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Seasonal and monthly changes in biochemical components and condition indices of the gonadal-
visceral mass (GVM), gill, mantle, and adductor muscle of pearl oyster Pinctada radiata were analyzed 
from May 2012 to May 2013 in Eastern Egyptian Mediterranean coast in relation to reproductive cycle to 
provide information about the suitable time for implantation surgery. Protein was the major structural 
part of GVM and adductor muscle which was utilized to supply energy for late gonad development and 
spawning. Glycogen in adductor muscle might be for meeting the energy demands for spawning and 
gonad rebuilding, while accumulated gill glycogen was considered a major energy source for spawning 
and maintenance. Energy requirements were met by proteins and glycogen to a greater extent as 
compared to lipid. Year could be divided into three phases: somatic growth and maintenance, 
gametogenesis, and spawning phase. High condition index (CI) and fatness values were observed in 
May and June, whereas the lowest were observed after spawning (August). Contrarily, the shell 
component index minimum value was recorded in May then it increased till it reached the maximum 
value in August. The suitable time for pearl implantation surgery was October as oysters would be more 
energetic. 
 
Key words: Protein, lipid, glycogen, condition index, shell component index, fatness, pearl oyster Pinctada 
radiata. 

 
 
INTRODUCTION 
 
Pearl oyster Pinctada radiata was reported as lessepsian 
immigrants for the first time by Monterosato (1878) in 
1874 as Meleagrina sp in Egyptian Mediterranean coast 
(Dogan and Nerlovic, 2008). It is continually colonizing 
new habitats in the eastern Mediterranean Sea (Tlig-
Zouari and Zaouali, 1994, 1998; Galil and Zenetos, 2002; 
Gofas and Zenetos, 2003; Zenetos et al., 2005) which 
has led to spectacular increase of its spatial distribution 
(Zenetos et al., 2004, 2005, 2007). It has ecological and 
also economic importance as it was the greatest source 
of natural pearls in the world, since ancient times 
(Almatar, 1992). Nonetheless, P. radiata studies are 
scarce, limited among Mediterranean countries, and are 
confined to Tunisia (Tlig-Zouari, 1993; Tlig-Zouari and 

Zaouali, 1994, 1998; Tlig-Zouari et al., 2009, 2010) and 
recently to Egypt (Abdul aziz and Ali, 2009; Moussa,  
2013). 

In Egypt, P. radiata is a candidate species for 
mariculture and pearl production. The growth pattern 
affecting the pearl formation in P. radiata was 
comparatively studied from different stations along 
Alexandria coast, Egypt. The maximum reported P. 
radiata   size   until   now   was   recorded   from  Abu-Qir, 
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Alexandria. It was 113 mm DVL and 144.71 g T.wt. The 
recommended size range for seed implantation in P. 
radiata was 65-89 mm (Moussa, 2013). As yet, there is 
no information about the suitable time for pearl formation 
surgery in P. radiata. According to Haws (2002) and 
Taylor and Strack (2008), the method for inducing pearl 
formation is related to their reproductive status which is 
strongly committed to the energy storage-utilization 
cycles (Gabbott, 1983; Berthelin et al., 2000). Nutrient 
reserves are accumulated prior to gametogenesis in the 
form of glycogen, lipid and protein substrates for 
utilization in gamete production (Barber and Blake, 1981; 
Brokordt and Guderley, 2004; Mathieu and Lubet, 1993). 
Consequently, oysters become highly vulnerable to 
manipulation and grafting due to very large loss of input 
energy in gametogenesis (Ca´ ceres-Martı´nez et al., 
2006). Although knowledge of energy storage is 
necessary to determine the suitable moment of pearl 
formation operations, there is an obvious lack of 
information about the strategies for energy allocation 
during reproduction in the genus Pinctada. 

