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ABSTRACT: The proximate composition and heavy metal content of the mangrove
oyster Crassostrea gasar from the Andoni River was investigated. Samples were
categorized into three class sizes: small (< 25 mm), medium (25-50 mm), and large (> 50
mm) each with 10 sampling units for each class size. Differences across class size were
significant for carbohydrate, lipid, and fiber content with their highest mean values
recorded as 58.39 + 0.21%, 6.70 + 0.10% and 18.22 + 0.28% respectively. Size-specific
differences were detected only for concentrations of lead and zinc which showed
maximum concentrations of 0.53 = 0.02ug/g and 42.69 + 1.81ug/g respectively. The
proximate composition and heavy metal content recorded were generally higher in large-
sized oysters and the variations observed were attributed to obvious differences in their
class sizes. The remarkably low moisture content recorded in C. gasar was attributed to
higher drying temperatures (105°C). Food quality and uptake of heavy metals in tissues
of C. gasar generally varied along size gradients, with peak values in large-sized
individuals. However, the levels of heavy metals recorded in soft tissues of C. gasar in
this study were generally very low and fall within levels expected in tissues of aquatic
biota.
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INTRODUCTION

Fish and fishery products constitute major and cheap sources of animal protein. Despite
this, they also account for only 40% of the diet of an average Nigerian. Nigeria has vast
potentials for fisheries development, being endowed with a maritime area of 46,300 km?,
an Exclusive Economic Zone (EEZ) area of 210,900 km? and inland waters of 12.5
million ha. However, in spite of the huge endowment, the current production level of
400,000 metric tons in the country is at a 50% deficit to meet Nigeria’s fish need per
annum of at least 1.5 million metric tons. Consequently, the need to supplement current
production from artisanal fishing industry has necessitated Nigeria to import about 49.5%
of fish (Allison and Okadi, 2009).

Small scale artisanal and commercial fisheries harvest oysters of the genus Crassostrea
for food, sales, and shells which provide ingredients for animal food industries (FAO,
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1982; Abiogba and Henadou, 2006; Adite et al., 2013). The Crassostrea genus has
widespread occurrence across the globe, and biologists have taxonomically identified and
classified over 54 species of oysters into this genus (Miossec et al., 2009; Abgrall et al.,
2010) including Crassostrea gigas (Japanese oyster), Crassostrea angulata (Portuguese
oyster), Crassostrea virginica (Eastern oyster), Crassostrea rhizophorae (Brazilian
oyster), and Crassostrea gasar (West African oyster). Among the Crassostrea, C. gigas
ranks amongst the most cultivated species. According to Adite et al., (2013), wild
collections and cultivation of oysters of the Crassostrea genus, particularly C. gasar,
provides immense economic benefits to riparian communities.

Oysters are, therefore, commercially important and are exploited mainly for their flesh. In
Southern Nigeria, the Andoni River represents one of the main fishing grounds of oysters
which represent a viable source of income and livelihood not only for the Andoni and
Khana communities, but also for fish mongers in neighbouring communities and Port
Harcourt who buy this seafood in bulk from the Kaa waterside market in Khana Local
Government Area of Rivers State, Nigeria. Oysters are relatively more sedentary and are
filter feeders with greater chances and capacities of accumulating heavy metals from
sediments in their tissues (EI-Shenawy, 2002) to levels that may pose human health risks
(Gunther et al., 1999; Nasci et al., 1999; Olivier et al., 2002). Given that most oysters
harvested in the Niger Delta area ultimately ends up in our tables as delicacies, it is very
important to monitor periodically their food values and levels of various heavy metals of
environmental and human health concern in their tissues. The objective of this study is to
determine the effect of size on the proximate composition and heavy metal content of the
mangrove oyster Crassostrea gasar caught by fishermen from the Andoni River in Rivers
State, Nigeria.

