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ABSTRACT Fish larvae have a high requirement of amino acid (AA) for energy production and
growth. This study was aimed to increase knowledge of AA profile during feral carp larval
ontogeny and estimate larval AA requirements. Larvae were collected randomly at 1, 3, 7, 11, 15,
19, 26 and 33 days post hatch for growth and AA analysis. The composition of total AA changed
significantly during ontogeny. The essential AA profile of marine carp showed low correlation
with rotifers (R?.0.22). High correlation was found between dry food and early larval ages
(R%0.7) but was lower in late stage (R>>0.37). At day 7, when larvae were fed on rotifers,
methionine seemed to be the limiting AA and when larvae were fed dry food at day 11, 15, 19, 26
and 33, arginine seemed to be the limiting AA. Larval indispensible AA profile can be used as
index of the IAA requirements of carp larvae. Supplementation of larval diet used with limiting
AA is one way for compensating the deficient amino acid.
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1 INTRODUCTION

Cyprinus carpio, commonly called ‘marine
carp’ in Iran, is a warm water fish which can be
found in southern of Caspian Sea, Iran. Feral
carp is one of the most important economically
species for aquaculture and restocking purposes
of the Caspian Sea. The most suitable habitat
for feral carp is an estuary witrh salinity of 12
to 15 ppt in the southeast coasts of the Caspian
Sea. This species is anadromous and after
maturation in an estuarine environment,
broodfish from these populations migrate to
spawn in a freshwater environment.

Knowledge on larval nutritional requirements
is limited and often qualitative rather than
quantitative (Conceicdo et al., 2007). During
the last decade, the production of marine carp
has decreased due to low larval survival and
unsuitable nutritional protocols. Therefore, it is
crucial to improve the rearing technology of
this species. Amino acid (AA) is critical
biochemical compound for living organisms
(Ventura and Catalan, 2010). During early
developmental stages, AA is important fuel
molecules and major substrates for the
synthesis a large number of bioactive
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molecules and proteins (Finn and Fyhn, 2010).
Fish need high AA levels due to high growth
and energy production during the larval stage
(Aragdo et al., 2004 b). Growth is mainly due
to muscle protein deposition and therefore, a
high flow of AA is required from food to
growing biomass (Rgnnestad et al., 2003). The
AA profile of the diet affects larval growth
(Conceicao et al., 2003). In order to maximize
larval growth rate, the AA profile of the diet
should be as close as possible to the larval AA
requirements (Saavedra et al., 2009). In this
sense, the indispensable amino acid (IAA)
profile seems to be a competent indicator for
estimation of AA requirements in fish larvae
(Mambrini  and  Kaushik, 1995). The
knowledge of changes in the AA profile during
larval development may provide a better
understanding of nutritional requirements of
exogenous feeding larvae (Wilson and Poe,
1985). There is very little information on the
changes of AA profile of marine carp at early
larval stages of development. The main
objective of the present study was to provide a
preliminary  knowledge on  ontogenetic
changes of AA profile in marine carp larvae
and compare them with AA profiles in the
diet, in order to identify possible deficiencies
during ontogeny.

2 MATERIALS AND METHODS

2.1 Broodstock spawning and larval transfer
This study was carried out at the governmental
warm water fish aquaculture center of Shahid
Rajaee in Sari, Mazandaran, Iran. Feral carp
fertilized eggs were obtained from feral
broodstocks captured from a freshwater
environment. Broodstock spawned between
April and May 2009. Caught broodstock were
transferred to the center and were kept in
spawning tanks (2*3*1m dimension with 5 m®
water and natural photoperiod). Water
temperature ranged 24.4 to 25.7 °C. Males
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(weight 0.7+0.1 kg) and females (weight
1.1+0.01 kg) were stripped and eggs were
transferred to a vase incubator (with 15 liter
water). Water temperature and pH in the vase
incubator ranged from 19.6 to 22.80°C and 7 to
8.5 respectively during the study period. Dead
eggs were removed daily to prevent fungal
contamination. Eggs hatched after 6-7 days and
3 days after hatching (DAH) larvae were
transferred to rearing pools (three pools, square
shape, 100 m® with 1m depth, natural
photoperiod and periodic water change). Larvae
were reared in freshwater. Water temperature
was 24.2 to 25.5°C. In this study, the rotifers
were produced naturally in the pond. After
increasing rotifer density in the pond the larvae
were transferred to the pond for feeding and
growth. Rotifers were fed with different
microalgae such as Chlorella sp. and
Scenedesmus sp.

