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ABSTRACT
We have evaluated the fatty acid composition of the livers from two cartilaginous fish species Raja
clavata (thornback ray) and Mustelus mustelus (common smooth-hound) caught off the Northern
Aegean Sea. While there was generally little variation between species, Mustelus mustelus indicated low saturated (SFA) in summer (29.61%), in spring (32.57%), in autumn (30.07%) and in
winter (31.81%) and high polyunsaturated fatty acid (PUFA) in summer (40.35%), in spring
(36.50%), in autumn (30.21%) and in winter (27.26%) levels. The dominant fatty acids were palmitic acid (C16:0), oleic acid (C18:1 (n-9)), eicosapentaenoic acid (EPA; C20:5 (n-3)), and docosahexaenoic acid (DHA; C22:6 (n-3)) in both cartilaginous fish species in all seasons. The ratio
of DHA/EPA with respect to the total of fatty acids in livers oils was ranged from 2.66% to 4.44%
for Mustelus mustelus and 2.89% to 4.46% for Raja clavata. The n:3/n:6 ratio of thornback ray
was higher compared to smooth-hound shark in all seasons. The liver oil of R. clavata and M.
mustelus represent a valuable source of omega-3 PUFA that can be used for human and animal
nutrition.
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Introduction
The fish oils, constitute an important source of omega-3
polyunsaturated fatty acids (PUFA), mainly the eicosapentaenoic acid (EPA) and the docosahexaenoic acid (DHA). The
omega-3 PUFA provides several benefits to the human
health; they have supporting effect on brain and retina development, especially premature children (Navarro-García et
al., 2004b; Hoffman and Uauy, 1992). Studies have shown
that consumption of fish and fish oil rich in long chain polyunsaturated fatty acids not only reduces the risk of cardiovascular and coronary heart failure (Bigger, 2001; Lee and Lip,
2003), but also cancers, immune system regulators (Side et
al., 1998) and supports the development of the brain (Haag,
2003). When the fish is thought to be healthier, both lipid
content and PUFA composition should be considered (Aidos,
2002; Nuñez, 2007). However, liver oils from elasmobranchs
have the effect of strengthening the immune system in humans, but it can also be used for the prevention of colds, infections, allergies, sinusitis, asthma, low blood pressure,
blood sugar reduction and pain relief (Solomon et al., 1997).
The liver oil contains high levels of vitamin A and vitamin D,
which is very important in preventing diseases such as blindness and rashchitis (Hall, 1992). Cartilaginious fishes are traditionally caught around the world. However, only a few
parts are eaten, the caudal fins, and most of the rest is considered as waste (body, viscera, skin) (Le Néchet et al., 2007).
Few authors have studied the lipid composition of those byproducts, notably liver and gonads, but they contain a high
proportion of lipids (Navarro-García et al., 2004a; NavarroGarcía et al., 2004b; Ould El Kebir, 2003; Pal et al., 1998;
Tufan et al., 2013). Also, the studies on lipid and fatty acids
in liver oils of cartilaginous fishes in the world have been
mostly investigated in deep species (Bordier et al., 1996;
Bakes and Nichols, 1995; Deprez et al., 1990).
Information has been reported for thornback ray and smoothhound, liver oils. In the present investigation, the lipids and
fatty acids of the liver of the commercial ray and shark species were studied for the first time in the Northern Aegean
Sea. In Turkish fishery data, landings of elasmobranchs appear under generic names as “sharks” and “rays” and do not
reflect the diversity of Elasmobranchs in Turkish waters at
species level. Elasmobranch (sharks and rays) landings reduced from 4040 tonnes in 2000 to 104 tonnes in 2018 that
corresponds to a 97.4% decrease (TUIK, 2018). In Turkey,
shark and ray meat consumption is rather limited and elasmobranch catch is mainly processed for export. Meat of S.
acanthias and M. mustelus are smoked or salted or marketed
fresh as whole carcasses for export. Similarly, the wings of
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rays and skates are processed and marketed skinned and frozen (Kabasakal, 1998). Raja clavata, which is a member of
the Rajidae family, is found in the coastal and neritic areas of
the Mediterranean; It is a demersal species (Fischer, 1973;
Tortonese, 1975). Its distribution areas; Iceland, Norway,
North Sea, Mediterranean and Black Sea in the East Atlantic
(Compagno et al., 1989). It is distributed in the Marmara Sea,
the Aegean Sea, the Mediterranean Sea and the Black Sea in
Turkish waters (Mater et al., 2005). Although the coasts prefer sandy-muddy areas with especially soft grounds, It can
also be found in various substrates. It ranges from shallow
water to a depth of 600 m (Stehmann, 1990; Mytilineou et al.,
2005; Mater et al., 2005). Raja clavata individuals are among
the species with high economic importance. Especially in Europe and Far East countries, these fish can be marketed as
whole or as a whole along the vertebral system, including the
tail and the head, which can be marketed as skinned or skinless with their fins. As canned, it is preferred in hot and cold
fuels. It can be prepared by special methods from head and
bones in "Meikotsu", a special dish of Chinese and Japanese.
Up to 60% of the liver can be obtained in fat and high in vitamin A, as well as in pipes of some species, vessels in combs,
shells, etc. such as ornamental items . In some countries, only
internal organs are used in fish flour and fertilizer industry
(Akşıray, 1987). Other important cartilaginous fish, Mustelus
mustelus, is a benthic species. It is distributed on the sandymuddy grounds of coastal waters, between 5-150 m. depths
(Branstetter, 1984). Its distribution areas; ranges from Azore,
Madeira, Angola to South Africa, including the East Atlantic,
England to the Mediterranean, Morocco and Canary islands,
and the Indian Ocean and is distributed in the Marmara Sea,
the Aegean Sea and the Mediterranean Sea in Turkish waters
(Mater et al., 2005). It is tasty meats with high economic
value are prepared by various methods such as fresh, frozen,
salted and brine. Also soups and varieties made of fins are
preferred in the world. Because of the fat and vitamins found
in the liver, it is used in the pharmaceutical industry (Akşıray,
1987).
Sharks and rays liver oil are important raw material which
they are rich in EPA and DHA polyunsatured fatty acids (Navarro-García et al., 2004b; Navarro-García et al., 2010). The
former authors showed that livers in ray species indicated
around 5-11% of the total fish weight, with an oil content of
approximately 50% of its weight. EPA and DHA represented
16-18% of the fatty acids present in the oil (Navarro-García
et al., 2010). Unfortunately, available literature on liver oil
studies from ray and shark species are limited in Turkish Seas
(Tufan et al., 2013; Özyılmaz and Öksüz, 2015; Cabbar and
Yığın, 2015; Özyılmaz, 2016). The aims of the present study
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explore the composition of liver oils derived from the thornback rays and smooth-hound.

