported following administration of optimum dietary lysine level in
black sea bream (Sparus macrocephalus) (Zhou et al.,, 2010) and yellow catfish
(Pelteobagrus fulvidraco) (Cao et al., 2012); and optimal dietary valine level in red sea
bream (Rahimnejad and Lee, 2013). In general, ALT and AST are mainly distributed in the
liver and spleen and play important roles in protein metabolism. Their concentrations in the
blood increase when the liver and myocardial cells are damaged or their permeability
increased. Both enzymes are used as valuable diagnostic means of stress responses in fish
species (De Smet and Blust, 2001; Almeida et al., 2002; Choi et al., 2007) and their
concentration in plasma increases in response to several factors such as pollution and
ammonia and nitrite toxications (Das et al., 2004). In the current study significant reductions
in plasma ALT and AST concentrations were achieved by increment of dietary isoleucine
level up to 1.94% indicating an improvement in fish health status. It has been reported that
dietary protein affects the plasma cholesterol level (Carroll and Hamilton, 1975; Kritchevsky;,
1979; Terpstra et al., 1983) and that the main influencing factor is the AA composition of the
protein source (Garlich et al., 1970; Olsen et al., 1970a,b; Coles and McDonald, 1972). In
agreement to this notion, Sugiyama et al. (1996) reported a significant positive correlation
between the plasma total cholesterol level and plasma concentration of valine in rats fed
different dietary protein sources. Also, the results of our previous study on red sea bream
showed the significant increase of plasma cholesterol concentration by increment of dietary
valine level (Rahimnejad and Lee, 2013). Similarly, in the present study plasma cholesterol

level elevated significantly when dietary isoleucine level increased.
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It has been demonstrated that deficiency or excess of dietary protein (Glick et al., 1981,
1983; Payne et al., 1990) or AAs (Bhargava et al., 1970, 1971; Tsiagbe et al., 1987a,b) alters
immune responses. BCAA have been shown to play very important roles in the immune
organ development (Kidd, 2004). Konashi et al. (2000) reported that weights of lymphoid
organs are modified by either the type of essential AAs or the degree of deficiency; and that
feeding the BCAA-deficient diet causes the most severe decrease in both thymus and bursa
weights in chickens. Lysozyme as a bactericidal enzyme is well known as an important
humoral indicator of innate immunity in fish. It is released by leucocytes and provides
protection against both gram-positive and gram-negative bacteria by lysing the 1, 4-beta-
linkages in the peptidoglycan layer found in bacteria cell walls (Ellis, 1999). Several factors
affect the lysozyme activity in fish including nutritional status (Saurabh and Sahoo, 2008). In
the present study, significantly higher lysozyme activities were found by increment of dietary
isoleucine level up to 2.37% and thereafter a reduced activity was obtained. Similarly, Zhao
et al. (2013) reported the significant enhancement in lysozyme activity of Jian carp fed
increased dietary isoleucine levels. The respiratory burst is generated by
macrophages/monocytes and granulocytes to attack invasive pathogens during phagocytosis
and is widely used to evaluate the defense capabilities against pathogens (Dalmo et al., 1997).
In the current study the respiratory burst activity was measured through NBT assay and
significantly higher activities were achieved at isoleucine levels of 1.43-1.94% compared to
those fed the basal level. There is no earlier report on the effect of isoleucine on fish
respiratory burst activity; however our previous study on red sea bream (Rahimnejad and Lee,
2013) showed the enhanced respiratory burst activity at increased valine levels indicating the
role of BCAA. Total immunoglobulins play important roles in innate and acquired immune
response (Magnadéttir, 2006) and are regarded as a good indicator for the action of

immunonutrients. In this study higher Ig levels were found by increment of dietary isoleucine
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and a significant difference was observed between the groups fed 0.48 and 1.94% isoleucine.
In agreement to our results, Zhao et al. (2013) showed the significant elevation of IgM level
in Jian carp fed increased dietary isoleucine level. Reactive oxygen species (ROS) are
chemically reactive molecules containing oxygen including oxygen ions and peroxides. The
over production of ROS may damage cell membranes (Liu et al., 2007). Radical scavenging
enzymes such as SOD can provide protection against ROS damage. Earlier, Zhao et al.
(2013) reported the enhancement of SOD activity in Jian carp when dietary isoleucine
increased from 0.42 to 0.95%, which is in agreement with the results of the present study.

In conclusion, under the rearing conditions in this study it was shown that supplementation of
a proper level of isoleucine is necessary for maximal growth of olive flounder. The most
significant finding of this study was that dietary isoleucine influences humoral innate immune
response in olive flounder, and that the optimal level for efficient immune function seems to

be approximately 2% of diet.
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CHAPTER FIVE

Dietary methionine requirement of juvenile olive flounder (Paralichthys olivaceus)

5.1. Introduction

Protein quantity and dietary amino acid composition are two major factors that influence
growth of fish. Fish do not seem to have a true protein requirement but a well balanced
mixture of indispensable amino acids in the diet is essential for their growth and maintenance.
Since protein is the most expensive component of feed items, inclusion of its optimum
amount will enable us to develop cost-effective dietary formulations. Amino acid balance is
one of the most important factors affecting protein quality. Determining the essential amino
acid requirements of cultured fish is of extreme importance due to the significant effects of
these nutrients on muscle deposition, feed costs and nitrogen pollution (Small and Soares,
1999).

Methionine is the sulphur-containing amino acid required by terrestrial vertebrates as
well as various fish species for normal growth and metabolic functions. Methionine takes part
in protein synthesis and other important physiological functions (Lovell, 1989). The essential
amino acid methionine is important because it is used for protein synthesis, converted to
cystine for incorporation into protein, and in the form of S-adenosyl-methionine, it is the
principal donor of methyl groups in the body. As S-adenosyl methionine, methionine is the
precursor of the polyamines spermine and spermidine which have diverse physiological role
related to cell proliferation and growth (Murray et al., 1996). Methionine is also a precursor

of choline and Kasper et al. (2000) reported that when methionine is not in excess in the diet
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of Nile tilapia, Oreochromis niloticus, choline is required for growth. Methionine is usually
the first limiting amino acid in many fish diets, especially those containing higher levels of
plant protein sources such as soybean meal, peanut meal and copra meal (Tacon and Jackson,
1985; Dabrowski et al., 1989). The study of sulphur amino acid nutrition in fish has become
increasingly important as dietary formulations incorporate lower levels of fish meal and
higher levels of plant feedstuffs (Twibell et al., 2000). Studies have demonstrated that
supplementation of methionine to plant protein diets is able to improve growth response of
many fish species (Mukhopadhyay and Ray, 2001; Takagi et al., 2001; Opstvedt et al., 2003).
In fish both excess and restricted dietary methionine content have been reported to affect
growth performance, feed intake and carcass quality (Jackson and Capper, 1982; Rumsey et
al., 1983; Mambrini et al., 2001; Sveier et al., 2001). Also, cataracts were observed in several
salmonid species fed with methionine-deficient diets (Walton et al. 1982; Rumsey et al. 1983;
Keembiyehetty and Gatlin, 1993). Thus, to maximize the utilization of cheap plant and
animal protein sources, especially those that have low methionine levels, the determination of
methionine requirement in semipurified diets and its application to practical diets are
important for the development of cost-effective feed.

