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Introduction
The females of most decapods extrude their eggs and carry 

them under the abdomen until hatching. The eggs are rich in yolk 
substances that are used as embryonic development progresses [1-5]. 
The utilization of yolk substances closely correlates with the embryonic 
development. Protein is one of the main components of yolk, plays an 
important role in both morphogenesis and energy supply in embryos 
[2,3]. Lipid in the eggs of the most of the crustacean is one of the 
main energy sources that the females stored. During the embryonic 
development stages, lipid is not only a kind of energy source, but also 
components of biological membranes and pigments of compound 
eyes [4,5]. There is no information available on the biochemical 
composition during embryonic development and freshly hatched zoea 
of crustaceans in general and palaemonid prawn, Macrobrachium 
idella idella in particular. So the present study is designed to know the 
biochemical changes in the embryonic and freshed hatched first zoeal 
stages of edible prawn, Macrobrachium idella idella. 

Materials and Methods
Collection

The prawn,  Macrobrachium idella idella was collected from 
Ponanthittu (Lat.11°28`50.50º N; Long. 79°45`28.23º E) waters which 
is located 2 km south to Parangipettai and connected with Vellar 
estuary. The prawns were caught by the fisherman with the help of 
trap, line and hand- net and scoop net. The specimens were collected 
from fisherman as the sizes of the collected specimens were ranged 
from 30 to 125 mm in length. Totally 210 specimens were collected 
and transported to the laboratory in live condition by keeping them 
in bucket containing freshwater and aeration. After reaching the 
laboratory they were washed carefully with distilled water to remove 
dust and algal particles and ice killed.

The freshly collected berried females during the months of 
November and December 2006 were segregated into four arbitrary 
stages as described by Aubson and Patlan, Sumitra and Easterson, 
Rodriguez (1977) and Rodriguez (1985), respectively   [6-9]. The color 

and diameter of the eggs were noted before segregation and small 
clumps of eggs was snipped from random locations in each clutch 
using sharp scissors. All the developing embryos were examined with 
a MEIJI binocular dissecting microscope (100X) to ensure that only 
viable embryos were sampled and the color of the embryo were also 
observed. The diameter of the eggs was measured using a micrometer 
mounted in the ocular of a dissecting microscope. Eggs were classified 
into 4 stages based on the following characteristic features. 

Characteristic features of different egg stages 

Egg stage-I: The eggs were opaque, greenish, round or oval in 
shape. The diameter of the egg was found to be 0.45 mm.

Egg stage – II: The eggs were translucent, light green in color, oval 
with a narrow peri-vitelline space at one end and small transparent 
plate (the blastoderm) were easily distinguished. The diameter of the 
egg was calculated as 0.57 mm.

Egg stage-III: The eggs were translucent, brownish-yellow in color. 
The embryo further developed with anterior transparent plate and 
differentiated into cephalic lobe. The diameter of the egg was measured 
as 0.58 mm.

Egg stage – IV:  The eggs were transparent, dull whitish in color. 
The embryos were well-developed with conspicuous black eye spots 
at the anterior and rudiments of cephalothoracic appendages were 
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acids. The total essential amino acids were showed increasing trend from the egg stage I to IV. However they were 
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were also followed almost similar trend. Among total 9 amino acids, 5 amino acids (glutamine, asparagine, glycine, 
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developed, the posterior region was Coiled, and the diameter of the egg 
was found to be 0.65 mm. 

The eggs were blot dried with filter paper and transferred to 
the previously weighed dry paper. The dry weight of the eggs was 
determined after drying them in a hot-air oven at 60ºC for 24 hours. 
Then the samples were stored in desiccators with calcium chloride until 
analyzed. 

Analysis of proximate composition

The protein, carbohydrate and lipid contents were estimated by 
adopting the standard methods of Raymont et al., Dubois et al. and 
Folch et al. [10-12], respectively.

Moisture

The body tissue as a whole was dried in an electric oven at 60˚C 
until a constant weight was reached and then it was weighed in an 
electronic balance to the nearest 0.1mg. The percentage of dry matter 
in the body was calculated. The differences in weight between wet and 
dried tissues represented the weight of water in the body tissue, which 
was expressed as percentage. 

Estimation of Fatty acids

The fatty and methyl esters of the sample was injected into the gas 
chromatography (GC-6890) capillary column coated with 5% phenyl 
silicone at a temperature from 170º to 300ºC for 23.33 minutes. Flame 
ionization detector was used for analysis. Based on the retention time, 
the different fatty acids in the samples were identified. Triplicate was 
maintained for each experiment.

Estimation of amino acids

The amino acids were determined by an automatic amino acid 
in HPLC analyzer (Lachromehitachi). Five microliter of amino acids 
standards mixture sample were injected into the column (DENALIC18 
5MICROMM 4.6 mm×150 mm). The flow rate was about 1 ml per 
minute, ambient temperature of 23˚C was maintained and sample was 
detected at 254nm by following the method of Baker and Han [13].

Results
Statistical analysis

The data were subjected to One- way analysis of variance (ANOVA) 
and difference between means were determined by Duncan’s multiple 
range tests (P<0.05) using SPSS version 17.0.

The proximate composition of four egg stages and 1st zoeal stage of 
Macrobrachium idella idella are presented in Table 1.

Protein

The protein content of egg was gradually decreased from egg 
stage-1 (69.32%) to egg stage-IV (54.56%) and the protein content in 
Ist zoeal stage was found to be 52.42%. The differences in the protein 

content of different eggs stages and Ist zoea are statistically significant 
(Figure 1).