Material and Methods
The thornback rays and smooth-hound were obtained seasonal from commercial trawl vessels in the Northern Aegean
Sea, off the Babakale and Yeniköy, Turkey. While the mean
length and weight of thornback rays were 65.69 cm and
1868.15 g, the mean length and weight of smooth-hound were
97.95 cm and 3297.85 g, respectively. The livers of the fish
were removed, weighted and stored at -20ºC for further
analysis. The hepatosomatic index was calculated as the the
ratio of liver weight to total body weight. Lipid extraction
was carried out according to Bligh and Dyer (1959) method.
Homogenized tissue sample is mixed with 1 volume of chloroform and 2 volumes of methanol. After thoroughly vortexing, 1 volume of chloroform is added to the homogenate
followed by another mixing step. Afterwards, 1 volume of
distilled water is added and subsequently the suspension is
stirred for an additional incubation period. The resulting suspension consists of non-extractable residues in a chloroform/methanol/water mixture with volumetric ratios 2:2:1.8
(v/v/v). This suspension is subsequently filtered through a
medium flow filter paper. After a short incubation period, the
filtrate is completely phase separated and the upper aqueous
layer can be removed. Approximately 10 g of minced liver
samples were used for oil extraction. Chloroform was evaporated using a vacuum rotary evaporator at 40ºC. The remaining fish liver oil were dried at 60ºC for 30 min. Fatty acid
methyl ester (FAME) preparation, chromatographic conditions and fatty acid determination were performed as described (IUPAC, 1979; Özyılmaz and Öksüz, 2015).
Shimadzu GC (Gas Chromatography) was used to determine
fatty acids. The system consists of a FID detector (Flame Ionization Detector), a gas chromatograph (Shimadzu, GC 2014,
Japan) and an autoinjector (AOC-20i, Shimadzu, Japan). The
gas chromatography is controlled by GC solution software
(Version 2.41.00 su_1). It was used FAME-WAX (polyethylene glycol, 30 m*0.25 mm I.D*0.2 µm, GC Columns
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Restek) as chromotographic column. The chromatography
operating conditions were identied as follows; 5 minutes at
70°C, reach 5°C/min increase up to 250°C, waiting time of
20 minutes at 250°C. Helium was used as the carrier gas with
a flow and split rates of 1.0 ml/min and 1:10, respectively.
All analyses were conducted in triplicate. Supelco 37 Component FAMEs Mix was used for determination of peaks as
standard of fatty acids.
The results were statistically evaluated using SPSS 19.0
package program. Significance of difference (P<0.05)
between seasons was determined by one-way ANOVA. Differences between means were determined by Tukey's test.

