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1. Introduction

Bivalves possess a nutritionally rich composition
due to their high protein content, abundance of
essential amino acids, and low lipid levels (Acarli
et al., 2023; Prato et al., 2019; Vural, 2022; Vural
& Acarli, 2021; Yildiz et al., 2021). These mollusks
incorporate all amino acids essential for regulating
lipid metabolism, supporting growth and repair
processes, and preventing hepatic disorders and
renal failure in the human body (Koral & Sileyman,
2017; Varlik et al., 2004). Among these, amino acids
such as aspartic acid, glycine, and glutamic acid play
a pivotal role in wound healing (Vural & Acarli, 2021;
Zuraini et al., 2006).

Tirkiye harbors two clam species with significant
production potential among bivalve taxa. These
are the native grooved carpet shell, Ruditapes
decussatus, and the Manila clam, Ruditapes
philippinarum. The origin of R. philippinarum is
traced to the western Pacific coasts, with its natural
distribution encompassing the Philippines, South
and East China Seas, Yellow Sea, and Sea of Japan
(Scarlato, 1981). Its introduction to the Adriatic and
Aegean Seas was reported in 2004-2005 (Jensen
et al., 2004, 2005). On the other hand, R. decussatus
exhibits a distribution extending from Norway to
Somalia, including the Iberian Peninsula and the
Mediterranean Sea (Parache, 1982).

Various studies have been conducted in Turkish
marine waters focusing on R. decussatus and
R. philippinarum. These include investigations on the
biochemical composition of both species (Celik et al.,
2014), heavy metal accumulation in R. decussatus
(Bilgin & Uluturhan, 2015; Ulusoy, 2010), PAH
contamination in R. philippinarum (Kinili et al., 2021),
spat collection in R. decussatus (Serdar et al., 2009),
juvenile rearing in R. decussatus (Serdar et al., 2007),
reproduction in R. decussatus (Serdar et al., 2010a), and
morphological assessments of both species (Acarli et al.,
2015; Dogan, 2005; Dogan et al, 2016). Additionally,
research has addressed genetic traits and hybridization
in R. decussatus and R. philippinarum (Acarli et al.,
2015, 2018).

Monthly protein levels of R. decussatus in Tirkiye
have been analyzed in the Sufa Lagoon (Serdar & Lok,
2009; Serdar et al., 2009) and Cakalburnu Lagoon
(Serdar et al, 2010a, 2010b) in the Aegean Sea.
Additionally, Celik et al. (2014) examined the seasonal
protein levels of R. decussatus and R. philippinarum
in the Marmara Sea (Bandirma). However, there is no
research available on the extent of monthly variations
in amino acid content for these two clam species in
Tirkiye. Determining such variations every month is

particularly important for developing consumption
strategies for these species.

This study aims to evaluate the monthly protein
and amino acid contents of R. decussatus and R.
philippinarum from the Cardak Lagoon, to identify
their nutritional values, and to assess the extent to
which these species meet human requirements for
essential amino acids and protein. The findings will
also help establish consumption recommendations
and encourage the aquaculture of these species in the
region based on the results obtained.

2. Materials and methods

2.1. Location and sampling

This study was conducted in Cardak Lagoon
(40°22'56" N, 21°42'58" E), located in Lapseki District,
Canakkale Province, Tirkiye (Fig. 1). The Cardak
Lagoon is situated at the junction of the Canakkale
Strait and the Marmara Sea and is considered an
important wetland for Canakkale (Acar & Ates, 2023).
It hosts various commercially valuable bivalve species,
including the striped venus clam Chamelea gallina
(Linnaeus 1758), R. philippinarum, R. decussatus, the
European flat oyster Ostrea edulis (Linnaeus 1758), and
the smooth scallop Flexopecten glaber (Linnaeus 1758)
(Vural & Acarli, 2018). The lagoon has a depth of 4.5 m
and a muddy-sandy substrate.

During the study, samples of R. decussatus and
R. philippinarum were collected monthly from July 2017
to June 2018, with 30 specimens per species brought to
the laboratory each month. The samples were cleaned
of fouling organisms using a knife. After separating
the meat from the shells, the tissues were freeze-dried
in a lyophilizer. The dried and ground tissues were
subsequently used for protein and amino acid analyses.

2.2. Macroscopic gonad analysis

The gonads of the bivalves were macroscopically
classified into four stages: developing, mature (ripe),
spawning, and the fully spent stage.

2.3. Crude protein analysis

Crude protein analysis was performed using the
Kjeldahl method (AOAC, 2000). A 0.5 g sample was
digested in 98% H SO with a Kjeldahl catalyst tablet for
1 hrin a Kjeldahl aigestion unit. The digested samples
were then distilled using a distillation apparatus with
0.1 M NaOH and 0.5 M boric acid. The distillates were
titrated with 0.5 N HCl, and the protein content was
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calculated based on the volume of HCl consumed
during titration. Calculations utilized a nitrogen-to-
protein conversion factor of 6.25.