Carbohydrate

The carbohydrate content increased from egg stage-I (3.24%) to 
freshly hatched Ist zoea. The increasing trend of the carbohydrate from 
egg stage I to freshly hatched Ist zoea stage was statistically significant. 
But among the egg stages from II to IV the carbohydrate content was 
not statistically significant (Figure 2).

Lipid

Lipid values showed a decreasing trend from egg stage-I (15.86%) 
to freshly hatched Ist zoea (4.82%). This decrement of lipid content was 
statistically significant (Figure 3).

Moisture 

The water content uniformly increased from egg stage I (62.26%) 
to freshly hatched Ist zoea stage (79.68%) and this was statistically 
significant (Figure 4).

Fatty acids

Among total 9 individual saturated fatty acids reported, the 
palmitic acid (C16:0) was maximum in all egg stages and in 1st zoea. 
The palmitic acid was followed by stearic (C18:0) and myristic (C14:0) 
acids. But myristic (C14:0) acid in egg stage III was comparatively less 
than other egg stages and zoeal stage. The tridecyclic (C13:0) acid was 
not detectable in stage III and nonadecyclic (C19:0) was not detectable 
in stage IV and in 1st zoeal stage (Table 2). The total saturated fatty acids 
decreased from egg stage I to Ist zoea. But the total saturated fatty acids 
between egg stages II to III was not statistical different.

The monounsaturated fatty acid C18:1n9c (Oleic) was maximum 
followed by C18:1n7c. The C14:1n5c was not detectable in egg stages 
II and IV and also C16:1n9c was not detectable in egg stage II. The 
C17:1n6c was not detectable in egg stages III and IV and C18:1n5c 
was not detectable in egg stage II. The fatty acid C19:1n9c was not 
detectable in stage IV and Ist zoea stage (Table 3). The total amount of 
monounsaturated fatty acids gradually decreased from egg stage I to Ist 
zoea and the decrement was statistically significant. 

 The total amount of polyunsaturated fatty acids was irregular in eggs 
as well as zoeal stage. Among 5 polyunsaturated fatty acids, C18:2n6c 
was found to be maximum followed by C20:3n6c and C20: 4n6c (Table 
4). The polyunsaturated fatty acids were showed significantly variation 
among egg stages I to 1st zoea. 

Amino acids

The total essential amino acids were showed increasing trend from 
the egg stage I to IV. However they were little bit low in Ist zoea stage 
when compered to egg stage IV. But the differences are statistically 
different except egg stages IIIrd and IVth. Totally 10 essential amino 
acids were observed. Among 10 amino acids the essential amino acids 

S. No Constituents  I-Egg stage II- Egg stage III-Egg stage IV-Egg stage Ist Zoeal stage
1 Protein 69.32 ± 0.40 a 64.88 ± 0.19 b 59.82 ± .18 c 54.56 ± .20 d 52.42 ± 0.45 e

2 Carbohydrate 3.24 ± 0.23 c 3.56 ± 0.05 b 3.65 ± 0.11 b 3.86 ± 0.14 b 4.16 ± 0.19 a

3 Lipid 15.86 ± 0.29 a 12.45 ± 0.12 b 8.08 ± 0.11 c 5.96 ± 0.25 d 4.82 ± 0.13 e

4 Moisture 62.26 ± 0 .13 e 64.42 ± 0.13 d 72.42 ± 0.21 c 78.52 ± 0.27 b 79.68 ± 0.19 a

Different superscript showed in a row significantly different (P<0.05). 

Table 1: The proximate composition (%) of M. idella idella during different embryonic and Ist zoea stage. (Values expressed in %, dry weight except moisture. Each value 
is the mean of 3 sample ± SD).
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amino acids (serine, tyrosine, proline and taurine) were irregular 
(Table 6). Even though the total nonessential amino acids were 
gradually increased from egg stage I to egg stage IV. The increment is 
statistically significant. 

Discussion 
In the present study the protein content in egg stage I was 

maximum (69.32%) due to the deposit of yolk. But the protein levels 
started decreasing when the development progressed. As the embryo 
developing, the yolk deposited is utilized for the development. This 
may be the reason for the low value of protein seen in egg stage IV. 
According to Radhakrishnan [14] the protein values decreased 
gradually as developing stages proceeds in Portunus pelagicus and 

Portunus sanguinolentus. The same observation was made by 
Sumitra et al. [7], in Emerita holthuisi and Krishnan [15] in Thalamita 
crenata. Needham [16] stated that the terrestrial animal utilized0020fat 
as the source of energy for their development whereas in aquatic forms, 
protein was the source of energy. The protein content of the yolk is 
important for the tissue differentiation and organization particularly 
for the cuticle layers, muscle, the digestive and nervous system 
[17]. Barnes, Pandian and Katre [18,19] reported that the protein 
in developing eggs is progressively depleted and they also suggested 
the possible utilization of protein during embryogenesis to meet the 
metabolic demand.

The present study reveals that carbohydrate value showed an 
increasing trend from egg stages I to IV. The carbohydrate played 
major part for the development of earlier stages in 

Macrobrachium rosenbergii [20]. Sumitra [7] also reported gradual 
increasing trend in M. idella of Cochin backwaters. But in Portunus 
pelagicus and Portunus sanguinolentus [14] and T. crenata [15] the 
carbohydrate value showed gradual decrease when development 
proceeded. Ajith Kumar [21] stated that the carbohydrate showed an 
increasing trend from I to IV stages in Macrobrachium idella idella as 
in the present study. 

