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Abstract 
A study was conducted to investigate the effects of dietary essential amino acid (EAA) concentrations on 

the spawning performance of Acanthopagrus latus. Broodstocks were fed with three replicates of 

isonitrogenous and isolipid formulated diets (diet 1, diet 2 and diet 3) with different concentrations of 

EAA (15.40, 16.88 and 18.14%, respectively) for 138 days. Results showed relative fecundity and 

percentage of buoyant eggs did not display any significant differences among the three dietary EAA 

concentrations. Fertilizability and hatchability were significantly higher (P<0.05) in broodfish fed with 

diet 3. However, lowest percentage of abnormal larvae and highest survival rate in 3 day post-hatching 

(DPH) larvae were observed in broodstock fed with diet 2. Results showed that the EAA concentration in 

broodstock diet had considerable effects on reproductive performance of A. latus. 
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1. Introduction 

Fish culture can be largely affected by quality of 

eggs since reproductive success depends on eggs 

produced by broodstocks. Exogenous nutrition of 

broodfish provides the essential nutrients required for 

gonadal development of females and the performance 

of produced seed (Santiago et al., 1983; Gunasekera 

et al., 1997 and El-Sayed et al., 2008). Proteins act as 

source of amino acids and as a reservoir of materials 

used during many biosynthetic activities that are 

essential for the early stages of embryogenesis 

(Wilson, 2002). Successful embryonic development 

in fish has been shown to be dependent on the 

balance of amino acids present in the egg (Fyhn 

1989; Brooks et al., 1997). Furthermore, nutritional 

amino acids status of the broodstock can influence 

the amount and the quality of the eggs  (Lahnsteiner 

et al., 2009).  

An understanding of essential amino acid (EAA) 

requirements for spawning and subsequent progeny 

production is necessary to improve culture practices. 

Little is known about amino acid requirements of 
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broodstock and their effect on spawning performance. 

In gilthead seabream and sharpsnout seabream, total 

levels of free amino acids were positively correlated 

with survival of embryo to hatch (Rønnestad et al., 

1994) and in Asian sea bass, the levels of 

phosphoserine, aspartic acid and arginine were 

positively correlated with the percentage of embryos 

development stages (Nocillado et al., 2000). Most of 

the studies have been confined to the dietary protein 

requirement of fish for optimum reproductive 

performances in some fish (El-Sayed et al., 2003; 

Chong et al., 2004; Afzal Khan et al., 2005; 

Rodríguez-González et al., 2006; El-Sayed et al., 

2008 and Coldebella et al. 2011). However, no 

investigation addressing for effect of dietary EAA 

concentration on spawning success has been 

conducted in yellowfin seabream, Acanthopagrus latus. 

2. Materials and Methods 

Yellowfin seabream brooders weighing 209 ± 17 g 

and 433 ± 29 g for males and females respectively, 

were procured from the Mariculture Research Station 

of the South Iranian Aquaculture Research Center, 

Mahshahr, Iran and were randomly distributed in 

groups of 10 into 9 cylindrical polyethylene tanks 

(1139 L tank−1) at a sex ratio of 1:1. Feeding period 

lasted for 121 days (from late October to late 

February) prior to first spawning and fish were fed to 

satiation twice daily, at 09:00 am and 17:00 pm. At 

the end of the spawning period, broodstocks were 

weighed and checked in each tank to determine 

weight gain and the number of spawned females. The 

experiment lasted 138 days, including feeding, 

spawning and development periods. Water 

temperature, salinity, dissolved oxygen and pH were 

recorded daily. Salinity ranged between 39.5‰ and 

44‰ (averaged 41.7±0.6) and temperature between 

14 and 23 °C (averaged 16±0.4) during experimental 

period. Average values for dissolved oxygen and pH 

were 7.5 and 7.8 mgl−1, respectively. 

The formulation and proximate composition of the 

experimental diets are presented in Table 1. Three 

diets were formulated to be isonitrogenous (40% dry-

weight basis) and isolipidic (20% dry-weight basis). 

Fish meal was the major source of protein. In three 

experimental diets, protein was partially substituted 

by defatted soybean to obtain dietary EAA of 15.4%, 

16.9% and 18.1% in diet 1, diet 2 and diet 3, 

respectively. Total essential amino acids to total non-

essential amino acids (TEAA/TNEAA) ratio in diets 

1, 2 and 3, were 0.61, 0.72 and 0.82, respectively 

(Table 2). All ingredients were mixed for 45 minutes 

and mechanically extruded to obtain pellets of the 

desired size (4 mm). The pellets were dried in a 

convection oven at 25 °C to obtain a moisture level 

of approximately 10 g kg−1 and stored in airtight 

plastic bags at −20 °C until use. 