2.4. Amino acid analysis

Amino acid composition was determined using
the HPLC method (Kése et al, 2011). Dried tissue
samples were hydrolyzed in 6.0 M HCI at 110°C for
24 hr in an oven. The hydrolysates were filtered using
a 0.20 um PTFE syringe filter, evaporated with HCI,
and derivatized. The amino acid concentrations were
measured using an HPLC system with EZ:faast kits
(EZ:faast GC/FID Amino Acid Kit).

2.5. Statistical analysis

Statistical analysis was performed using SPSS 29.
One-way analysis of variance (ANOVA) was used to
evaluate monthly variations in protein and amino acid
composition. Levene’s test was employed to assess
the homogeneity of variance, while the Kolmogorov-
Smirnov test was used to check for normality. Post hoc
comparisons were conducted using the Tukey test, and
differences were considered statistically significant at

p < 0.05 (Homack, 2001; Kucuk et al., 2016; Simbiiloglu &
Stimbiloglu, 2002).

Principal component analysis (PCA) was
performed using R Version 3.6.1 (R Core Team,
2023) to identify the amino acids contributing
most significantly to monthly variations in amino
acid content. The FactoMineR (Lé et al., 2008),
Factoextra (Kassambra & Mundt, 2020), and corrplot
(Wei & Simko, 2017) packages were used for PCA
computation and visualization of the correlation
matrix based on Spearman correlation coefficients.

3. Results

3.1. Macroscopic gonad analysis

When examining gonad maturation macroscopically,
maturation in R. decussatus occurred in all months except
March and May, with ripening in all months except
autumn and June, and spawning in the autumn and
winter months. For R. philippinarum, gonad maturation
occurred in all months except spring, and ripening
occurred in all months except September. Spawning took
place in the autumn and winter months (Fig. 2).
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Figure 2

Gonad developing stage (July 2017-June 2018) of R. decussatus and R. philippinarum.

3.2. Crude protein content

The protein content of R. philippinarum ranged
from 60.84 + 0.16% in September to 7291 + 0.24% in
December. For R. decussatus, the lowest protein content
was observed in April at 63.44 + 0.32%, while the highest
was recorded in May at 80.00 + 0.00% (Fig. 3).

3.3. Amino acid content

The wet-to-dry conversion ratios for R. philippinarum
and R. decussatus are presented in Table 1. The amino
acid compositions of R. philippinarum and R. decussatus
are shown in Tables 2 and 3, respectively.

For R. philippinarum, the essential amino acids with
the highest concentrations were leucine, isoleucine,
methionine, and phenylalanine. Isoleucine ranged
from 405.1 £ 3.7 mg - 100 g7 dry weight (dw) in
December to 920.4 + 4.3 mg - 100 g dw in August.
Leucine was found at its lowest concentration in
September (3473 £ 3.3 mg - 100 g dw) and highest
in July (1004.3 + 134 mg - 100 g™ dw). Lysine had the
lowest concentration in December (1.7 +£ 0.0 mg - 100 g™
dw) and the highest in November (8.2 + 0.0 mg - 100 g™
dw). Valine levels were lower in autumn and higher in
spring (Table 2).

In R. philippinarum, a positive correlation was
found between leucine and phenylalanine, while a
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negative correlation was observed between leucine isoleucine, threonine, proline, and arginine, but
and methionine, threonine, proline, and arginine negatively with leucine, alanine, and serine (p < 0.05).
(p < 0.05). Isoleucine showed positive correlations Serine had a positive correlation with tryptophan
with methionine, threonine, and valine, but negative and a negative correlation with methionine and
correlations with alanine and protein (p < 0.05). phenylalanine (p < 0.05). Lysine was positively
Methionine was positively correlated with histidine, correlated with histidine, tryptophan, and tyrosine,
100
90
80
E 70
€
5 60
S 50
(&)
c
g 40
2 30
o
20
10
0

Jul.  Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.

B R. phippinarum M R. decussatus

Figure 3

Protein content of R. decussatus and R. philippinarum (%) (July 2017-June 2018).