   Lipid plays a central role in the embryonic metabolism as 
they represent the most important energy source and form atleast 60% 
of the total energy expenditure of the developing crustacean embryo 
[22]. Large decapod eggs have a relatively high fat percentage and 
low density when compared to small eggs [23]. Lipid value obtained 
in the present study varied between 15.86% (stage-I) to 5.96% (stage-
IV) which is comparatively higher than that of Macrobrachium 

viz leucine, lysine, methionine and arginine was increased gradually 
as development progressed in egg stages. However valine, isoleucine, 
phenylalanine and threonine had a change of ‘hig-low-hig’ (Table 5). 

As in essential amino acids, non essential amino acids were also 
followed almost similar trend. Among total 9 amino acids, 5 amino 
acids (glutamine, asparagine, glycine, cystine and alanine) were 
gradually increased from egg stage I to IV. But other non essential 

Figure 2: Carbohydrate content in different egg stages and Ist zoeal stage 
(Box represents SE, Whiskers SD, ■ mean). 
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Figure 1: Protein content in different egg stages and Ist zoeal stage (Box 
represents SE, Whiskers SD, ■ mean).
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Figure 3: Lipid content in different egg stages and Ist zoeal stage (Box 
represents SE, Whiskers SD, ■ mean). 
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Figure 4: Moisture content in different egg stages and Ist zoeal stage (Box 
represents SE, Whiskers SD, ■ mean).
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idella idella available from Cochin backwaters [7] but showed slight 
variation with who studied in the same species from Vellar estuary 

[21]. But, lipid values are shown gradual increase with development 
in Portunus pelagicus and Portunus sanguinolentus [14]. Needham 

Fatty acids (%) Egg stage-I Egg stage-II Egg stage-III Egg stage-IV 1st zoea stage Ist Zoeal stage
C12:0 1.30 ± 0.26 a 1.22 ± 0.03 a 0.45 ± 0.13 c 0.56 ± 0.14 b c 0.83 ± 0.15 b 52.42 ± 0.45 e

C13:0 0.47 ± 0.12 a 0.23 ± 0.07 a b ND 0.17 ± 0.05 a b 0.25 ± 0.08 a b 4.16 ± 0.19 a

C14:0 4.08 ± 0.27 a 3.87 ± 0.24 a b 1.38 ± 0.41 d 3.58 ± 1.37 b 3.02 ± 1.26 c 4.82 ± 0.13 e

C15:0 1.04 ± 0.14 a b c 1.28 ± 0.33a b 1.30 ± 0.21 a 0.94 ± 0.14 b c 0.86 ± 0.17 c 79.68 ± 0.19 a

C16:0 25.33 ± 0.21 a 24.46 ± 0.79 b 24.14 ± 0.09 b c 23.97 ± 0.63 c 21.19 ± 0.37 d

C17:0 1.92 ± 0.33 a 1.75 ± 0.24 a b 1.99 ± 0.33 a 1.42 ± 0.23 b 1.03 ± 0.08 c

C18:0 6.58 ± 1.72 b 5.51 ± 1.53 c 7.84 ± 0.83 a 4.97 ± 0.78 d 4.88 ± 0.20 d

C19:0 0.38 ± 0.19 a 0.20 ± 0.04 a b 0.37 ± 0.11 a ND ND
C20:0 0.37 ± 0.14 a 0.46 ± 0.16 a 0.53 ± 0.08 a 0.66 ± 0.10 a 0.54 ± 0.08 a

Total 41.47 ± 1.63 a 38.98 ± 2.09 b 38.00 ± 1.39 b 36.27 ± 0.80 c 32.6 ± 0.67 d

Different superscript showed in a row significantly different (P<0.05).  
ND: Not Detected

Table 2: Saturated fatty acids (Each value is the mean of 3 sample ± SD) of developing eggs and 1st zoeal stage of M. idella idella.

Fatty acids Egg stage-I Egg stage-II Egg stage-III Egg stage-IV 1st zoea stage
C14:1n5c 0.16 ± 0.03 a ND 0.12 ± 0.02 a ND 0.15 ± 0.02 a

C16:1n5c 0.58 ± 0.08 a 0.54 ± 0.07 a 0.45 ± 0.06 a 0.21 ± 0.05 a 0.60 ± 0.1 a

C16:1n9c 0.43 ± 0.07 b ND 0.35 ± 0.07 b c 0.45 ± 0.08 b 1.31 ± 0.20 a

C17:1n8c 0.98 ± 0.14 b 1.17 ± 0.16 a b 1.37 ± 0.18 a 0.91 ± 0.13 b 1.47 ± 0.12 a

C17:1n6c 0.32 ± 0.05 a 0.22 ± 0.04 a ND ND 0.27 ± 0.02 a

C18:1n9c 25.04 ± 0.83 a 19.77 ± 0.70 c 25.34 ± 0.87 a 22.40 ± 0.95 b 18.65 ± 1.94 d

C18:1n7c 6.23 ± 1.20 b 5.40 ± 1.5 c 8.17 ± 1.22 a 3.44 ± 0.14 d 3.33 ± 0.11 d

C18:1n5c 0.42 ± 0.05 a ND 0.26 ± 0.05 a b 0.30 ± 0.02 a b 0.33 ± 0.08 a b

C19:1n9c 0.22 ± 0.02 a 0.15 ± 0.03 a 0.31 ± 0.02 a ND ND
Total 34.38 ± 1.49 b 27.25 ± 1.43 d 36.37 ± 1.49 a 27.71 ± 1.38 c 26.11 ± 1.60 e

 Different superscript showed in a row significantly different (P<0.05).
 ND: Not Detected

Table 3: Monounsaturated fatty acids (Each values is the mean of three values ± SD) of developing eggs and 1st zoeal stage of M. idella idella.