The brooders were checked daily to determine their 

readiness for spawning. Spawning started late February 

and took place at nights (between 12:00 and 05:00). 

Eggs were collected next morning from the tanks and 

transfered to a 1-L beaker. Total number of eggs were 

counted volumetrically by 54 samples of 1 ml (six 

samples of three water levels in triplicate beakers) to 

assess relative fecundity. Relative fecundity was 

calculated by dividing total number of eggs by the total 

weight of the spawned females in each replicate ,n=3 

(Zakeri et al., 2011). Fertilization rate, percentage of 

buoyant eggs, hatching percentage and survival rate of 

3 days post-hatch (DPH) larvae were also determined 

as explained by Zakeri et al., 2011. Samples of eggs, 

hatchlings and 3DPH larvae were labeled and 

immediately frozen at −80 °C for chemical analyses. 

Initial body composition of fish was analyzed from 

10 samples of fish (5 females and 5 males) frozen prior 

to the commencement of the trial. After spawning, four 

broodfish (two females and two males) from each tank 

(12 fish per treatment) were individually weighed, 

gutted and frozen at −80 °C for chemical analyses. 

Proximate composition of feed ingredients and 

experimental diets were analyzed using standard 

method (AOAC 1997). Each analysis was conducted in 

triplicate. 
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Table 1. Ingredients, formulation and proximate composition  of the experimental diets (g 100 g dry diet-1) 

Ingredients (g 100 g dry diet-1) 
  Diets   
1 2 3 

Fish meal a 20 30 40 
Defatted soybean meal a 43 30 17 
Gelatin a 4 4 4 
Fish oil  17 16 14 
Wheat bran a 11.5 11.5 11.5 
Vitamin premix b 1 1 1 
Mineral premix b 0.5 0.5 0.5 
Cellulose 3 7 12 
Proximate composition c (%) 
Crude protein 40.64 40.18 39.95 
Crude lipid 21.14 21.05 20.44 
Ash 7.60 6.86 5.75 
Crude fibre 8.45 8.14 7.71 
NFE d 22.17 23.77 26.15 
GE e (MJ/Kg) 2.18 2.19 2.21 
Essential amino acids (%)f 15.40 16.88 18.14 

a Proximate composition as % Dry-weight basis [Fish meal (64% crude protein, 15% crude lipid); Gelatin 
(97% crude protein); Defatted soybean meal (51%  crude protein); Wheat bran (16%  crude protein, 3.4% 
crude lipid)]. 
b According to Zakeri et al. (2009). 
c Values are means of three replicate samples of diet. 
d Nitrogen-free extract (calculated by difference). 
e Gross energy, calculated based on 0.017, 0.0398 and 0.0237 MJ/g for carbohydrate, lipid and protein, 
respectively. 
f Calculated from protein content × Total essential amino acids. 

Table 2. Amino acids profile (g 100 g total amino acids -1) of experimental diets (n=3). 

Amino acid   
Diets    

1 2 3 

Essential amino acids (EAA) 
Histidine (His) 2.1 2.1 2.6 
Arginine (Arg) 5.4 6.0 6.6 
Threonine (Thr) 3.6 4.6 3.7 
Valine (Val) 5.6 5.6 6.1 
Methionine (Met) 1.8 2.3 3.9 
Leucine (Leu) 6.7 6.8 7.1 
Isoleucine (Ile) 4.6 5.1 5.6 
Phenylalanine (Phe) 2.9 3.0 3.2 
Lysine (Lys) 5.2 6.5 6.6 
Non-essential amino acids (NEAA) 
Aspartic acid (Asp) 12.9 10.2 11.8 
Glutamic acid (Glu) 16.6 14.3 12.6 
Serine (Ser) 6.3 7.0 5.7 
Glycine (Gly) 8.7 8.6 8.2 
Alanine (Ala) 8.4 8.7 8.3 
Proline (Pro) 3.0 3.9 3.8 
Tyrosine (Tyr) 2.9 3.2 2.2 
Cysteine (Cys) 3.2 2.4 2.6 
Total EAA 37.9 42.0 45.4 
Total NEAA 62.0 58.3 55.2 
TEAA/TNEAA  0.611 0.720 0.822 
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Crude protein (N × 6.25) was measured by an auto 

