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The average values of the seasonal flesh biochemical composition (%) of the pearl oyster Pinctada imbricata
radiata originated form 2 sampling sites, the gulfs of Evoikos (E) and Saronikos (S) in the Western Aegean Sea,
showed that is rich in proteins (64.00 + 1.86 -(E), 64.67 + 2.95-(S)) with low fat content (10.96 + 1.04-(E),
11.86 + 1.13-(S)) and carbohydrates (13.29 + 2.48- (E), 9.94 + 4.32 (S)). The condition index ranged from
26.16% =+ 5.04 in the autumn in (E), to 44.73% =+ 7.50 in the summer in (S). The meat yield varied from 20.49%

+ 3.20% in the summer in (E) to 30.73% =+ 3.47% in the summer in (S). Both results demonstrate the high
nutritional profile of the pearl oyster, supporting its suitability as a potential new Mediterranean seafood source

for human consumption.

1. Introduction

Pinctada imbricata radiata (Leach, 1814) (pearl oyster) is a benthic
species that lives on sandy or hard substrate bottoms and coral reefs
(Strack, 2008; Zenetos et al., 2005). It originates from the Indo-Pacific
Ocean region and has been recorded in the Mediterranean as a
non-endemic species since the 19th century (1874), immediately after
the opening of the Suez Canal (Zenetos et al., 2005; Barbieri et al., 2016;
Antit et al., 2011). Since then, the pearl oyster has spread and settled in
areas of the Central-Eastern (CE) Mediterranean with a significant
presence in Aegean Sea (Theodorou, Perdikaris, et al., 2019; Theodorou,
Leech, et al., 2019; Yigitkurt et al., 2017).

A recent wild stock evaluation in the Aegean Sea indicates the
resource availability at adequate quantities for potential fisheries
exploitation (Yigitkurt et al., 2020; Moutopoulos et al., 2021) for other
uses than cosmetics, such as that of seafood for human consumption. In
order to enhance this effort, the pearl oyster promotion as a “presti-
gious” edible bivalve is recommended. There is a great interest in the
health benefits of shellfish by the consumers, and the nutritional profile
of the flesh is requested to support the image of the “new” coming
product into the market (Harris & Von Schacky 2004; Zhukova 2019).
The moisture content of the edible part indicates the quality and the
freshness of the shellfish since it affects the physical and chemical
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processes of the flesh. Water is a fundamental medium for chemical
reactions involved in many physiological processes, such as nutrient
transport, removal of excess and minerals, nerve transmission and
muscle contractions (Aberoumad et al., 2010).

Edible bivalves are a source of high quality proteins, vitamins,
essential amino acids, minerals and low lipids in addition to beneficial
ones such as polyunsaturated fatty acids (PUFAs), which offer such
benefits to the human body (Biandolino et al., 2020; Rittenschober et al.,
2013; Anacleto et al., 2014; Prato et al. 2018, 2019 Tan et al., 2021).

Research to this direction for the Pteriidae is limited, since pearl
oyster species have been widely studied over the past years and are
considered to be the most promising pearly production (Andréfouét
et al., 2012; Kishore & Southgate 2015; Kishore et al., 2018). For this
purpose, emphasis is given on the gonad cycle development and the
relevant changes on the condition index (CI) as well as on the
biochemical variations among seasons (Behzadi et al., 1997; Choi &
Chang 2003; Derbali et, al., 2009).

Studies on the winged oyster Pteria colympus (Yanez et al., 2010;
Penuela-Jiménez et al., 2020) showed the dependence of the proximate
composition and the fatty acid profile from the local environmental
conditions in Caribbean Sea (Punda Arena, Estado Sucre, Venezouela).

In the eastern Mediteranean Sea (Gulf of Antalya, Turkey), early
observations by Gokoglu et al., (2006) for the pearl oyster (Pinctada
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radiata, Leach, 1814), showed that the proteins ranged between 65.9
and 160.4 g/kg™! the fats between 4.3 and 10.9 g/kg™! and the ash
4.6-27.0 g/kg ™! with maximum protein and fat values during summer
months. Since then, there is not any other similar report in the region as
the pearl oyster is treated as a Non-Indigenous Species (NIS) and the
research interest up to now is rather focused on the species distribution,
the life cycle and the ecological interactions (Yassien et al., 2000;
Tlig-Zouari et al., 2010;, 2009; Yigitkurt, 2021) than its nutritional value
for human consumption. The present effort aims to cover this gap by
determining the seasonal variation of the pearl oyster condition index
(CI), meat yield (MY) and biochemical composition from specimens
collected in western Aegean Sea.

2. Materials &methods
2.1. Sampling location

Pearl oyster samples were collected from a high (Saronikos Gulf, 37
59 ‘113’ °/23 26/ 059 ") and a low (Evoikos Gulf, 38 30’ 783°°/23 32’
254 ") productivity region, according to satellite data (http://data.eu
ropa.eu/88u/dataset/10161412-a76c-42b0-b4el-5fcccdc412b2) in
Western (W) Aegean Sea, central east coastline of the continental Greece
(Fig. 1).