Fatty acids Egg stage-I Egg stage-II Egg stage-III Egg stage-IV 1st zoea stage
C18:2n6c 6.34 ± 0.34 b 5.67 ± 0.25 c d 5.88 ± 0.19 c 7.12 ± 0.29 a 5.46 ± 0.31 c

C18:3n6c 0.54 ± 0.06 a 0.48 ± 0.08 a 0.47 ± 0.04 a 0.78 ± 0.07 a 0.43 ± 0.06 a

C20:2n6c 0.62 ± 0.06 b 0.74 ± 0.08 a b 0.97 ± 0.09 a b 1.12 ± 0.11 a 0.94 ± 0.09 a b

C20:3n6c 1.45 ± 0.10 a b 1.62 ± 0.05 a 1.74 ± 0.07 a 1.16 ± 0.13 b 0.57 ± 0.04 c

C20:4n6c 0.86 ± 0.07 b 0.69 ± 0.07 b 1.97 ± 0.08 a 1.73 ± 0.05 a 2.00 ± 0.08 a

Total 9.81 ± 0.64 c 9.2 ± 0.52 d 11.03 ± 0.45 b 11.91 ± 0.65 a 9.4 ± 0.58 d

C18:1n7c 6.23 ± 1.20 b 5.40 ± 1.5 c 8.17 ± 1.22 a 3.44 ± 0.14 d 3.33 ± 0.11 d

C18:1n5c 0.42 ± 0.05 a ND 0.26 ± 0.05 a b 0.30 ± 0.02 a b 0.33 ± 0.08 a b

C19:1n9c 0.22 ± 0.02 a 0.15 ± 0.03 a 0.31 ± 0.02 a ND ND
Total 34.38 ± 1.49 b 27.25 ± 1.43 d 36.37 ± 1.49 a 27.71 ± 1.38 c 26.11 ± 1.60 e

Different superscript showed in a row significantly different (P<0.05). 

Table 4: Polyunsaturated fatty acids (Each values is the mean of three values ± SD) of developing eggs and 1st zoeal stage of M. idella idella.

Amino acids Egg stage-I Egg stage-II Egg stage-III Egg stage-IV I zoea stage
Leucine 3.25 ± 0.22 c 3.64 ± 0.22 b 3.95 ± 0.20 a b 4.12 ± 0.26 a 4.02 ± 0.15 a b
Lysine 3.22 ± 0.19 c 3.34 ± 0.15 b c 3.64 ± 0.29 a b 3.88 ± 0.28 a 3.68 ± 0.19 a b
Valine 2.92 ± 0.21 a b 2.74 ± 0.22 b 3.14 ± 0.29 a 3.24 ± 0.25 a 3.19 ± 0.16 a 

Isoleucine 2.36 ± 0.28 a b 2.42 ± 0.29 a b 2.62 ± 0.25 a 2.24 ± 0.18 a b 2.18 ± 0.10 b 
Phenylalanine 2.02 ± 0.17 a 2.00 ± 0.12 a 2.14 ± 0.12 a 2.21 ± 0.20 a 2.16 ± 0.17 a

Threonine 1.86 ± 0.18 a 2.04 ± 0.15 a 2.16 ± 0.07 a 2.14 ± 0.09 a 2.03 ± 0.18 a
Methionine 1.08 ± 0.21 b 1.22 ± 0.15 a b 1.38 ± 0.28 a b 1.46 ± 0.23 a b 1.52 ± 0.21 a

Arginine 2.98 ± 0.19 b 3.12 ± 0.21 a b 3.23 ± 0.22 a b 3.42 ± 0.29 a 3.38 ± 0.21 a 
Histidine 1.42 ± 0.31 a 1.41 ± 0.18 a 1.56 ± 0.21 a 1.48 ± 0.20 a 1.34 ± 0.21 a

Tryptophan 1.88 ± 0.24 a 1.92 ± 0.22 a 1.54 ± 0.22 a b 1.22 ± 0.21 b c 1.12 ± 0.11c
Total EAA 22.99 ± 2.30 d 23.85 ± 2.65 c 25.36 ± 2.94 a 25.41 ± 4.08 a 24.62 ± 2.85 b 

Table 5: Essential amino acids (%, dry weight) in M. idella idella during different embryonic development stages and I zoeal stage (Values are mean of three values ± SD).
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[16] classified the crustacean eggs as cleidoic and non-cleidoic types 
of eggs. The cleidoic eggs are not dependent on the environment for 
water and salt (ash); oxidation of protein is suppressed to considerable 
extend and fat oxidation is greatly enhanced, serving as main source 
for the embryonic metabolism. A similar pattern has been reported for 
Callinectes sapidus [24] and Xantho bidentatus [17]. The crab Caridina 
nilotica and prawn Macrobrachium malcolmsonii derived more energy 
from fat [25,26]. In the present study it is clear that the lipid value at 
initial stage was higher but reducing when the egg started developing 
especially during III and IV stages. This result attributes that fat also 
play major role during embryonic development. 

 Developing eggs of crustaceans absorb water [27]. In 
Macrobrachium rosenbergii the egg volume increased slowly from 
fertilized egg stage to zoea stage indicated that there were prominent 
correlation between egg volume and water content [20]. The absorption 
of water increases the internal osmotic pressure resulting in osmotic 
hatching of egg and accumulation of water decreases the specific 
gravity of developing eggs and finally the free floating planktonic 
larvae released. The increase in water content of the eggs is due to 
the absorption of water through the egg membrane of the retention 
of metabolic water since water is the ‘byproduct’ of respiration. The 
oxidation of 100 gm of lipid releases 107.7 gm of water, the same amount 
of protein produces 111.3 gm of water and carbohydrate oxidation 
liberates 55.5 gm of water [28]. The weight of eggs during zoea stage 
increased since fertilized stage, mainly because of the increased water 
content. Water provided a liquid environment for embryo and the 
higher water pressure during zoea stage might be cause of the embryo 
breaking through the egg membrane in preparation for hatching [20].