Kjeldahl unit (Buchi, German; model B-414, K-438, K-

371 and K-370). Samples for amino acid analysis were 

hydrolyzed for 23 h with 6N hydrochloric acid at 112 

°C under N2 atmosphere. Samples were then 

derivatized with phenylisothiocyanate (PITC) reagent 

before separation by gradient exchange 

chromatography using a HPLC (Waters auto sample 

model 717 plus; Waters binary pump model 1525; 

Waters dual absorbance detector model 2487), 

according to the Pico-Tag method (P18-3168) as 

described by Cohen et al., 1989. Resulting peaks were 

identified, integrated and quantified with a Waters 

Breeze software package by comparing to a known 

amino acid standard (Pierce NC10180). The protein-

bound tryptophan was not determined, since it was 

partially destroyed by acid hydrolysis. Glutamine was 

converted to glutamate and asparagine to aspartate 

during acid hydrolysis. Sum of the respective amino 

acids in proteins is reported. 

Data were expressed as mean ± standard error and 

were checked for normal distribution with 

Kolmogrov-Smirnoff test and if the data distribution 

were normal, then a one-way analysis of variance 

(ANOVA) was used to determine differences among 

EAA concentrations, using SPSS 11.5 statistical 

software. Differences were considered significant at 

an alpha of 0.05 (P<0.05). Turkey’s HSD multiple 

comparison test was used to determine significant 

differences among the means. Finally, simple linear 

and non-linear regressions were performed to 

correlate the results obtained. 

3. Results and Discussion 

A summary of reproductive performance is shown in 

Table 3. Results demonstrated that relative fecundity 

and percentage of buoyant eggs did not display any 

significant difference amongst three different dietary 

essential amino acid concentrations. Fertilizability was 

highest (P<0.05) in broodfish fed with diet 3 (82.4 ± 

2.2). There was no significant difference in 

fertilizability between diet 1 and 2. Hatchability was 

influenced by dietary treatment, with eggs from 

broodfish fed with diet 3, showing significantly higher 

hatching rate as compared to diet 1 and 2. Linear 

relationships were found between dietary essential 

amino acid concentration and hatchability. Lowest 

percentage of abnormal larva was observed in 

broodstock fed with diet 2, although diet 3 had highest 

percentage at abnormal larvae. There was no significant 

difference in abnormal larvae (%) between diet 3 and 1. 

Survival rate of 3DPH larvae followed a trend similar 

to that in abnormal larvae percentage. Survival rate 

percentage for the group fed with diet 2 was 

significantly higher than other groups.

Table 3. Reproductive performance of Acanthopagrus latus broodstock fed with different dietary EAA concentrations 

  1 2 3 

Relative fecundity  1334744 ± 1504 1537258 ± 829 1439012 ± 1723 

(eggs Kg -1 spawned female weight) 

Buoyant eggs (%) 57.4 ± 3.2 58.9 ± 2.5 55.2 ± 2.9 

Fertilizability (%) 74.6 ± 3.5b 76.8 ± 3.1b 82.4 ± 2.2a 

Hatchability (%) 34.7 ± 2.4c 54.1 ± 3.6b 63.4 ± 3.9a 

Abnormal larvae (%) 52.9 ± 3.5b 31.2 ± 4.2a 48.6 ± 5.1b 

Survival rate at 3DPH1 larvae (%) 63.2 ± 7.1b 91.8 ± 5.2a 75.5 ± 6.3ab 
1 Days post-hatching.  Mean ± SE values, n=3, with different superscript in 
each row  significantly different (P<0.05). 

 

  



Journal of the Persian Gulf (Marine Science)/Vol. 4/No. 12/June 2013/8/37-44 

41 

Many marine fish species considered to have a 

potential for culturing, are proven difficult to rear. The 

reasons are probably related to nutritional status of the 

broodstock that can influence the quantity and quality 

of the eggs and survival of embryo (Brooks et al., 

1997). In pelagic eggs, free amino acids play important 

role as osmotic active compounds necessary for protein 

synthesis and regulation of egg buoyancy (Thorsen and 

Fyhn 1996; Lahnsteiner et al., 2009). The qualities of 

eggs produced in hatcheries are broadly distinguished 

by virtue of their ability to float or sink in sea water 

(Brooks et al., 1997). Newly spawned marine fish eggs 

have a total amino acid content of 40–60% of their dry 

mass (Fyhn 1989; Rønnestad and Fyhn 1993; Thorsen 

et al., 1993; Finn 1994; Rønnestad et al., 1996, 1999). 

