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The present study was performed in Canakkale Strait from September 2012 to August 2013.
Biochemical composition (protein, total lipid, moisture, and ash), condition index, and meat
yield of Mediterranean mussel, Mytilus galloprovincialis in the net systems hung out the
open sea cage units monthly. The mean condition index and meat yield of M.

galloprovincialis were found 8.12+0.48 and 16.07+0.70%, respectively. A positive correlation
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was found between condition index and protein, carbohydrate, and meat yield whereas a
negative correlation was seen between condition index and weight, length, lipid, moisture,
and ash. In terms of seasons, condition index and protein values were high in autumn, lipid
values in summer, and carbohydrate values in spring.
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Introduction

Mediterranean mussel (Mytilus galloprovincialis) has a
distribution in the Aegean, Marmara, and Black sea (Uysal,
1970). Bivalve aquaculture has limited to M.
galloprovincialis in Turkey (907 tons aquaculture, 604 tons
capture) (FAO, 2020). As a considerable source of nutrient,
mussels are quite crucial in terms of marine ecology and
human diet (Pogoda et al., 2013). Based on the increasing
production of M. galloprovincialis, it is important to
determine its nutritional characteristics for encouraging
consumers to buy and enabling producers to be engaged in
the aquaculture of the species.

Biochemical composition, condition index, and meat
yield are indicators of commercial and nutritional quality of
bivalve (Orban et al., 2002; Yildiz et al., 2011; Irisarri et al.,
2015).

* Corresponding author: pervinvural@comu.edu.tr
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A variety of factors affect biochemical composition in
shellfish such as spawning, fecundity (Litaay and De Silva
2003; Acarli et al., 2018), variations in the seston-natural
diet of suspension feeders quality and quantity (lrisarri et
al., 2015).

Where net cages are present, fish feeds are dissolved in
water, creating significant amounts of nitrogen and
phosphate input thus enabling phytoplankton to increase
(Sanz-Lazaro and Marin, 2008). Fish feces and unutilized
feed provide additional food sources for bivalve species
(Troell et al., 2003). In bivalve-fish culture, bivalves feed on
phytoplankton and other particles in water, and covert the
nutrients in the environment into edible meat as well
(Aquado- Gimenez et al., 2014). Some research reported
that bivalve species to capture and assimilate organic
wastes caused by fish farms (Mazzola and Sara, 2001;
Redmond et al., 2010;). Integrated bivalve-fish culture seem
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to have a with remarkable benefits of increasing bivalve
growth performance and decreasing the amount of wastes in
the fish farm. This study, it was aimed to examine the
biochemical compositions, condition index, and meat yield
of M. galloprovincialis on the open sea cage units.

Materials and Methods

Sampling Area
The study was carried out at the Open Sea Cage Unit
(1100 m from the shore, 35-50 m depth) in which sea bass
was reared in the Faculty of Marine Science and Technology
of Canakkale Onsekiz Mart University between September
2012 and August 2013 in Canakkale Strait in the North-
Western part of Turkey (40°03’°42°’N-26°20°36’'E). One of 12
net packets each of which contained 30 individual M.
galloprovincialis attached cage was taken out of the water
every month to examine condition index, meat yield, and
biochemical composition (Figure 1).
26‘2?'0"E

26°21'0"E 26°22'0"E

<
\
>
% |
- C) Ganakkale -
H ¢ g
s v g
»
- % @
>
LY
»
G
z — "“"' z
5 e :w“" ;
“|
- 4 Canakkale
26°20'0"E 26°21'0"E 25”22';'5
Figure 1. Sampling area
Condition index and Meat Yield
Taken out of the net packets monthly, M.

galloprovincialis samples were brought in a cold chain to the
laboratory, and fouling organisms were removed from the
mussel shell. The length of the mussel from anterior (umbo)
to posterior tip was measured using Vernier caliper with a
precision of 0.05 mm. Mussels were weighed by a 0.1 g
accuracy scale, meats remove from the shells and they were
weighed separately. To determine the condition index (Cl)
and meat yield (MY); the shells were dried with an oven at
60 °C until reach to constant weight (42-72 h), while the soft
tissues were freeze-dried (Crosby and Gale, 1990, Freeman,
1974, respectively).