Aquaculture of the olive flounder is one of the rapidly increased industries in Korea due
to the high market value of this species. Knowledge of the dietary essential amino acid
(EAA) requirement of aquaculture species like the olive flounder is essential for developing
commercial feeds using low levels of marine proteins. Therefore, the present study was

conducted to determine dietary methionine requirement of juvenile olive flounder.
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5.2. Materials and methods

5.2.1. Experimental diets

Formulation and proximate composition of the experimental diets are shown in Table 5-
1. Six isonitrogenous (45% crud protein) and isocaloric (4.36 kcal g gross energy)
experimental diets were formulated to contain different levels of methionine from 0.3 to 1.8%.
A mixture of synthetic free amino acids without methionine was prepared according to
Dabrowski et al. (2003) and used as the main protein source. The basal diet was formulated to
contain 0.3% methionine from fish meal and supplemented with DL-methionine at 0.3%
increments. The energy value of each diet was estimated on the basis of physiological fuel
value, i.e., 3.99 kcal g proteins or carbohydrates and 9.01 kcal g™ lipids (Lee and Putnam,
1973). The experimental diets were kept isonitrogenous and isocaloric using glycine at the
expense of methionine. All ingredients were well mixed, pelletized and freeze-dried. The

pellets were crushed into desirable particle sizes and stored at -20 °C until use.
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Table 5-1. Formulation and proximate composition of the six experimental diets (% dry

matter).

1 2 3 4 5) 6
White fish meal” 17.0 17.0 17.0 17.0 17.0 17.0
FAA mix* 33.0 33.0 33.0 33.0 33.0 33.0
Methionine® 0.0 0.3 0.6 0.9 1.2 1.5
Glycine* 1.5 1.2 0.9 0.6 0.3 0.0
Dextrin 33.3 33.3 33.3 33.3 33.3 33.3
Taurine 1.0 1.0 1.0 1.0 1.0 1.0
Mineral mix® 2.5 2.5 2.5 2.5 2.5 2.5
Vitamin mix° 2.5 2.5 2.5 2.5 2.5 2.5
Squid liver oil’ 12.5 125 12.5 125 12.5 12,5
Proximate composition
Moisture (%) 11.3 12.4 11.7 12.9 12.2 11.9
Protein (%, DM) 44.7 43.8 44.9 44.2 43.8 44.3
Lipid (%, DM) 8.9 8.5 8.8 8.9 8.7 8.8
Ash (%, DM) 3.1 3.4 3.8 3.8 3.6 3.6

"White fish meal was kindly provided from Suhyup Feed Co. Ltd., Uiryeong, Korea.

2Free amino acid mixture composition: (g/1384.11 g dry weight mixture; all L-form amino
acids unless otherwise indicated): arginine hydrochloride, 37.8; valine, 37.8 (Fluka, Buchs,
Japan); lysine, 45.36; D,L-methionine, 31.5 (WooSung, Daejun, Korea); histidine, 22.05;
isoleucine, 28.35; phenylalanine; 56.7; threonine, 25.2; tryptophan, 6.3; proline, 365.4;

serine, 365.4; alanine, 362.25 (Sigma Chemicals, St. Louis, MO).
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*Methionine: Sigma Chemicals, L-Methionine

*Glycine: Sigma Chemicals, L-Glycine

*Mineral premix (g kg™): MgS0..7H,0, 80.0; NaH,P0,.2H,0, 370.0; KCI, 130.0; Ferric
citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AICls. 6H,0, 0.15; Na,Se,0s,
0.01; MnS0O4.H,0, 2.0; CoCl,.6H,0, 1.0.

®Vitamin premix (g kg™): L-ascorbic acid, 121.2; DL-a. tocopheryl acetate, 18.8; thiamin
hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-p-
pantothenate, 12.7; myo-inositol, 181.8; p-biotin, 0.27; folic acid, 0.68; p-aminobezoic acid,
18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003.

’Squid liver oil was purchased from E-Wha oil Co. Ltd., Busan, Korea.
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5.2.2. Fish and feeding trial

Juvenile olive flounder were transported from a private hatchery to the Marine and
Environmental Research Institute of Jeju National University (Jeju, South Korea). All
the fish were fed the basal diet for one week to be acclimated to the semi-purified diet
and the experimental conditions. At the end of the acclimation period, 35 randomly
selected fish (averaging at 17.28 £ 0.1 g) were stocked into each polyvinyl circular
tanks of 150 L capacity and supplied with filtered seawater at a flow rate of 1.5 L min™
and aeration to maintain enough dissolved oxygen. Triplicate groups of fish were hand-
fed with one of the test diets to apparent satiation (twice a day, 09:00 and 17:00 h) for
eight weeks. Growth of fish was measured with two-week intervals. Feeding was
stopped 24 h prior to weighing to minimize handling stress on fish. The water
temperature during the feeding trial ranged from 14 to 20 °C and the photoperiod was

maintained on a 12:12 light:dark schedule.

5.2.3. Sample collection and analyses

At the end of the feeding trial, all the fish in each tank were bulk-weighed and
counted for calculation of growth parameters and survival. Five intact fish per tank (15
fish per treatment) were selected and kept at —20 °C for whole-body amino acid
composition analysis. The samples were freeze-dried and finely ground using a grinder
and the amino acid compositions were analyzed using an automatic amino acid analyzer
(Biochrom 30, Pharmacia Biotech, Cambridge, England).