  In the present study the lipid acted as the most important 
energy source in the embryonic metabolism of Macrobrachium idella 
idella. The total lipid content of egg stage-I (15.86 ± 0.18%) expected 
for formation of the organs, lipid was mainly used as a source of energy. 
Rapid decrease of total lipids in egg stages-III and IV was closely 
associated with the formation and development of many organ anlages. 
Brain anlage and heart anlage came into being. Compound eyes turned 
larger, blood started to flow and heart beats at about 200 times per 
minutes in zoea stage [29,30]. More energy was needed and some fatty 
acids turned into component of organs in these two stages. In zoea 
stage, lipids in yolk were used up. The zoea stage of Macrobrachium 
rosenbergii lasted about 90 h, and more energy was needed. So some 
fatty acids were probably used in the synthesis of organs during these 
stages [20]. The consumption pattern of different fatty acids in eggs 
of Macrobrachium rosenbergii during the embryonic development 

did not differ markedly from that of other crustaceans [31-33]. The 
most important fatty acids were C16:0, C18:0, C16:1, C18:1n-9 and 
C18:2n-6 in eggs of Macrobrachium rosenbergii. In the present study 
most important fatty acids components in Macrobrachium idella 
idella were C16:0, C18:0, C18:1n-9 as in Macrobrachium rosenbergii. 
The first zoea stage of Macrobrachium idella idella is non-feeding 
stage, the remaining nutriment favours their independence of external 
energy resources when external feeding begins and would increase the 
changes for the first successful moult. Yao Jun-jie [20] Reported that in 
Macrobrachium rosenbergii the remaining yolk in the eggs are utilized 
by the first larval stage as the first larva is non-feeding stage. 

  It has been revealed that the amino acids [34], 
monosaccharides [35] and nucleosides [36] could be transported into 
the embryos of the marine invertebrates. Rosa et al. [33] assumed that 
embryos of Nephrops norvegicus could absorb some compounds. In 
the present study, the content of essential amino acids increased in 
eggs, may be the result of organic compounds could be transported 
into the embryos of Macrobrachium idella idella. Even though the 
amino acids (EAA) and total amino acids (TAA) contributed to the 
completion of the embryonic development of Macrobrachium idella 
idella the ratio of EAA and TAA content remained unchanged during 
different embryonic development stages. But when compared first zoea 
stage to the egg stages the EAA and TAA were less than egg stages. 
It may be because of the first zoea stage does not feed externally and 
utilizes the yolk present inside the zoea stage. And the zoea doesn’t 
have the capacity of absorbing organic compounds from the external 
water source as in the egg stages. The unchanged EAA and TAA were 
also determined in the eggs of Macrobrachium rosenbergii [20].

 The increase in TAA is indicative of the fact that protein in yolk 
act as the main structural substance during embryonic development of 
Macrobrachium idella idella. Increases in TAA were also reported in 
the eggs of Nephrops norvegicus [33] and in Macrobrachium rosenbergii 
[20]. Quantitively the most important amino acids were leucine, lysine, 
valine, arginine and glutamic acid during the embryonic development 
of Macrobrachium idella idella. Regarding the function of single amino 
acid, leucine is a ketone-producing amino acid. It could be transformed 
into acetyl-CoA and acetyl-acetic acid, which are important 
intermediates in carbohydrate and lipid metabolism [37]. Arginine was 
proven to be crucial in energy metabolism by maintaining glycolysis 
under hypoxic conditions [38].Valine is a carbohydrate-producing 
amino acid and may be associated with carbohydrate metabolism 
through citric acid cycle. Content of glutamic acid was high during 
embryonic development, which may have resulted from nitrogen 

Amino acids Egg stage-I Egg stage-II Egg stage-III Egg stage-IV I zoea stage
Gultamine 5.12 ± 0.15 c 5.16 ± 0.17 c 5.68 ± 0.26 b 6.08 ± 0.21 a 5.89 ± 0.27 a b

Asparagine 3.32 ± 0.21 c 3.48 ± 0.31 b c 3.72 ± 0.17 b 4.14 ± 0.15 a 3.81 ± 0.21 a b

Glycine 2.06 ± 0.21 b 2.12 ± 0.11 b 2.32 ± 0.21 a b 2.68 ± 0.19 a 2.44 ± 0.31 a b

Alanine 2.04 ± 0.18 c 2.16 ± 0.27 b c 2.31 ± 0.22 b c 2.86 ± 0.21 a 2.54 ± 0.30 a b

Serine 2.03 ± 0.26 a 1.99 ± 0.18 a 2.24 ± 0.13 a 2.25 ± 0.25 a 2.04 ± 0.27 a

Cystine 1.76 ± 0.21 c 2.04 ± 0.15 b c 2.42 ± 0.26 a b 2.74 ± 0.13 a 2.36 ± 0.18 a b

Tyrosine 1.72 ± 0.08 b 2.04 ± 0.14 a b 1.92 ± 0.07 a b 2.06 ± 0.13 a b 2.13 ± 0.12 a 

Proline 1.68 ± 0.17 a 1.76 ± 0.19 a 2.02 ± 0.14 a 1.92 ± 0.11 a 1.76 ± 0.15 a

Taurine 1.72 ± 0.24 a b 1.84 ± 0.16 a 1.32 ± 0.13 c 1.40 ± 0.39 b c 1.28 ± 0.20 c

Total NEAA 21.45 ± 2.15 d 22.59 ± 2.69 c 23.95 ± 2.72 b 26.13 ± 2.95 a 24.25 ± 2.75 b

Total Amino acids 22.99 ± 2.30 d 23.85 ± 2.65 c 25.36 ± 2.94 a 25.41 ± 4.08 a 24.62 ± 2.85 b

(EAA+NEAA) 44.44 ± 4.46 d 46.44 ± 4.47 c 49.31 ± 0.68 a b 51.54 ± 0.68 a 48.87 ± 0.68 b

Different superscript showed in a row significantly different (P<0.05). 