Results and Discussion
The descriptive data on the common smoothhound and thornback ray (Table 1) reveal that their average lengths are 97.95
±10.58 cm and 67.1 ±8.47 cm and average weights 3297.85
±1127.11 g and 1868.15 ±766.41 g, respectively. Golani et
al. (2006) report that common smooth-hound species having
been detected at 50-100 m weight up to 120 kg. Ismen et al.
(2009) report that the lengths of male M. mustelus species in
the Northern Aegean Sea range between 46.8 cm and 148.3
cm, while females may measure 49 cm to 152.2 cm. They also
express that the male and female members may weight 39010270 g and 382-14431 g, respectively. Özyılmaz and Öksüz
(2015) indicate the length of the common smoothhound they
captured in the Northwestern Mediterranean Sea as 107.67
cm. Yıgın and Ismen (2009) note that the minimum and maximum lengths of the thornback rays they caught in the Northern Aegean Sea are 10-88 cm (disc width: 6-60 cm) for the
females and 11-76 cm (disc width: 7-50 cm) for the males.
As reported by Yıgın and Ismen (2009), their total weights
range from 5 g and 4622 g. Özyılmaz (2016) the total lengths
and weights provides that the female R. clavata individuals
from the Mediterranean Sea measure 53.9 cm (disc width:
37.1 cm) and weight 980.0 g and the males 49.5 cm (disc
width: 33.8 cm) and 778.5 g, respectively.

Table 1. The total length, disc width, total weight, liver weight and hepatosomatic index of the R. clavata and M. mustelus.
Measurements
R. clavata (n=51)
M. mustelus(n=12)
Min.
Max.
Mean
Min.
Max.
Mean
Total length (cm)
50.2
81.9
Disc width (cm)
33.4
64.2
Total weight (g)
705.71
3717.27
Liver weight (g)
12.89
241.4
HSI (%)
1.83
7.53
n: Sample size, Min.:Minimum, Max: Maximum