During the period February 2019-July 2020, a total of 30 individuals
per season per site were collected by hand, through 30 min autonomous
diving at a depth of 1-4 m. The summer 2019 sampling was lost, so it
was repeated in the next year (summer 2020) following the same pro-
cedure to cover the missing values. In order to ensure that potential size
dependent analytical differences are minimized (Biandolino et al.,
2020), commercial size individuals with approximately similar length
range (>50 mm) were chosen to be collected (Table 1).

Samples were stored in ice in 10 kg insulated polystyrene boxes (6-9
°C) in order to be kept alive during their transportation to the
laboratory.
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2.2. Morphometric characteristics

Shells of live bivalves from each seasonal batch were externally
cleaned by brushing and rinsing with distilled water, in order to remove
derbis and epibiots. The external morphometrics shell height (SH), shell
length (SL), shell hinge (Sh) and shell width (SW) were measured (mm)
with a vernier caliper.

Prior to weighing, each animal was left on an absorbent tissue sur-
face for 15 min to remove the extraneous water. Afterwards, the total
wet weight (Twe) of each individual was measured (precision 0.01g).
The Condition Index (CI) and the Meat Yield (MY) were estimated in
each individual as it represents the percentage edibility of the species.
Each individual was sucked to remove the fresh flesh (Fwe) from the
shell (Swe). Each separate component was weighted following the pre-
vious procedure.

The selected formulas to evaluate the flesh quantity of the pearl
oyster expressed on wet weight, as it is commonly used in the shellfish
market (Davenport & Chen, 1987; Theodorou, Leech, et al., 2019) and
consequently best fits with the aim of the present effort.

The Condition Index (%) and Meat Yield (%) calculated as follows:

CI = [Fwe (g)/Swe (g)] x 100 (Davenport & Chen, 1987; Okumus &
Stirling, 1988).

MY = [Fwe (g)/Twe (g)] x 100 (Mohite et al., 2009).

2.3. Proximate composition analyses

After the removal and the weighing of the soft tissues of oysters, the
tissues were freeze-dried for 24 h. The dry weight (g) of each tissue was
measured using an analytical balance for water content determinations.
Since the freeze-dried weight of a single tissue was not enough for
performing all assays of interest, five pooled samples were prepared by
homogenizing together six dried tissues per site and season. These
freeze-dried pooled samples (named from now on “sample”) were used
for ash, crude protein and lipid determinations. The use of pooled
samples assumes that the values of assays obtained from the pooled
samples are the weighted average values of the same assay obtained
from analyses of each individual tissue that consists the pooled sample

SARONIKOS

L

Fig. 1. Pearl oyster sampling positions in the gulfs of Saronikos (37 59 113’ */23 26’ 059 ") and Evoikos (38 30 ‘783’ */23 32’ 254 "), W. Aegean Sea, Greece.
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Table 1

Pearl oyster morphometric characteristics sampled in the gulfs of Evoikos and Saronikos (W. Aegean Sea).
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Sampling Location Season Individuals N Shell height (SH) mm Shell length (SL) mm Shell hinge (Sh) mm Shell width (SW) mm Total (wet) weight (Twe) gr
Evoikos Gulf Winter 30 66.60 + 10.83 62.07 £+ 9.92 51.24 + 4.00 24.84 + 4.80 37.72 £ 19.44

Spring 30 72.17 + 8.23 67.17 +£7.53 53.29 + 2.94 27.31 + 3.69 46.66 + 16.06

Summer 30 66.55 + 3.22 62.04 + 2.94 51.38 £ 1.15 24.74 £ 1.44 46.03 +£7.22

Autumn 30 63.74 £ 6.93 59.46 + 6.35 50.30 + 2.55 23.52 + 3.07 40.24 +£ 15.73
Saronikos Gulf Winter 30 62.03 +10.28 57.90 + 9.74 48.04 + 5.00 21.95 + 4.74 28.82 + 14.31

Spring 30 68.66 + 5.79 64.05 + 5.43 51.20 + 2.69 24.93 + 2.71 33.72 £9.52

Summer 30 76.37 £ 5.30 71.29 + 4.98 54.64 + 2.30 28.65 + 2.61 43.83 £8.20

Autumn 30 67.60 + 7.01 63.05 + 6.58 50.69 + 3.28 24.45 + 3.26 33.33+£10.31

(Linehan et al., 1999).

Water content (%, w/w) was determined from the weight of each
tissue before and after freeze-drying. The ash content was obtained by
heating a portion (0.1 g) of sample in a furnace at 550 °C for 24 h, while
crude protein content was measured by the Kjeldahl method using 2g
sample (AOAC,1997). Crude lipid was extracted from 1 g of sample
using 20 ml of an extracting solution consisting of chloroform and
methanol (2:1, v/v) following the method Folch et al. (1957) as modi-
fied by Vareltzis et al. (1997). Triplicate measurements were performed
on each sample for ash, crude protein and lipid determinations and the
results were expressed as mean+S.D. from five samples per site and
season on dry base.

Carbohydrate content was calculated based on difference calculation
following the type: Carbohydrate (%) = 100 — [moisture (%) + ash (%)
+ crude protein (%) + fat (%)] (Nurnadia et al., 2011).

In the mentioned type, the values of ash, crude protein and fat were
expressed on wet bases.