MATERIALS AND METHODS

Study Area

The study area is a narrow stretch of the Andoni River, Rivers State, Nigeria, adjacent to
the fish market located at Kaa Waterside in Khana Local Government Area of Rivers
State. The study area which lies in latitude 4° 34.18'N and longitude 7° 22.10'E
represents an important landing site of a wide variety of fin- and shell-fishes caught by
local fishermen from the Andoni River.

Study Design

The elemental composition of animal materials varies greatly and is governed by several
abiotic factors. In this study, different class sizes of of the oyster Crassostrea gasar from
the Andoni River, Rivers State, were analysed for proximate composition (ash, moisture,
carbohydrate, protein, lipid, and fiber content) and heavy metal content (cadmium,
chromium, copper, mercury, lead, zinc, and arsenic.

Laboratory Analyses

In the laboratory, samples of C. gasar were first cleansed to remove mud and any debris

and then washed with distilled water. Samples were then categorized into three class sizes
18

ISSN 2053-5805(Print), ISSN 2053-5813(Online)



Global Journal of Agricultural Research
Vol.4, No.5, pp.17-27, November 2016

Published by European Centre for Research Training and Development UK (www.eajurnals.orq)

each with 10 sampling units for the small (<25 mm), medium (25-50 mm), and large (>
50 mm) class size categories, based on shell length (mm). Soft tissues of C. gasar were
extracted from their shells using a sterile stainless steel knife as recommended in
previous studies (Chiu et al., 2000; Koh et al., 2011; Madkour et al., 2011). Soft tissues
of C. gasar were dried by thinly spreading them in a hot-box oven at a temperature of
105°C for 48 h (Fashina-Bombata and Megbowon, 2012), until they were sufficiently dry
to be ground. Porcelain mortar and pestle were used to grind sampling units of each class
size to fine powdery form and then screened through a sieve of 2 mm mesh size (Murtala
et al., 2012) for analyses of proximate composition and heavy metal content.

Proximate Composition

Proximate analysis was carried out on two (2) replicates according to procedures
described by Allen et al. (1974) in Chemical Analysis of Ecological Materials. Ash
content was determined by ashing samples in an electric muffle furnace at 500°C for 3 h.
Moisture content was determined by heating 1g oven-dried finely ground sample in a hot
box oven at 105°C to a constant dry weight. Protein content was determined by the
Kjeldahl method in which the total nitrogen content of the sample was first estimated
from which crude protein content was estimated by multiplying by the conventional
factor of 6.25 (i.e. %N x 6.25). Lipid was estimated by the batch solvent extraction
technique in which lipid was extracted using diethyl ether as solvent and the lipid content
of sample determined by evaporating the solvent (Fashina-Bombata and Megbowon,
2012). The carbohydrate content was estimated as the Nitrogen-Free-Extract (NFE) by
subtracting the sum of the weights of protein, fiber, and ash from the total dry matter of
sample.

Heavy Metals

Acid digestion of samples was carried out according to procedures described in Allen et
al. (1974). Approximately 1g oven-dried, ground and sieved sample was weighed into a
100ml kjeldahl flask to which was added 1ml 60% perchloric acid (HCIO,4), 5ml nitric
acid (HNOg3) and 0.5ml sulphuric acid (H,SQO,4). The flask was swirled gently and then
digested slowly at moderate heat, increasing later. Sample was digested for 10-15
minutes and was set aside to cool after the appearance of white fumes. Sample was then
filtered (No. 44 paper) into 50ml volumetric flask and diluted to volume, and used for the
determinations of the heavy metals cadmium, chromium, copper, mercury, lead, zinc, and
arsenic using the atomic absorption spectrophotometer.