The condition index (CI) is a rapid measure of 
ecophysicological state in commercially exploited bivalve 
and other molluscan species (Lucas and Beninger, 1985; 
Yildiz and Lök, 2005). It is considered a very practical 
method used for following gametogenetic activities of 
bivalves through tracing the monthly values (Okumuš and 
Stirling, 1998). Verily, CI has been utilized by a number of 
authors to clarify the spawning season of bivalves 
(Clemente and Ingole, 2009; Park et al., 2011; Yang et 
al., 2011, Celik et al., 2012) and measure the 
reproductive output (Al-Barwani, 2007; Li et al., 2011, 
Celik et al., 2012). Furthermore, CI can be used for 
monitoring the commercial quality and time for harvest 
(Manley and Walker, 2011). 

The aim of this study was to describe the seasonal 
cycles of energy storage-utilization and seasonal 
condition index in different organs in relation to the 
reproductive cycle to provide information about: (i) 
preliminary recommendations to the fishing community 
targeting P. radiata to protect the spawning stock and the 
collective spawns; (ii)  biochemical composition as an 
aspect of quality of seafood; (iii) the optimum harvest 
period for P. radiata in the Eestern Egyptian 
Mediterranean coast, and (iv) the suitable time for 
performing surgical grafting. Ultimately, the results will 
provide valuable information for P. radiata population 
management, culture and pearl production. 
 
MATERIALS AND METHODS 
 
Oyster collection and sample preparation 
 
Four   hundred   and   eighty   pearl  oyster  P.  radiata  in 

 
 
 
 
commercial size with dorsoventral length between 50 and 
73 mm, total weights between 19 and 44 gm were 
obtained from Mamurah on the eastern Alexandria, Egypt 
(Figure 1) (N 31  18  0297; E  030   01   6760)  by  Scuba  
diving at 7-15 m from May 2012 to May 2013. Samples of 
40 oysters were collected at monthly intervals and 
transported to the National Institute of Oceanography and 
Fisheries, Alexandria, Egypt for biochemical, and weight 
determinations. Fouling organisms were carefully 
removed from the shell surface using a scalpel. Each 
specimen was measured to record the total weight (TWT) 
and dorsoventral length (DVL) (umbo to lip) with Vernier 
calipers to the nearest 0.5 mm. Oysters were opened and 
shucked. After removing the valves, oyster meat was 
excised and drained on blotting paper prior to wet weight 
measurement. The soft parts were separated into four 
groups; gonad-visceral mass (GVM), gill, mantle, and 
adductor muscle tissues. The GVM was analyzed as a 
unit because of the physical difficulty in separating the 
organs. 
 

Biochemical analysis 
 

Ten oysters were shucked monthly; four tissue groups 
(GVM, gill, mantle, and adductor muscle tissues) were 
separated from each oyster for further protein, lipid and 
glycogen analysis. Protein concentration was determined 
using Bradford (1976) assay with blue brilliant of 
coomassie as reagent and bovine serum albumin as 
standard. Total lipid was quantified according to CPFAC 
(2001) assay by using Chloroform / methanol / water 
extraction. Carbohydrate and glycogen were determined 
using the phenol-sulphuric acid (Dubois et al., 1956). The 
results are expressed in mg of protein, glycogen and lipid 
using a standard one gram tissue weight. A chemical 
analysis was done without distinction between sexes. 
 

Condition indices 
 

A total of 30 oysters were shucked monthly. The 
separated GVM, gill, mantle, adductor muscle tissues 
and shell valves of each oyster sample were dried on 
aluminum foil at 80°C for 48 h to constant weight. The 
condition index, shell component index and fatness were 
calculated as follows: 
 

- The condition index % (CI) = [dry meat weight/dry shell 
weight] × 100 (Walne, 1976, Crosby and Gale, 1990). 
- The shell component index % = [Shell wet weight/ total 
wet weight)] × 100. 
- Fatness (Meat Yield) % = [Meat wet weight/total wet 
weight] × 100 (Freeman, 1974). 
 

Statistical analysis 
 

Means,  standard deviations, standard errors of the mean 
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Figure 1. Map of the study area in Mamurah, Alexandria, Egypt. 