2.4. Statistical analysis

Statistical analyses of data from proximate analyses were performed
with Minitab14 for Windows (Minitab Inc., 2002). The assumption of
normality of distributions was tested with the Anderson-Darling test and
that of homogeneity of variances with the Bartlett’s test. Data were log —
transformed when necessary. Two-way analyses of variance (site and
season) were performed to test for site and season effects on parameters
measured.

Primary data sets of morphometrics and biochemical composition
saved in Excel sheets (Microsoft Corp., Redmond, WA) and are further
processed with Statistical Package for Social Science version 11.01
software (SPSS Inc., Chicago, Illinois, USA).

Since values of all parameters were estimated as percentages and in
many cases the sample size was small (N = 5), the statistical compari-
sons between the two areas and among the four seasons was performed
with the non-parametric Kruskal-Wallis test at 95% significance level

(Zar, 1999).
3. Results
3.1. Morphometric characteristics

The morphometric characteristics (SH, SL,Sh, SW) of pearl oyster
samples for each area and season are shown in Table 1. SL ranged from
52.05 + 16.52 cm (winter) to 66.18 + 5.21 cm (summer) in Evoikos gulf
and from 51.25 + 13.63 cm (winter) to 68.00 & 6.08 cm (summer) in
Saronikos gulf. Fig. 2 shows the seasonal variation of the MY and CI in
both sampling regions. CI ranged from 26.16% =+ 5.04% in the autumn
in Evoikos, to 44.73% 4 7.50% in the summer in Saronikos. The MY
ranged from 20.49% =+ 3.20% in the summer in Evoikos to 30.73% =+
3.47% in the summer in Saronikos.

Highest MY values in Evoikos were observed in winter and spring,
while in Saronikos highest values were observed a few months later
(spring and summer). The CI in Saronikos has similar values all year
around, whereas in Evoikos higher CI values were observed in winter
and spring (Fig. 2).

3.2. Biochemical composition

3.2.1. Seasonal profile

Fig. 3 shows the seasonal variation of the pearl oyster flesh
biochemical composition, in both sampling sites. The peak of the protein
content (%) reported in Evoikos in winter while in Saronikos in autumn.
In Evoikos samples, the fat content (%) was higher during summer than
the rest of the year. Ash (%) content was differentiated in Saronikos
during winter and autumn. In Evoikos, carbohydrates (%) and moisture
(%) content remained stable all year around. In contrast, the carbohy-
drates (%) content of Saronikos samples, was higher during spring and
summer, while moisture (%) remained at a minimum level at the same
time.

The statistical analysis indicated that moisture content was higher in
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Fig. 2. Seasonal variation of condition index (CI) and meat yield (MY) of pearl oyster in Evoikos and Saronikos gulfs (mean values and SD). Where shown, asterisks
denote statistically higher values among seasons in each region (Kruskal-Wallis, P < 0.05).
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Fig. 3. Seasonal variation of pearl oyster biochemical composition for the gulfs of Evoikos and Saronikos in W. Aegean Sea (mean values and SD). Where shown,
asterisks denote statistically higher values among seasons in each region (Kruskal-Wallis, P < 0.05).

samples originating from the Evoikos compared to the Saronikos. These
differences were statistically significant during the autumn and summer
seasons (P < 0.05). Protein content did not exhibit statistically signifi-
cant differences between the two sampling sites, ranging between 61%
and 67% for the different seasons and geographic locations (P > 0.05).
Lipid content was lower in samples harvested in Evoikos compared to
the respective samples from the Saronikos, showing statistically signif-
icant differences during winter and summer periods (P < 0.05).

3.2.2. Nutritional comparison/evaluation

The biochemical composition of the pearl oyster in Evoikos (Table 2)
defined as protein (64.00% + 1.86%), fat (10.96% + 1.04%), carbo-
hydrates (13.29% + 2.48%), ash (11.76% + 2.01%) and moisture
(80.07% =+ 2.38%), while in Saronikos as protein (64.67% =+ 2.95%), fat
(11.86% =+ 1.13%), carbohydrates (9.94% + 4.32%), ash (13.54% +
2.54%) and moisture (79.88% =+ 3.49%).

This nutritional profile can easily compete with that of the native

oysters Ostrea edulis observed in CE Mediterranean (Table 2). Further-
more, the protein content (%) of the Pinctada imbricata radiata flesh is
much higher than the maximum observed in other edible commercial
species of the region, such as the natives Ruditapes decussatus (56.27 +
1.98) and the exotics clams Ruditapes philippinarium (55.88 + 2.04), the
mussels Mytilus gallopronviciallis (54.03 + 2.82), the pectenids Flex-
opecten glaber (8.84 + 0.32) and Clamys varia (9.31 + 1.18).