65.69 ±8.47
45.60 ±6.88
1868.15 ±766.41
78.55 ±51.99
3.94 ±1.27

78
1442.26
51.82
3.31

113.8
5559.85
384.01
9.88

97.95±11.30
3297.85±1127.11
211.12±104.23
6.03±1.78
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Hepatosomatic index (HSI) is a measure of the energy reserves in fish and fish generally have smaller livers in poor
environmental conditions (Avşar, 2005) Liver is key in reproduction particularly to vitellogenesis in females (Kousteni
and Megalogonou, 2011). In cartilaginous fish, females have
larger livers than males do to supply the energy they need for
the formation of oocytes during vitellogenesis and pregnancy
period. Females store more lipid in their livers during the reproductive cycle (Capapé and Reynaud, 2011). In the present
study while the HSI values of the R. clavata individuals
ranged between 1.83% and 7.53%, those of M. mustelus between 3.31% and 9.88%. The analyzed values revealed that
the liver weights of M. mustelus were higher. Özyılmaz and
Öksüz (2015) calculated the HSI values of M. mustelus species captured in Northwestern Mediterranean Sea to be
6.34%. The HSI values were calculated in the other examined
ray species as well and found to be 4.24% in common guitarfish (Rhinobatos rhinobatos), 8.25% in common stingray
(Dasyatis pastinaca), 5.36% in common eagle ray (Myliobatis aquila), and 5.15% in lusitanian cownose ray (Rhinoptera
marginata).
The fatty acid compositions of M. mustelus and R. clavata are
provided in Table 2 and Table 3. The unsaturated fatty acids
(ƩMUFA and ƩPUFA) in the liver lipids of both cartilaginous
fish species were observed to be more than the saturated fatty
acids (ƩSFA). The total saturated fatty acids (ƩSFA) in M.
mustelus were realized to be more than those in R. clavata in
summer, spring, autumn, and winter. The percentages concerning the saturated fatty acids in each species in this study
showed that the dominant ones were myristic acid (C14:0),
palmitic acid (C16:0), and stearic acid (C18:0), respectively.
The results of previous studies on the liver fatty acid profiles
of cartilaginous fish supports this finding (Ould El Kebir,
2003; Navarro-García et al., 2004b; Navarro-García et al.,
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2009; Sellami et al., 2014; Özyılmaz and Öksüz, 2015,
Özyılmaz, 2016).
While a statistically significant difference in the myristic acid
(C14:0) content of the liver lipids of both species was observed in spring, autumn, and winter (P<0.05), the levels
were found to be similar in summer (P>0.05). Whereas the
difference between both species in palmitic acid (C16:0) content was not statistically significant in summer, spring, and
winter (P>0.05), a significant difference was detected in autumn (P<0.05). The difference between M. mustelus and R.
clavata in terms of stearic acid (C18:0) content was found
statistically significant (P<0.05). Oleic acid (C18:1n9) was
discovered to be the most dominant monounsaturated fatty
acid in all the seasons. The oleic acid values in M. mustelus
were 14.21%, 19.28%, 24.74%, and 23.67% in spring, summer, autumn, and winter, respectively. On the other hand,
those in R. clavata were 17.66%, 20.11%, 22.65%, and
22.67%, respectively. The analysis of the seasonal differences revealed a statistically significant difference between
summer and spring in the oleic acid contents of both species
(P<0.05), while no statistical differences was observed between autumn and winter (P>0.05). Nichol et al. (1998), Ould
El Kebir et al. (2007), Le Néchet et al. (2007), Turan et al.
(2007), Navarro-García et al. (2009), Tufan et al. (2013),
Sellami et al. (2014), Özyılmaz and Öksüz (2015), and
Özyılmaz (2016) report that the oleic acid (C18:1n9) has the
highest value among all the monounsaturated fatty acids in R.
clavata and other stingrays. Besides, in their study on the
liver fatty acids in Dasyatis brevis and Gymnura marmorata,
Navarro-García et al. (2004b) found higher palmitoleic acid
(C16:1) and eicosenoic acid (C20:1) values than oleic acid.
The comparison between M. mustelus and R. clavata in terms
of oleic acid content indicated a statistically significant difference between the values in summer and autumn (P<0.05),
but none was observed in spring and winter (P>0.05).
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Table 2. Fatty acid (%) profiles of the R.clavata livers
Fatty acids
Summer
C14:0
2.31±0.12ab
C15:0
0.83±0.05c
C16:0
18.23±0.32c
C17:0
0.95±0.03c
C18:0
9.23±0.27a
C23:0
1.16±0.03a
C14:1
0.08±0.01c
C16:1
5.64±0.14c
C17:1
0.67±0.05a
C18:1 n9+n7
14.21±0.61c
C20:1 n9
3.72±0.02b
C22:1 n9
1.68±0.25c
C24:1 n9
0.38±0.07b
C18:2 n6c
1.57±0.05b
C18:3 n6
0.59±0.03ab
C18:3 n3
1.43±0.04a
C20:2
0.72±0.00a
C20:3 n6
0.06±0.00c
C20:3 n3
3.38±0.08a
C20:4 n6
0.14±0.03b
C20:5 n3
8.40±0.05a
C22:2
0.36±0.08a
C22:6 n3
24.26±0.37a
ƩSFA
32.9
ƩMUFA
26.56
ƩPUFA
40.55
ƩUFA
67.10
Ʃ ω-3
37.08
Ʃ ω-6
2.38
Ʃ ω-9
20.12
Ʃ ω-3/ Ʃ ω-6
15.58
DHA/EPA
2.89