 
 
 

(mean ± SE) of biochemical compositions were 
calculated and tested for normal distribution with MS-
Excel software. ANOVA was employed to compare the 
biochemical composition monthly values monthly 
between different examined tissues and for each tissue. 
In addition, ANOVA was applied to monthly values of 
condition index, shell component index and fatness. The 
assumptions of normality of the data and homogeneity of 
variances were tested, and the appropriate 
transformations were applied when necessary. Post Hoc 
Test (Tukey HSD) was made when significant differences 
were found (Zar,1984, Sokal and Rohlf, 1995). Statistical 
analyses were performed using the software package 
SPSS “Statistical package for social sciences” (version 
20). The statistical level of significance was set at P 
<0.05 for all analyses. The Kendall’s rank correlation 
coefficients were calculated to test the strength of 
association among oyster weight relationships, and 
biochemical components. 
 
RESULTS 
 

Biochemical composition 
 
The biochemical composition significantly varied 
seasonally  and  monthly  between GVM, gill, mantle, and 

adductor muscle in addition to monthly significant 
difference in the energy content of each organ. Protein, 
lipid and glycogen proportions were within the range of 
58-84 mg g

-1
, 11-23 mg g

-1
, and 7-21 mg g

-1
, respectively. 

 

Protein 
 
The protein content was significantly different monthly 
between the four examined organs examined (ANOVA: F 
range: 45-741, P < 0.05). The GVM showed monthly 
different protein contents (ANOVA: F =101.025, P < 0.05) 
with two peaks in the months of March and October as 
23.55 ± 2.09 and 31.70 ± 1.89 mg g

-1
, respectively. 

Relatively constant GVM protein content at around 14 mg 
g

-1 
was noticed between peaks. There were two protein 

accumulation periods (January to March and September 
to October) followed by a sharp decrease (Figure 2A).  
Significant monthly differences were also detected in the 
protein content of gill tissue (ANOVA: F = 9.209, P < 
0.05), with a marked increase in February and March, 
then decreased to reach the lowest value of 6.90 ± 0.80 
mg g

-1
 in June (Figure 3). A pattern of accumulation of gill 

protein was re-observed thereafter to reach a maximum 
value of 11.69 ± 0.86 mg g

-1
 in October then slightly 

decreased in November and December (Figure 2B). 
The  mantel  protein  content  was significantly different 
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Figure 2. Monthly variation in the biochemical composition of Pinctada radiata in protein, lipid and 

glycogen in: (A) GVM, (B) Gill, (C) Mantle, and (D) Adductor Muscle. Data are presented as percentages 
of the biochemical component on wet weight. Error bars: mean ± SD. 
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Figure 3. Monthly variation in condition index (CI) of Pinctada radiata in: (A) GVM, (B) 

Gill, (C) Mantle, and (D) Adductor Muscle. Error bars: mean ± SD. 

 
 
 
among months (ANOVA: F = 57.125, P < 0.05), with two 
peaks in April (22.18 ± 1.35 mg g

-1
) and August (22.97 ± 

2.37 mg g
-1

), whereas mantle tissue showed the 
minimum protein content in November and December as 
10.93 ± 2.12 and 12.65 ± 1.16 mg g

-1
, respectively 

(Figure 2C).  
Protein content of adductor muscle was significantly 

different monthly (ANOVA: F =61.315, P < 0.05). It was 
minimum in March (18.62 ± 1.86 mg g

-1
) and then 

increased to a maximum of 37.12 ± 1.11 mg g
-1 

in April, 
whereas the secondary peak was observed in August 
(27.01 ± 1.97 mg g

-1
).

 
Afterward, protein content declined 

and remained around 21 mg g
-1

 until December (Figure 
2D). 
 
Lipid 
 
The  lipid  content  was also significantly different monthly 
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among the four examined organs (ANOVA: F range: 137-
1299, p < 0.05) showing no consistent pattern, and 
values were higher in the GVM than the somatic tissues. 
The lipid content of GVM was significantly different 
(ANOVA: F=41.769, P < 0.05) with relatively constant 
values from January to May at around 9 mg g

-1
 followed 

by sharp decrease to a minimum of 5.84 ± 0.98 mg g
-1

 in 
August and a further increase to reach the maximum 
value of 14.81 ± 2.55 mg g

-1 
in December (Figure 2A). 