_ Wet meat weight (g)

MY =
Total weight (g)
_ Dry meat weight (g)

x 100

CI X 100

" Dry shell weight (g)

Biochemical Composition

For biochemical composition analysis, the samples were
freeze-dried, ground, and stored in a refrigerator until they
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were analyzed. Protein content (%) was determined,
according to Kjeldahl method (N x 6.25), the lipid (%) was
extracted with chloroform-methanol (Erickson, 1993),
amount of ash was measured by incinerating the samples to
ash in a muffle furnace (AOAC, 2000), carbohydrate content
was determined by (Celik et al., 2014), and moisture was
calculated by AOAC (2000).

Carbohydrate(%) = 100 — [Lipid(%) + Protein(%) + Ash(%)]

Statistical Analysis

All data were presented as meanzstandard deviation.
Investigation of the normality of data was performed by the
Kolmogorov-Smirnov test. Differences in corresponding
values of p<0.05 were considered to be statistically
significant. To investigate the relationship between Cl, MY,
and biochemical compositions (carbohydrate, protein, lipid,
ash, moisture) of M. galloprovincialis was used by Pearson
correlation. In the correlation analysis graphs, dark colors
were indicated a very high relationship and red colors were
indicated a negative relationship. As the darkness of the
color was increased, the strength of the relationship
increases (Figure 2). The results were also examined with
principal component analysis (PCA) using R Version 3.6.1., to
identify the biochemical composition, Cl and meat yield,
that most contribute to the monthly variations (Figure 3).

Results

Meat Yield and Condition Index

Table 1 exhibits monthly changes in meat yield and
condition index of M. galloprovincialis. The mean condition
index was recorded as 8.12+0.48. The highest condition
index was found to be 10.56 in October, whereas the lowest
value was 4.93 in August. Condition index was positively
correlated with meat yield but negatively correlated with
length, and weight (p<0.05) (Figure 2). Meat yield varied
from 13.01% (May) to 17.79% (April) with a mean of
16.07+0.70%. Meat yield was positively correlated with
condition index but negatively correlated with weight
(p<0.05) (Figure 2).
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Figure 2. Pearson correlation of length, weight, meat
yield, condition index (Cl), moisture, protein, lipid,

carbohydrate, ash.
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Table 1. Monthly variation (Mean#S.D.) in length, weight, condition index and meat

ield of M. galloprovincialis

Biochemical Composition
Mean moisture and ash contents were 75.52+0.39% and
11.96+1.76% respectively. The main component of meat was
protein varying from 52.68% in May to 63.54% in January.

The average amount of lipid during the study period was
15.43%. Ash changed from 9.27% in September to 15.15% in
June. The average ash was found to be 11.96%.
Carbohydrate changed from 8.44% in January to 21.47% in
May (Table 2). Moisture was positively correlated with
length, weight, meat vyield, lipid, and ash while a negative

Length (mm) | Weight (g) Meat Yield (%) | Condition index
September | 68.97+5.46 32.98+7.76 | 15.70+2.64 9.61+2.33
October 77.60£6.73 42.29+14.30 | 17.54+3.09 10.56+2.14
November | 78.05+7.45 40.37+12.75 | 17.89+2.99 8.75+2.25
December | 82.16+5.99 46.00+11.13 | 16.67+2.53 8.85+1.18
January 80.22+7.64 42.88+11.86 | 13.43+3.86 7.26+1.90
February 83.04+6.35 45.17+12.13 | 17.52+4.83 8.42+1.21
March 84.24+5.39 45.86+10.54 | 17.64+2.86 8.60+1.60
April 83.69+5.64 45.30+9.60 | 17.79+2.87 9.33+1.77
May 80.13+5.24 50.35+10.02 | 13.01+2.92 6.97+1.53
June 85.84+5.74 53.77+10.33 | 15.65+2.26 7.84+1.36
July 79.36+4.44 42.52+9.59 | 15.66+2.59 6.32+1.32
August 84.67+6.56 47.34+£12.95 | 14.35+2.58 4.93+0.78
correlation was observed between moisture, and

carbohydrate, and condition index (p <0.05) (Figure 2).

PCA biplot explained 71.4% of the variance (Dimension
1=48.7%, Dimension 2=22.7%) between biochemical
composition and months. According to the PCA biplot graph,
the contribution of ash, moisture, carbohydrate, and protein
among other parameters were higher. There was proximity
June, July, and August with lipid, weight, length, ash, and
moisture. Furthermore, proximity was observed February,
October, November, and December with condition index,
meat yield, and protein (Figure 3).