Three fish per tank were randomly captured, anesthetized with 2-phenoxyethanol

(200 mg 1), and blood samples were collected from the caudal vein with heparinized
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syringes for determination of hematocrit, hemoglobin and respiratory burst activity.
Hematocrit was determined by microhematocrit technique (Brown, 1980) and

hemoglobin was measured by an automated blood analyzer (SLIM, SEAC Inc, Florence,

Italy).

Oxidative radical production by phagocytes during respiratory burst was measured
through NBT (nitro-blue-tetrazolium) assay described by Anderson and Siwicki (1995).
Briefly, blood and NBT (0.2%) (Sigma, St. Louis, MO, USA) were mixed in equal
proportion (1:1) and incubated for 30 min at room temperature. Then 50 ul was taken
out and dispensed into glass tubes. One ml of dimethylformamide (Sigma) was added
and centrifuged at 2000 x g for 5 min. Finally, the optical density of supernatant was
measured at 540 nm using a spectrophotometer (Genesys 10UV, Rochester, NY, USA).
Dimethylformamide was used as the blank.

Analyses of moisture and ash contents of diets were performed by the standard
procedures (AOAC, 1995). Crude protein was measured by using automatic Kjeltec
Analyzer Unit 2300 (FossTecator, Hoganas, Sweden) and crude lipid was determined
using the Soxhlet method with extraction in diethyl ether (Soxhlet Extraction System C-

SH6, Korea).

5.2.4. Statistical analysis

All dietary treatments were assigned by a completely randomized design. Data
were analyzed by one-way analysis of variance (ANOVA) in SPSS version 11.0 (SPSS
Inc., Chicago, IL, USA). When ANOVA identified differences among groups, the

difference in means was made with Tukey's HSD multiple range test. Statistical
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significance was determined at P < 0.05. A broken-line regression model was used for
determination of optimum dietary methionine level based on weight gain (WG). Data
are presented as mean £ SD. Percentage data were arcsine transformed before statistical

analysis.
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5.3. Results

Fish growth performance was significantly influenced by dietary methionine levels
(Table 5-2). The results showed the significant increase of weight gain in the groups fed
diets containing 1.5 and 1.8% methionine compared to those fed 0.3% dietary
methionine. The protein efficiency ratio increased by increment of methionine level up
to 1.5% and lower feed conversion ratio were obtained at higher methionine levels but
no significant changes were observed among the experimental groups. The fish survival
rate varied from 61 to 85% and no significant differences could be detected. The
optimum dietary methionine requirement was evaluated at 1.63% (Fig. 5-1).

The results of hematological analysis revealed a slight improvement in hemoglobin
concentration at >1.2% methionine levels, although the changes were not significant
(Table 5-3). Also, numerically higher respiratory burst activity was found in groups fed
higher methionine levels compared to the group fed 0.3% methionine.

Fish whole-body amino acid composition is provided in Table 5-4. The results showed
increased accumulation of most essential amino acids at higher methionine levels

compared to those fed the basal level but the differences were not significantly different.
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Table 5-2. Growth performance of juvenile olive flounder fed the experimental diets

with graded levels of methionine for eight weeks.

Met level FBW(g) WG? (%) FCR® PER® Survival (%)
0.3 20.54+1.14*  18.70+6.60°  2.22+0.79 0.98+0.29  65.00+14.14
0.6 21.13+1.41%  22.66+8.41°  2.16+0.57 0.98+0.26  61.67+5.77
0.9 22.04+1.67*  27.73+10.59®  1.83+0.81 1.24+0.48  65.60+8.16
1.2 23.16+1.72"°  3356+9.95®  1.61+0.35 1.29+0.25 82.50+10.60
15 25.31+1.43°  46.40+9.16°  1.47+0.66 1.54+0.60 85.00+21.22
1.8 25.13+1.40°  4562+9.23"°  1.56+0.33 1.32+0.27  77.50+3.53

Values are mean of triplicate groups and presented as mean £ SD. Values in the same
column having different superscript letters are significantly different (P<0.05).

'Final body weight

“Weight gain= [(final body weight — initial body weight)/initial body weight x 100]
3Feed conversion ratio= dry feed fed/wet weight gain

*Protein efficiency ratio= wet weight gain/total protein given
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Table 5-3. Hematological parameters of juvenile olive flounder fed the experimental diets with graded levels of methionine for

eight weeks.
Met levels
0.3 0.6 0.9 1.2 1.5 1.8
Hematocrit (%) 23.17£3.54 21.44+4.07 24.33+£3.79 23.42+0.12 25.33+£1.86 24.61+1.13
Hemoglobin (g/dL) 3.79+0.66 3.68+0.39 3.78+0.54 4.24+0.04 4.19+0.37 3.82+0.19
NBT (absorbance) 0.38+0.02 0.44+0.11 0.42+0.08 0.46x0.09 0.42+0.05 0.46+0.03

Values are mean of triplicate groups and presented as mean + SD. The lack of superscript letter indicates no significant differences

among treatments.
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Table 5-4. Whole-body amino acid composition of juvenile olive flounder fed the experimental diets with graded levels of

methionine for eight weeks.

Met levels
0.3 0.6 0.9 1.2 1.5 1.8

EAA

Arg 6.55+0.60 7.01+0.53 7.04+0.81 6.71+0.53 6.79+0.06 6.63+0.17
His 1.84+0.10 1.91+0.08 2.25+0.52 1.99+0.16 1.97+0.01 1.87%0.06
lle 3.65+0.13 3.87+0.26 3.77+0.02 3.86+0.24 3.84+0.04 3.75+0.04
Leu 6.67+0.27 7.08+0.54 7.42+1.00 7.03+0.45 6.96+0.09 6.83+0.04
Lys 8.03+0.10 8.90+1.28 8.18+0.23 8.44+0.46 8.68+0.24 8.24+0.22
Met 0.49+0.03 0.68+0.07 0.51+0.01 0.58+0.01 0.63+0.02 0.67+0.15
Phe 3.67+0.17 3.86+0.26 4.33+1.01 3.82+0.31 3.82+0.03 3.74+0.05
Thr 3.86+0.18 403+0.08  4.08+0.07  4.03+0.31  4.10:0.03  4.04+0.11
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Val
NEAA
Ala
Asp
Glu
Gly
Pro