Data Analysis

Data generated from the study were analysed using the Data Analysis Toolpak of the
Microsoft Excel. Bar charts were used to depict trends in chemical profiles of the animals
used in the study. Analysis of Variance (ANOVA) was used to test for significant
differences in means in proximate composition as well as heavy metal content of the
animals at the 95% significance level. Where differences in ANOVA were significant,
the Tukey Multiple Range Test was used as basis for distinguishing mean differences
which were significantly different (Fowler et al., 1998).
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RESULTS

Slight variations which were not found to be significant were observed in the mean ash,
moisture, and protein contents of soft tissues of the mangrove oyster Crassostrea gasar
across the three class sizes: small-sized (<25 mm), medium-sized (25-50 mm), and large-
sized (> 50 mm). Mean ash (Fig. 1(a)) and moisture (Fig. 1(b)) contents tended to be
higher in the medium-sized oysters compared to the small-sized and large-sized oysters.
Protein content, on the other hand, recorded a slightly higher mean value in the large-
sized oyster samples (Fig. 1(d)) than means of the other two class sizes. These observed
variations were, however, not significant (p > 0.05, Table 1).

Result of one-way analysis of variance (ANOVA) evaluating the effect of class size on
carbohydrate content of C. gasar was significant (F,3 = 322.929, p < 0.05, Table 1).
Mean carbohydrate content was higher in the large-sized oysters (> 50 mm), compared to
the small-sized (< 25 mm) and medium-sized (25-50 mm) individuals (Fig. 1(c)).
Evidence was obtained from sample data that carbohydrate content of soft tissues of C.
gasar was influenced by the size of the animal as large-sized C. gasar showed a
significantly higher mean value compared to the small-sized and medium-sized samples.
A significant difference was also detected in mean carbohydrate content between tissue
samples of small-sized and medium-sized C. gasar, with a higher mean value recorded in
the later (Tukey, p < 0.05).

The ANOVA on lipid content of soft tissues of C. gasar was also found to be significant
(F23 = 14.948, p < 0.05, Table 1). Slight variability in lipid content was observed in
tissues of small-sized (< 25 mm), medium-sized (25-50 mm), and large-sized (> 50 mm)
samples of the animal, with the lowest and highest mean values recorded in the small-
sized and large-sized oysters respectively (Fig. 1(e)). Among C. gasar, larger individuals
appear to accumulate higher lipid content in tissues relative to individuals which are
smaller in size. Although no significant difference was detected in lipid content between
the medium-sized and large-sized oysters, as well as the small-sized and medium-sized
oysters, the large-sized individuals showed a significantly higher mean value compared to
the small-sized individuals (Tukey, p < 0.05).

The result of ANOVA on mean fiber content of C. gasar showed differences which were
significant between class size (F,3 = 25.985, p < 0.05, Table 1). Mean fiber content of C.
gasar showed roughly similar trend as carbohydrate content, with mean values increasing
from a minimum in small-sized (< 25 mm) to a maximum in large-sized (> 50 mm)
oysters. Mean fiber values obtained in small-sized and medium-sized oysters were fairly
similar and lower than the peak value recorded in the large-sized individuals (Fig. 1(f)).
Size tended to show a direct relationship with fiber content of C. gasar as mean value of
fiber in tissues of the animal was higher in the large-sized compared to small-sized
individuals. Differences in mean fiber content between the small-sized and medium-sized
oysters were not found to be significant. However, a significantly higher mean value was
recorded in samples of large-sized oysters compared to the small-sized and medium-sized
oysters (Tukey, p < 0.05).
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Although the lowest and highest mean values of copper (Cu) in soft tissues of C. gasar
were recorded in the small-sized (< 25 mm) and large-sized (> 50 mm) samples
respectively (Fig. 2(b)), the observed differences in means across the three class sizes of
the animal were not significant (p > 0.05, Table 2). The ANOVA on lead (Pb) content of
tissues of C. gasar was found to be significant (F,3 = 117.444, p < 0.05, Table 2). The
small-sized (25 mm) and medium-sized (25-50 mm) oysters showed mean Pb values that
were fairly similar, while a comparatively higher mean value was obtained in the large-
sized (> 50 mm) oysters (Fig. 2(c)). The concentration of Pb in soft tissues of C. gasar
seemed to also vary with size given that the mean value of Pb recorded in the large-sized
oyster samples was relatively higher than those of the other two class sizes. No
significant difference was found in Pb content of the small-sized and medium-sized
oysters. On the other hand, large-sized oysters showed a significantly higher mean Pb
value compared to the small-sized and medium-sized samples (Tukey, p < 0.05).
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Table 1 One-way analysis of variance on proximate composition (%) of Crassostrea
gasar from the Andoni River.