Despite the significant difference in the gill lipid content 
(ANOVA: F = 18.001, P < 0.05), it did not show a 
particular pattern of storage or mobilization of lipid. As 
such, it remained within a range of 0.5-1 mg g

-1 

throughout the year experimental period with maximum 
peak in January (1.03 ± 0.18 mg g

-1
) (Figure 2B). 

The mantle lipid showed monthly significant difference 
(ANOVA: F = 47.002, P < 0.05) with accumulation period 
from July (2.27 ± 0.29 mg g

-1
) to December (6.45 ± 0.81 

mg g
-1

) followed by reduction with a minimum value of 
1.38 ± 0.10 mg g

-1
 in March (Figure 2C). In addition, the 

monthly significant adductor muscle lipid content 
(ANOVA: F = 60.074, P < 0.05) remained within a 
relatively range from 0.7 to 2 mg g

-1 
throughout the study 

period with maximum peak in February (2.86 ± 0.54mg g
-

1
) (Figure 2D). 

 
Glycogen 
 
The glycogen level showed a close relationship with the 
reproductive cycle. Glycogen content varied between 1 
and 8% wet weight of tissue and was significantly 
different between the examined tissues (ANOVA: F 
range: 33-203, P < 0.05). The monthly significant 
glycogen content of GVM (ANOVA: F = 70.406, P < 0.05) 
was around 1 mg g

-1 
with maximum peaks in March (5.64 

± 0.50 mg g
-1

) and April (6.16 ± 1.39 mg g
-1

) (Figure 2A).  
The monthly significant difference of gill glycogen 

(ANOVA: F = 39.371, P < 0.05) was observed through its 
accumulation from January (1.66 ± 0.48 mg g

-1
) to May 

(5.64 ± 0.83 mg g
-1

) then sharp decrease of glycogen 
content was noticed to reach the lowest value in August 
(1.39 ± 0.41 mg g

-1
). Afterward, further glycogen 

accumulation period was observed until reaching the 
value of 5.17 ± 0.74 mg g

-1
 in October then glycogen 

content declined until being re-accumulated in January 
(Figure 2B). 
The monthly significant mantle glycogen content 
(ANOVA: F = 38.241, P < 0.05) was around 2 mg g

-1
 

throughout the study period except for February glycogen 
content that reached the maximum value of 5.48 ± 0.57 
mg g

-1
. The mantle glycogen  content  remained  constant 

at 1.1 mg g
-1

 from September to November representing 
the lowest values (Figure 2C).  

The   monthly   significant   adductor  muscle  glycogen 

 
 
 
 
content (ANOVA: F = 31.695, P < 0.05) from December 
to March was around 6 mg g

-1
, and then increased to 

reach the maximum value of 8.36 ± 0.88 mg g
-1

 in April. 
Decreasing of glycogen content was attaining the lowest 
value in November (1.99 ± 0.47 mg g

-1
) except for June 

and July that kept the glycogen content values around 8 
mg g

-1 
(Figure 2D). 

Correlation between oyster weight relationship and 
biochemical composition were summarized in Table 1. 
GVM weight was strongly correlated positively to total 
weight and somatic (gill, mantle and adductor muscle) 
(0.05 < P < 0.001). Both GVM lipid and protein contents 
were negatively correlated (P ≤ 0.05) to GVM weight, 
somatic weight and somatic protein. In addition, GVM 
protein was negatively correlated (P ≤ 0.05) to total 
weight. 
 
Condition indices 
 
Significant differences in monthly CI values were 
observed in GVM (ANOVA: F = 13.949, P < 0.001), gill 
(ANOVA: F = 108.814, P < 0.001), mantle (ANOVA: F = 
38.541, P < 0.001), and adductor muscle (ANOVA: F = 
26.269, P < 0.001). The maxima GVM, gill, mantle and 
adductor muscle CI were in May, then decreased 
gradually until it reached its lowest value in August which 
further increased in September reaching the second peak 
in October that would be followed by a decline in 
November values. 