Ser

Tyr

4.46+0.23

7.81+0.84

8.85+0.76

13.78+0.53

9.59+0.10

9.34+0.81

4.32+0.11

2.81+0.09

4.80+0.43

7.41+0.73

9.17+0.15

14.62+0.66

9.36+0.68

10.46+0.35

4.74+0.47

2.99+0.19

4.56+0.04

7.11+0.16

9.28+0.15

14.18+0.15

8.65+0.69

10.43+0.96

4.60+0.25

2.88+0.08

4.73+0.34

6.94+0.45

9.41+0.30

14.01+0.65

8.59+0.93

8.31+1.40

4.32+0.41

2.96+0.15

4.64+0.04

7.02+0.06

9.45+0.12

14.25+0.03

8.95+0.30

8.98+0.25

4.41+0.02

2.96+0.04

4.61+0.09

7.04+0.24

9.45+0.08

14.32+0.20

8.72+0.46

10.12+1.12

4.59+0.11

2.88+0.02

Values are mean of triplicate groups and presented as mean + SD. The lack of superscript letter indicates no significant differences

among treatments.
'Essential amino acids

2Non-essential amino acids
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Fig. 5-1. Broken-line regression analysis of weight gain to dietary methionine levels.

Each point represents the average of three groups of fish.
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5.4. Discussion

In this study fish accepted all the semipurified test diets, however in general low
growth rates were obtained because the experiment was conducted in low temperature
season. On the other hand, in the current study relatively high portion of dietary protein
was provided in the form of crystalline amino acids (CAAS). The utilization of CAAs in
practical diets of fish depends on the species ability to absorb and use such amino acids
for protein synthesis as well as for other physiological (Nguyen and Davis, 2009). Fish
do not appear to utilize dietary CAAs as effectively as intact protein, which has
frequently been reported by other workers (Robinson et al., 1981; Walton et al., 1982;
Fauconneau, 1988; Espe and Lied, 1994; Ahmed et al., 2003).

Most authors reported that the growth of fish or shrimp showed different tendency
with the increase in dietary methionine: (1) increased with increasing dietary
methionine and remained constant when dietary methionine is higher than requirement
(Harding et al. 1977; Coloso et al. 1999; Alam et al. 2001); (2) increased with
increasing dietary methionine and decreased when dietary methionine is higher than
requirement (Millamena et al. 1996; Akiyama and Arai, 1993; Sveier et al., 2001). In the
present study, significant improvement in fish growth performance was observed by
increment of dietary methionine level up to 1.5% and plateaued by further increment.
The results in the present study showed that weight gain of the juveniles fed
methionine-unsupplemented diet was significantly lower than that of the juveniles fed
methionine-supplemented diets. This indicates that olive flounder juveniles are able to
utilize supplemental methionine from CAA and also indicates that methionine was

essential for growth of olive flounder. Dietary methionine deficiency resulted in the
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formation of cataracts in some fish species (Walton et al., 1982; Rumsey et al., 1983;
Poston, 1986; Keembiyehetty and Gatlin, 1993; Ruchimat et al., 1997; Takagi et al.,
2001), but was not observed in the present study. Estkvez et al. (1997) also reported that
no cataracts were formed in the eyes of Japanese flounder fed methionine-deficient diets.
The poor growth of the methionine-unsupplemented groups may be due to loss of
appetite, which resulted in low feed intake, hence depressed growth.

Dose-response experiments with increasing supply of amino acid are accepted in
principle as a method for determining dietary amino acid requirements (Cowey, 1995).
The present study indicated that the optimum dietary methionine requirement of
juvenile olive flounder was estimated to be 1.63% of diet (3.62% of dietary protein)
based on growth performance. This value is similar to those previously reported for
other fish species, such as Chinook salmon (1.6% of diet, 4.0% of dietary protein)
(Halver et al., 1959), gilthead sea bream (1.4% of diet, 4.0% of dietary protein) (Luquet
and Sabaut, 1974). However, it is higher than those estimated for channel catfish (0.6%
of diet) (Harding et al., 1977), rainbow trout (0.52%) (Kim et al., 1992), red drum
(1.06%) (Moon and Gatlin, 1991), sea bass (1.0%) (Thebault et al., 1985), hybrid
striped bass (1.0%) (Keembiyehetty and Gatlin, 1993), yellow perch (1.0%) (Twibell et
al., 2000), Nile tilapia (0.75%) (Santiago and Lovell, 1988) and yellowtail (1.11%)
(Ruchimat et al., 1997). There are many factors that may affect measured amino acid
requirements, including species, the fish size, diet type (purified, semi-purified,
practical), dietary protein and energy level, statistical method, palatability, feeding
regime and environmental conditions (Tacon and Cowey, 1985; Rodehutscord et al.,

1997). Because a portion of dietary methionine can be converted to cystine when
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necessary in the body, the presence of dietary cystine reduces the amount of methionine
required for maximum growth. Thus, the requirement for total sulfur amino acids can be
met by either methionine alone or the proper mixture of methionine and cystine (Ahmed
et al., 2003).

In the current study hemoglobin and hematocrit content were not affected by
dietary methionine level. However, Zhou et al. (2006) reported the significant effect of
methionine on hemoglobin, hematocrit and leucocyte counts of Juvenile Cobia
(Rachycentron canadum) where lower values were obtained for the group fed
methionine deficient diet. Also, Ruchimat et al. (1997) pointed out that dietary
methionine level significantly influenced hemoglobin and haematocrit content in
yellowtail (Seriola quinqueradiata).

A relationship between tissue EAAs levels and dietary requirements has been
suggested (Cowey, 1994). The results of a study on juvenile Chinese sucker
(Myxocyprinus asiaticus) (Chu et al., 2014) revealed the significant increase of all
essential amino acids accumulation in fish muscle at increased dietary methionine levels.
Also, Niu et al. (2013) showed that dietary methionine level influences whole-body
amino acid composition of pompano (Trachinotus ovatus.); concentration of all the
essential amino acids, except for arginine, increased by dietary methionine increment.
They suggested that methionine deficiency in diet could inhibit methionine participating
in protein synthesis and reduce its level in amino acid pool in muscle. In the present
study, concentration of most essential amino acids was increased in whole-body
although this increment was numerical.