Larvae started feeding on rotifers at day 3 to
day 7 at a density of 10 rotifers/ ml. Co-feeding
of rotifers and a commercial diet was between 7
and 11 DAH. From that point until the end of
the experiment larvae were fed a commercial
diet (SFC-1, 3-4 times per day, 40% protein of
dry weight, Chineh Company, Iran). The
duration of the experiment was 33 days.

2.2 Sample preparation

Larvae were collected randomly at 0, 3, 7, 11,
15, 19, 26 and 33 days after hatching (DAH).
The first 24 h after hatching was considered as
day 0. Two grams of sample was collected at
each larval stage. Samples were washed with
distilled water to remove excess salts, and
frozen in liquid nitrogen and then freeze-dried
(Operon-Model: OPRFDU 7012, Korea).

2.3 Amino acids analysis

For determination of AA content in larvae, the
samples were hydrolysed in 6 N HCI for 24 h at
110 °C in glass vials replaced with nitrogen.
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Derivatization of AA in the samples, was used
by o-phthaldialdehyde (OPA) as a pre-column
derivatization reagent, followed by high
pressure liguid  chromatography  with
fluorescence detection and spherical type
column, all parts were from Knauer
Corporation, Berlin, Germany, using the
method of Lindroth and Mopper (1979) as
modified by Flynn (1988). The fluorescence
excitation and emission wavelengths were set
330 nm and 450 nm, respectively. In this study
tryptophan was not estimated, because this
amino acid is destroyed by acid hydrolysis. All
determinations were carried out in triplicate.

2.4 Data analysis

Indispensable amino acid (IAA) data are
expressed in weight percentage of the IAA pool
((weight of one 1AA) x (weight of all IAA)*
x100) (Saavedra et al., 2007).

The first limiting AA was determined by the
formula: (IAA diet - IAA larvae) x 100 x (IAA
larvae)”' according to Conceicéo et al. (2003).
The IAA index was determined by the formula:
IAA= ((a1 /AY) % (a2 IAY) ... (an IAL))", where
a, is the indispensable AA in the diet and A, is
the indispensable AA in the larval body
(Pefiaflorida, 1989).

2.5 Statistical analysis

Data are expressed as mean + S.D. Differences
between mean values in AA contents larvae at
day 0 to day 33 were determined by a One-way
analysis of variance (ANOVA) followed by
Duncan test. Statistical analysis was performed
using the SPSS for Windows software, version
115 (SPSS Inc., Chicago, IL, USA). Mean
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values were considered significantly different at
P<0.05.

3 RESULTS

Marine carp larval growth as wet weight (mg)
and standard length (mm) is showed in Figureg
1. Larval growth in weight and standard length
followed a linear curve (y = 32.063x - 46.55,
R?= 0.93 and y = 4.0987x - 0.3954, R*= 0.93,
respectively). The weight of larvae in the
beginning and at the end of experiment was
3.8+0.11 mg and 199.5+0.02 mg, respectively.
The length of larvae at the beginning and at the
end of experiment was 3.36£0.34 mm and
29.09+0.17 mm, respectively.

The AA profiles of the feed sources (rotifers
and compound diet) used for feeding marine
carp larvae are presented in table 1, Ontogenetic
changes in AA profiles in marine carp larvae
are shown in Table 2. Whole body AA
composition of marine carp changed
significantly from hatching until 33 DAH (P
<0.05) (Table 2).

The changes observed in AA contents of
yolk sac larvae (from hatching to day 3) were
significantly different (P<0.05). Most EAA and
NEAA decreased during the endogenous
feeding stage, except phenylalanine, threonine,
glutamic acid, aspartic acid and glycine.