Spring
2.04±0.05c
0.86±0.21c
21.80±0.26a
1.08±0.46c
9.17±0.81a
1.09±0.08a
0.05±0.01c
5.64±0.71c
0.00±0.00d
19.28±0.81b
4.90±0.31a
2.63±0.20a
0.49±0.00ab
1.53±0.18b
0.46±0.08b
1.26±0.07ab
0.52±0.11b
0.06±0.01c
1.45±0.59b
0.20±0.03a
4.63±0.20c
0.24±0.02b
20.62±1.41b
36.03
32.99
30.98
63.97
27.96
2.25
27.3
12.43
4.46

Autumn
2.21±0.16bc
1.14±0.14b
19.81±1.37b
3.21±0.14a
4.11±0.05b
0.82±0.38a
0.30±0.03b
6.84±0.24b
0.41±0.03c
24.74±0.83a
3.76±0.75b
2.08±0.21b
0.61±0.17a
3.64±0.26a
0.71±0.18a
0.87±0.25c
0.31±0.02c
0.93±0.04a
1.51±0.42b
0.20±0.03a
5.15±0.24b
0.37±0.15a
16.29±1.74c
31.28
38.74
29.97
68.72
23.82
5.48
31.20
4.35
3.16
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Winter
2.47±0.15a
1.54±0.04a
22.59±0.69a
2.17±0.01b
4.10±0.15b
0.27±0.02c
0.52±0.01a
8.06±0.05a
0.59±0.01b
23.67±0.57a
3.33±0.33b
0.55±0.15d
0.33±0.13b
3.77±0.40a
0.53±0.02ab
1.09±0.11bc
0.50±0.06b
0.28±0.01b
1.12±0.41c
0.00±0.00c
5.32±0.21b
0.36±0.02b
16.83±0.91c
33.15
37.04
29.81
66.85
24.36
4.59
27.88
5.31
3.17

a, b, c indicated statistical differences between seasons (P<0.05). Mean values ±S.D. of determination for triplicate samples. SFA- saturated
fatty acids; PUFA- polyunsaturated fatty acids; UFA- unsaturated fatty acids; DHA-docosahexaenoic acid; EPA-eicosapentaenoic acid.
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Table 3. Fatty acid (%) profiles of the M. mustelus livers