The amino acid concentrations necessary to optimize 

reproductive performance of broodstock A. latus are 

unknown. The present results provide the first proof of 

the pivotal role played by dietary EAA in spawning 

performance in A. latus.  

The relationship between dietary protein and 

reproductive performance in fish is an important field 

of study because the effect of nutrition is significant in 

fish maturation and fecundity (Coldebella et al., 

2011). However, in A. latus, relative fecundity and 

buoyant eggs were not found to be significantly 

influenced by different dietary EAA concentrations. In 

comparision, the relative fecundity and buoyant eggs 

were maximum (P>0.05) in diet 2 with 16.88% 

dietary EAA concentration. These results appear to be 

in agreement with the results of Gunasekera et al., 

1996 which reported that dietary protein levels did not 

affect relative fecundity in Oreochromis niloticus. 

Similar trend have been reported by Santiago et al., 

1983, Sarotherodon niloticus and Dahlgren 1980, 

Poecilia reticulata. These results implied that 

relative fecundity was not depended on dietary 

protein and amino acid concentrations because the 

fecundity probably was not significantly affected by 

protein and amino acids contents. However, dietary 

lipid and fatty acid levels were reported to have a 

considerable effect on egg production and fecundity 

in A. latus (Zakeri et al., 2011). 

Fertilization rate indicates the percentage of 

fertilized eggs, expressing the successful encounter 

between egg and sperm and is used as a quality 

criterion in both marine and fresh water species 

(Lahnsteiner et al., 2009). The optimum nutrition 

level of broodstock diets have been reported to 

improve hatching rates (Izquierdo et al., 2001). 

According to Brooks et al. (1997) hatching rates and 

egg survival, although being the ultimate measures 

of egg qualities tell nothing about what factors 

determine egg quality. But in the present study, both 

fertilizability (%) and hatchability (%) in fish fed 

with diet 3 were higher than that in the other diets 

probably indicating their positive correlation with 

dietary EAA content in broodstock diet. In gilthead 

seabream and sharpsnout seabream, total level of free 

amino acids were correlated with embryo survival to 

hatch (Lahnsteiner et al., 2009). However in Labeo 

rohita, increased of dietary protein levels with 

increasing amino acid quantity did not significantly 

affect fertilization and hatching rate (Afzal Khan et al., 

2005). The present results revealed that fertilizability 

and hatching were influenced by dietary EAA. 

Normality of the larvae, a parameter used to 

determine egg viability and survival rate of 3DPH 

larvae were significantly affected by dietary EAA 

concentrations. Survival rate and quality of 

endogenous larvae are determined by adequate 

dietary EAA concentration in broodstock diet. The 

lowest percentage of abnormal larvae and the highest 

survival rate (%) of 3DPH larvae were found in fish 

fed with the intermediate dietary EAA content 

(16.88) probably indicating that these parameters 

were independent of the EAA content in broodstock 

diet. In gilthead seabream, a broodstock diet well 

balanced in EAA, improved vitellogenin synthesis 

(Rønnestad et al., 1994). Yolk proteins are derived 

from vitellogenin and most highly nutritive products 

are taken up and stored in yolk for future use by 

developing embryo and endogenous larvae (Brooks et 

al., 1997). The results of our experiment demonstrated 
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that dietary components as diverse as protein, lipid, 

fatty acid (Zakeri et al., 2011) and amino acids have a 

strong influence on the percentage survival of 3DPH 

larvae. Consequently, larval survival rate maybe 

regarded as an important tool in assessing the 

reproductive performance of A. latus, affected by 

nutritional deficiencies in broodstock diet. 

4. Conclusions 

The present study demonstrated that the nutritional 

value of protein in broodstock diet has a considerable 

effect on the fertility, hatchability and survival rate of 

3DPH larvae of A. latus. Both, the increasing of dietary 

essential amino acid concentration and the optimal 

balance of EAA in diet influenced reproductive 

performance of yellowfin seabream. This information 

should contribute to the development of adequately 

balanced practical diets for A. latus broodstock. Yet, 

more research is needed to understand the specific role 

of EAA in the reproductive performance of A. latus. 
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