Table 2. Monthly changes (mean+S.D.) in protein, lipid, carbohydrate, moisture and ash in M. galloprovincialis

Protein (%) | Lipid (%) Carbohydrate (%) | Moisture (%) | Ash (%)

September | 57.75+0.17 | 12.45+0.88 | 20.52+0.90 68.12+2.34 9.27+0.15

October 61.75+0.14 | 14.27+0.52 | 12.89+0.27 74.56+1.98 11.09+0.11

November | 60.86+0.11 | 15.27+0.34 | 10.76+0.15 77.32+1.48 13.11+0.08

December | 63.25+0.53 | 13.69+0.34 | 10.65+0.14 77.06+1.70 12.42+0.05

January 63.54+0.42 | 16.24+0.11 | 8.44+0.32 73.21+2.32 11.77+0.00

February 61.5620.06 | 12.74+1.81 | 14.1624.34 76.57+1.10 11.55+2.47

March 54.69+0.12 | 16.61+0.39 | 17.53+0.09 76.55+1.19 11.17+0.42

April 56.88+0.25 | 14.43+1.19 | 18.88+3.51 74.57+1.66 9.81x2.57

May 52.68+0.25 | 15.30£2.47 | 21.47+2.06 73.831.73 10.55+0.16

June 58.19+0.12 | 16.74+0.53 | 9.93+0.00 77.46+1.91 15.15+0.40

July 54.69+0.62 | 18.30£1.21 | 13.3820.63 77.64+1.86 13.63+0.04

August 57.38+0.53 | 19.18+0.04 | 9.40+0.49 79.35+2.00 14.05+0.07

PCA - Biplot Discussion

Condition index and meat vyield, especially with
ecophysiological and economic importance for industrial
processing (Yildiz et al., 2011). Meat yield and condition
. . : index are important in quality and marketing, that is, the
§ " ' o higher the meat ratio of bivalves, the higher the quality
% RS IO PN W .. “ _______________________ value. Environmental parameters; such as temperature,
g ‘ salinity, quality, and quantity of food (Yildiz and Lok., 2005;
s Vural et al., 2015); remaining outside water, body size, and
: reproduction cycle (Gosling, 1992; Acarli et al., 2015) have
r impacts on the condition index, meat yield, and biochemical
; compositions of bivalves (Azpeitia et al., 2017). Seasonal
- 7:;/:) changes of environmental factors lead to complex

Figure 3. Principal component analysis (PCA)- Biplot of the
composition of meat yield, condition index, moisture,
protein, lipid, carbohydrate and ash (1: January, 2:
February, 3: March, 4: April, 5: May, 6: June, 7: July, 8:
August, 9: September, 10: October, 11: November, 12:
December)
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interactions between temperature, food, and salinity that
affect somatic growth and reproduction and indirectly the
condition index. In this study, meat yield and condition
index of M. galloprovincialis were found respectively
13.01%-17.89% and 4.93-10.56. Meat yield and condition
index of M. galloprovincialis were calculated as 13-32% and
8-17 in Canakkale- Dardanelles (on suspended ropes) (Yildiz
et al., 2006), 16.23-23.93% in Sinop (in raft culture)
(Karayiicel et al., 2010), 23-31% and 7.33-25.20 in izmir-
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Mersin Bay (collected from natural beds) (Kirtik, 2014),
respectively. These parameters of M. galloprovincialis in
this current study was found lower than the studies with
mussels capture from natural beds and cultured. Yildiz et al.
(2013) were performed a simultaneous study with the
present research. These authors were reported that
chlorophyll-a values were determined from 0.08 to 2.59 pg/l
and. particulate organic matter and particulate inorganic
matter were measured as 7.01+5.64 mg/l and 8.54+2.56
mg/|, respectively. According to these authors, chlorophyll-a
values of the study area were lower than other studies,
while the amount of particulate organic matter and
particulate inorganic matter were higher than other studies.
Abundance and quality of nutrient in environment is very
effective on these parameters. Some authors indicated that
metabolic waste, feces and some uneaten feed pellets which
included high amount of nitrogen in put made by the fish
farm might reason the raised phytoplankton biomass (i.e.
concentration of chlorophyll-a) and particulate organic
matter in the sea water (Kaspar et al., 1988; Wang, et al.,
2020). Cheshuk et al. (2003) observed that there was no
difference in the growth and condition index of bivalves at a
distance of 70, 100, 500, 1200 m from the fish cage.
Although particulate wastes from fish farms could be
important, subsequent dilution and dispersion from open-
water cages might not improve available food
concentrations for integrated bivalves. It has not been as
expected in the present study and chlorophyll-a value was

not reached to high concentrations. Consequently M.
galloprovincialis may not have gained sufficient condition
due to their low chlorophyll-a value of the environment.
Besides feces and unutilized feed did not contribute to the
meat yield and condition index of the M. galloprovincialis.
The high current of the Canakkale Strait (Meric et al., 2009)
and the study area being 1 km away from the shore may also
have effect on this situation. Organic waste may be too
diluted to by high current velocity that's why quantity or
quality of food available have been not importantly increase
at the study area.