In conclusion, the results in this study showed that inclusion of an appropriate level of
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methionine is required for optimal growth of olive flounder. The optimum
requirement level of methionine was estimated to be 1.63% of diet (3.62% of dietary

protein) for juvenile olive flounder.
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CHAPTER SIX

Comparison of free and dipeptide lysine utilization in diets for juvenile olive

flounder (Paralichthys olivaceus)

6.1. Introduction

The quality of dietary protein is determined by its amino acid (AA) composition
and availability (Wilson and Cowey, 1985; Wilson and Poe, 1985). Quantitative
estimation of essential amino acid requirements of cultured fish species is detrimental
for achievement of optimum growth and feed utilization, cost-effective diet formulation,
and desirable carcass quality (NRC, 2011). It has long been demonstrated that a
balanced AA profile is required for effective utilization of dietary protein for tissue
synthesis (D’Mello, 1994; Yamamoto et al., 2000; Berge et al., 2002; Green and Hardy,
2002; Gomez-Requeni et al., 2003). Amino acids can be supplied either in the forms of
protein-bound, free amino acids or peptides in formulated diets. It has been shown that
absorption of peptides and free AA (FAA) are the major transport routes for protein
utilization in mammals (Abidi, 1997; Ganapathy et al., 1994). The current
understanding of protein utilization in vertebrates centers on absorption of peptides in
the intestine as a major route of transport. In fishes it was shown that small peptides and
FAA are absorbed faster in comparison to protein (Rust et al., 1993; Rgnnestad et al.,
2003). There is evidence that a single peptide can be more efficiently absorbed than the
mixture of identical amino acids both in fish (Reshkin and Ahearn, 1991; Boge et al.,

2002) and mammals (Matthews, 1991). The results of previous studies on common carp
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(Cyprinus carpio) and rainbow trout (Oncorhynchus mykiss) showed the inferior
utilization of amino acids from FAA-based diets compared to those from protein-based
diets (Murai et al., 1982; 1983; Kaushik and Dabrowski, 1983; Dabrowski et al., 2003).
Increased deamination or higher total dietary nitrogen excretion through gill and kidney
have been suggested to be the reason for the secondary utilization of FAA-based diets
compared to the protein-based diets (Dabrowski et al., 2003). It is generally thought that
the inefficiency of free AA in fish is due to its faster uptake and subsequent catabolism
compared to those from intact protein (Murai et al., 1987; Cowey and Walton, 1988;
Dabrowski et al., 2003, Rgnnestad et al., 2000; Dabrowski et al., 2007). Another
explanation was proposed by higher leaching loss of free AA than bound AA in aquatic
environments prior to ingestion (Zarate and Lovell, 1997).

Dabrowski et al. (2003) showed for the first time that a synthetic dipeptide-based
diet can support growth of rainbow trout in the early stages while a free AA-based diet
did not. Peptides have different transport systems from FAA. It has been reported that
tetra- and larger peptides do not cover the nitrogen requirements in the absence of
pancreatic enzymes or lack of brush border peptidase activity (Grimble, 1994; Daniel,
2004), whereas di- or tripeptides have specific peptide transporters (Doring et al., 1998).
These transporters were demonstrated to be expressed in teleost larvae prior to
exogenous feeding (\Verri et al., 2003).

Lysine has been identified as an essential amino acid for all the studied fish species
(NRC, 2011). It is of great importance as it is found in the highest concentration in the
carcass of many fish species (Wilson and Cowey, 1985; Wilson and Poe, 1985; NRC,

1993). Lysine deficiency has been reported to result in decreased growth and low feed

- 113 -



efficiency (Ahmed and Khan, 2004; Wang et al., 2005; Zhou et al., 2008). It is the most
limiting amino acid in protein sources, particularly plant proteins, used in aquafeeds
(Deng et al., 2010).

Olive flounder, Paralichthys olivaceus, is one of the most important marine
cultured species in Korea, Japan and China. Its total production reached ~37000 tons in
2013 in Korea (Ministry of Maritime Affairs and Fisheries of Korea, 2013). Dietary
lysine requirement of the species was determined by Forster and Ogata (1998) using
free L-lysine as amino acid source. Kim and Lee (2013) showed that juvenile olive
flounder can utilize dipeptide leucine more efficiently than its free form for protein
synthesis. Accordingly, this study was conducted to compare the utilization efficiency of

free and dipeptide forms of lysine in diets for juvenile olive flounder.
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6.2. Materials and methods

6.2.1. Experimental diets

Formulation and proximate composition of the experimental diets are shown in
Table 6-1. Five isonitrogenous (47% crud protein) and isocaloric (4.38 kcal g™ gross
energy) experimental diets were formulated to contain different levels and forms of
lysine amino acid. A mixture of synthetic free amino acids without lysine was prepared
according to Dabrowski et al. (2003) and used as the main protein source. A control diet
was formulated to contain basal level of lysine (0.5%) from fish meal and supplemented
with 0.5 or 1.0% of lysine either in free or dipeptide forms. Lysine-Glycine (LG)
(Bachem, Torrance, CA, USA) was used as the dipeptide form and crystalline L-lysine
(L-Lys) (Sigma Chemicals, St. Louis, MO, USA) was used as the free form (FL). The
experimental diets were kept isonitrogenous and isocaloric using glycine at the expense
of lysine. All ingredients were well mixed, pelletized and freeze-dried. The pellets were

crushed into desirable particle sizes and stored at -20 °C until use.
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Table 6-1. Composition and proximate analysis of the experimental diets (% dry matter).

Control L-Lys Lys-Gly

Ingredient 0.5 1.0 1.5 1.0 15
White fish meal 10 10 10 10 10
Free AA mix* 38.5 38.5 38.5 38.5 38.5
Lys-Gly 0.0 0.0 0.0 0.5 1.0
L-Lys 0.0 0.5 1.0 0.0 0.0
L-Glycine 1.0 0.5 0.0 0.5 0.0
Dextrin 32 32 32 32 32
Choline chloride 1.0 1.0 1.0 1.0 1.0
Mineral mix® 2.0 2.0 2.0 2.0 2.0
Vitamin mix® 2.0 2.0 2.0 2.0 2.0
Taurine 1.0 1.0 1.0 1.0 1.0
Squid liver oil 12.5 12.5 12.5 12.5 12.5
Proximate composition

Dry matter 93.5 93.0 94.1 93.8 93.5
Crude protein 47.0 46.5 47.0 46.8 46.7
Lipid 8.7 8.8 8.8 8.6 8.5
Ash 3.8 3.7 3.7 3.6 3.8

'Free amino acid mixture composition (g per 446 g dry weight mixture): arginine
hydrochloride, 15; valine, 12; methionine, 10; histidine, 7; isoleucine, 9; leucine, 14;
phenylalanine, 18; threonine, 8; tryptophan, 2; glutamic acid, 111; glycine, 240.