Table 6: Non essential amino acids (%, dry weight) in M. idella idella during different embryonic development stages and Ist zoeal stage (Values are mean of three values 
± SD).
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metabolism in the eggs of Macrobrachium idella idella. Glutamic 
acid turned into glutamine, which is deaminated to produce NH3 
[38]. NH3 can be excreted along with Cl-. An increase in the content 
of NH4Cl after the blastula stage also suggests that NH4

+ and Cl- are 
being excreted together. Tyrosine can be used to synthesize melanin 
[38], which plays central role in the accumulation of compound eye 
pigments. High content of these amino acids is closely correlated with 
their important role in the embryo.

References

1. Clarke A, Brown JH, Holmes LJ (1990) The biochemical composition of eggs
from Macrobrachium rosenbergii in relation to embryonic development. Comp
Biochem Physiol 96: 505-511. 

2. Holland DL (1978) Lipid reserves and energy metabolism in the larvae of
benthic marine invertebrates. In: Alins DC, J. R. Sargent (Ed.), Academic
Press, London, UK 85-123. 

3. Luo W, Zhou ZL, Zhao YL (2004) Analysis on the contents of protein and
amino acids in Cherax quqdricarinatus during different embryonic development 
stages (Chinese). Nat Sci 1: 88-92. 

4. Dinakaran GK, Soundarapandian P, Varadharajan D (2013) Embryonic
Development of the Palaemonid Prawn Macrobrachium idella idella (Hilgendorf, 
1898). Cell Dev Biol 2: 111. 

5. Anger K, Harms J, Christiansen ME, Susens U, Wilmes B (1992) Growth
patterns, chemical composition and oxygen consumption in early juvenile
Hyas araneus (Decapoda: Majidae) reared in the laboratory. Helgolander
Meeresunters 46: 9–28. 

6. Aubson B, Jr, Patlan D (1974) Color changes in the ovaries of peneid shrimp as 
determinant of their maturity. Mar Fish Rev 36: 23-26. 

7. Sumitra Vijayaraghavan, Easterson DCV (1974) Biochemical changes and
energy utilization in developing stages of the estuarine prawn Macrobrachium 
idella (Hilgendorf). J Mar Biol Ass India 16(1): 275-279. 

8. Rodriguez A (1977) Contribution al conocimiento de la biologiay pesca
dellangostino, Penaeus kerathurus, Forskal,1775, del Golfo de Cadiz (region
Sudatlantica Espanola). Investigacion Pesq 41: 603-635. 

9. Rodriguez A (1985) Biologia del langostino Penaeus kerathurus. Forskal, 1775, 
del Golfo de Cadiz. I Reproduction. Investigacion Pesq 49: 581-595. 

10. Raymont JEG, Austin J, Linford E (1964) Biochemical studies on Marine
zooplankton: I. The biochemical composition of Neomysis integer. J Cons Perm 
Explor Mar 28: 354-363. 

11. Dubois M, Giles KA, Hamilton JK, Rebors PA, Smith F (1956) Calorimetric
method for determination of sugar and related substances. Analyt Chem 28:
350-356. 

12. Folch J, Lees M, Sloane-Stanley GH (1956) A Simple method for the isolation
and purification of total lipids from animal tissues. J Biol Chem 226: 497-509. 

13. Baker DH, Han Y (1994) Ideal amino acid profile for chicks during the first three 
weeks posthatching. Poult Sci 73: 1441-1447.

14. Radhakrishnan N (1979) Studies on portunid crabs of Porto Novo (Crustacea:
Decapoda: Brachyura). Ph. D. thesis, Annamalai University, India 1: 123. 

15. Krishnan T (1988) Yolk utilization, larval development and effects of salinity and 
starvation on the edible esturine crab, Thalamita crenata (Latreille) reared in
the laboratory. Ph.D. Thesis, Annamalai University, India 134. 

16. Needham J (1950) Biochemistry and morphogenesis. Cambridge University
Press, Cambridge, UK 785. 

17. Babu DE (1987) Observations on the embryonic development and energy
source in the crab Xantho bidentatus. Mar Biol 95: 123-127. 

18. Barnes H (1965) Studies in the biochemistry of Cirripede eggs. I changes in the 
general biochemical composition during development of Balanus balanoides
and B. balanus.J Mar Biol Ass UK 45: 321-339. 

19. Pandian TJ, Katre S (1972) Effect of hatching time on larval mortality and
survival of the prawn Macrobrachium idae. Mar Biol 13:330-337. 

20. Yao Jun-jie, Zhao Yun-long, Wang Qun, Zhong Zhong-liang, Hu Xian-cheng,
et al  (2006) Biochemical compositions and digestive enzyme activities during

the embryonic development of prawn, Macrobrachium rosenbergii. Elsevier 
Aquacult 253: 573-582. 

21. Ajith Kumar M (1990) Studies on the proximate composition of the prawn
Macrobrachium idella (Hilgendorf). M.phil Thesis, Annamalai University, India. 