In this study, when protein, lipid, carbohydrate and ash
values of M. galloprovincialis were compared with the
studies conducted in Turkish seas, the amount of lipid and
ash was found to be higher than other studies (Karaylicel et
al., 2003; Yildiz et al., 2006; Lok et al., 2011; Celik et al.,
2012) (Table 3). The high amount of ash in this study may
have resulted from the high amount of particulate inorganic
matter (Yildiz et al., 2013) in the environment. It is known
that biochemical composition of bivalve depends on food
quality and abundant. Generally, when food was abundant in
the form of lipid, glycogen and protein substrates, energy
was stored before gametogenesis, then was metabolized and
was used in gamete production when metabolic demand was
high (Dridi et al., 2007; Acarli et al., 2015). In this study,
the high level of storage of lipid amount may depend on the
nutrient profile in the environment and the use strategy of
energy.

Table 3. Biochemical composition of M. galloprovincialis in Turkey (minimum and maximum value)

Study area Protein (%) | Total lipid (%) | Carbohydrate (%) | Ash (%) Literature

Canakkale 58.47-67.51 | 5.50-6.74 17.7-25.22 10.22-14.55 | Yildiz et al. (2005)
Sinop 54.93-75.23 | 6.03-18.03 - 5.53-10.83 | Celik et. al. (2012)
Sinop 52.30-71.60 | 6.00-13.42 12.78-34.82 5.54-8.26 Karayiicel et al. (2003)
Sinop 40.70-58.66 | 6.18-10.38 - - Lok et al (2011)
Balikesir-Bandirma | 38.31-47.22 | 5.53-11.91 Lok et al (2011)

izmir 40.57-73.98 | 4.11-7.81 - - Lok et al (2011)
Canakkale 52.68-63.54 | 12.45-19.18 8.44-21.47 9.27-15.15 | This study

This study was showed that there was a strong
relationship between condition index and carbohydrate. A
negative correlation attracted attention between condition
index and lipid. The condition index, which is at the lowest
level in the periods when the gonads are drained, increases
during the development phase and reaches the maximum
value in the maturity phase (Kirtik, 2014). It is reported that
spawning of mussels occurs in Galicia of Spain during spring
(Villalba, 1995), and in Tokyo bay in Japan between October
and May (Okaniwa et al., 2010). The spawning of M.
galloprovincialis in Turkey, Sinop all the year round except
in June and July, the highest increase was observed in
January of the year in Edincikalt1 (Balikesir) (Lok et al.,
2011). The study showed that participation of protein, lipid,
and carbohydrate in the structures of reproductive cells
enables them to be used as an energy source as well. In
other words, reproduction activity has an influence on
condition index and meat yield based on biochemical
composition.

Proteins are the most abundant component of mussel
meat, followed by carbohydrates (Orban et al., 2002).
Protein is used to meet the demand for energy in case of
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insufficient amounts of lipid and carbohydrate (Aksoy,
2014). Protein values (8.03-12.71% wet weight, ww, and
57.38-63.54% dw) of this study were similar to those of the
other studies (Yildiz et. al., 2006; Ozden and Erkan, 2011;
Bongiorno et al., 2015; Cherifi et al., 2018). Low protein
values in the period of spring spawning were reported for M.
galloprovincialis (Celik et al., 2012), suggesting an
important role of proteins in gonad maturation. Lipids are
crucial energy reserves in respect of their high calory values.
The amount of lipid in bivalve species is influenced by
numerous factors such as temperature, food and, the
composition of plankton (Prato et al., 2010; Celik et al.,
2012). Seafood is generally classified into high fat, medium
fat, and lean (Tzikas et al., 2007). Considering that the lipid
content in M. galloprovincialis meat in the present study
was in the range between 2.59-3.03% ww and (13.99- 15.44%
dw), it can be considered as medium fat. Moreover, the
amount of lipid was higher than those of Ozden and Erkan.
(2011), Cherifi et al. (2018), Bongiorno et al. (2015) and
Dernekbasi et al. (2015) but lower than those of Vernocchi
et al. (2007). The level of lipid in bivalve species is reported
to be higher at the beginning of spawning but lower
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following it (Surh et al., 2003). In the present study
observed the highest values in spring-summer period similar
to those by Cherifi et al (2018), Prato et al. (2010) and
Azpeitia et al. (2017).