Table 1

Freeze dried to wet meat conversation coefficients of R. philippinarum and R. decussatus

R. decussatus R. philippinarum
Meat Yield Moisture (%) Wet meat Meat Yield Moisture (%) Wet meat
(%) conversation (%) conversation

coefficient coefficient
Jul. 2017 22.23 9.61 79.90 0.20 21.75 7.08 79.93 0.20
Aug. 22.53 9.45 80.01 0.20 17.70 6.87 79.66 0.20
Sep. 21.25 9.79 78.57 0.21 16.60 6.29 79.51 0.20
Oct. 26.04 10.63 81.34 0.19 16.74 5.42 82.94 0.17
Nov. 22.70 9.61 80.49 0.20 19.03 7.23 80.89 0.19
Dec. 22.45 8.51 83.06 0.17 21.02 7.31 81.55 0.18
Jan. 2018 26.97 10.06 83.38 0.17 24.37 7.89 82.82 0.17
Feb. 23.92 9.90 80.69 0.19 18.64 6.97 80.97 0.19
Mar. 25.95 10.38 81.99 0.18 21.14 9.25 78.15 0.22
Apr. 26.11 12.69 77.67 0.22 22.95 10.00 78.26 0.22
May 24.26 10.94 79.46 0.21 20.93 8.21 79.77 0.20

Jun. 30.96 13.37 79.93 0.20 14.28 8.48 78.33 0.20




257

wn

N

o

~

oc

ri]

==}

=

w

[v]

w

[a)

M £8°0T 80'6 70’8 wyt 62°0T 89T SETT 4% 00°€T 18TT L0'8 8L S6'8 06'8 67’9 Ov'ET EEET VVIN/VV3

M, €TFS00T 8TFE66 vOFEY8 7'0F 759 TTFEL8 S0FS1IS 0¥ EBL LTF69TT S'TFE90T 8'€EF 00T ET+886 v0FTL6 €0FL79 80%918 0T +S80T €0FL°L9 OT+S9L auuiBiy

[l

nlum TOFEY 00%6T 00F%9 00FV'E 00F0Y 00%8T 00FS¢C ToFT8 00FCC TO0FST 00FTT 00%C¢C 00%FT€ TOFSL TOFES 00F€T TOF€EL |04Ad

>

_._S._, T0%9°€ 00F€T 00F81% 00%8C TO*VE 00FT¥ 00%60 €0FL8 00+TT TOFLT 00%9T 00%9°€ 00FSt TOFTL 00FLT 00%80 TO*S€E QUISOIAL

o

W ToFLTT TOFT'ST TO0¥L0€ 00F VLT T0F06T [ R A4 00%98 E0FSYT €0F0ST €0%69 V0¥ ELT 00FT'TIT CT0¥6'SE E€0FS€EE woFLee TOoF0VC TO*6'L ules

wv

e 00F¥'C 00F¥'S 00+€8 00%0'S 00F€S 00F€EY 00F€T 00F¥'C TOFS€E TOFS€E 00FE€€E 00%96 00%96 00%8¢ ToFver 00¥€9 TOFSY auhl9

U

% 00F0'St T0FTYV 00F9¥ 00FSY 00F9Y 00FTE 00%09 T0%8S ToFCE T0¥S9 00%8'€E 00F€ET 00F79 00FL€E 00F0¥ 00FTS TOFT'S pioediweing

-

m 0070¢C 00+S'T 00F€T 0070¢C 0070C 00+CT 00F¥'T 00F0¢C 00FV'T 00FTC 00FCT 00%CT 00FLE 00FLT 00%9T 00%9C 00%F¥'C pie snedsy

[e]

DDn T0%86 TOFETCT 00F6CT 00F901 TOFVIT TT0*STT 00%L6 TOFTTIT T0%88 €0FEB coFTaT TOFC9T To¥CTTT TOF6°L T0¥88 00%S6 T0*¥80T suluely

=

M Sunds Jum uwmny Jawuwng ues|y ‘unf Aey ady JeiN ‘g4 ‘uer 8@ ‘AON ‘PO “das “Sny VVaN

b4

M 00F¥0 00%70 00F0€ 00%70 00F0T0 00%00 00%S0 00F¥0 00F€0 00%20 000F€0 00%20 00%T8 00%90 00FC0 00Fv0 uejodul

<

M TOF€8 YA 4 00%6'€ 00F¥'S T0F9'S TOFTL 00F59 T0F00T TOFES T0F0S 900F€EY 00F81Y 00FLT 00F617 00%6'€ 00Fr's TOF9€ aullep

m T0F9ET €07¥09 T0*86 00F0°TT TOFTOT T0F€E8 00%96 S0¥8TC ToF€E8 S0FO0OVT 200+8T 00F€T 00FT¥ 00%S'S T0¥861 TOF€8T TO*¥9 101YyL

=

S T0F69T €0FEST 00766 TOFELT TOFVLT TOF06T TO0F9LT €0FCTTT S0F0TT LOFEBT 90FETY TOF ¥l 000%26 T0F97T TOFT8 00+9TT €0FCTC auluelejAuayd

v]