4. Discussion

The P. imbricata radiata is a commercial fishing edible species in the
Persian Gulf, Red Sea and few Mediterranean regions. It represents
about the 95% of the total oyster catches in Qatar (Mohammed & Yas-
sien, 2003), while is a significant fishing resource for the artisanal
fisheries in Saudi Arabia in Red Sea (Gladstone, 2002). Along the Leb-
anese coastline is exploited as a high value commercial edible species
(Nader & Talhouk, 2002) while in Tunise the evaluation of the wild
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Table 2
Biochemical composition of edible bivalves originated from various regions of the Central and Eastern Mediterranean Sea.
Bivalve Species Protein (%) Fat (%) Carbohydrates Ash (%) Moisture (%)  Origin References
(%)

Pinctada imbricata 64.00+1.86 10.96+1.04 13.29+2.48 11.76+2.01  80.07+2.38 Evoikos -W. Aegean Sea Present study
radiata

Pinctada imbricata 64.67+2.95 11.86+1.13 9.94+4.32 13.54+2.54  79.88+3.49 Saronikos-W. Aegean Sea Present study
radiata

Pinctada imbricata 65.9-160.4* 4.3-10.9* 4.6-27.0* Gulf of Antalya-E. Mediterranean Gokoglu et al.
radiata (2006)

Ostrea edulis 48.11+3.04 8.01+0.65 29.16+4.62 13.92+1.89 82.25+2.66 Dardanelles- Marmara Sea Celik et al. (2014)

Ostrea edulis 60** (52-68) 4.19 26.73 9.03 Dardanelles Yildiz et al. (2011)

Ostrea edulis 50.56+1.11%**  6.52+1.25%**  29,3942.19%**2 Homa Lagoon, Izmir Bay Acarli et al. (2015)

Ostrea edulis 9.85+1.36 1.82+0.50 4.2940.30 2.18+0.24 81.87+1.50 Adriatic Sea Pleadin et al. (2019)

Ruditapes decussatus 56.27+1.98 5.82+0.34 23.39+1.62 14.534+0.66 83.58+0.59 Dardanelles- Marmara Sea Celik et al. (2014)

Ruditapes philippinarium 55.88+2.04 5.60+0.19 23.43+1.59 15.10+0.67  83.28+0.86 Dardanelles-Marmara Sea Celik et al. (2014)

Mytilus gallopronviciallis 54.03+2.82 10.52+1.22 22.84+4.33 12.61+2.54  82.45+1.70 Dardanelles-Marmara Sea Celik et al. (2014)

Mytilus gallopronviciallis 9.70+0.40 2.13+0.35 15.38+0.49 3.30+0.27 78.12+0.87 Bok Kotorska Bay-Adriatica Sea Grkovic et al.

(2020)
Flexopecten glaber 8.84+0.32 0.67+0.35 1.40+0.11 2.11+0.53 86.98+0.92 Western coast of Croatia-Adriatica Pleadin et al. (2019)
Sea
Clamys varia 9.31+1.18 0.89+0.17 3.24+1.83 2.49+1.23 84.05+3.95 Western coast of Croatia-Adriatica Pleadin et al. (2019)
Sea

*g kg~! (values are not compatible with those of the other references).
**average value.

**maximum value.
4glycogen.

stocks are examined for potential for commercial catches (Derbali et al.,
2019). In Greece despite that pearl oyster was a species of minor com-
mercial interest in the past decades (Koutsoubas et al., 2007; Katsane-
vakis 2008; Theodorou et al., 2011), recently is a significant exploitable
resource for human consumption, especially in regions with high and
medium productivity such as Saronikos and Evoikos gulf where the
native edible commercial bivalves such as native oysters, mussels, warty
venus and smooth clams are under “suppression” or “overexploitation”.

Moutopoulos et al., (2021) suggested that the morphometric char-
acteristics of P. imbricata radiata cannot be attributed to specific envi-
ronmental factors despite that Evoikos gulf is more productive than
Saronikos.

The high meat yield (over 20%) of the pearl oyster, remains juicy
(80% approx) all year around and is rich in proteins (60% approx).
However, the CI has lower values in autumn and winter and higher in
spring and summer. This might be explained by the reproduction
biology of the species as a similar pattern of CI is reported by Yigitkurt
(2021), in the Eastern Aegean (coast of Izmir in Turkey).The pearl oyster
biochemical composition is very attractive for human consumption and
is competitive with the other regional edible species such as native
oysters, mussels, clams (native, exotics) and pectenids in CE Mediter-
ranean Sea. However, the total lipids has to be further analyzed to
identify the polyunsaturated fatty acids profile as it could be further
support the nutritional profile of the species as a healthy diet or a “super
seafood” (Theodorou 2017; Prato et al., 2018, 2019; Biandolino et al.,
2020). In addition, heavy metals and biotoxins accumulation has to be
constantly checked prior harvesting, according to the edible bivalves
health and safety monitoring standards of the exploitation areas
(Gokoglu et al., 2006; Rodrigues et al., 2015; Theodorou et al., 2020;
Zgouridou et al., 2021).

5. Conclusion

e The biochemical composition of the pearl oyster edible part dem-
onstrates its high nutritional value and supports its promotion as a
“new” seafood source for human consumption.

e The high meat yield content of the bivalve, almost all year around
indicates its suitability for further processing to develop new added
value seafood products.

CRediT authorship contribution statement

John A. Theodorou: Conceptualization, Methodology, Formal
analysis, Writing — original draft, Supervision, Fund Raising. Maria
Makri: Methodology, Data curation, Formal analysis. Xanthi Douvi:
Laboratory assistance, Data gathering. Alexis Ramfos: Field sampling,
Statistics, and graph presentation. Efthimios Spinos: Writing — original
draft, Formal analysis.