In marine carp all but four EAA (leucine,
threonine, valine, methionine) and two NEAA
(alanine and tyrosine) decreased (P<0.05) from
day 7 to day 33. The predominant AAS
observed in marine carp larvae were glutamic
acid, aspartic acid, isoleucine and threonine,
whereas tyrosine and histidine presented the
lowest relative AA levels.
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Figure 1 Growth in length (m) and weight (A ) of Cyprinus carpio during larval develop

Table 1 The amino acid profiles of live and dry feeds distributed to marine carp larvae (g/100g protein)

Amino acids Rotifer Dry food
Arg 6.14+0.03° 0.61+0.02°
His 0.97+0.02° 0.64+0.04"

e 6.830.03 5.07+0.04°
Leu 8.34+0.03° 8.29+0.04°
Lys 2.93+0.04% 2.47+0.03°
Phe 3.39+0.03° 3.01+0.04°
Thr 5.83+0.05° 5.32+0.04
Val 8.98+0.06° 8.03+0.05"
Met 2.62+0.04 7.98+0.04%
Glu 12.59+0.03" 15.16+0.03
Ser 0.29+0.01° 7.01+0.06°
Asp 9.36+0.04° 7.60+0.05°
Gly 5.43+0.04° 7.06+0.03°
Ala 9.23+0.03" 6.38+0.02°
Tyr 1.81+0.01 2.01+0.02

All data are expressed as a percentage of all amino acids. Each value is the mean of three replicates + SD. Mean values with
different superscripts are significantly different from each other. (Duncan significance level is defined as P>0.05).
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Table 2 The amino acid profile of Cyprinus carpio at different periods of larval development (g/100g protein)

Larvae age (DHA)

Amino

acid 1 3 7 11 15 19 26 33
Arg  7.99+0.10° 6.87+0.03° 1.33+0.03" 7.9240.02° 541+0.03% 5.77+0.02° 5.71+0.03° 2.53+0.04°
His 1.1240.01° 1.05+0.02%¢ 1.14+0.03° 1.15+0.04" 2.12+0.04* 1.11+0.02° 0.94+0.02° 1.02+0.04°
lle 9.78+0.11°  8.40+0.01° 8.70+0.05° 839+0.02° 536+0.04" 565+0.04° 8.07+0.02° 8.46+0.06°
Leu 8.51+0.01° 7.24+0.02° 6.10+£0.00° 7.31#¥0.02° 7.34+0.03° 7.30+0.03"  6.28+0.04" 7.28+0.06™
Lys  4.68+0.04° 3.6240.04° 296+0.02" 347+0.01° 272+#0.03° 3.38+0.03° 3.25+0.04° 2.28+0.04"
Phe 14440069 1.52+40.01" 597+0.02° 3.49+0.02° 3.25+0.04" 3.2020.01%  3.16+0.04° 3.58+0.02°
Thr 51240029 515+0.02° 6.03+0.03° 6.16+0.03" 7.39+0.04° 6.75+0.02° 5.08+0.02% 6.48+0.02°
Val 2.76£0.09° 2.41+0.02° 2.84+0.04° 7.724#0.03° 7.81+0.04° 7.92+40.03*  7.83+0.03°  7.93+0.05%
Met  827+0.29° 7.90£0.03" 8.07#0.02° 5.15+0.04° 6.87+0.07° 527+0.05" 4.72+#0.04° 2.82+0.03'
TEAA  49.62+0.26° 44.2020.08" 43.18+0.14° 50.78+0.04* 48.26+0.17° 46.37+0.16° 45.07+0.08° 42.41+0.08"
Glu  12.45+0.09" 12.54+0.04° 14.60£0.05° 13.1740.04° 12.50+0.02° 13.43+0.03° 13.13+0.04° 14.11+0.02°
Ser 6.1740.21°  3.47+0.10° 7.04+0.01*° 6.09+0.00° 1.86+0.05° 6.14+0.03" 3.23+0.04°  6.24+0.04°
Asp  845+0.059 896+0.17' 10.69+0.04* 9.63+0.03 9.10£0.02° 9.53+0.03° 9.33+0.05" 10.20+0.03"
Gly  5.65+0.159 6.91+0.04° 8.44+0.04° 7.68+0.02° 1.23+0.04" 7.35#0.03° 8.10#0.02"  6.53+0.04'
Ala  231+0.09" 2.14+0.04° 258+0.03° 7.49+0.02° 7.33x0.05° 7.45+0.05° 7.63+0.04° 8.35+0.04%
Tyr  0.03+0.00° 0.03+0.00° 0.06+0.02° 2.45+0.04° 2.55+0.04° 2.64+0.04° 2.40+0.03° 2.94+0.05%
TNEAA 35.08+0.31° 34.06+0.23° 41.88+0.85° 46.53+0.04° 34.6020.02° 46.53+0.06° 43.84+0.13° 48.07+0.51°
TAA  84.70+057° 78.26+0.319 85.06+1.03° 97.31x0.12* 82.86+0.19" 92.90+0.21° 88.91+0.21% 90.48+0.59°