S} OTFLVL TTFeELY 7'0F 965 €0FE9E TTFSVS TOoFTOT €0F6°LS €CFS00T YT¥899 8'€ ¥0°00T ToF Vel T0F9°€C T0F6'CE S0FS'€ES T0¥ST6 [A kS a4 L'0FS59S auluoIyIdIN
TOFT'S ToOFVY 00FLS 00F6°€ TOF8V TOF8Y 00F9Y €0FLL TOFF0€ VOFLL TOF6'€ 00FLT 00+T8 T0¥S9 00F€T 00+8€ TOFTE auky
€8FL/99 S'6F81799 STFE9LS 'S ¥586L 8'9F89/9 6'LF0928 8CTFC9T9 ETI+8€6Y S6IF0E68 6'ECFVIET T'6%8989 T9¥87L9 9'EF685L 09 ¥8C¢9 EEFELVE 9'CFT'39% 7'ET ¥ V00T aupnal
V8FLO0EL SETFTTES 0TFL99S ETFLTOL 6'LFST€9 89FL0TL 6T F€9€9 v9TF90CL TSTFTSES TBTF8IWL 6'SFLIVY LEFTSOV €TFTV6Y 9'G ¥57/8S 6'S ¥ €819 €V ¥ 026 E9FLELY aupnajos|
T0%S9 T0%99 00%9S 00F91 T0%8'S 00%9'S 00F€L T0%98 TOFLE 0¥ L0T T0%6'S 00%6C 00FL9 00%CS 00F8Y¥ 00Fv'Y TO*8€ aulpysiH
TOFT'S9 ToFTOoL T0FS'S9 007019 T0FT99 €0FLT9 007199 TOFVY9 VOFLYI €0F6'L9 90FL69 T0F6°CL €0F8TL 90F079 70¥809 €0F87%9 7'0F9%9 u1330.d %

FETTTTY uwniny Jawwns 8T0C "uer

(@s F ueaw ‘mp ,_b 00 L/bw) wnipurddijiyd *y Jo uoiisodwod pide oujwe ui suolielea A|yuopw

z9|qel




Oceanological and Hydrobiological Studies, VOL. 54, NO. 4 | DECEMBER 2025

06°€T
€0FV oY
00F¥'C
00¥9C
T0F00T
00FLC
00+0Y
00+T€E
TOFV'TT

Suuds

00F¥TT
TOFEVE
00F0Y
9T+ €'6E9
CTFS Y
00+€S

COFE0L

LETT
T0¥9T8
00FT6'E
TOFLLS
‘0F007C
00FT'E
00+¥'E
00+9T
00+CL
I93UIM
00F¥0
0:0F6°€
00+F6€
00FSTT
00FTTE
00Ft'Y
V'1¥97798
LSTF6TYS
€00F€'S

900 ¥ T'69

€9'S

7'0¥5'86

TOF T

00¥50T

T0¥59C

T0¥6'CC

00+%0L

00+%9¢€

TO0¥L'69

uwmny

00%20

00FSVT

TOFLET

TOFLSE

TO0¥ 09

00%0'S

CTETFEE06

¥'T*1°80S

00+%9L

TOF¥0L

108
80F€8L
00F€LE
00F6TT
TO0FSET
T0¥68
00+T'S
00F¥E
€0FTCE
Jawuwns
00¥€0
TOF9Y
V0¥ 8T
0'0¥90C
00F6'St
00%6'9
0EF6TIOT
6'0F €18
TO0+0TT

T0+¥099

ore

90FL'SL

€E0FTVC

00%6L

T0FL0T

T0F00T

207%0'S

00+T€E

€0¥F96C

uea|y

00F€0

T0¥S9

€0¥09T

T0¥90¢

TOFETY

00FT'S

8T+9€S8

LT+T68Y

00FSL

T0+069

158

LOFE8Y

S0F0LE

TOF6'L

T0+80T

00F9°€

00+%9'S

TO+SY

T0¥69T

unr

00F¥0

00FST

TO0FS0T

TOFSTCT

€0FLET

TO¥6'S

90T ¥ T'SSL

9V ¥8'SCE

Co0F0TT

voFTV9

6L°9T
T0FLLC
00F8€
00F8Y
00F6'L
00F€€E
00FCC
00FSY
TOFSET
ey
00FT0
00%6T
00F€0T
TOFL9T
TO0F9SE
00F8C
T'€+6'899
6'T+0°L6€E
00F8¢€

0'0+0°08

0S°'8T
€0F6CE
00FSCT
00%80
TOFT9
00F8C
00F¥'E
00F0C
00F9C
udy
00+%80
00FLT
T0F6'9
TOFETT
70F8TT
00FTY
T9F¥'9¥9
9TF6'8LT
00FCS