Declaration of competing interest

The authors delare that there is no conflict of interest.

Acknowledgements

The present work is a part of the project “Commercial exploitation of
the pearl oyster Pinctada imbricata radiata by adding value through the
development of processed products (Code MIS: 5010850) funded by the
“Innovation in Fisheries” EU-Greece Operational Program of Fisheries,
EPAL 2014-2020.

References

Aberoumad, A., & Pourshafi, K. (2010). Chemical and proximate composition properties
of different fish species obtained from Iran. World Journal of Fish and Marine Sciences,
2(3), 237-239.

Acarli, S., Lok, A., Kirtik, A., Acarli, D., Serdar, S., Kucukdermenci, A., Yigitkurt, S.,
Yildiz, H., & Saltan, A. N. (2015). Seasonal variation in reproductive activity and
biochemical composition of flat oyster (Ostrea edulis, Linnaeus 1758) in the Homa
Lagoon, Izmir Bay Turkey. Scienta Marina, 79(4), 487-495.

Anacleto, P., Maulvault, A. L., Bandarra, N. M., Repolho, T., Nunes, M. L., Rosa, R., &
Marques, A. E. (2014). Effect of warming on protein, glycogen and fatty acid content
of native and invasive clams. Food Research International, 64, 439-445. https://doi.
org/10.1016/j.foodres.2014.07.023

Andréfouét, S., Charpy, L., Lo-yat, A., & Lo, C. (2012). Recent research for pearl oyster
aquaculture management in French Polynesia. Marine Pollution Bulletin, 65,
407-414.

Antit, M., Gofas, S., Salas, C., & Azzouna, A. (2011). One hundred years after Pinctada:
An update on alien Mollusca in Tunisia. Mediterranean Marine Science, 12(1), 53-73.
https://doi.org/10.12681/mms.53

AOAC. (1997). AOAC official method 981.10. Crude protein in meat. In A. International
(Ed.), Official methods of analysis (pp. 7-8). AOAC International (Chapter 39).

Barbieri, M., Deidun, A., Maltagliati, F., & Castelli, A. (2016). A contribution to the
phylogeography of Pinctada imbricata radiata (Leach, 1814) (Bivalvia: Pteriidae)
from the Eastern Mediterranean Sea by means of the mitochondrial COI marker Ital.


http://refhub.elsevier.com/S2468-550X(21)00126-X/sref1
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref1
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref1
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref2
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref2
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref2
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref2
https://doi.org/10.1016/j.foodres.2014.07.023
https://doi.org/10.1016/j.foodres.2014.07.023
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref5
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref5
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref5
https://doi.org/10.12681/mms.53
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref21
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref21

J.A. Theodorou et al.

Journal of Zoology, 83(1), 113-120. https://doi.org/10.1080/
11250003.2015.1106012

Behzadi, S., Parivar, K., & Roustaian, P. (1997). Gonadal cycle of pearl oyster, Pinctada
fucata (gould) in northeast Persian gulf, Iran. Journal of Shellfish Research, 16(1),
124-135.

Biandolino, F., Parlapiano, 1., Grattagliano, A., Fanelli, G., & Prato, E. (2020).
Comparative characteristics of percentage edibility, condition index, biochemical
constituents and lipids nutritional quality indices of wild and farmed scallops
(Flexopecten glaber). Water, 12, 1777. https://doi.org/10.3390/w12061777, 2020.

Celik, M. Y., Culha, S. Tiirk, Culha, M., Yildiz, H., Acarli, S., Celik, I., & Celik, P. (2014).
Comparative study on biochemical composition of some edible marine molluscs at
Canakkale coasts, Turkey. Indian Journal of Geo-Marine Sciences, 43(4), 601-606.
https://www.researchgate.net/publication/261958461.

Choi, Y. H., & Chang, Y. J. (2003). Gametogenic cycle of the transplanted cultured pearl
oyster, Pinctada fucata martensii (Bivalvia: Pteriidae) in Korea. Aquaculture, 220,
781-790. https://doi.org/10.1016/50044-8486(02)00304-6

Davenport, J., & Chen, X. (1987). A comparison of methods for the assessment of
condition in the mussel (Mytilus edulis L.). Journal of Molluscan Studies, 53, 293-297.
https://doi.org/10.1093/mollus/53.3.293

Derbali, A., Jarboui, O., Ghorbel, M., & Dhieb, K. (2009). Reproductive biology of the
pearl oyster, Pinctada radiata (Mollusca: Pteriidae), in northern kerkennah island
(gulf of gabes). Cahiers de Biologie Marine, 50, 215-222.

Derbali, A., Kandeel, K. E., & Jarboui, O. (2019). Comparison of the dynamics be-tween
coastal and midshore populations of Pinctada radiata (Leach, 1814)(Mollusca:
Bivalvia) in the gulf of gabes, Tunisia. Turkish Journal of Fisheries and Aquatic
Sciences, 20(4), 301-310. https://doi.org/10.4194/1303-2712-v20_4 06

Folch, J., Lees, M., & Sloane-Stanley, G. H. (1957). A simple method for the isolation and
purification of total lipides from animal tissues. Journal of Biological Chemistry, 226,
497-509.