The fatness was statistically significant (ANOVA: F = 
23.680, P < 0.001) among months. The trend of fatness 
was closely similar to that of CI with peak in May and 
October (Figure 4). 

The monthly shell component index values were 
significantly different from May to September (ANOVA: F 
= 80.91, P < 0.001). Contrary to CI and fatness, the shell 
component index minimum value was recorded in May 
then increased till it reached the maximum in August 
(Figure 5). 
 
DISCUSSION 
 
Considering the obvious paucity of information on the 
Pinctada radiata’s biology, the present work makes a 
useful contribution to the current knowledge on the 
reproduction of P. radiata in Egyptian Mediterranean 
coasts which enormously reflects on performance of 
oyster culture and pearl production. This paper is the first 
to report on biochemical compositions of P. radiata to 
provide valid information of seasonal variation in energy 
allocation with special regard to reproductive cycle.  
Biochemical composition of few Pinctada species has 
been studied previously such as in P. margaritifera 
(Gangnery,   1997),   P.   fucatamartensii   (Hiroaki  Saito, 
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Table 1. Pinctada radiata correlation coefficients relating weight relationships and biochemical components. 
 

Component GVM W SW TW SG GVM G SL GM L SP GVM P 

GVM W 
r - 0.946* 0.968* -0.056 0.057 -0.573* -0.263 0.326 -0.720* 

p  <0.001 <0.001 0.862 0.861 0.052 0.410 0.302 0.008 

           

SW 
r  - 0.961 0.016 0.222 -0.503 -0.013 0.269 -0.676* 

p   <0.001 0.960 0.487 0.095 0.968 0.398 0.016 

           

TW 
r   - 0.009 0.153 -0.554 -0.196 0.374 -0.740* 

p    0.977 0.636 0.062 0.541 0.232 0.006 

           

SG 
r    - 0.153 0.156 0.079 -0.014 0.367 

p     0.636 0.629 0.807 0.967 0.241 

           

GVM G 
r     - -0.404 0.038 0.322 0.034 

p      0.192 0.908 0.307 0.918 

           

SL 
r      - 0.443 -0.550 0.414 

p       0.149 0.064 0.181 

           

GVM L 
r       - -0.413 0.251 

p        0.183 0.431 

           

SP 
r        - -0.644* 

p         0.024 

           

GVM P 
r         - 

p         - 
 

GVM W, dry weight of gonad; SW, somatic tissues dry weight; TW, total dry weight; SG, somatic tissue glycogen; 
GVM G, GVM glycogen; SL, somatic tissue lipid; GVM L, GVM lipid; SP, somatic tissue protein; GVM P, GVM 
protein. (r: Kendall’s test; *: Statistically significant at P ≤ 0.05). 

 
 
 

 
 
Figure 4. Monthly variation in fatness of Pinctada radiata. Error bars: mean ± SD. 
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Figure 5. Monthly variation in shell component index of Pinctada radiata. Error bars: mean ± SD. 

 
 
 
2004), and P. mazatlanica (Robles and Saucedo, 2009). 
In studying biochemical composition in relation to 
reproductive cycles, the analysis of various body 
components will be more informative than estimation in 
the entire body to elucidate the mobilization of the tissue 
reserves to the gonad during gametogenesis (Giese et 
al., 1967; Giese, 1969; Liu et al., 2008). The present 
results of biochemical components analysis of GVM, gill, 
mantle and adductor muscle showed significant monthly 
variation in accordance with the reproductive cycle but 
did not experience the same variation trends. Similar 
findings have been recorded in many bivalves such as 
Ruditapes philippinarum (Robert et al., 1993); Glycymeris 
glycymeris (Galap et al., 1997), and Laternula elliptica 
(Ahn et al., 2003). 

Biochemical synthesis was intensively involved in 
gametogenesis. The present findings about P. radiata 
revealed that the major constituents of GVM were protein 
followed by lipid then glycogen. The presence of 
biochemical components within the GVM may be as a 
result of mobilization of preformed reserves within the 
body tissue of an animal as mentioned by Blackmore 
(1969) and their fluctuations might be attributed to 
relative contribution of gonad growth and spawning 
activity. 
 