€0+ 1'€E9

v¥°0T

L'0FS8L

00+¥80

00F€C

TOFT9T

00¥0C

To+¥9

00+8¢

0F08T

EE

00F€0

00+FTC

00+9'S

00F€'S

VOF LYY

TOFT'S

S§'S¥97C09

09+%9'T99

T0+0L

(AR A]

19T

v'0FLL8

00F81¥

TOFT6

T0F9TC

00F0€

00+9'S

00+8€

00+8'S

TO0FT0T

T0F8Y

TOFT9

T6+6'LL6

0°0+0°00L

T0+9L

€0%L69

68'6

L0F9SL

00¥0€

00F€T

To0F¥'9C

00FC€E

00+€T

00%L0

T0+99

‘uer

00F€0

00F0"

00%07C

TO¥0€T

ToFYv6T

00+¥87C

OLFVLVL

9'€+8'98¢

00+%0¢€

T0+8'89

686

9T+6'STT

8'0F 'S

TOF¥9T

E0FVET

€0F8YC

00+8'S

00+S€E

6'0+8€9

‘AON

00FT0

ToFTET

€0F6TC

08T

90F6Cy

00F67

8'€EF0'LL8

6CTFve9

00+¥'9

€0+98L

81'S

€TFT96

LOFL6Y

00¥FL9

Y'0FT6C

€0F90C

00+¥6

00+6'€

90+ €9

‘PO

00F20

coF0cT

¥'0FS0€

T0+00¢

£L'0¥90S

00F€'S

Ty +€¢€88

6T 9801

00+T0T

T0+T99

or'9
80FSV8
E0FVEE
T0¥S8
70%69C
TOFEET
00%8'S
00FGS'E
9'0F0'69

“das
00+%20
COFEST
0FS8T
€0FV'SE
SOFLLS
TOF6V
6+ L'666
v FETeY
TOoOFv9

(AR A]

S8°L
T'C*6'80T
S0F¥'9C
T0F88T
90FTTE
ToFTer
00FCV
00F¥T
60F TSy
‘Sny
00%70
70¥68
6'0F687
TO0FT9E
€0FETU
00F0L
9'SFO0'6ETT
T'€¥9929
T0F0TT

0'0+.'89

88°L
LOF8LL
SOFv8y
TOFT6
€0F¥'8C
T0F60T
00F¥'S
00F€EY
E0FSPE
‘Inr
00¥20
00¥S€
TOF67T
TOFTET
70F8 Iy
TOFLL
60T +6'TVIT
LYy ¥9T6Y
TO+TTT

TO+T'99

VV3IN/VV3
aulusiy
auljoiAd
AUISOJAL

auuss
auA|D

pioe s1wein|o
pioe on.edsy
auluely
VViIN
uejorduy
aullep
auljolyL
aulue|ejAuayd
auluoIyIBN
QudA]
aupNa
aulNs|os|
auIpusiH

uI2304d %

(@s F ueaw ‘mp b6 00 L/6w) snypssndap *y Jo uonisodwod pide ouiwe ul suonelea A|Yuop

€9|qey




OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 54, NO. 4 | DECEMBER 2025

but negatively with glycine (p < 0.05). Additionally,
histidine showed a positive correlation with lysine,
methionine, threonine, aspartic acid, and glutamic acid
(p <0.01, Fig. 4).

For R. decussatus, leucine, isoleucine, methionine,
threonine, and phenylalanine were the essential amino
acids found in higher concentrations. Leucine was highest
in July, and isoleucine reached its peak in February.
Leucine levels ranged from 602.6 + 5.5 mg - 100 g~ dw
in March to 1141.9 + 109 mg - 100 g~ dw in July. Lysine
had its lowest value in May (2.8 + 0.0 mg - 100 g™ dw)
and highest in November (77 = 0.1 mg - 100 g™ dw).
Isoleucine, leucine, and methionine were found at higher
levels in winter, while arginine, methionine, and serine
were higher in autumn (Table 3).

In R. decussatus, a positive correlation was found
between isoleucine and lysine, leucine, methionine,
alanine, glutamic acid, serine, tyrosine, arginine, and
protein (p < 0.05). Leucine showed positive correlations

phenylalanine, threonine, valine, alanine, glycine,
serine, tyrosine, proline, and arginine. Methionine was
positively correlated with lysine, histidine, isoleucine,
leucine, phenylalanine, threonine, valine, alanine,
glutamic acid, glycine, serine, tyrosine, and arginine,
but negatively with tryptophan. Serine was positively
correlated with lysine, histidine, isoleucine, leucine,
methionine, phenylalanine, threonine, valine, alanine,
and glycine, but negatively with tryptophan (p < 0.05,
Fig. 5).