All data are expressed as a percentage of all amino acids. Each value is the mean of three replicatestSD. Mean values with
different superscripts are significantly different from each other. (Duncan significance level is defined as P>0.05). TEAA:
Tottal Essential Amino Acids, TNEAA: Tottal Non Essential Amino Acids, TAA: Tottal Amino Acids.

At day 7, the IAA in deficiency were

methionine,

phenylalanine,

arginine

and

isoleucine. At this stage, methionine seemed to be
the AA in most deficiency. Leucine seemed to be
present in excess at day 7 (Table 3).

At day 11, arginine, histidine, isoleucine and
lysine had shown lower relative contents in the
diet. At day 15, arginine, histidine and threonine
were in deficiency. At day 19, essential AA in
deficiency were arginine, histidine and lysine. At
day 26 arginine, histidine, isoleucine and lysine
were in deficiency. At day 33 arginine, histidine,
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isoleucine, phenylalanine and threonine were
apparently in deficiency. At day 11, 15, 19, 26
and 33 arginine was the AA in most deficiency
and presented the highest difference between the
AA profile from the larvae and the dry food.
Methionine seemed to be present in excess from
day 11 until day 33 (Table 3).

The essential AA profile of marine carp
showed low correlation with rotifers (R%.0.22)
and dry food in late larval stage (R>0.37) but
higher correlation was found between dry food
and early larval ages. (R>>0.7). (Table 4).
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Table 3 Relative differences between Indispensable amino acids from the diet and Cyprinus carpio larvae
(apparent first limiting amino acid for each larval age is marked in bold)

Amino acids Larvae age (DHA)
L-7 L-11 L-15 L-19 L-26 L-33
Arg -53.93 -90.57" -86.87° -88.18" -88.38" -75.33"
His -8.29° -40.76° -64.92f -35.56° -25.96" -35.83"
lle -15.16° -35.20° 10.27° 49.26° -31.62° -38.61"
Leu 47.83° 20.97° 31.64° 27.12¢ 43.64° 16.60"
Lys 7.07° -24.07° 5.67° -18.13¢ -17.33¢ 10.98°
Phe -38.61" -7.98° 7.87° 5.21° 3.56° -13.98°
Thr 4.54° -7.82° -16.33" -11.75° 13.93° -15.91°
Val 24.21° 10.93° 19.77° 13.46° 11.50° 3.69
Met -64.89" 65.32° 35.34¢ 69.24" 83.95° 19.06°
Diet given to the larvae: rotifers (7DAH), dry food (11DAH to 33 DAH).
Table 4 Indispensable amino acid index (IAA) for larvae and diet, according to larvae age
Larvae age (DHA) Diet IAA Index R’ P
7 Rotifers 0.89 0.22 0. 690
11 Dry food 0.80 0.71 0.004
15 Dry food 0.66 0.62 0.008
19 Dry food 0.71 0.52 0.026
26 Dry food 0.75 0.37 0.08
33 Dry food 0.84 0.43 0.042

Diet given to the larvae: rotifers (7DAH), dry food (11DAH to 33 DAH).