’Mineral premix (g kg™ mixture): MgS04.7H,0, 80.0; NaH,P04.2H,0, 370.0; KCI,
130.0; Ferric citrate, 40.0; ZnS0O,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AlCls.
6H,0, 0.15; Na,Se,03, 0.01; MnSO4.H,0, 2.0; CoCl,.6H,0, 1.0.

3Vitamin premix (g kg™ mixture): L-ascorbic acid, 121.2; DL-a. tocopheryl acetate, 18.8;

thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4;
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Ca-p-pantothenate, 12.7; myo-inositol, 181.8; p-biotin, 0.27; folic acid, 0.68; p-
aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003;

cyanocobalamin, 0.003.
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6.2.2. Fish and feeding trial

Juvenile olive flounder were transported from a private hatchery to the Marine and
Environmental Research Institute of Jeju National University (Jeju, South Korea). All
the fish were fed the basal diet for one week to be acclimated to the semi-purified diet
and the experimental conditions. At the end of the acclimation period, 20 randomly
selected fish (averaging at 5.41 + 0.16 g) were stocked into each polyvinyl circular
tanks of 20 L capacity and supplied with filtered seawater at a flow rate of 1.5 L min™
and aeration to maintain enough dissolved oxygen. Triplicate groups of fish were hand-
fed with one of the test diets at a ratio of 3% of body mass (twice a day, 09:00 and
17:00 h) for six weeks. Growth of fish was measured with three-week intervals. Feeding
was stopped 24 h prior to weighing to minimize handling stress on fish. The water
temperature during the feeding trial ranged from 14 to 20 °C and the photoperiod was

maintained on a 12:12 light:dark schedule.

6.2.3. Sample collection and analyses
At the end of the feeding trial, all the fish in each tank were bulk-weighed and
counted for calculation of growth parameters and survival. Five intact fish per tank (15
fish per treatment) were selected and kept at —20 °C for whole-body amino acid
composition analysis. The samples were freeze-dried and finely ground using a grinder
and the amino acid compositions were analyzed using an automatic amino acid analyzer
(Biochrom 30, Pharmacia Biotech, Cambridge, England).
Another set of five fish per tank were sampled for determination of

organosomatic indices including hepatosomatic index (HSI) and viscerosomatic index
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(VSI), and relative intestine length (RIL).

Analyses of moisture and ash contents of diets were performed by the standard
procedures (AOAC, 1995). Crude protein was measured by using automatic Kjeltec
Analyzer Unit 2300 (FossTecator, Hogands, Sweden) and crude lipid was determined
using the Soxhlet method with extraction in diethyl ether (Soxhlet Extraction System C-

SH6, Korea).

6.2.4. Statistical analysis

All experimental diets were assigned by a completely randomized design. Data
were analyzed by one-way ANOVA in SPSS version 11.0 (SPSS Inc., Chicago, IL,
USA). When ANOVA identified differences among groups, the difference in means was
compared with Tukey's HSD multiple range test. Statistical significance was determined
by setting the aggregate type 1 error at 5% (P<0.05) for each set of comparisons. In
two-way ANOVA, to isolate the effects of molecular form from lysine level only the
diets with lysine supplementation were considered. Data were presented as mean + SD.

Percentage data were arcsine transformed before statistical analysis.
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6.3. Results

The results of fish growth performance fed the experimental diets with different
lysine molecular forms and levels are provided in Table 6-2. The results showed the
significant increase of fish growth by increment of dietary lysine level (P < 0.05, one-
way ANOVA) and the highest growth performance was found in fish fed 1.5% LG. Feed
utilization was significantly affected by dietary treatments (one-way ANOVA); the
highest protein efficiency ratio (PER) was obtained in fish fed 1.5% LG. Also, the
results showed the significant effects of both lysine level and molecular form on weight
gain and PER (P < 0.05, two-way ANOVA); however no interaction could be found
between dietary lysine level and form (P > 0.05, two-way ANOVA). Fish survival rate
varied from 86 to 93% and was not significantly (P > 0.05) different among all the
treatments (Table 6-2).

Organosomatic indices of fish fed the experimental diets are presented in Table 6-3.
Significantly higher HSI and VSI were obtained in fish fed LG contacting diets and free
form did so at 1.5% (P < 0.05, one-way ANOVA). Also, the two indices were
significantly affected by both lysine form and level (P < 0.05, two-way ANOVA).
However, RIL did not significantly differ among treatments (Table 6-3).

Fish whole-body amino acid composition was significantly affected by dietary
treatments (Table 6-4). Significantly higher arginine levels were found in fish fed LG
containing diets (one-way ANOVA) and a significant interaction was observed for
lysine level and form (P = 0.009, two-way ANOVA). The results of two-way ANOVA
analysis showed the significant effect of lysine level on whole-body valine and aspartic

acid contents. Also, alanine content was significantly increased in fish offered 1.5% LG
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(one-way ANOVA) and significantly influenced by both lysine level and form.
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Table 6-2. Growth performance of olive flounder (initial body weight, 5.41+0.16 g) fed the experimental diets containing different

lysine levels and molecular forms for 6 weeks.

Dietary treatment

Control L-Lys Lys-Gly SEM* P-values  P-values P-values
0.5 1.0 15 1.0 15 Lys form  Lyslevel  Lys formxlevel
FBW? 6.57° 7.70° 8.73 8.15% 8.87° 0.45 0.191 0.003 0.463
WG’ 26.44° 4330°  57.06®° = 49.72°  64.92° 6.62 0.034 0.001 0.787
PER* 0.55° 0.84° 1.07%* 0.94% 1.21° 0.12 0.023 0.000 0.677
Survival (%) g66  86.7 91.7 93.3 93.3 15.2 0.772 0.911 0.609

Each value is the mean of triplicate groups. Values in the same row having different superscript letters are significantly different (P
< 0.05). The lack of superscript letter indicates no significant differences among treatments.

Pooled standard error of the mean

’Final body weight

*Weight gain = final mean body weight - initial mean body weight

*Protein efficiency ratio = Wet weight gain/total protein fed
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Table 6-3. Organosomatic indices of olive flounder (initial body weight, 5.41+0.16 g) fed the experimental diets containing

different lysine levels and molecular forms for 6 weeks.