Gladstone, W. (2002). Fisheries of the farasan islands (Red Sea). WorldfishCenter
Quarterly, 25, 30-34.

Gokoglu, N., Gokoglu, M., & Yerlikaya, P. (2006). Seasonal variations in proximate and
elemental composition of pearl oyster(Pinctada radiata, Leach, 1814). Sci Food Agric,
86, 2161-2165.

Grkovié, N., Teodorovié, V., Djordjevié, V., Karabasil, N., Stajkovi¢, S., Vasilev, D., Zuber
Bogdanovi¢, 1., Jankovi¢, S., Velebit, B., & Dimitrijevi¢, M. (2020). Biochemical
composition and biometric parameters of Mytilus galloprovincialis from boka kotorska
bay in southern adriatic sea. Journal of the Hellenic Veterinary Medical Society, 71(3),
2338-2348. https://doi.org/10.12681/jhvms.25095

Harris, W. S., & Von Schacky, C. (2004). The omega-3 index: A new risk factor for sudden
cardiac death? Preventive Medicine, 39, 212-220. https://doi.org/10.1016/].
ypmed.2004.02.030

Katsanevakis, S., Lefkaditou, E., Galinou-Mitsoudi, S., Koutsoubas, D., & Zenetos, A.
(2008). Molluscan species of minor commercial interest in Hellenic Seas:
Distribution, exploitation and conservation status. Mediterranean Marine Science, 9
(D), 77-118.

Kishore, P., & Southgate, P. C. (2015). Does the quality of cultured pearls from the black-
lippearl oyster.Pinctada margaritifera, improve after the second graft? Aquaculture, 4
(46), 97-102.

Kishore, P., Vuibeqa, G. B., & Southgate, P. C. (2018). Developing a national spat
collection program for pearl oysters in the Fiji Islands supporting pearl industry
development and livelihoods. Aquaculture Reports, 9, 46-52.

Koutsoubas, D., Galinou-Mitsoudi, S., Katsanevakis, S., Leontarakis, P., Metaxatos, A., &
Zenetos, A. (2007). Bivalve and gastropod molluscs of commercial interest for
human consumption in the Hellenic seas. In: State of Hellenic Fisheries, C.
Papaconstantinou, A. Zenetos, V. Vassilopoulou & G. Tserpes (Eds) (pp. 70-84). Athens:
HCMR Publications.

Linehana, G. L., O’Connor, P. T., & Burnell, G. (1999). Seasonal variation in the chemical
composition and fatty acid profile of Pacific oysters (Crassostrea gigas). Food
Chemistry, 211+214.

Mohammed, S. Z., & Yassien, M. H. (2003). Population parameters of the pearl oyster
Pinctada radiata (Leach) in Qatari waters, Arabian Gulf. Turkish Journal of Zoology,
27, 339-343.

Mohite, S. A., Mohite, A. S., & Singh, H. (2009). On condition index and percentage
edibility of the shortneck clam Paphia malabarica (Chemintz) from estuarine regions
of Ratnagiri, west coast of India. Aquaculture Research, 40, 69-73.

Moutopoulos, K. D., Ramfos, A., Theodorou, J. A., & Katselis, G. (2021). Biological
aspects and population dynamic of pearl oyster in the eastern mediterranean.
Regional Studies in Marine Science, 45. https://doi.org/10.1016/j.rsma.2021.101821

Nader, M. R., & Talhouk, S. N. (2002). Project for the preparation of a strategic action
plan for the conservation of biological diversity in the mediterranean region (SAP
BIO). National Report of the Country of Lebanon, June 2002.

Nurnadia, A., Azrina, A., & Amin, I. (2011). Proximate composition and energetic value
of selected marine fish and shellfish from the West coast of Peninsular Malaysia.
International Food Research Journal, 18, 137-148.

Okumus, I., & Stirling, H. P. (1988). Seasonal variations in the weight, condition index
and biochemical composition of mussels (Mytilus edulis L.) in suspended culture in
two Scottish sea lochs. Aquaculture, 159, 249-261.

Pleadin, J., Kvrgi¢, K., Zrn¢i¢, S., Iesi¢, T., Koprivnjak, O., Vuli¢, A., Dzafi¢, N., Orai¢, D.,
& Kresi¢, G. (2019). Variations in nutritive composition of three shellfish species.
Italian Journal of Food Science, 31, 716-730. https://doi.org/10.14674/1JFS-1502

Aquaculture and Fisheries xxx (xxxx) xxx

Prato, E., Biandolino, F., Parlapiano, I., Giandomenico, S., Denti, G., Calo, M., Spada, L.,
& Di Leo, A. (2019). Proximate, fatty acids and metals in edible marine bivalves from
Italian market: Beneficial and risk for consumers health. The Science of the Total
Environment, 648, 153-163. https://doi.org/10.1016/j.scitotenv.2018.07.382

Prato, E., Biandolino, F., Parlapiano, 1., Papa, L., Kelly, M., & Fanelli, G. (2018). Bioactive
fatty acids of three commercial scallop species. International Journal of Food
Properties, 21, 519-532. https://doi.org/10.1080/10942912.2018.1425703

Rittenschober, D., Nowak, V., & Charrondiere, U. R. (2013). Review of availability of
food composition data for fish and shellfish. Food Chemistry, 141, 4303-4310.
https://doi.org/10.1016/j.foodchem.2013.07.007.