Protein 
 
Protein is the most abundant biochemical component in 
tissues and it may be an alternative energy reserve in 
some bivalve species during gametogenesis (Beninger 
and Lucas, 1984; Galap et al., 1997). In P. radiata, 
protein was the major structural part of GVM and 
adductor muscle which was utilized to supply energy for 
gametogenesis particularly in gonad development and 
spawning as previously pointed out by Beninger and 

Lucas (1984), Galap et al. (1997), and Yan et al. (2010). 
Protein was accumulated in the entire P. radiata tissues 
before gametogenesis then gradually declined as far as 
June. Similar findings were reported for the contribution 
of gonadal protein in gametogenesis in wedge clam 
Donax cuneatus (Nagabhushanam and Talikhedkar, 
1977) and Pacific oyster Crassostrea gigas (Berthelin et 
al., 2000), whereas the utilization of adductor muscle 
protein was mentioned by Barber and Blake (1981), 
Martinez and Mettifogo (1998) and Acosta-Salmon 
(2004). 

Re-accumulation of protein patterns were noticed in 
mantle and adductor muscle between July and August, 
while storage was from September to October in GVM 
and gill tissues. The phytoplankton richness might be the 
reason for the accumulated protein and might be further 
utilized as energy source for P. radiata gonad rebuilding, 
growth and maintenance. Noteworthy, the gradual 
gonadal protein’s declination till spawning ended may be 
attributed to intervals of P. radiata gonads releasing 
rather than at once. 

The present study revealed monthly protein dynamics 
with a substantial increase before spawning where 
energy requirements were met by proteins and glycogen 
to a greater extent as compared to lipid. Similarly, 
Wolowicz et al. (2006) mentioned that protein and 
carbohydrates content increases during gametogenesis, 
whereas it declines after spawning. 
 
Lipid 
 
Lipids play a crucial role in maturing gonadal tissues and 
constitute a major component of P. radiata GVM as found  
in marine bivalves (Zandee et al., 1980). Generally, lipid 
content was observed to increase before mass spawning 
occurrence, and then markedly decreased (Racotta et al., 



 

 

 
 
 
 
2003; Dridi et al., 2007; Liu et al., 2008; Colaco et al., 
2009), whereas in P. radiata, the lipid concentrations 
accumulated prior to somatic growth in GVM and mantle. 
Lipid storage before gametogenesis was in GVM and 
adductor muscle then fell during spawning similarly to 
Crassostrea gigas (Ren et al., 2003). Moreover, 
accumulated GVM and mantle lipid in September might 
be mobilized to provide energy during cold months, while 
in Crassostrea gigas, the gonadal lipid was responsible 
for meeting the energy demand in cold months (Bayne, 
1976; Barber and Blake, 1981; Ren et al., 2003). Before 
now, utilization of lipid as energy source was mentioned 
by Holland (1978), Gabbott (1983) and Fraser (1989), 
and observed in Scapharca broughtonii and Ruditapes 
philippinarum (Park et al., 2001; Robert et al., 1993). 

The gill lipid content did not show a particular pattern of 
storage or mobilization. It remained within a range of 0.5-
1 mg g

-1 
throughout the year of experimental period. 

Likewise, the role of gill tissue for the storage of nutrients 
during reproduction of P. sterna was quite secondary or 
negligible which was shown by significantly lower 
biochemical constituents (García and Saucedo, 2008). 
 
Glycogen 
 
Glycogen is the main carbohydrate constituent, 
representing about 50% of total carbohydrates (Robert et 
al., 1993). Glycogen is a preferred form of energy reserve 
particularly in oysters because of fast glycogen 
catabolism that provide instant energy under hypoxic or 
anoxic conditions (Hummel et al., 1989; Whyte et al., 
1990). 