Composition df MS F P-value
Ash 2 0.121 2.172 > 0.05
Moisture 2 0.529 1.940 > 0.05
Carbohydrate 2 38.606 322.929 <0.05*
Protein 2 1.851 6.901 >0.05
Lipid 2 1.687 14.948 < 0.05*
Fiber 2 3.020 25.985 < 0.05*
* Significant at p < 0.05
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Fig. 2 Concentrations (mean * SE, n = 2) of heavy metals (ug/g) in tissues of 3 class sizes
of Crassostrea gasar from the Andoni River.

Table 2 One-way analysis of variance on heavy metal content (ug/g) of Crassostrea
gasar from the Andoni River.

Metal df MS F P-value
Copper 2 21.045 6.879 > 0.05
Lead 2 0.070 117.444 <0.05*
Zinc 2 219.147 39.439 <0.05*

* Significant at p < 0.05

The ANOVA on mean zinc (Zn) content of soft tissues of C. gasar was significant (F,3 =
39.439, p < 0.05, Table 2). Mean values of Zn recorded in C. gasar also ranged from a
minimum in small-sized animals (< 25 mm) to a maximum in large-sized animals (> 50
mm). Mean Zn values observed in the medium-sized and large-sized oysters were
identical and both higher than the minimum value obtained in the small-sized oysters
(Fig. 2(d)). No significant difference was found in mean Zn content of the medium-sized
and large-sized oysters. However, the small-sized oysters recorded a mean value that was
found to be significantly lower than those obtained in the medium-sized and large-sized
samples.

DISCUSSION

After proteins and lipids, carbohydrates represent the third most abundant group of
organic compounds in the animal’s body. Apart from providing an important source of
energy, digestible carbohydrates also contribute greatly to the quality (sweetness,
appearance, and textural characteristics) of many foods. The mean carbohydrate content
of Crassostrea gasar recorded in this study varied 49.68 + 0.07 — 58.39 + 0.21% (Fig.
1(c)). This range was higher than that (4.21 — 15.67%) reported by Swapna and Ravinder
(2015) in samples of the bivalve Parreysia cylindrical and mean values recorded by
Thivakaram (1988) in Nodilittorina. pyramidalis (4.69%) and Littorina. quadricentus
(5.31%).
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Lipids also represent a major source of energy and provide essential lipid nutrients that
feature in our diets. Like carbohydrates, lipids also have been documented to play a key
role in determining the overall physical attributes (flavour, texture, mouthfeel, and
appearance) of foods. The range of values of lipid obtained in C. gasar in this study
agrees with that (5.34 — 6.63%) reported as high lipid content by Swapna and Ravinder
(2015) in Parreysia cylindrical. The results of this study also agrees with Omotoso
(2005) who reported lipid content that fell in the interval 5.35 = 0.01% in dried
Callinectes armatum.