4 DISCUSSION

The present study is the first focusing on the
changes in the AA profiles during feral carp
larval development (C. carpio). AA profile of
C. carpio changed significantly. These changes
may be related to changes in the rates of
synthesis of different proteins at the different
larval stages (Conceicdo et al., 1998). Changes
in the AA profile during larval development
have been reported for several fish species.
Aragdo et al. (2004a) reported AA profiles of
Solea senegalensis changed significantly,
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especially during metamorphosis. The AA
profile of African catfish (Clarias gariepinus)
larvae changed during ontogeny, especially
before the start of exogenous feeding
(Conceicéo et al., 1998). On the contrary, AA
profile of common dentex (Tulli and Tibaldi,
1997) did not change significantly during larval
exogenous feeding (from 12 DAH until 30
DHA) and Saavedra et al. (2006) reported that
AA profiles of Diplodus sargus did not change
significantly from hatching to 45 DHA.
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During the embryonic and yolk sac stages,
yolk proteins are broken down into AA for
organogenesis or energy production. Therefore,
until first feeding developing larvae depend
entirely on the nutritional material in the yolk
(Gunasekera et al., 1999). In marine carp
larvae, all EAA except Alanine and Threonine,
and three NEAA (Glutamic acid, Aspartic acid
and Glysine) decreased (P <0.05) their levels
with development, from newly hatched larvae
to yolk-sac reabsorption. This suggests that AA
are used for energy production during
endogenous feeding stage in marine carp larvae.
The decrease in total amino acid (TAA) after
hatching (from day 1 until day 3) is consistent
with the above observation. Conceic¢do et al.
(2003) and Saavedra et al. (2008) reported that
AA are an important energy source during fish
larval stages. The same has been shown for
alevins of cultured and wild Atlantic salmon
Salmo salar (Srivastava et al., 1995), trout cod
and Murray cod larvae (Gunasekera et al.,
1999). The IAA profile of rotifers seems to be
deficient in methionine for 7 DAH marine carp
larvae. Methionine is an essential AA for
optimal growth and metabolic pathways (Luo et
al., 2005). This IAA is precursor of choline, a
vitamin required for fish homeostasis and
growth (Kasper et al., 2000).

The indispensable AA profiles obtained in
this study showed low correlation with rotifers
(R?=0.22). This low correlation indicates
rotifers have strong AA imbalances for this
species. This means larvae must spend more
time preying on this type of live food to
compensate the dietary AA losses (Saavedra et
al., 2006; Aragdo et al., 2004 a).

In this study, the phenylalanine and tyrosine
content increased or maintained at constant
levels around the first feeding. The increase in
these AA might be associated with the onset of
thyroid gland activity (Conceicdo et al., 1997).
These aromatic AA have important
physiological functions, since they are the
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precursors of tyroid hormones, melanin,
dopamine and cathecolamines (Aragdo et al.,
2004b). The same has been reported for Asian
seabass (Sivaloganathan et al., 1998), lemon
sole (Rgnnestad et al., 1992) and Senegalese
sole (Parra et al., 1999).

Arginine seems to be the limiting AA at 11,
15, 19, 26 and 33 DHA. Therefore, the dry food
did not present balanced arginine content.
Arginine is involved in many metabolic
pathways such as: protein synthesis, urea
production, metabolism of glutamic acid and
proline, and synthesis of creatine and polyamines
(Alam et al., 2002), and is considered for
optimal growth of fish (Wilson, 1989).

Also, comparing larval and dry food AA
profiles, high correlation were found in early
larval stage but from day 11 to day 33, the
correlations decreased, probably due to AA
requirements change during ontogeny. Beside
this, these low correlations in common carp
larvae may indicated that dry diet used failed to
support fish AA requirements and the profile of
the dry food seems to be deficient in some IAA.
The use of diets with unsuitable AA profiles
will lead to AA losses and increase nitrogen
excretion (Aragdo et al.,). Therefore, fish will
need to increase their food consumption
(Saavedra et al., 2006). The choice of the best
zooplankton enrichment and/or mixture of
enrichments for the different fish larval stages
and supplementation of dry food with essential
AA, should take into account the AA
composition, in order to fulfill the energetic and
nutritional requirements of the larvae (Aragéo
et al., 2004 b; Saavedra et al., 2006).

5 CONCLUSION

The composition of total AA changed
significantly  during ontogeny, even if
significant differences were not very marked.
Larval indispensible AA profile can be used as
index of the IAA requirements whenever it is
not determined. Comparisons between larval
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and diet AA profiles at different stages
indicated that rotifers and dry food are deficient
in methionine and arginine respectively. Since
feral carp (Cyprinus carpio) is one of the most
important economically species for aquaculture
and restocking purposes of Caspian Sea,
indispensable AA supplementation in Cyprinus
carpio diets seems necessary to fulfill the
nutritional requirements of the larvae.