In R. philippinarum, arginine was the most abundant
non-essential amino acid, followed by serine and alanine.
Arginine was highest in spring and lowest in summer.
Positive correlations were found between arginine and
methionine, threonine, and proline, while negative
correlations were found between arginine and leucine,
alanine, and aspartic acid (p < 0.05, Fig. 4). Serine was
highest in autumn in the Manila clam (Table 2).

Similarly, in R. decussatus, arginine was the most

with  lysine, histidine, isoleucine, methionine, abundant non-essential amino acid, followed by serine,
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Pairwise correlation plot between amino acid and protein concentrations of R. philippinarum.
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Pairwise correlation plot between amino acid and protein concentrations of R. decussatus.

alanine, and proline (Table 3). Positive correlations 4. Discussion
were observed between arginine and lysine, histidine,

isoleucine, leucine, methionine, phenylalanine, threonine, Proteins are the building blocks of life; they are
valine, alanine, glutamic acid, glycine, serine, tyrosine, and essential for cell renewal, strengthening the immune
proline (p < 0.05, Fig. 5). system, protecting the body against external factors,

PCA of R philippinarum  revealed that and maintaining and strengthening muscle tissue.
phenylalanine, lysine, histidine, methionine, leucine, The nutritional value of certain bivalve species is
tyrosine, and aspartic acid contributed significantly to superior to that of land animals such as beef, chicken,
the variations in amino acid content. Higher protein, and pork in terms of protein content (Wright et al.,
serine, and arginine content were observed in January 2018). The protein content in bivalves is affected by
and December, while higher concentrations of their reproductive period (Acarli et al., 2018; Vural &
glycine, tryptophan, lysine, alanine, and histidine were Acarli, 2021). During gonad maturation, an increase in
found in April, October, and September (Fig. 6). For protein content is observed in bivalves, continuing
R. decussatus, PCA indicated that arginine, serine, until spawning, after which it decreases (Berthelin
protein, and methionine had the most significant et al, 2000; Gokoglu, 2021). Additionally, protein
contributions to the amino acid composition. Higher can serve as an alternative energy source during
amino acid concentrations, excluding protein, gametogenesis in some bivalve species (Acarli et
serine, and arginine, were observed in July, August, al.,, 2015; Beninger & Lucas, 1984; Galap et al., 1997).

September, and October (Fig. 7). Vural and Acarli (2021) suggested that the decrease in
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protein levels in F. glaber from August to September
could be related to the transition to the spawning
and resting phases. Acarli et al. (2023) indicated that
in Modiolus barbatus, protein could be used as an
energy source during the onset and continuation of
gametogenesis. Anibal et al. (2011) observed that in
R. decussatus, gametogenesis began in January,

ovulation continued from June to September, and
the resting period lasted from October to December.
Serdar and Lok (2009) reported that in R. decussatus

from the Sufa Lagoon in Izmir, gametogenesis
began in January, the peak reproductive period
occurred between July and September, and gonad
development ceased completely between October
and December. Protein levels were highest in March,
and decreased to their lowest in the month following
gonad maturation. Lok et al. (2011) also reported that R.
decussatus in both the Marmara and Aegean Seas had
spawning in the summer months. Gozler and Tarkan
(2000) observed that in R. decussatus from the Cardak
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Lagoon in the Canakkale Strait, gonad development
began in March and ended in October, with a resting
phase between November and March. Mature
individuals with ripe eggs were found in June. This
study was conducted in the same region as the one
by Gozler and Tarkan (2000). In this study, R. decussatus
showed high protein levels in July and August, which
decreased in September and continued to decline
in October. There was a sharp increase in November,
followed by a decrease in January, with a subsequent
increase in February. Protein levels decreased in March
and April, and after a sharp increase in May, another
decline was observed in June (Fig. 2). When examining
gonad maturation macroscopically, maturation in
R. decussatus occurred in all months except March
and May, with ripening in all months except autumn
and June, and spawning in the autumn and winter
months. For R. philippinarum, gonad maturation
occurred in all months except spring, and ripening
occurred in all months except September. Spawning
took place in the autumn and winter months (Fig. 2).
In this study, protein content in R. decussatus ranged
from 63.44 + 0.32% in April to 80.00 + 0.00% in May,
and in R. philippinarum, it ranged from 60.84 + 0.16% in
September to 72.91 £+ 0.24% in December. The protein
content in R. decussatus was reported to range from
39.82% to 64.24% in the Cakalburnu Lagoon (Aegean
Sea) by Serdar et al. (2009), from 44.7% (December)
to 50.8% (June) in Galicia (Spain) by Ojea et al. (2004),
from 34.3% to 42.7% in lzmir (Mersin Bay) by Lok et
al. (2011), and from 36.55% to 50.20% in Musakca
(Balikesir). The species, water temperature, available
nutrients, and reproductive period can influence
protein levels in bivalves (Acarli et al., 2018; Vural &
Acarli, 2021). The higher protein levels observed in
this study may be attributed to regional differences,
reproductive phases, temperature, salinity, and
nutritional factors.