Liberal consumption of fiber plays an important role in preventing or at least reducing the
incidence of colon cancer, cardiovascular disease, and constipation. The results of this
study recorded high fiber content in soft tissues of C. gasar (16.05 £ 0.25 — 18.22 +
0.28%) (Fig. 1(f)). Values recorded in oysters in this study were found to greatly exceed
the range of values (6.690 — 11.070%) reported by Moronkola et al. (2011).Lead
concentrations reported in different species of infaunal bivalve (Macoma balthica,
Macoma nasuta, Chione subrugosa, Cerastoderma edule) around the world are normally
between 1 and 4 ug/g dw, reaching values of 8 ug/g in some moderately polluted sites
(Szefer et al., 1998; Sokolowski et al., 2002, 2007; Lu et al., 2005; Jung et al., 2006).
Mean values of lead recorded in this study were very low and ranged from 0.20 + 0.02 —
0.53 £ 0.02ug/g (Fig. 2(c)). Similar studies conducted on oysters from lagoon systems in
the Southern Gulf of Mexico recorded a mean value of 189.78ug/g which was several
orders of magnitude higher than the range of values of lead obtained in C. gasar in the
present study. The results of the present study also differed from lead concentrations of
1.5 — 8.5ug/g reported in Dosinia exoleta (individuals of shell length <40mm) from
shellfish extraction areas in the Galician Rias (NW Spain). However, concentrations up to
20 ug/g were also reported in individuals of the species of shell length 45 mm (Sanchez-
Marina and Beiras, 2008).

Wardlaw and Smith (2009) have catalogued health benefits associated with Zn in diets
including the ability to heal wounds, develop sexual organs and bones, improve the
release and function of insulin, and enhance immune function. The values of Zn obtained
in this study fell in the range 28.89 + 0.53 — 42.69 + 1.81 ug/g. In a study conducted on
C. amnicola, Moronkola et al. (2011) reported Zn levels (128 — 388 ug/g) that were found
to greatly exceed the range recorded in the present study. However, values of Zn reported
by Oyebisi et al. (2012) in C. amnicola (0.235 — 2.009ug/¢) and Cardisoma armatum
(0.058 — 1.945u¢/2) were comparatively lower than the range obtained in this study.

CONCLUSION

The carbohydrate, lipid, and fiber contents in soft tissues of Crassostrea gasar was found
to be associated with the size (shell length, mm) of the oyster. Ash, moisture, and protein
contents, on the other hand, were not influenced by the size of the animal. For both
proximate composition and heavy metal content, higher mean values were generally
observed in soft tissues of C. gasar in the large-sized oysters compared to the small-sized
and medium-sized oysters. The size of C. gasar, therefore, plays a key role in determining
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the food value and uptake of heavy metals by tissues of oysters of the Crassostrea genus.
In general, the chemical profile of C. gasar was found to be related to size. The large-
sized oysters will, therefore, provide better sources of energy and contribute more to food
quality (sweetness, appearance, and textural characteristics) compared to the small-sized
and medium-sized oysters. On a size-specific basis, the uptake of heavy metals (Pb and
Zn) will probably occur more in large-sized, compared to small-sized and medium-sized
oysters. However, the levels of heavy metals recorded in soft tissues of C. gasar in this
study were generally very low and fall within background levels expected in tissues of
aquatic biota.

REFERENCES

Abgrall, M. J., Bastien-Daigle, S., Miron, G. and Ouellette, M. (2010). Potential
Interactions between Populations of Softshell Clams (Mya arenaria) and Eastern
Oysters (Crassostrea virginica) in Temperate Estuaries, a Literature Review.
Canadian Technical Report of Fisheries and Aqu atic Sciences, No. 2892.

Abiogba, O. E. and Henadou J. (2006). Contribution a 1’é- tude des huitres exploitées au
lac Nokoué: Etat des lieux. Mémoire pour 1’obtention du Dipléme d’Etude Agricole
Tropicale, LAMS, Sékou.

Adite, A., Abou, Y., Sossoukpe, E. and Fiogbe, D. E. (2013). The Oyster Farming in the
Coastal Ecosystem of Southern Benin (West Africa): Environment, Growth and
Contribution to Sustainable Coastal Fisheries Management. International Journal of
Development Research, 3, 87-94.

Allen, S. E., Grimshaw, H. M., Parkinson, J. A., Quarmby, C. (1974). Chemical Analysis
of Ecological Materials. Blackwell Scientific Publications. London. 69-90.