Fatty acids
C14:0
C15:0
C16:0
C17:0
C18:0
C20:0
C21:0
C22:0
C23:0
C14:1
C15:1
C16:1
C17:1
C18:1 n9+n7
C20:1 n9
C22:1 n9
C24:1 n9
C18:2 n6c
C18:3 n6
C18:3 n3
C20:2
C20:3 n6
C20:3 n3
C20:4 n6
C20:5 n3
C22:2
C22:6 n3
ƩSFA
ƩMUFA
ƩPUFA
ƩUFA
Ʃ ω-3
Ʃ ω-6
Ʃ ω-9
Ʃ ω-3/ Ʃ ω-6
DHA/EPA

Summer
2.65±0.20b
0.11±0.02d
18.64±0.61b
1.17±0.11c
6.84±1.08a
0.00±0.00
0.00±0.00
0.00±0.00
0.21±0.13a
0.78±0.02a
0.00±0.00c
4.47±0.24c
0.41±0.06c
17.66±0.28c
3.64±0.18a
2.96±0.17b
0.12±0.21b
0.98±0.04b
0.38±0.03c
0.77±0.06a
0.81±0.11a
0.08±0.01c
0.14±0.01bc
3.61±0.19a
6.13±0.45b
0.26±0.04c
27.20±1.03a
29.61
30.04
40.35
70.39
34.24
5.05
24.38
6.78
4.44

Spring
3.19±0.07a
0.84±0.04a
22.12±1.37a
1.38±0.10b
4.92±1.17b
0.00±0.00
0.00±0.00
0.00±0.00
0.12±0.03ab
0.06±0.01d
0.01±0.02c
6.39±0.43b
0.01±0.02d
20.11±0.16b
2.37±0.20b
1.92±0.21c
0.04±0.01b
1.06±0.08b
0.36±0.01c
1.06±0.54a
0.36±0.05b
0.27±0.01c
0.10±0.02c
2.37±0.10b
7.45±0.55a
0.30±0.04c
23.18±0.46b
32.57
30.93
36.50
67.43
31.79
4.06
24.44
7.83
3.11

Autumn
2.75±0.04b
0.25±0.04b
22.94±1.04a
1.17±0.02c
2.84±0.04c
0.00±0.00
0.00±0.00
0.00±0.00
0.12±0.03ab
0.53±0.04b
0.79±0.06b
8.16±0.38a
0.86±0.08b
22.65±0.49a
2.11±0.08b
3.59±0.39a
1.03±0.02a
3.83±0.09a
0.54±0.10b
0.81±0.02a
0.91±0.08a
1.80±0.46a
0.20±0.06b
0.93±0.25c
5.37±0.26bc
1.57±0.46a
14.27±0.24c
30.07
39.72
30.21
69.93
20.65
7.1
29.38
2.91
2.66

Winter
3.14±0.29a
0.19±0.03c
23.75±0.98a
1.71±0.14a
3.02±0.33c
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00b
0.27±0.13c
1.19±0.04a
8.85±1.06a
1.49±0.06a
22.67±1.25a
3.63±0.28a
2.83±0.11b
0.00±0.00b
3.08±0.99a
0.73±0.09a
1.00±0.24a
0.36±0.26b
0.92±0.03b
0.38±0.05a
0.70±0.07c
4.81±0.36c
0.81±0.08b
14.46±0.25c
31.81
40.93
27.26
68.19
20.65
5.43
29.13
3.80
3.00