Carbohydrates have a structural function and are used
in the long-term storage of energy (Celik et al., 2014).
Bivalves use their carbohydrate stocks in the spawning
period (Celik et al., 2012). Cherifi et al. (2018) found the
carbohydrate amount in M. galloprovincialis in the spring-
summer months to be 1.41-5.81% in ww. In the present
study, the amount of carbohydrate was in the range of 1.79-
3.80% ww (10.90-23.81% dw) and with the highest value in
the spring-autumn period unlike Cherifi et al. (2018).

Conclusion

From the results of the study, it is clear that
consumption of M. galloprovincialis would be of great use in
terms of its meat yield, condition index, and biochemical
composition. The areas where bivalve species feeding by
filtering water abound are of great importance considering
public health. A bivalve culture system to be constructed
near fish farms could help decrease potential negative
impacts of fish farm wastes (undigested feed waste and fish
feces) on the environment moreover bivalves in this area
could be marketed safely as they have not been exposed to
any contaminants.

Acknowledgements

This study was supported by Canakkale Onsekiz Mart
University the Scientific Research Coordination Unit, Project
number: 2011/073. We would like to thank Prof. Dr. Murat
Yigit, Prof. Dr. Musa Bulut, Dr. Evrim Kurtay and Fettah
Gundiiz for their valuable contribution. Lab experiments
were carried out in the laboratory of Biochemistry, Faculty
of Marine Sciences and Tecnology, Canakkale Onsekiz Mart
University.

References

Acarli, S., Lok, A., Kicukdermenci, A., Yildiz, H., and
Serdar, S. (2011). Comparative growth, survival and
condition index of flat oyster, Ostrea edulis
(Linnageus 1758) in Mersin Bay, Aegean Sea.
Turkey. Kafkas University of Veterinary Faculty,
17(2): 203-210.

Acarli, S., Lok, A., Kirtik, A., Acarli, D., Serdar, S.,
Kucukdermenci, A., Yigitkurt, S., Yildiz, H., and
Saltan, A.S. (2015). Seasonal variation in
reproductive activity and biochemical composition of
flat oyster (Ostrea edulis) in the Homa Lagoon, |zmir

Bay, Turkey. Scientia Marina, 79(4): 487-495.
https://doi.org/10.3989/scimar.04202.16A
Acarli, S., Lok, A., Acarli, D., and Kirtik, A. (2018).

Reproductive cycle and biochemical composition in
the adductor muscle of the endangered species fan
mussel Pinna nobilis, Linnaeus 1758 from the Aegean
Sea, Turkey. Fresenius Environmental Bulletin, 10:
6506-6518.

Aksoy, M. (2014). Aksoy, M. (2014). Nutritional Biochemistry
(4th Edition). Hatiboglu Publications, Ankara. 680 p.

312

AOAC. 2000. Official Methods of Analysis. 17 th Ed. Vol Il.
Assoc. Off. Anal. Chem. Wash. D.C. USA.

Aquado-Gimenez, F., Hernandez, M.D., Cerezo-Valverde, J.,
Priedecausa, M.A., and Garcia- Garcia, B. (2014).
Does flat oyster (Ostrea edulis) rearing improve
under open- sea integrated multi- trophic conditions?
Aquaculture International, 22(2): 447- 467.

Azpeitia, K., Rios, Y., Garcia, I., Pagaldai, J. & Mendiola, D.
(2017). A sensory and nutritional validation of open
ocean mussels (Mytilus galloprovincialis Lmk.)
cultured in SE Bay of Biscay (Basque Country)
compared to their commercial counterparts from
Galician Rias (Spain). International Aquatic Research
9(2): 89-106 DOI 10.1007/s40071-017-0159-0

Bongiorno, T., lacumin, L., Tubaro, F., Marcuzz, E.,
Sensidoni, A. & Tulli, F. (2015). Seasonal changes in
technological and nutritional quality of Mytilus
galloprovincialis from suspended culture in the Gulf
of Trieste (North Adriatic Sea). Food chemistry 173:
355-362.
https://doi.org/10.1016/j.foodchem.2014.10.029

Celik, M.Y., Culha Turk, S. Culha, M., Yildiz, H., Acarli, S.,
Celik, 1., Celik, P. (2014). Comparative study on
biochemical composition of some edible martine
molluscs at Canakklae coasts, Turkey. Indian Journal
of Marine Geo-Marine Sciences 43(4):601-606.