Allison, M. E. and Okadi, D. (2009). Species Distribution and Abundance in the Lower
Nun River, Niger Delta, Nigeria. Journal of Fisheries International, 4(1): 13-18.

Chiu, S. T., Lam, F. S., Tze, W. L., Chau, C. W., and Ye, D. Y. (2000). Trace Metals in
Mussel from Mariculture Zones, Hong Kong. Chemosphere 41,101-108.

El-Shenawy, N. S. (2002). The Effect of Metal Bioaccumulation on Glutathione and
Lipid Perodixation as Biomarkers of Aquatic Ecosystem Pollution of Ruditapes
decussates and Venerupis pullastra from Lake Timsah, Ismailia. Egypt J. Zool. 39,
475-492.

FAO (1982). Coastal Aquaculture Development Perspectives in Africa and Case Studies
from Other Regions. CIFA Technical Paper, CIFA/CPCA/TO.

Fashina-Bombata, H. and Megbowon, 1. (2012). Proximate Composition and Breeding
Description of an Unidentified Cichlid of Epe Lagoon, Lagos, Southwest, Nigeria
Commonly Called ‘Wesafu’. International Journal of Nutrition and Metabolism,
4(4): 57-63.

Fowler, J., Cohen, L. and Jarvis, P. (1998). Practical Statistics for Field Biology. Second
Edition. John Wiley and Sons. Chichester, England. pp. 179-2009.

Gunther, A. J., Davis, J. A., Hardin, D. D., Gold, J., Bell, D., Cricks, J. R., Scelfo, G., and
Stephenson, M. (1999). Long-Term Bioaccumulation Monitoring With Transplanted
Bivalves in the San Francisco Estuary. Marine Pollution Bulletin, 38(3): 170-180.

25
ISSN 2053-5805(Print), ISSN 2053-5813(Online)



Global Journal of Agricultural Research
Vol.4, No.5, pp.17-27, November 2016
Published by European Centre for Research Training and Development UK (www.eajurnals.orq)

Jung, K., Setelzenmiller, V. and Zauke, G. P. (2006). Spatial Distribution of Heavy
Metal Concentrations and Biomass Indices in Cerastoderma edule Linnaeus (1758)
from the German Wadden Sea: An Integrated Biomonitoring Approach. J. Exp. Mar.
Biol. Ecol., 338, 81-95.

Koh, S. M., Koh, P. K., Sim, K. T., Lee, Y. H. and Surif, S. (2011). Proximate Analysis
and Heavy Metal Concentrations of Tissues of Cockles (Anadara granosa) from
Several Cockle Farms in Peninsular Malaysia. Sains Malaysiana, 40(2): 139-146.

Lu, X. Q., Werner, I., and Young, T. M. (2005). Geochemistry and Bioavailability of
Metals in Sediments from Northern San Francisco Bay. Environ. Internat. 31, 593—
602.

Madkour, A., Obirikorang, K. A., Amisah, S., Otchere, F. A. and Adjei-Boateng, D.
(2011). Relationship between Heavy Metal Concentrations in Bottom Sediments and
the Clam, Galatea Paradoxa (Born 1778) from the Volta Estuary, Ghana. Journal of
Environmental Protection, 2, 720-728.

Miossec, L., Le Deuff, L. R. M., and Goulletquer, P. (2009). Alien Species Alert:
Crassostrea gigas (Pacific Oyster). ICES Cooperative Research Report, No. 299,
Copenhagen.

Moronkola, B. A., Olowu, A. R., Tolude, O. O., and Ayejuyo, O. O. (2011).
Determination of Proximate and Mineral Contents of Crab (Callinectes aminicola)
Living on the Shores of Ojo River, Nigeria. Scientific Reviews and Chemical
Communications, 1(1): 1-6.