a, b, c indicated statistical differences between seasons (P<0.05). Mean values ±S.D. of determination for triplicate samples. SFA- saturated
fatty acids; PUFA- polyunsaturated fatty acids; UFA- unsaturated fatty acids; DHA-docosahexaenoic acid; EPA-eicosapentaenoic acid.
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DHA and EPA of the polyunsaturated fatty acids (ƩPUFA)
were the most dominant fatty acids in a common
smoothhound (M. mustelus) and a thornback ray (R. clavata).
The EPA values in M. mustelus were revealed to be significantly different in each season (P<0.05) and the values accounted for 6.13%, 7.45%, 5.37%, and 4.81%, respectively.
The EPA values in R. clavata were realized to be similar in
autumn (5.15%) and winter (5.32%) (P>0.05), while a statistically significant difference was observable in summer
(8.40%) and spring (4.63%) (P<0.05). The DHA values in M.
mustelus were discovered to be 27.20%, 23.18%, 14.27%,
and 14.46% in summer, spring, autumn, and winter, respectively. It was realized that the seasonal difference in summer
and spring was statistically significant (P<0.05), while the
difference in the shark’s liver lipid was not in autumn and
winter (P>0.05). Similar to the findings related to M. mustelus, the seasonal difference in R. clavata individuals were
statistically significant in summer and spring (P<0.05) but not
in autumn and winter (P>0.05). The DHA values of the thornback ray was calculated to be 24.26%, 20.62%, 16.29%, and
16.83% in summer, spring, autumn, and winter. The comparison between R. clavata and M. mustelus in terms of EPA
values indicated a statistically significant difference between
these two species in summer and spring (P<0.05) and none in
autumn and winter (P>0.05). Similarly, the differences in
DHA values between both species were observed to be significant in summer, spring, and winter (P<0.05). But no statistically significant difference in DHA values was observed
between R. clavata and M. mustelus in autumn (P>0.05).
Özyılmaz and Öksüz (2015) reported the EPA and DHA values in M. mustelus captured at the Iskenderun Gulf in the
Northwestern Mediterranean Sea as 2.31% and 11.81%, respectively. The EPA and DHA values in M. mustelus specimens retrieved in the Northern Aegean Sea for the purpose of
this research study were observed to be twice as high as these
values. In the study on R. clavata individuals captured in the
Black Sea and Mediterranean Sea, Özyılmaz (2016) reports
the EPA values in the females and males captured in the
Black Sea as 7.7% and 8.9% and the DHA values as 23.4 and
19.9%, respectively. Özyılmaz (2016) notes that the EPA values in the females and males of the same species account for
4.5% and 5.8% and the DHA values for 26.1% and 22.4%,
respectively. These differences in the EPA and DHA values
of the sharks might have resulted from several critical factors
such as nutrient composition and water temperature. Planktonic crustaceans are among the primary nutrient resources of
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sharks; therefore, the EPA and DHA concentrations are influenced by temperature swings in the species habitats. Any increase in water temperature reduces EPA and DHA levels in
sharks’ livers (Malins et al. 1965; Nuñez 2007). Differences
in EPA and DHA levels are also dependent on many other
factors such as species, region, age, sex, nutrients, water temperature, feeding environment, and seasons. Moreover,
Özyılmaz (2016) revealed statistically significant differences
between males and females in terms of the DHA values in R.
clavata captured in the Black Sea and Mediterranean Sea and
noted that these differences resulted from sex and region.
Omega-3 and Omega-6 polyunsaturated fatty acids have antagonistic effects on human body. Allen and Harris (2001)
remark that the higher amount of the polyunsaturated fatty
acid ɷ-3 than that of ɷ-6 is good for human health. ɷ-3/ɷ-6
ratio is a determinative and crucial factor in the formation of
nutritional values of fats. In the present study, ɷ-3/ɷ-6 ratios
in M. mustelus were 6.78, 7.83, 2.91, and 3.80 in summer,
spring, autumn, and winter while those in R. clavata were
15.58, 12.43, 4.35, and 5.31 respectively. Navarro-García et
al. (2014) report this ratio to range between 2.32 and 4.03 in
the stingray species U. chilensis, U. halleri, R. glaucostigma,
R. steindachneri, and D. dipeteura and the highest value in R.
glaucostigma. The distribution of saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA), and polyunsaturated
fatty acids (PUFA) in sharks and stingrays in various studies
and this research study are presented in Table 4.