6 ACKNOWLEDGMENT

The authors thankfully acknowledge Tarbiat
Modares University for financial and technical
supports and warm water fish aquaculture
center of Shahid Rajaee for providing Cyprinus
carpio larvae and culturing facility.

7 REFERENCES

Alam, Md.Sh., Teshima, Sh., Koshio, Sh. and
Ishikawa, M. Arginine requirement of
juvenile Japanese flounder Paralichthys
olivaceus estimated by growth and
biochemical parameters. Aquaculture.
2002; 205: 127-140.

Aragdo, C., Conceicdo, L.E.C., Fyhn, H.J. and
Dinis, M.T. Estimated amino acid
requirements during early ontogeny in
fish with different life styles: gilthead sea
bream (Sparus aurata) and Senegale sole
(Solea senegalensis). Aquaculture. 2004
a; 242: 589-605.

Aragdo, C., Conceicdo, L.E.C., Martins, D.,
Rennestad, 1., Gomes, E. and Dinis, T.M.
A balanced dietary amino acid profile
improves amino acid retention in post-

larval Senegalese sole (Solea
senegalensis). Aquaculture. 2004 b; 233:
293-304.

Cahu, C.L. and Zambonino Infante, J.L. Effect
of the form of dietary nitrogen supply in
seabass larvae: response of pancreatic

268

enzymes and intestinal peptidases. Fish
Physiol. Biochem., 1995; 14: 209-214.

Conceic¢do, L.E.C., van der Meeren, T., Verreth,
J.AJ., Evjen, M.S., Houlihan, D.F. and
Fyhn, H.J. Amino acid metabolism and
protein  turnover in larval turbot
(Scophthalmus maximus) fed natural
zooplankton or Artemia. Mar. Biol. 1997;
129: 255-265.

Conceigao, L.E.C. and Ozoério, R.O.A., Suurd,
E.A., Verreth, J.A.J. Amino acid profiles
and amino acid utilization in larval
African catfish (Clarias gariepinus):
effects of ontogeny and temperature. Fish
Physiol. Biochem., 1998; 19: 43-57.

Conceicdo, L.E.C., Grasdalen, H. and
Rgnnestad, 1. Amino acid requirements
of fish larvae and post-larvae: new tools
and recent findings. Aquaculture. 2003;
227: 221-232.

Conceicdo, L.E.C., Morais, S. and Rgnnestad, I.
Tracers in fish larvae nutrition: A review
of methods and applications.
Aquaculture. 2007; 267: 62-75.

Conceicao, L.E.C., Ozério, R.O.A., Suurd, E.A.
and Verreth, J.AJ., Amino acid profiles
and amino acid utilization in larval
African catfish (Clarias gariepinus):
effects of ontogeny and temperature. Fish
Physiol. Biochem., 1998; 19: 43-58.

Conceicdo, L.EC., Ribeiro, L., Engrola, S.,
Aragdo, C., Morais, S., Lacuisse, M.,
Soares, F. and Dinis, M.T. Nutritional
physiology during development of
Senegalese sole (Solea senegalensis).
Aquaculture. 2007; 268: 64-81.

Finn, R.N. and Fyhn, H.J. Requirement for
amino acids in ontogeny of fish. Aquac.

Res., 2010; 41: 684-716.



Ontogeny Changes of Amino Acids in Caspian Sea Carp (Cyprinus carpio) ECOPERSIA (2013) Vol. 1(3)

Finn, R.N., Rennestad, I., van der Meeren, T.
and Fyhn, H.J. Fuel and metabolic
scaling during the early life stages of
Atlantic cod Gadus morhua. Mar. Ecol.
Prog. Ser., 2002; 243: 217-234.

KJ. Some practical aspects of
measurements of dissolved free amino
acids in natural waters and within
microalgae by the use of HPLC. Chem.
Ecol., 1988; 3: 269-293.

Gisbert, E., Giménez, G., Fernandez, |I.,
Kotzamanis, Y. and Estévez, A.,
Development of digestive enzymes in
common dentex Dentex dentex during
early ontogeny. Aquaculture. 2009; 287:
381-387.