Murtala, B. A., Abdul, W. O., and Akinyemi, A. A. (2012). Bioaccumulation of Heavy
Metals in Fish (Hydrocynus Forskahlii, Hyperopisus Bebe Occidentalis and Clarias
Gariepinus) Organs in Downstream Ogun Coastal Water, Nigeria. Transnational
Journal of Science and Technology, 2(5): 119-133.

Nasci, C., Da Ros, L., Campesan, G., Van Vleet, E. S., Salizzato, M., Sperni, L. and
Pavoi, B. (1999). Clam Transplantation and Stress-Related Biomarkers as Useful
Tools for Assessing Water Quality in Coastal Environments. Marine Pollution
Bulletin, 39, 255-260.

Olivier, F., Ridd, M., and Klumpp, D. (2002). The Use of Trans-planted Cultured
Tropical Oysters (Saccostrea commercialis) to Monitor Cd Levels in North
Queensland Coastal Waters (Australia), Marine Pollution Bulletin, 44(10): 1051-
1062.

Omotoso, O. T. (2005). Chemical Composition and Nutritive Significance of the Land
Crab, Cardisoma armatun. African Journal of Applied Zoology & Environmental
Biol., 7, 68-72.

Oyebisi, R., Lawal-Are, A., and Alo, B. (2012). Comparative Study of Persistent Toxic
Metal Levels in Land Crab (Cardiosoma armatum) and Lagoon Crab (Callinectes
amnicola) in Lagos Lagoon. Scholarly Journals of Biotechnology 1(4): 72-79.

Sanchez-Marin, P. and Beiras, R. (2008). Lead Concentrations and Size Dependence of
Lead Accumulation in the Clam Dosinia exoleta from Shellfish Extraction Areas in
the Galician Rias (NW Spain). Aquat. Living Resour., 21, 57-61.

Sokolowski, A., Fichet, D., Garcia-Meunier, P., Radenac, G., Wolowicz, M., and
Blanchard, G. (2002). The Relationship between Metal Concentrations and

26
ISSN 2053-5805(Print), ISSN 2053-5813(Online)



Global Journal of Agricultural Research
Vol.4, No.5, pp.17-27, November 2016
Published by European Centre for Research Training and Development UK (www.eajurnals.orq)

Phenotypes in the Baltic Clam Macoma balthica (L.) from the Gulf of Gdansk,
southern Baltic. Chemosphere 47, 475-484.

Sokolowski, A., Wolowicz, M., and Hummel, H. (2007). Metal Sources to the Baltic
Clam Macoma balthica (Mollusca: Bivalvia) in the Southern Baltic Sea (the Gulf of
Gdansk). Mar. Environ. Res. 63, 236-256.

Swapna, P. and Ravinder, R. T. (2015). Proximate, Amino Acid, Fatty Acid and Mineral
Analysis of Bivalve Parreysia cylindrica from Waddepally and Kaleshwaram Lake.
World Journal of Pharmacy and Pharmaceutical Sciences, 4(4): 1388-1401.

Szefer, P., Geldon, J., Ali, A. A., Osuna, F. P., Ruiz-Fernandes, A. C., and Galvan, S. R.
G. (1998). Distribution and Association of Trace Metals in Soft Tissue and Byssus of
Mytella strigata and other Benthic Organisms from Mazatlan Harbour, Mangrove
Lagoon of the Northwest Coast of Mexico. Environ. Internat. 24, 359-374.

Thivakaran, G. A. (1988). Studies on Littorinids Littorina quadricentus (Philippi) and
Nodilittorina pyramidalis (Guoy and GaiMord, 1883), (Gastropoda: Prosobranchia
from Tranquebar Rocky Shore, South-East Coast of India. Ph.D. Thesis, Annamalai
University India.

Wardlaw, G. M. and Smith, A. M. (2009). Contemporary Nutrition. McGraw-Hill, New
York. 750pp.

27
ISSN 2053-5805(Print), ISSN 2053-5813(Online)