GVM with mature P. radiata gonad was found to have 
high glycogen content similarly to Crassostera gigas 
(Berthelin et al., 2000), whereas Crassostrea cucullata 
was found to store more glycogen in immature oysters 
(Nagabhushanam and Bidarkar, 1978). In this context, 
Berthelin et al. (2000) suggested that the presence of 
numerous mantel storage cells have led to maximal 
glycogen metabolism and storage capacity which would 
result in glycogen mobilization to gonad and 
consequently developing mature gonad with highly 
glycogen content. In adductor muscles, the storage 
glycogen pattern was observed twice; in April (prior to 
late spawning) and June-July (prior to gonad rebuilding) 
which may be for meeting the energy demands for 
spawning and gonad rebuilding. In addition, accumulated 
gill glycogen in May and October was considered a major 
energy source for spawning and maintenance, 
respectively. 

Catabolism   process   converting   carbohydrates   into 
lipids in P. radiata GVM was observed during 
gametogenesis (February) leading to increase of the lipid 
content due to initiation of gonad lipid storage. 
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Additionally, glycogen catabolism was suggested to occur 
also in spawning (May) and after gamete release 
(September) as a result of lipid depletion. 

The knowledge of the biochemical composition of any 
organisms as an aspect of food quality is extremely 
important to demonstrate the nutritive value. Generally, 
biochemical assays and nutrients of Mollusca play a vital 
role in physical growth, development, maintenance of 
normal body function of physical activity and health 
(Periyasamy et al., 2011). In particular, oysters are one of 
the most nutritionally well-balanced foods, containing 
protein, carbohydrates and lipids. The present study 
revealed that adult P. radiata was found to have high 
protein and low lipid content. 
 
Energy 
 
A substantial increase in the protein, glycogen and lipid 
contents reflected a conservative strategy for storing and 
mobilizing these energy reserves at the time of 
reproduction while the increase of biochemical 
constitutes after spawning indicates energy anabolism in 
the recovery process. 

In terms of seasonality, it was demonstrated that there 
were two complimentary phases for administering 
available energy; one for storage and the other for 
mobilization of reserves to meet biological processes of 
maintenance of the cellular machinery, growth of somatic 
tissues, and reproduction (Ansell, 1974; Comely, 1974; 
Gabbott, 1975; Sastry, 1979; Bayne, 1976; Taylor and 
Venn, 1979; Bayne et al., 1982; Barber and Blake, 2006). 

In P. radiata, a summary of the biochemical findings 
was demonstrated in Figure 6 in order to draw a chart for 
energy allocation for different energy reserves of oyster 
tissues over twelve months (that is, a year). The year 
could be divided into three phases: somatic growth and 
maintenance phase from September to December; 
gametogenesis phase from January to April; and 
spawning phase from May to August. Dots squares were 
referred to storage periods, while the others were for 
utilization times that were through providing energy for 
oyster biological activities or by reserves mobilization 
from tissue to others. The difference between number 
storage months and utilization months could be 
considered as indication of oyster biochemical status 
whether being energetic or exhausted. The highest 
difference values (4) were attained in October and 
February where oysters were more energetic, while June 
and November represented the months of exhaustion 
due to spawning peak and either growth or maintenance, 
respectively. These findings are in general agreement 
with those found in other bivalves where gonad ripening 
was concomitant with reduction of somatic growth, as in 
C.   opercularis   (Taylor  and  Venn,  1979),  P.  maximus 



 

 

Moussa et al.          062 
 
 
 

 
 
Figure 6. Energy chart illustrating the storage phases (St) and utilization phases (Ut) of the biochemical 

constitutes (Const.) over twelve months in GVM P: Gonad-Visceral Mass Protein; GVM L: Gonad-Visceral 

Mass Lipid; GVM G: Gonad-Visceral Mass Glycogen; Gl P: Gill Protein; Gl L: Gill Lipid; Gl G: Gill Glycogen; M 
P: Mantle Protein; M L: Mantle Lipid; M G: Mantle Glycogen; Ad. P: Adductor muscle Protein; Ad. L: Adductor 
muscle Lipid; Ad. G: Adductor muscle Glycogen.  