Bivalves typically contain essential amino acids
and bioactive peptides (Venugopal & Gopakumar,
2017). The levels and proportions of amino acids are
crucial for the proper functioning of the human body.
Changes in amino acid levels play a significant role in
the formation of various diseases, making it important
to address deficiencies in these amino acids for
treatment. A balanced ratio of EAA to NEAA (>1.0), with
a higher quantity of sulfur-containing amino acids,
indicates that these species provide well-balanced
protein deposition (Joy & Chakraborty, 2016). The
EAA/NEAA ratio for Paphia malabarica and Villorita
cyprinoides (Joy & Chakraborty, 2016), Senilia senilis
(Inyang & Effong, 2017), and Crassostrea madrasensis
(Chakraborty et al., 2016) is above the threshold of
1.0, demonstrating that these bivalve species offer
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high-quality, well-adjusted protein. The EAA/NEAA
ratio for razor clams, Ensis siliqua, and F. glaber was
found to be <1 (Baptista et al., 2014; Vural & Acarli,
2021). In this study, the EAA/NEAA ratio was found to
be high in both R. decussatus and R. philippinarum
in all months, indicating that they possess high
protein quality.

Bivalves are known to be rich in essential amino
acids (Abirami et al, 2015; Inyang & Effong, 2017,
Vural & Acarli, 2021). Amino acids such as lysine,
methionine, threonine, tryptophan, isoleucine,
leucine, phenylalanine, and valine are essential
for humans (Vural & Acarli, 2021). Lysine, which is
absent in cereals but present in adequate amounts
in bivalves, can complement the limiting amino
acids in our daily diets (Chakraborty et al., 2015).
Lysine is necessary for fat metabolism, B vitamins,
calcium absorption, muscle protein formation, and
the synthesis of hormones, antibodies, and enzymes
(Greenstein & Winitz, 1961; Ozden & Erkan, 2011). P.
malabarica and V. cyprinoides were found to have
high levels of lysine, an essential amino acid (Joy &
Chakraborty, 2016). The daily required intake
of lysine for humans is 1-1.5 g (Ozden & Erkan,
2011). In this study, the average lysine content
was 6.9 £ 0.0 mg - 100 g7' dw for R. decussatus
and 4.8 + 0.1 mg - 100 g dw for R. philippinarum.
Based on these results, consuming 100 g - day™ of
R. decussatus or 208 g - day™ of R. philippinarum would
provide the daily lysine requirement for a human.

Histidine and arginine are semi-essential amino
acids, meaning they are essential for children but not
for adults (Baykara et al., 2019). Arginine plays a role
in the synthesis of creatine, ornithine, putrescine,
nitric oxide, urea, protamine, and histone compounds
(Kelesoglu, 2012). In this study, histidine levels were
found to be 7.5 £ 0.00 mg - 100 g~' dw in R. decussatus
and 5.8 £ 0.01 mg - 100 g™ dw in R. philippinarum. The
recommended daily intake of histidine for pregnant
women is 33 mg - kg7 (HMDB, 2019). Based on this
study, 22 g - kg™ dw of R. decussatus and 33 g - kg™
dw of R. philippinarum would meet the recommended
daily histidine requirement.

Threonine is another important amino acid, and
its levels were found to be 16.0 + 0.3 mg - 100 g dw
in R. decussatus and 10.1 + 0.2 mg - 100 g dw in
R. philippinarum in this study. Threonine s
recommended to be used at 1 g - day™ for the treatment
of genetic spasticity disorders (HMDB, 2019). Therefore,
50 g - kg™ dw of R. decussatus and 100 g - kg™ dw
of R. philippinarum could meet the daily threonine
requirement. Specifically, for R. philippinarum, August
and September, and for R. decussatus, August, are the
most important months due to their peak values.
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Valine, leucine, and isoleucine are used in the
treatment of liver diseases and kidney failure. They
are also recommended for stress and severe burns
(Aydogan & Ekici, 2012; Cengiz, 2019). Leucine plays
a critical role in protein synthesis and muscle repair.
It can increase resistance to diseases, especially
under stressful conditions such as reproduction and
migration periods (Machado et al., 2020). In this study,
leucine content was found to be 853.6 + 2.8 mg - 100 g™
dw in R. decussatus and 676.8 + 6.8 mg - 100 g~ dw in
R. philippinarum. Baptista et al. (2014) suggested
that the increased leucine levels in E. siliqua during
spawning may be due to its involvement in the
formation of gonads post-spawning. Leucine,
threonine, and lysine amino acids showed a strong
correlation, increasing during spawning and
decreasing afterward (Wu et al., 2013). In this study,
a positive correlation between leucine and lysine,
histidine, isoleucine, methionine, phenylalanine,
threonine, valine, alanine, glycine, serine, tyrosine,
proline, and arginine was observed in R. decussatus
(p < 0.05). In R. philippinarum, positive correlations
were found between leucine and phenylalanine,
alanine, and negative correlations with methionine,
threonine, proline, and arginine (p < 0.05). When
evaluating the results in conjunction with Wu et al.
(2013), it was observed that the leucine levels did not
show complete synchronization, suggesting that other
factors also influence the use of leucine.