22. Wehrtmann LS, Graeve M (1998) Lipid composition and utilization in developing 
eggs of two tropical marine caridean shrimps (Deccapoda:Caridea: Alpheida:
Palaemonidae). Comp Biochem Physiol 121: 457-463. 

23. Herringt PJ (1974) Size, density and lipid content of some decapod eggs.
Deep-Sea Res 21: 91-94. 

24. Amsler MO, George RY (1984) Seasonal variation in the biochemical
composition of the embryos of Callinectes sapidus Rathbun. J Crust Biol 4:
546-553. 

25. Ponnuchamy R, Ayyappan S, Ravichandran Reddy S, Katare Shakuntala
(1979) Yolk and copper utilization during embryogenesis of the fresh water
prawn Cardina nilobica. Proc Indian Acad Sci 88: 353-362. 

26. Mathavan S, Murugadoss S, Marian MP (1986) Ontogenetic changes in the
composition and energy budget of Macrobrachium malcolmsonii. In: Maclean
JL, Dizon LB, Hosillos LV (Eds). The first Asian Fisheries Fourm. Asian Fisher 
Soc Manil Phillip 647-650. 

27. Pandian TJ (1970) Ecophysiological studies on the developing eggs and
embryos of European lobster Homarus gammarus. Mar Biol 5: 153-167. 

28. Baldwin E (1964) An Introduction to Comparative Embryology. Saunders WB
co, Philadelphia, USA. 

29. Zhao YL, Wang Q, Du N SH (1998) Embryonic development of the giant
fresh water prawn, Macrobrachium rosenbergii (Crustacea;Decapoda): I.
Morphogenesis of external structures of embnryo (Chinese). Acta Zool Sinica
44: 249-256. 

30. Zhao YL, Wang Q, Lai W (1998) A study on embryonic development of the
giant freshwater prawn, Macrobrachium rosenbergii (Demain) (Crustacea,
Decapoda) II. The formation of the primary orgqan rudiment and development
of the digestive system (Chinese). J Sea Sci 5: 42-45. 

31. Morais S, Narciso L, Calado R, Nunes ML, Rosa R (2002) Lipid dynamics during 
the embryonic development of Plesionika martia martia (Decapoda; andalidae), 
Palaemon serratus and Palaemon elegans (Deccapoda; palaemonidae):
relation to metabolic consumbtion. Mar Ecol Prog Ser 242: 195-204. 

32. Li H, Zhao YL, Wang Q (2003) Variations in biochemical composition during
embryonic development of Macrobrachium nipponense (Chinese). J Fisher
China 27: 545-549. 

33. Rosa R, Morais S, Cslado R (2003) Biochemical changes during the embryonic 
development of Norway lobster, Nephrops norvegicus. Aqua 221: 507-522. 

34. Litaay M, De Silva SS, Gunasekeran RM (2001) Changes in amino acid profiles 
during embryonic development of the Blacklip abalone Haliotis rubru. Aquacult 
Living Resour 14: 335-342. 

35. Monroy A, Tollis H (1961) Uptake of radioactive glucose and amino acids and
their utilization for incorporation into proteins during maturation and fertilization 
of the eggs of Asterias forbesiii and Spsiula solidissima. Biol Bull 147:456-466. 

36. Schneider EG, Whitten DJ (1987) Uptake and metabolism of nucleosides by
embryos of the sea urchin Strongylocentrotus purpuratus. Exp Cell Res 168:
1-14.

37. Shen T, Wang JY (1990) Biochemistry. Higher Education Publisher, USA 67-86. 

38. Gade G, Grieshaber MK (1986) Pyruvate reductases catalyze the formation
oflactate and opines in anaerobic invertebrats. Comp Biochem Physiol 83:
255-272.