M.Y., Karayiicel, S., Karayiicel, I., Oztirk, R. &
Eyliboglu, B. (2012). Meat yield, condition index, and
biochemical composition of mussels (Mytilus
galloprovincialis Lamarck, 1819) in Sinop, South of
the Black Sea. Journal of Aquatic Food Product
Technology 21(3): 198-205.

https://doi.org/10.1080/10498850.2011.589099

Cheshuk, B. W., Purser, G. J., & Quintana, R. (2003).
Integrated open-water mussel (Mytilus planulatus)
and Atlantic salmon (Salmo salar) culture in
Tasmania, Australia. Aquaculture, 218(1-4): 357-378.

Crosby, M. P. & Gale, L. D. (1990). A review and evaluation
of bivalve condition index methodologies with a
suggested standard method. Journal of Shellfish
Research 9(1): 233-237.

Dernekbasi, S., Oksiiz, A., Celik, M. Y., Karayiicel, i. &
Karayucel, S. (2015). The fatty acid composition of
cultured mussels (Mytilus galloprovincialis Lamarck
1819) in offshore longline system in the Black Sea.
Journal of Aquaculture and Marine Biology 2(6):
46-53.

Dridi, S., Romdhane, M. S. & Elcafsi, M. H. (2007). Seasonal
variation in weight and biochemical composition of
the Pacific oyster, Crassostrea gigas in relation to the
gametogenic cycle and environmental conditions of
the Bizert lagoon, Tunisia. Aquaculture 263(1-4):
238-248.
https://doi.org/10.1016/j.aquaculture.2006.10.028

Erickson, M. C. (1993). Lipid extraction from channel catfish
muscle: comparison of solvent systems. Journal of
Food Science 58(1): 84-89.

https://doi.org/10.1111/j.1365-2621.1993.tb03217.x

FAO. (2020). FISHSTAT J. United Nations, Rome. Retrieved
from
http://www.fao.org/fishery/statistics/software/fishs
tatj/en

Celik,


https://doi.org/10.3989/scimar.04202.16A
https://doi.org/10.3989/scimar.04202.16A
https://doi.org/10.1016/j.foodchem.2014.10.029
https://doi.org/10.1016/j.foodchem.2014.10.029
https://doi.org/10.1016/j.aquaculture.2006.10.028
https://doi.org/10.1016/j.aquaculture.2006.10.028
https://doi.org/10.1111/j.1365-2621.1993.tb03217.x
https://doi.org/10.1111/j.1365-2621.1993.tb03217.x
http://www.fao.org/fishery/statistics/software/fishstatj/en
http://www.fao.org/fishery/statistics/software/fishstatj/en
http://www.fao.org/fishery/statistics/software/fishstatj/en
http://www.fao.org/fishery/statistics/software/fishstatj/en

Yildiz, H., Vural, P. and Acarli, S. (2021). Alinteri Journal of Agriculture Sciences 36(1): 308-314

Freeman, K. R. (1974). Growth, mortality and seasonal cycle
of Mytilus edulis in two Nova Scotian embayments.
Bedford Inst. of Oceanography Publ Dartmouth,
Canada.

Gosling, E. (1992). The mussel Mytilus: Ecology, physiology,
genetics and culture. Elsevier, Amsterdam.

Irisarri, J., Fernandez-Reiriz, M. J. & Labarta, U. (2015).
Temporal and spatial variations in proximate
composition and Condition Index of mussels Mytilus
galloprovincialis cultured in suspension in a shellfish
farm. Aquaculture 435: 207-216.

https://doi.org/10.1016/j.aquaculture.2014.09.041

Karayucel, S., Kaya, Y. & Karayicel, I. (2003). Effect of
environmental factors on biochem- ical composition
and condition index in the Mediterranean mussel
(Mytilus gallaprovincialis Lamarck, 1819) in the Sinop
Region. Turkish Journal of Veterinary and Animal
Science, 27: 1391-1396.

Karayiicel, S., Celik, M. Y., Karayiicel, i. & Erik, G. (2010).
Growth and production of raft cultivated
Mediterranean mussel (Mytilus galloprovincialis
Lamarck, 1819) in Sinop, Black sea. Turkish Journal
of Fisheries and Aquatic Sciences 10(1): 9-17.

10.4194/trjfas.2010.0102

Kaspar, H. F., Hall, G. H., & Holland, A. J. (1988). Effects of
sea cage salmon farming on sediment nitrification
and dissimilatory nitrate reductions. Aquaculture
70(4): 333-344.