Conclusion
In this study, the ƩPUFA values in R. clavata and M. mustelus
were found to range from 32.83% to 33.58% and ƩMUFA
values from 33.83% to 35.41%. The results suggest that the
fatty acid compositions in the livers of cartilaginous fish vary
according to species, regions, seasons, sex, age, habitats, nutrient compositions, and water temperature. In conclusion,
two cartilaginous fishes has favourable amount of polyunsaturated fatty acid. The major fatty acids identified in R.
clavata and M. mustelus were 16:0 (palmitic), 18:1 n9 (oleic),
and 22:6 n3 (DHA) in all seasons. Indeed, such oil, which
could be obtained in relatively high amounts, is an excellent
source of omega-3, MUFAs and PUFAs, particularly DHA.
Therefore, thornback ray and smoothhound liver oil can be
considered to be an alternative to fish oil as a source of EPA
and DHA.
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Table 4. Fatty acid composition of liver from various cartilaginous fish species (%) (M: Male; F: Female)
Species
SFA
MUFA
PUFA
Region
Source
Somniosus pacificus
Centroscymnus plunketi
Etmopterus granulosus
Deania calcea
Centroscymnus crepidater
Centrophorus scalpratus
Carcharhinus falciformis
Galeocerdo cuvier
Gymnura spp.
Centroscymnus coelolepis
Centroscyllium fabricii
Centrophorus squamosus
Dasyatis marmorata
Rhinoptera marginata
Rhinobatos cemiculus
Rhinoptera bonasus
Aetobatus narinari
Dasyatis americana
Raja clavata
Urotrygon chilensis
Urobatis halleri
Rhinobatos glaucostigma
Rhinoptera steindachneri
Dasyatis dipeteura
Mustelus mustelus
Rhinobatos rhinobatos
Dasyatis pastinaca
Myliobatis aquila
Rhinoptera marginata
Carcharhinus altimus
Raja clavata
Raja clavata
Raja clavata
Mustelus mustelus
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12.50
11.50
15.00
26.10
15.70
25.60
35.68
30.13
3.63
18.54
26.81
25.59
27.47 M
39.08 F
51.89 M
43.31 F
41.55 M
42.34 F
34.40
38.90
34.50
27.1-32.1
29.30
27.29
24.72
9.01
35.62
34.79
36.84
34.97
35.10
34.95
24.28
22.50 F
23.00 M
28.40 F
29.40 M
33.34
31.02

72.00
83.60
80.00
64.80
80.20
62.20
19.46
33.74
3.88
53.41
47.82
44.70
32.3 M
26.83 F
20.74 M
24.11 F
20.48M
22.98F
17.90
19.60
16.10
14.9-19.0
18.15
26.47
15.67
7.84
36.25
43.30
35.70
41.22
28.61
24.19
55.98
30.70 F
32.20 M
23.90 F
25.87 M
33.83
35.41

13.30
2.60
2.50
7.20
1.41
0.60
37.63
14.38
18.06
28.04
25.38
29.47
39.79 M
33.1 F
27.36 M
31.93 F
37.20 M
34.17 F
28.60
20.70
30.30
34.3-39.5
23.61
22.62
21.73
10.16
17.28
20.04
27.34
22.07
30.43
34.19
8.87
45.70 F
43.30 M
46.30 F
43.90 M
32.83
33.58

Southern Avustralian waters Bakes and Nichols (1995)

Gulf of California,
Caribbean waters
Malaysian waters

Navarro-García et al. (2000)

North Atlantic

Remme et al. (2005)

East Atlantic Ocean

Ould El Kebir et al. (2007)

Gulf of Mexico

Navarro-García et al. (2009)

Black Sea

Tufan et al. (2013)

Sinaloa, México

Navarro-García et al. (2014)

Northeastern
Mediterranean

Özyılmaz and Öksüz (2015)

Black Sea
Mediterranean
Aegean Sea

Osman et al. (2001)

Özyılmaz (2016)
This study
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