http://books.google.co.in/books/about/The_biochemical_composition_of_eggs_from.html?id=wB-atwAACAAJ&redir_esc=y
http://books.google.co.in/books/about/The_biochemical_composition_of_eggs_from.html?id=wB-atwAACAAJ&redir_esc=y
http://books.google.co.in/books/about/The_biochemical_composition_of_eggs_from.html?id=wB-atwAACAAJ&redir_esc=y
http://xblk.ecnu.edu.cn/EN/abstract/abstract24232.shtml
http://xblk.ecnu.edu.cn/EN/abstract/abstract24232.shtml
http://xblk.ecnu.edu.cn/EN/abstract/abstract24232.shtml
http://www.omicsgroup.org/journals/2168-9296/2168-9296-2-111.pdf
http://www.omicsgroup.org/journals/2168-9296/2168-9296-2-111.pdf
http://www.omicsgroup.org/journals/2168-9296/2168-9296-2-111.pdf
http://link.springer.com/article/10.1007%2FBF02366209#page-1
http://link.springer.com/article/10.1007%2FBF02366209#page-1
http://link.springer.com/article/10.1007%2FBF02366209#page-1
http://link.springer.com/article/10.1007%2FBF02366209#page-1
http://spo.nmfs.noaa.gov/mfr367/mfr3676.pdf
http://spo.nmfs.noaa.gov/mfr367/mfr3676.pdf
http://agris.fao.org/agris-search/search/display.do?f=2012/OV/OV201208661008661.xml;ES19780305180
http://agris.fao.org/agris-search/search/display.do?f=2012/OV/OV201208661008661.xml;ES19780305180
http://agris.fao.org/agris-search/search/display.do?f=2012/OV/OV201208661008661.xml;ES19780305180
http://icesjms.oxfordjournals.org/content/28/3/354.full.pdf
http://icesjms.oxfordjournals.org/content/28/3/354.full.pdf
http://icesjms.oxfordjournals.org/content/28/3/354.full.pdf
http://www.fbs.leeds.ac.uk/staff/sab/Methods/Lab_Methods/Dubois1956.pdf
http://www.fbs.leeds.ac.uk/staff/sab/Methods/Lab_Methods/Dubois1956.pdf
http://www.fbs.leeds.ac.uk/staff/sab/Methods/Lab_Methods/Dubois1956.pdf
http://www.ncbi.nlm.nih.gov/pubmed/13428781
http://www.ncbi.nlm.nih.gov/pubmed/13428781
http://www.ncbi.nlm.nih.gov/pubmed/7800646
http://www.ncbi.nlm.nih.gov/pubmed/7800646
http://onlinelibrary.wiley.com/doi/10.1002/ar.1090860409/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ar.1090860409/abstract
http://link.springer.com/article/10.1007%2FBF00447493#page-1
http://link.springer.com/article/10.1007%2FBF00447493#page-1
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=4422152
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=4422152
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=4422152
http://link.springer.com/article/10.1007/BF00348081#page-1
http://link.springer.com/article/10.1007/BF00348081#page-1
http://www.sciencedirect.com/science/article/pii/S0044848605005387
http://www.sciencedirect.com/science/article/pii/S0044848605005387
http://www.sciencedirect.com/science/article/pii/S0044848605005387
http://www.sciencedirect.com/science/article/pii/S0044848605005387
http://www.sciencedirect.com/science/article/pii/S0305049198101414
http://www.sciencedirect.com/science/article/pii/S0305049198101414
http://www.sciencedirect.com/science/article/pii/S0305049198101414
http://www.sciencedirect.com/science/article/pii/0011747174900230
http://www.sciencedirect.com/science/article/pii/0011747174900230
http://www.jstor.org/discover/10.2307/1548068?uid=3738256&uid=2&uid=4&sid=21102782751017
http://www.jstor.org/discover/10.2307/1548068?uid=3738256&uid=2&uid=4&sid=21102782751017
http://www.jstor.org/discover/10.2307/1548068?uid=3738256&uid=2&uid=4&sid=21102782751017
http://link.springer.com/article/10.1007%2FBF03179114#page-1
http://link.springer.com/article/10.1007%2FBF03179114#page-1
http://link.springer.com/article/10.1007%2FBF03179114#page-1
http://agris.fao.org/agris-search/search/display.do?f=1991/PH/PH91002.xml;PH8911170
http://agris.fao.org/agris-search/search/display.do?f=1991/PH/PH91002.xml;PH8911170
http://agris.fao.org/agris-search/search/display.do?f=1991/PH/PH91002.xml;PH8911170
http://agris.fao.org/agris-search/search/display.do?f=1991/PH/PH91002.xml;PH8911170
http://europepmc.org/abstract/CBA/309984/reload=0;jsessionid=Sp8RVDcSm9vHXVm2nRsV.20
http://europepmc.org/abstract/CBA/309984/reload=0;jsessionid=Sp8RVDcSm9vHXVm2nRsV.20
http://europepmc.org/abstract/CBA/309984/reload=0;jsessionid=Sp8RVDcSm9vHXVm2nRsV.20
http://europepmc.org/abstract/CBA/309984/reload=0;jsessionid=Sp8RVDcSm9vHXVm2nRsV.20
http://en.cnki.com.cn/Article_en/CJFDTOTAL-HYKX199805017.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-HYKX199805017.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-HYKX199805017.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-HYKX199805017.htm
http://www.int-res.com/abstracts/meps/v242/p195-204/
http://www.int-res.com/abstracts/meps/v242/p195-204/
http://www.int-res.com/abstracts/meps/v242/p195-204/
http://www.int-res.com/abstracts/meps/v242/p195-204/
http://en.cnki.com.cn/Article_en/CJFDTOTAL-SCKX200306006.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-SCKX200306006.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-SCKX200306006.htm
http://www.researchgate.net/publication/222891893_Biochemical_changes_during_the_embryonic_development_of_Norway_lobster_Nephrops_norvegicus
http://www.researchgate.net/publication/222891893_Biochemical_changes_during_the_embryonic_development_of_Norway_lobster_Nephrops_norvegicus
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=8235081
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=8235081
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=8235081
C:\Users\Reena-r\AppData\Local\Temp\Rar$DI77.040\Uptake of radioactive glucose and amino acids and their utilization for incorporation into proteins during maturation and fertilization of the eggs of Asterias forbesiii and Spsiula solidissima
C:\Users\Reena-r\AppData\Local\Temp\Rar$DI77.040\Uptake of radioactive glucose and amino acids and their utilization for incorporation into proteins during maturation and fertilization of the eggs of Asterias forbesiii and Spsiula solidissima
C:\Users\Reena-r\AppData\Local\Temp\Rar$DI77.040\Uptake of radioactive glucose and amino acids and their utilization for incorporation into proteins during maturation and fertilization of the eggs of Asterias forbesiii and Spsiula solidissima
http://www.ncbi.nlm.nih.gov/pubmed/3096750
http://www.ncbi.nlm.nih.gov/pubmed/3096750
http://www.ncbi.nlm.nih.gov/pubmed/3096750
http://www.sciencedirect.com/science/article/pii/0305049186903640
http://www.sciencedirect.com/science/article/pii/0305049186903640
http://www.sciencedirect.com/science/article/pii/0305049186903640

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Collection
	Characteristic features of different egg stages  
	Analysis of proximate composition 
	Moisture
	Estimation of Fatty acids 
	Estimation of amino acids 

	Results
	Statistical analysis 
	Protein
	Carbohydrate
	Lipid
	Moisture
	Fatty acids 
	Amino acids 

	Discussion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	References