Dietary treatment

Control L-Lys Lys-G |y SEM]' P-values P-values P-values
Lys form  Lys level Lys
0.5 1.0 1.5 1.0 1.5 formxlevel
HSI? 2.05° 2.18° 3.21% 3.0° 3.95° 0.51 0.003 0.000 0.605
VsI® 3.49° 3.95° 5.63% 5.61% 5.83% 0.84 0.026 0.021 0.059
RIL? 61.2 63.6 65.9 61.5 64.1 5.24 0.360 0.245 0.978

Each value is the mean of triplicate groups. Values in the same row having different superscript letters are significantly different (P

< 0.05). The lack of superscript letter indicates no significant differences among treatments.

Pooled standard error of the mean
Hepatosomatic index = 100 x (liver weight/body weight)

3Viscera somatic index = 100 x (viscera weight/body weight)
*Relative intestine length = 100 x (intestine length/total body length)
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Table 6-4. Whole-body amino acid composition of olive flounder fed the experimental diets containing different lysine levels and

molecular forms for 6 weeks.

Dietary treatment

Control L-Lys Lys-Gly SEM! P-values  P-values P-values

05 1.0 15 1.0 15 Lysform  Lys level f(;_r)rﬁXIevel
EAA
Arg 6.59" 6.67% 6.72% 6.77° 6.77° 0.08  0.619 0.085 0.009
His 1.78 1.77 1.72 1.79 1.78 0.32  0.794 0.831 0.887
lle 4.25 4.21 4.25 4.29 4.28 0.08  0.222 0.687 0.485
Leu 7.50 7.34 7.43 7.44 7.40 011 0541 0.694 0.275
Lys 8.53 8.20 8.41 8.33 8.48 021  0.331 0.091 0.768
Met 0.72 0.73 0.74 0.75 1.09 0.22  0.139 0.145 0.171
Phe 4.15 4.10 4.10 4.15 4.12 0.05  0.264 0.641 0.654
Thr 4.20 4.27 4.24 4.27 4.25 0.08  0.751 0.545 0.909
Val 4.98 4.91 5.02 4.89 5.06 011  0.819 0.021 0.536
NEAA
Ala 7.02° 7.15% 7.14% 7.19% 7.31° 0.14  0.046 0.001 0.002
Asp 9.33" 9.79% 10.15° 9.42% 9.98" 035 0749  0.001 0.353
Glu 14.71 14.89 14.83 14.81 14.71 0.10  0.104 0.170 0.745
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Gly 7.96 7.93 7.85 7.91 7.48 0.41 0.317 0.197 0.363

Pro 4.82 7.21 5.85 6.59 6.57 162 0.871 0.054 0.059
Ser 4.73 4.72 4.81 4.71 4.56 0.16 0.077 0.698 0.091
Tyr 3.24 3.21 3.20 3.26 3.25 0.06 0.102 0.706 0.874

Each value is the mean of triplicate groups. Values in the same row having different superscript letters are significantly different (P
< 0.05). The lack of superscript letter indicates no significant differences among treatments.

'pooled standard error of the mean
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6.4. Discussion

In the present study, the fish accepted all the experimental semi-purified diets,
however, because the feeding trial was undertaken in low temperature season relatively
low growth rates were achieved. The results showed the significant enhancement of fish
growth by increment in dietary lysine level indicating the essentiality of lysine for
maximal growth of juvenile olive flounder. Forster and Ogata (1998) reported that the
lysine requirement of olive flounder is 1.5-2.1% of diet. Accordingly, in this study a
range of 0.5 to 1.5% lysine were considered to compare efficiency of different forms of
lysine in either free or dipeptide.

Dabrowski et al. (2003) reported for the first time that a dipeptide based diet can
support the growth performance of rainbow trout at early life stages while a FAA based
diet could not. In the current study, the fish fed LG supplemented diets showed higher
growth than those offered FL and the highest weight gain was obtained in group fed
1.5% LG. Similarly, Kim and Lee (2013) showed that dipeptide form of leucine
performs better compared to the free form and higher weigh gain were achieved in all
the supplementation levels of leucine than free form. In contrary, Kim et al. (2012)
reported a similar efficiency for dipeptide and free forms of phenylalanine when they
were supplemented in diets for red sea bream (Pagrus major). Also, Tesser et al. (2005)
found that juvenile South American pacu (Piaractus mesopotamicus) can utilize
dipeptide arginine with similar efficiency for growth. Further, the results of a study on
koi carp (Cyprinus carpio) revealed no significant difference in fish growth
performance when they were provided free or dipeptide form of amino acids (Kwasek et

al., 2010). Absorption of free amino acids is faster than protein-bound amino acids and

-126 -



may result in amino acid imbalances and subsequently low protein utilization
(Ronnestad et al., 2000). Moreover, an excess level of di- or tri-peptides can be
similarly damaged due to either the saturation of their transport mechanisms (Verri et al.,
2003) or their instant hydrolysis to free amino acids (Carvalho et al., 2004). However,
better absorption of single peptide compared to a mixture of equal free amino acid has
been reported in rainbow trout (Salmo gairdneri R.) (Boge et al., 1981). It has been
earlier reported that substitution of protein-bound amino acids by di- and tripeptides up
to 20% enhances the growth performances of European sea bass larvae, while higher
substitution levels decreased growth (Zamboninolnfante et al., 1997). Composition of
the basal diet is one of the most important factors influencing the results of dipeptide
amino acids supplementation. In the present study utilization efficiency of the two
lysine forms were examined by their supplementation to free AA-based diets, while in
the previous studies by Tesser et al. (2005) and Kwasek et al. (2012) the comparisons
were made by their supplementation to whole-protein based diets. The differences in the
availability of AA from free AA and whole-protein based diets can be at least partially
responsible for the observed variations. Also, it has been suggested that the use of
different dipeptides can profoundly affect the absorption characteristics by switching the
amino acid sequence (Daniel, 2004). Cytosolic and brush border aminopeptidases are
involved in the utilization of dietary peptides (Cahu and Zamboninolnfante, 1995;
Kurokawa and Suzuki, 1998). However, further studies in the future are required to
clarify the exact mechanism through which dipeptides mediate the specific peptide
transporters in intestinal brush border epithelium.

The results of two-way ANOVA exhibited that both lysine level and form
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affected weight gain of olive flounder in this study. Kim and Lee (2013) showed that
molecular form of leucine is the main influencing factor of olive flounder growth
performance. This variation can be due to the difference in fish size, feeding period,
different requirement levels of the species for leucine and lysine, and changes in
experimental conditions.