Kirtik, A. (2014). Reproduction and larval development in
Mediterranean mussel (Mytilus galloprovincialis
Lamarck 1819). Ph.D. thesis. Ege University, lzmir,
Turkey.

Litaay, M. & De Silva, S. S. (2003). Spawning season,
fecundity and proximate composition of the gonads
of wild-caught blacklip abalone (Haliotis rubra) from
Port Fairy waters, south eastern Australia. Aquatic
Living Resources 16(4): 353-361.

https://doi.org/10.1016/50990-7440(03)00067-6

Lok, A., Serdar, S., Kiiclikdermenci, A., Kirtik, A., Yigitkurt,
S., Acarli, S., Acarli, D., Yildiz, H., Colakoglu, S.,
Dalgic, G., Demirci, A., Giler, M., Gulletquer, P.,
Prou, J., Lapeque, S., Heurtebise, S., Robert, S.,
Geairon, P., Guesdon, S. & Chabirand, J. M. (2011).
Sustainable Bivalve Production in Turkey (Sustainable
Turkish shellfish culture), TUBITAK-PIA-BOSPHORUS,
Proje No: 107Y223, 227pp.

Mazzola, A. & Sara, G. (2001). The effect of fish farming
organic waste on food availability for bivalve
molluscs (Gaeta Gulf, Central Tyrrhenian, MED):
stable carbon isotopic analysis. Aquaculture 192(2-4):
361-379.

https://doi.org/10.1016/50044-8486(00)00463-4

E., Avsar, N., Nazik, A., Yokes, NB., Ergin, M.,
Eryilmaz, M., Yucesoy-Eryilmaz, F., Gokasan, E.,
Sunner, F., Tur, H., Aydin, S. & Dincer, F. (2009).
Factors  Controlling Formation of Benthic
Foraminifera, Ostracod, Mollusc Assemblages and
Sediment Distribution of the Geochemistry in the
Dardanelles Strait. Geological Bulletin of Turkey
52(2):155-2016.

Okaniwa, N., Miyaji, T., Sasaki, T. & Tanabe, K. (2010).
Shell growth and reproductive cycle of the

Meric,

313

Mediterranean mussel Mytilus galloprovincialis in
Tokyo Bay, Japan: relationship with environmental
conditions.  Plankton and Benthos Research
5(Supplement): 214-220.

https://doi.org/10.3800/pbr.5.214

Orban, E., Di Lena, G., Nevigato, T., Casini, |., Marzetti, A.
& Caproni, R. (2002). Seasonal changes in meat
content, condition index and chemical composition of
mussels (Mytilus galloprovincialis) cultured in two
different Italian sites. Food Chemistry, 77(1): 57-65.
https://doi.org/10.1016/5S0308-8146(01)00322-3

Ozden, O. & Erkan, N. (2011). A preliminary study of amino
acid and mineral profiles of important and estimable
21 seafood species. British Food Journal, 113(4):
457-469. DOI 10.1108/00070701111123943

Pogoda, B., Buck, B. H., Saborowski, R. & Hagen, W. (2013).
Biochemical and elemental composition of the
offshore-cultivated oysters Ostrea edulis and
Crassostrea gigas. Aquaculture 400-401: 53-60.

E., Danieli, A., Maffia, M. & Biandolino, F. (2010).
Lipid and fatty acid compositions of Mytilus
galloprovincialis cultured in the Mar Grande of

Prato,

Taranto (Southern ltaly): feeding strategies and
trophic relationships. Zoological Studies 49(2):
211-219.

Redmond, K. J., Magnesen, T., Hansen, P. K., Strand, @. &
Meier, S. (2010). Stable isotopes and fatty acids as
tracers of the assimilation of salmon fish feed in blue
mussels (Mytilus edulis). Aquaculture 298(3-4):
202-210.
https://doi.org/10.1016/j.aquaculture.2009.10.002

Sanz- Lazaro, C. & Marin, A. (2008). Assessment of finfish
aquaculture impact on benthic communities in the
Mediterranean sea. R. Russo (Ed.), Aquaculture I.
Dynamic Biochemistry, Process Biotechnology and
Molecular Biology 2, Global Science Books, Ikenobe,
Japan, pp. 21-32.

Surh, J., Ryu, J. S. & Kwon, H. (2003). Seasonal variations of
fatty acid compositions in various Korean shellfish.
Journal of agricultural and food chemistry 51(6):
1617-1622.