Rodrigues, L. C., van den Bergh, J. C. J. M., Massa, F., Theodorou, J. A., Ziveri, P., &
Gazeau, F. (2015). Sensitivity of mediterranean bivalve mollusc aquaculture to
climate change and ocean acidification: Results from a producers’ survey. Journal of
Shellfish Research, 34(3), 1161-1176.

Strack, E. (2008). Introduction. In P. Southgate, & J. Lucas (Eds.), The pearl oyster.
Oxford: Elsevier, 1-35.

Theodorou, J. A. (2017). Total lipids content and fatty acids composition of the rotifer B.
plicatilis using artificial enrichments. Journal Helllenic Veterinary Medical Society, 68
(2), 181-192.

Theodorou, J. A., Leech, B. S., Perdikaris, C., Hellio, C., & Katselis, G. (2019b).
Performance of the cultured Mediterranean mussel Mytilus galloprovincialis Lamark
1819, after summer post-harvest re-immersion. Turkish Journal of Fisheries & Aquatic
Science. https://doi.org/10.4194/1303-2712-v19_03_05

Theodorou, J. A., Moutopoulos, D. K., & Tzovenis, I. (2020). Semi-quantitative risk
assessment of Mediterranean mussel (Mytilus galloprovincialis L.) harvesting bans
due to harmful algal bloom (HAB) incidents in Greece. Aquaculture Economics and
Management. https://doi.org/10.1080/13657305.2019.1708994

Theodorou, J. A., Perdikaris, C., & Spinos, E. (2019a). On the occurrence of rayed pearl
oyster Pinctada imbricata radiata (Leach, 1814) in Western Greece (Ionian Sea) and
its biofouling potential. Biharean Biologist International Journal, 13(1), 4-7. http://bio
zoojournals.ro/bihbiol/index.html.

Theodorou, J. A., Viaene, J., Sorgeloos, P., & Tzovenis, I. (2011). Production and
marketing trends of the cultured mediterranean mussel Mytilus galloprovincialis in
Greece. Journal of Shellfish Research, 30(3), 859-874.

Tlig-Zouari, S., Rabaoui, L., Irahtani, I., & Ben Hassine, O. K. (2009). Distribution, habitat
and population densities of the invasive species Pinctada radiata (molluca: Bivalvia)
along the northern and eastern coasts of Tunisia. Cahiers de Biologie Marine, 50,
131-142.

Tlig-Zouari, S., Rabaoui, L., Irahtani, I., Diawara, M., & Ben Hassine, O. K. (2010).
Comparative morphometric study of the invasive pearl oyster Pinctada radiata along
the Tunisian coastline. Biologia, 65(2), 294-300. https://doi.org/10.2478/s11756-
010-0023-9

Vareltzis, K., Koufidis, D., Gavriilidou, E., Papavergou, E., & Vasiliadou, S. (1997).
Effectiveness of a natural Rosemary (Rosmarinus officinalis) extract on the stability of
filleted and minced fish during frozen storage. Zeitschrift fur Lebensmittel
Untersuchung und-Forschung, 205, 93-96.

Yénez, D., Armas, H. D., Salazar, G., Ranaudo, M., & Reyes, D. (2010). Perfil lipidico dela
ostra negra Pteria colymbus (Roding, 1798) proveniente de Punta Arena,Estado
Sucre, Venezuela. Ciencias, 18(2), 137-146.

Yassien, M. H., Abd EL-Razek, F. A., & Kilada, R. (2000). Growth estimates of the pearl
oyster, Pinctada radiata, from the eastern mediterranean. Egypt. J Aquat. Biol. Fish.,
4, 105-118.

Yigitkurt, S. (2021). Reproductive biology of the rayed pearl oyster (Pinctada imbricata
radiata, Leach 1814) in Izmir Bay. Oceanological and Hydrobiological Studies, 50(1),
87-97. https://doi.org/10.2478/0andhs-2021-0009

Yigitkurt, S., Lok, A, Kirtik, A., Acarli, S., Kurtay, E., Kiiciikkdermenci, A., & Durmaz, Y.
(2020). Spat efficiency in the pearl oyster Pinctada radiata (Leach, 1814) in the
surface and bottom water at Karantina Island. Oceanological and Hydrobiological
Studies, 49(Issue 2), 184-192. https://doi.org/10.1515/0hs-2020-0017

Yigitkurt, S., Lok, A., Kirtik, A., Kiiciikdermenci, A., & Kurtay, E. (2017). Preliminary
results of spat collection of rayed pearl oyster (Pinctada radiata) in Turkey. Ege
Journal of Fisheries and Aquatic Sciences, 34(2), 211-218. https://doi.org/10.12714/
egejfas.2017.34.2.13.)