The study of HSI and VSI provides important information on the metabolism of
the fishes, related to digestion and absorption and synthesis and secretion of digestive
enzymes (McLaughlin, 1983). HSI is used as an indicator of general nutritional status
(Busacker et al., 1990). In the current study significantly higher HSI and VSI values
were obtained by increment of dietary lysine level and this was more evident when
dipeptide form was used indicating higher energy budget in LG fed fish.

The whole-body amino acid profile of the fish has been commonly used as a good
indicator of fish amino acid requirement (Wilson and Cowey, 1985; Bicudo and Cyrino,
2009). Several studies have attested that whole-body essential amino acid profile
provides a good estimation of the optimum essential amino acid profile of fish diets
(Akiyama et al., 1997; Green and Hardy, 2002). Aragdo et al. (2004) showed that
juvenile Senegale sole (Solea senegalensis) exhibit improved general amino acid
deposition in the body when they were offered a diet supplemented with dipeptide
essential amino acids. The results of the current study showed the significant effect of
dietary treatments on fish whole-body composition. Higher accumulation of arginine in
fish whole-body was found when they were provided LG, and a significant interaction
was detected for lysine level and form. A similar tendency was observed for alanine

concentration, where higher values were obtained for LG fed groups. In agreement to
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our results, Kwasek et al. (2010) found significantly lower concentrations of threonine,
arginine, valine, methionine, isoleucine, leucine, phenylalanine and lysine in the whole-
body of koi carp fed free amino acid based diet compared to those fed dipeptide based
diet. However, the results of previous studies on common carp (Cyprinus carpio L.)
(Zhang et al., 2006), red sea bream (Kim et al., 2012) and olive flounder (Kim and Lee,
2013) did not show any significant changes in whole-body/muscle amino acid
composition when they were provided with free or dipeptide forms of amino acids.
Dabrowski et al. (2005) stated that the differences in fish muscle free amino acid
composition offered different dietary amino acid sources are due to differences in amino
acid absorption rates from free, dipeptide or protein dietary sources that lead to uneven
accumulation rates and post-prandial peak times for muscular free amino acid and
consequently result in different metabolic handling of the amino acids and availability
for protein synthesis. The findings in this study show that the availability of amino acids
could be better in the fish when they are fed with dipeptide forms than free forms.

In conclusion, the findings in this study showed that juvenile olive flounder can
utilize lysine more efficiently for growth if it is provided in dipeptide form than free
form. Also, it was shown that the use of dipeptide form can improve retention of amino
acids. This study provides more evidence for the notion that the previously published
data on amino acid requirements using crystalline/free amino acids were likely to be

over-estimated and need to be reevaluated using dipeptides as amino acid source.

-129 -



SUMMARY

In the first experiment (chapter 2), a 12-week feeding trial was conducted to determine
dietary valine requirement of red sea bream. Six diets were formulated with graded
levels of valine (0.27, 0.79, 1.22, 1.69, 2.04 and 2.38% diet) and fed to triplicate groups
of fish (32.04 + 0.2 g) to apparent satiation. Significantly higher growth and feed
utilization were obtained at valine levels of >0.79%. Non-specific immune responses of
fish were significantly improved by increment of dietary valine up to 2.04%.
Significantly lower postprandial ammonia excretion levels were obtained at higher
valine levels. The optimum valine requirement level was estimated at 0.9% of diet. The
second experiment (chapter 3), was undertaken to evaluate dietary arginine requirement
of red sea bream (13.3 £ 0.2 g). Six diets were prepared to contain 1.2, 1.6, 2.0, 2.4, 2.8
and 3.2% arginine, and fed to triplicate groups of fish (13.3 + 0.2 g) to apparent
satiation for 9 weeks. Fish fed > 2.0% arginine showed significantly higher growth than
those fed 1.2% arginine. Significant improvement in protein productive value was found
at 2.4% arginine. Fish hematology was influenced by arginine levels. Significant
improvement in fish innate immunity was found at increased arginine levels. The
optimum dietary arginine level was estimated to be 2.54% of diet. The third experiment
(chapter 4) was carried out to quantify isoleucine requirement of olive flounder. Six
experimental diets were formulated to contain graded levels of isoleucine (0.48, 0.87,
1.43,1.94, 2.37 and 2.78% diet) and fed to triplicate groups of fish to apparent satiation
for 9 weeks. The highest growth was obtained at 1.43% isoleucine. The results showed

the significant increase of plasma total protein and cholesterol concentrations at higher
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isoleucine levels. Significant reductions in plasma alanine aminotransferase and
aspartate aminotransferase activities were detected by increment of isoleucine level.
Fish innate immunity was significantly enhanced at increased isoleucine levels. Dietary
isoleucine requirement was estimated to be 1.69% of diet. The forth experiment (chapter
5) was conducted to quantify dietary methionine requirement of olive flounder. Six diets
were formulated to contain graded levels of methionine from 0.3 to 1.8% and fed to
triplicate groups of fish (17.28+0.1 g) to apparent satiation for 8 weeks. Fish fed >1.5%
methionine exhibited significantly higher growth than those fed 0.3% methionine.
Increment of dietary methionine level resulted in a numerical increase of most whole-
body essential amino acids. The optimal dietary methionine level was suggested to be
1.63% diet. Finally, in the last experiment (chapter 6), utilization efficiency of free
lysine (FL) and dipeptide lysine-glycine (LG) was compared in diets for olive flounder.
A basal experimental diet contained 0.5% lysine from fish meal and four other diets
were prepared by supplementing 0.5 or 1.0% of either FL or LG. The fish (5.41+0.16 )
were fed one of the diets at the rate of 3% BW/day for six weeks. The lowest weight
gain was found in fish fed the basal diet and differed significantly from that of others.
The results of two-way ANOVA showed that both lysine level (P = 0.001) and type (P =
0.034) influence fish weight gain. Also, the results revealed the significant improvement
of protein efficiency ratio (PER) by increment of dietary lysine level, and the groups fed
LG supplemented diets showed higher PER values. Significantly higher whole-body
arginine level was found in LG fed groups. Whole-body valine and aspartic acid
contents were affected by lysine level. Our findings showed that juvenile olive flounder

can utilize LG more efficiently than FL for protein synthesis.
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