Troell, M., Halling, C., Neori, A., Chopin, T., Buschmann, A.
H., Kautsky, N. & Yarish, C. (2003). Integrated
mariculture: asking the right questions. Aquaculture
226(1-4): 69-90.

https://doi.org/10.1016/50044-8486(03)00469-1
Tzikas, Z., Amvrosiadis, I., Soultos, N. & Georgakis, S.

(2007). Seasonal variation in the chemical
composition and microbiological condition of
Mediterranean horse mackerel (Trachurus

mediterraneus) muscle from the North Aegean Sea
(Greece). Food control 18(3): 251-257.

https://doi.org/10.1016/j.foodcont.2005.10.003

Uysal, H. (1970). Biological and ecological investigations on
the mussel (Mytilus galloprovincialis Lamark) living
on the coastline of Turkey. Scientific Reports of the
Faculty of Science. Ege University, 79: 1-79.

Vernocchi, P., Maffei, M., Lanciotti, R., Suzzi, G. & Gardini,
F. (2007). Characterization of mediterranean mussels
(Mytilus galloprovincialis) harvested in Adriatic Sea
(Italy). Food Control 18(12): 1575-1583.

https://doi.org/10.1016/j.foodcont.2006.12.009


https://doi.org/10.1016/j.aquaculture.2014.09.041
https://doi.org/10.1016/j.aquaculture.2014.09.041
https://doi.org/10.1016/S0990-7440(03)00067-6
https://doi.org/10.1016/S0990-7440(03)00067-6
https://doi.org/10.1016/S0044-8486(00)00463-4
https://doi.org/10.1016/S0044-8486(00)00463-4
https://doi.org/10.3800/pbr.5.214
https://doi.org/10.3800/pbr.5.214
https://doi.org/10.1016/S0308-8146(01)00322-3
https://doi.org/10.1016/S0308-8146(01)00322-3
https://doi.org/10.1016/j.aquaculture.2009.10.002
https://doi.org/10.1016/j.aquaculture.2009.10.002
https://doi.org/10.1016/S0044-8486(03)00469-1
https://doi.org/10.1016/S0044-8486(03)00469-1
https://doi.org/10.1016/j.foodcont.2005.10.003
https://doi.org/10.1016/j.foodcont.2005.10.003
https://doi.org/10.1016/j.foodcont.2006.12.009
https://doi.org/10.1016/j.foodcont.2006.12.009

Yildiz, H., Vural, P. and Acarli, S. (2021). Alinteri Journal of Agriculture Sciences 36(1): 308-314

Villalba, A. (1995). Gametogenic cycle of cultured mussel,
Mytilus galloprovincialis, in the bays of Galicia (NW
Spain). Aquaculture 130(2-3): 269-277.

https://doi.org/10.1016/0044-8486(94)00213-8

Vural, P., Yildiz, H. & Acarli, S. (2015). Growth and survival
performances of Mediterranean mussel (Mytilus
galloprovincialis, Lamarck, 1819) on different depths
in Cardak lagoon, Dardanelles. Marine Science and
Technology Bulletin 4(1): 7-12.

Wang, X., Cuthbertson, A., Gualtieri, C., & Shao, D. (2020).
A review on mariculture effluent: characterization
and management tools. Water, 12(11): 2991.

Yildiz, H., Acarli, S., Berber, S., Vural, P. & Ginduz, F.
(2013). A preliminary study on Mediterranean Mussel
(Mytilus galloprovincialis Lamarck, 1819) culture in
integrated multitrofik aquaculture systems in
Canakkale Strait. Alinteri 25 (B):38-44.

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. Italian Journal of Animal Science 10(1): €5
https://doi.org/10.4081/ijas.2011.e5

Yildiz, H., Palaz, M., & Bulut, M. (2006). Condition indices of
Mediterranean mussels (Mytilus galloprovincialis L.
1819) growing on suspended ropes in
Dardanelles. Journal of Food Technology, 4(3):
221-224.

Yildiz, H. & Lok, A. (2005). Meat yield of mussels (Mytilus
galloprovincialis Lamarck, 1819) in different size
groups in Kilya Bay-Dardanelles. Ege University
Journal of Fisheries and Aquatic Sciences 22(1-2):
75-78.

314


https://doi.org/10.1016/0044-8486(94)00213-8
https://doi.org/10.1016/0044-8486(94)00213-8
https://doi.org/10.4081/ijas.2011.e5
https://doi.org/10.4081/ijas.2011.e5