Yildiz, H., Berber, S., Acarli, S., & Vural, P. (2011). Seasonal variation in the condition
index, meat yield and biochemical composition of the flat oyster Ostrea edulis
(Linnaeus, 1758) from the Dardanelles, Turkey, 1, e5 Italian Journal of Animal
Science, 10, 10.4081/ijas.2011.e5 To link to this article: https://doi.org/10.4081/ija
5.2011.e5.

Zar, J. H. (1999). Biostatistical analysis (4th ed.). New Jersey: Prentice Hall Inc.

Zenetos, A., Koutsoubas, D., & Vardala-Theodorou, E. (2005). Origin and vectors of
introduction of exotic molluscs in Greek waters. Belgian Journal of Zoology, 134
(Suppl. 1), 161-168.

Zhukova, N. V. (2019). Fatty Acids of marine mollusks: Impact of diet, bacterial
symbiosis and biosynthetic Potential. Biomulecules, 9, 857. https://doi.org/10.3390/
biom9120857

Zgouridou, A., Tripidaki, E., Giantsis, I. A., Theodorou, J. A., Kalaitzidou, M.,

Raitsos, D. E., Lattos, A., Mavropoulou, A. M., Sofianos, S., Karagiannis, D.,
Chaligiannis, 1., Anestis, A., Papadakis, N., Feidantsis, K., Mintza, D., Staikou, A., &
Michaelidis, B. (2021 Sep 9). The current situation and potential effects of climate
change on the microbial load of marine bivalves of the Greekcoastlines: an
integrative review. Environmental Microbiology. https://doi.org/10.1111/1462-
2920.15765. Epub ahead of print. PMID: 34499795.


https://doi.org/10.1080/11250003.2015.1106012
https://doi.org/10.1080/11250003.2015.1106012
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref9
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref9
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref9
https://doi.org/10.3390/w12061777
https://www.researchgate.net/publication/261958461
https://doi.org/10.1016/S0044-8486(02)00304-6
https://doi.org/10.1093/mollus/53.3.293
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref14
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref14
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref14
https://doi.org/10.4194/1303-2712-v20_4_06
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref16
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref16
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref16
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref17
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref17
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref18
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref18
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref18
https://doi.org/10.12681/jhvms.25095
https://doi.org/10.1016/j.ypmed.2004.02.030
https://doi.org/10.1016/j.ypmed.2004.02.030
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref22
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref22
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref22
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref22
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref23
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref23
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref23
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref24
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref24
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref24
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref25
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref25
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref25
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref25
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref25
http://refhub.elsevier.com/S2468-550X(21)00126-X/optfZqCYLfcJf
http://refhub.elsevier.com/S2468-550X(21)00126-X/optfZqCYLfcJf
http://refhub.elsevier.com/S2468-550X(21)00126-X/optfZqCYLfcJf
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref26
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref26
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref26
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref27
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref27
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref27
https://doi.org/10.1016/j.rsma.2021.101821
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref29
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref29
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref29
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref30
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref30
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref30
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref31
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref31
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref31
https://doi.org/10.14674/IJFS-1502
https://doi.org/10.1016/j.scitotenv.2018.07.382
https://doi.org/10.1080/10942912.2018.1425703
https://doi.org/10.1016/j.foodchem.2013.07.007
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref36
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref36
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref36
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref36
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref37
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref37
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref38
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref38
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref38
https://doi.org/10.4194/1303-2712-v19_03_05
https://doi.org/10.1080/13657305.2019.1708994
http://biozoojournals.ro/bihbiol/index.html
http://biozoojournals.ro/bihbiol/index.html
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref42
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref42
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref42
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref43
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref43
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref43
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref43
https://doi.org/10.2478/s11756-010-0023-9
https://doi.org/10.2478/s11756-010-0023-9
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref45
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref45
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref45
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref45
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref46
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref46
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref46
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref47
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref47
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref47
https://doi.org/10.2478/oandhs-2021-0009
https://doi.org/10.1515/ohs-2020-0017
https://doi.org/10.12714/egejfas.2017.34.2.13.)
https://doi.org/10.12714/egejfas.2017.34.2.13.)
https://doi.org/10.4081/ijas.2011.e5
https://doi.org/10.4081/ijas.2011.e5
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref52
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref53
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref53
http://refhub.elsevier.com/S2468-550X(21)00126-X/sref53
https://doi.org/10.3390/biom9120857
https://doi.org/10.3390/biom9120857
https://doi.org/10.1111/1462-2920.15765
https://doi.org/10.1111/1462-2920.15765

	Seasonal variation in the biochemical composition, condition index, and meat yield of the non-indigenous pearl oyster Pinct ...
	1 Introduction
	2 Materials &methods
	2.1 Sampling location
	2.2 Morphometric characteristics
	2.3 Proximate composition analyses
	2.4 Statistical analysis

	3 Results
	3.1 Morphometric characteristics
	3.2 Biochemical composition
	3.2.1 Seasonal profile
	3.2.2 Nutritional comparison/evaluation


	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References