Flynn,

Gomez-Requeni, P., Mingarro, M., Kirchner,
S., Calduch-Giner, J.A., Médale, F.,
Corraze, G., Panserat, S., Martin, S.A.M.,
Houlihan, D.F., Kaushik, S.J. and Pérez-
Sanchez, J. Effects of dietary amino acid
profile on growth performance, key
metabolic enzymes and somatotropic axis
responsiveness of gilthead sea bream
(Sparus aurata). Aquaculture. 2003; 220:
749-767.

Gunasekera, R.M., De Silva, S.S. and Ingram,
B.A. The amino acid profiles in
developing eggs and larvae of the
freshwater Percichthyid fishes, trout cod,
Maccullochella  macquariensis  and
Murray cod, Maccullochella peelii peelii.
Aguat. Living Resour. 1999; 12(4): 255-
261.

Kasper, C.S., White, M.R. and Brawn, P.B.
2000. Choline is required by tilapia when
methionine is not in excess. J. Nutr. 130:
238-244.

Lindroth P. and Mopper K. High performance
liquid chromatographic determination of
subpicomole amounts of amino acids by

269

precolumn fluorescence derivatization
with o-phthaldialdehyde. Analyt Chem,
1979; 51: 1667-74.

Luo, Z, Liu, Y., Mai, K., Tian, L., Yang, H.,
Tan, X. and Liu, D. Dietary L-
methionine requirement of juvenile
grouper Epinephelus coioides at a
constant ~ dietary  cystine level.
Agquaculture. 2005; 249: 409-418.

Mambrini, M. and Kaushik, S.J. Indispensable
amino acid requirements of fish:
correspondence between quantitative data
and amino acid profiles of tissue proteins.
J. Appl. Ichthyol., 1995; 11: 240-247.

Parra, G., Regnnestad, |. and Ydufera, M., 1999.
Energy metabolism in eggs and larvae of
the Senegal sole. Fish. Biol., 55 A: 205-
214.

Pefiaflorida, V. An evaluation of in digenous
protein sources as potential component in
the diet formulation for tiger prawn,
Penaeus monodon ,using essential amino
acid index (EAAI). Aquaculture. 1989;
83: 319-330.

Rgnnestad, 1., Finn, R.N., Groot, E.P. and Fyhn,
H.J., Utilization of free amino acids
related to energy metabolism of
developing eggs and larvae of lemon sole
Microstomus kitt reared in the laboratory.
Mar. Ecol. Prog. Ser., 1992; 88: 195-205.

Rgnnestad, 1., Tonheim, S.K., Fyhn, H.J.,
Rojas-Garcia, C.R., Kamisaka, Y.,
Koven, W., Finn, R.N., Terjesen, B.F.,
Barr, Y. and Concei¢do, L.E.C. The
supply of amino acids during early
feeding stages of marine fish larvae: a
review of recent findings. Aquaculture.
2003; 227: 147-164.

Saavedra, M., Beltran, M., Pousao-Ferreira, P.,
Blasco, J., Dinis, M.T. and Conceicdo,



A. Farhoudi et al.

ECOPERSIA (2013) Vol. 1(3)

L.E.C., Evaluation of bioavailability of
individual amino acids in Diplodus
puntazzo larvae: Towards the ideal
dietary amino acid profile. Aquaculture.
2007; 263: 192-198.

Saavedra, M., Conceicdo, L.E.C., Helland, S.,

Pousdo-Ferreira, P. and Dinis, M.T.
Effect of lysine and  tyrosine
supplementation in the amino acid

metabolism of Diplodus sargus larvae
fed rotifers. Aquaculture. 2008; 284: 180-
184,

Saavedra, M., Concei¢do, L.E.C., Pousdo-
Ferreira, P. and Dinis., M.T. Amino acid
profiles of Diplodus sargus (L., 1758)
larvae: Implications for feed formulation.
Aguaculture. 2006; 261: 587-593.

Saavedra, M., Pousdo-Ferreira, P., Yufera, M.,
Dinis, M.T. and Conceicdo, L.E.C. A
balanced amino acid diet improves
Diplodus sargus larval quality and
reduces nitrogen excretion. Aquacult.
Nutr., 2009; 15: 517-524.