Glycine is a non-essential amino acid synthesized
from serine, threonine, choline, and hydroxyproline
(Wang et al.,, 2014). This amino acid plays a vital role
in metabolic regulation, antioxidant reactions, and
neurological functions. In animals, glycine serves as a
critical component of extracellular structural proteins
such as collagen and elastin, which are essential for
maintaining tissue integrity and resilience (Wang et al.,
2014; Wu, 2009; Wu et al., 2013). Additionally, glycine
has been shown to enhance sleep quality, contributing
to its importance in physiological regulation (Bannai
& Kawai, 2012). Although glycine is categorized as a
non-essential amino acid, its endogenous synthesis
may be insufficient under certain physiological
demands, making dietary supplementation necessary.
As such, it is often regarded as a conditionally essential
amino acid (Wang et al., 2014).

Bivalves, including species from the genera Ruditapes
and Venerupis, demonstrate physiological adaptations
to salinity fluctuations through changes in hemolymph
osmolality, transmembrane ion transport, and the
concentration of free amino acids (Lin et al., 2021; Mo
et al., 2020). Free amino acids play a crucial role in cell
volume regulation and osmoregulatory processes
(Pourmozaffar et al., 2020). Specifically, glycine, taurine,

alanine, proline, and glutamic acid are essential for
bivalves to withstand salinity changes and other
environmental stressors (Cao et al, 2022; Zhou et al,
2023). Prior studies, such as those by Chakraborty et al.
(2016) on C. madrasensis and Vural and Acarli (2021) on F.
glaber, have reported lower glycine levels during summer
months, potentially linked to environmental factors.

In  this study, glycine concentrations in R
philippinarum and R. decussatus were highest in autumn
and lowest in spring. A significant positive correlation
between glycine and alanine levels (p < 0.05) was
observed, supporting the role of glycine in physiological
adaptations to environmental conditions.

Arginine, another non-essential amino acid, is
critically important for various physiological functions
in aquatic organisms. It has been shown to enhance
growth hormone synthesis (Paddon-Jones et al., 2004)
and is the sole substrate for nitric oxide synthase,
which catalyzes the production of nitric oxide—a
key molecule in vasodilation and immune responses
(Palmer et al., 1987). Additionally, arginine is required
for the synthesis of polyamines, which regulate DNA
replication and cell division. It also plays a role in the
synthesis of micronutrients such as iron, folate, zinc,
and magnesium, as well as nucleic acids (Calder, 2020).

Arginine, along with glutamine, threonine, and
tryptophan, is essential for modulating immune
responses in bivalves (Wu, 2009). Seasonal variations
in arginine levels were evident in this study.
In R. philippinarum, arginine concentrations peaked in
spring and were lowest in summer. Conversely, in R.
decussatus, arginine levels were highest in autumn and
lowest in spring. These findings highlight the dynamic
role of arginine in supporting the physiological and
immunological needs of bivalves during different
seasonal and environmental conditions.

5. Conclusion

R. decussatus and R. philippinarum, collected
from the Cardak Lagoon, Canakkale Strait, exhibit a
protein and amino acid composition that suggests
they are beneficial for consumption. However, bivalve
aquaculture in Turkiye is currently limited to mussels.
The findings of this study can pave the way for clam
aquaculture in Turkiye, potentially generating new
employment opportunities, reducing unemployment,
and contributing to the national economy. Thus,
studies like this are significant for better economic
utilization, promotion of consumption, and

encouragement of production for these clam species.
The data obtained in this study may also guide the
identification of optimal periods for harvesting these
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species based on their amino acid and protein content.
Among essential amino acids, leucine and isoleucine
were the most abundant, while arginine, serine, and
alanine dominated the non-essential amino acid profile.
Leucine levels were consistently high throughout the
year for both species, but the recommended optimal
consumption periods are all months except September
and April for R. philippinarum, and all months except
spring for R. decussatus.

Furthermore, the EAA/NEAA ratio exceeding
1.0 underscores the high protein quality of these
species distributed in the region. These findings
support the economic and nutritional potential of
these clams and highlight the importance of further
research and development in their aquaculture and
market utilization.
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