 
 
 

(Paulet and Boucher, 1991; Duinker, 2002), and P. 
magellanicus (Roma´n et al., 2002; Thompson and 
MacDonald, 2006). It is worth noting that P. radiata 
energy loss during spawning was higher than that lost 
during the gametogenesis. 

Apart  from  P.  radiata  commercial  value  for  use   as  
human foodstuff, pearl production is a more attractive 
business venture because of the high value, lightweight 
and nonperishable nature of the final product (Haws, 
2002) in addition to providing increased economic 
opportunities to remote marine communities. This study 

provides a reference point for knowing the suitable time 
for pearl implantation surgery in P. radiata that is 
recommended to be carried out in October because of 
having less gonadal development to facilitate seeding of  
the saibo (mantle) allograft and reduce stress besides 
being more energetic. 
 
Condition indices 
 
The condition index (CI) of bivalves is an economic 
indicator   of   market   products   (Orban  et   al.,  2002), 



 

 

 
 
 
 
generating information that may be used as a benchmark 
for adaptive management (Polasky et al., 2011). This 
could be useful and simple, representative and 
responsive technique in the selection of broodstock for 
future hatchery operations as it is less expensive and 
time consuming compared to histological methods state 
(Gribben et al., 2004, Mercado-Silva, 2005). In addition, it 
also has advantage of being easier to teach and 
implement in basic shellfish enterprises (Adjei-Boateng 
and Wilson, 2011). 

The seasonal and monthly variations of the relative CI 
were correlated with gametogenesis cycle. P. radiata 
started to shunt energy from growth to gamete production 
in January which was reflected in the high CI values in 
May and June (Figure 3). The drop in the CI values 
between June and August was likely correlated to 
releasing gametes. After spawning, allocating most of 
energy into storage was translated to higher CI. Based on 
biochemical analysis and CI, the spawning season can 
be defined as the warm summer months. In accordance, 
a commercial ban on the harvesting of P. radiata along 
Egyptian Mediterranean coast is recommended to be 
from May to August for population management. 

As a result of gonad discharge formed in oyster mantle 
cavities in spawning period, significant decreases occur 
in fatness resulting in unfeasibility of commercial harvest 
in such a period as reported in Ostrea edulis (Yildiz et al., 
2011). Our results revealed that the recommended 
harvesting time for P. radiata is before spawning as 
previously mentioned for Crassostrea gigas (King, 1977); 
blood cockle Anadara inaequivalvis (Sahin et al., 2006), 
and bearded horse muscle Modiolus barbatus (Peharda 
et al., 2007). Kendall′s rank correlation matrices showed 
that before spawning, gonad was less in protein and lipid 
contents, whereas the somatic tissues were rich in 
protein content. This correlation illustrated that during the 
recommended time for consumption, where both fatness 
and CI were maximum, abstaining from gonad 
consumption due to its bitter taste would be balanced by 
using the somatic tissues which would be highly 
proteinous. For acquiring sweet oyster taste, the suitable 
time for consuming was April where high glycogen 
content was attained in the entire tissues. 
 
Conclusion 
 
The   findings   of   this   study   suggested   that   energy  
requirements of P. radiata for gametogenesis were met 
by proteins and glycogen to a greater extent as 
compared to lipid. Gametogenesis took place in winter-
spring at the expense of reserves accumulated previously 
during the autumn period. On biochemical basis, the year 
could be divided into three phases: somatic growth and 
maintenance phase from September to December;  
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gametogenesis phase from January to April; and 
spawning phase from May to August. A single spawning 
occurred in summer, subsequently, a commercial ban on 
the harvesting of P. radiata along Egyptian 
Mediterranean coast was recommended to be from May 
to August. However, the suitable consumption time was 
before spawning where the CI and fatness values were 
the maximum. Meanwhile, the bitter gonad taste could be 
averted by consuming somatic tissues which were highly 
proteinous. Moreover, the best time for consuming 
tasteful oysters was April where glycogen content is high. 
For pearl formation surgery in P. radiata, the suitable 
period was October where oysters would be less gonad 
developed and more energetic. 
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