Sivaloganathan, B., Walford, J., Ip, Y.K. and
Lam, T.J. Free amino acids and energy
metabolism in eggs and larvae of seabass,
Lates calcarifer. Mar. Biol., 1998; 131:
695-702.

270

Srivastava, K., Brown, J.A. and Shahidi, F.
Changes in the amino acid pool during
embryonic development of cultured and
wild Atlantic salmon (Salmo salar).
Aguaculture. 1995; 131: 115-124.

Tulli, F. and Tibaldi, E., Changes in amino
acids and essential fatty acids during
early larval rearing of dentex. Aquac. Int.
1997; 5: 229-236.

Ventura, M. and Catalan, J. Variability in

amino acid composition of alpine
crustacean  zooplankton  and  its
relationship with nitrogen-15
fractionation. J. Plankton. Res., 2010; 32:
2: 1583-1597.

Wilson, R.P. Amino acids and proteins. In:
Halver, J.E. (Ed.), Fish Nutrition, 2 nd
edn. Academic Press, New York, 1989;
112-153.

Wilson, R.P. and Poe, W.E. Relationship of
whole body and egg essential amino acid
patterns in channel catfish, Ictalurus
punctatus, Comp. Biochem. Phsiol., Part
B, 1985; 80: 385-388.



Ontogeny Changes of Amino Acids in Caspian Sea Carp (Cyprinus carpio) ECOPERSIA (2013) Vol. 1(3)
1595 JalSS 0595 55 (CYPINUS CAIPI0) 35 (sl )3 y9u5 Blo apol (Slooksusl &l pds
g o 0 ol 8,18
V‘_ﬁm R SEN VL;)JG'J Qoo > ‘YL;)L;S obale desallae ‘\L;oyz).é Lal]

Ul)"‘ ‘)93 Ry w).: olXKisls Gili)o re9lc ouSiials ‘J..i:)‘ SAAJLMAJ)K 4.~.>9A" u.,.xlo -\
Ol g8 yde Caw i olBidls b o pele caSliils «Lasls -Y

Olrl el (Sl st (ple (o9 5 225 S e T

\Yay L3y iole g B/ AYAY jo s & i b pdy 2o U/ VWA (g0 Ficdl o )6

ssbiieds polo Budiod cplpli wiyls a5 (630 adg slp atel sloasal (YL polie 4 5L lale 5 oSy
@138 Brlin e Sz 59)Y bS5 Jole (b 555 sl po S (ale el glaanl oS 5 Sl s 5l 2T
Sl @l daed loF plale (g g 35 35 0 y0 lag)Y Sl (5)ls paigel (285 Dy g5 CudS 9o 9
S 5 b plol i 5l e Y YF AR 00 )Y D by, 5o e, T Sedy dolas Sl &g
5 sl s 9)Y anel slasenl Jdoy Sl (L |y s9)Y eSS oo (b (s ol Dl i anel (slaa
55Y areal slosand Jidg o ( Kmrad gy 30l Gl 1 RE=0IYY) il Sl (Shomnod i,
2 it 395 50 (REZIVY) g2 aly 3Vl Uolpe 5o g (REZHIV) Wl adgl slajs, 5o K25 sl 5 2y )9S
L a5 a5 0550 bL B YY 5o, 515 ol 0aiiS agamme aiel sl dgite sy o SlBI4 Gidy) 5l 4 al> e
ool ol (slaapns] Slalizol a5 o b il 0aisS Sgame aieel dmsl 55,1 sy se iy s plol S gl
5 038 Sl ceilie 23l S Glie 4 (ale 5)Y (0 (TAA) (65555 aiel slaasl Jedsy 00,55 (yend (olo
Gl 4 5 0500 atal (slanl (0,5 Lol g, 54 wig e ale 5 (e ol gl Dlalinl (om

MLI Mi LSLQM‘ 09.‘.05 ‘)‘).o Ltho‘) )‘ L_;“ “»‘9"(5'“ B)Y u’ﬁfa.o

Cyprinus carpio «sg,¥ Jolss J>lye ¢ b0 555 ¢g,¥ oy cieal ol 2 guiudS lods”

271



