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Abstract: Guitarfish (Rhinobatos rhinobatos; Linnaeus 1758) is one of the commonly found 

cartilaginous fish species in the North-eastern Mediterranean. The objective of the current study 

is to explore the changes of fatty acid profiles in liver oil of guitarfish stored in two different 

storage places; one stored in refrigerator (+4°C) and the other stored in room temperature in a 

period of 180 days. Changes in fatty acid profiles in liver oil of the guitarfish were analyzed and 

observed in monthly during storage period. The results of the analysis for storing in refrigerator 

(+4°C) and room temperature showed some certain differences in terms of the fatty acid 

components of the cartilaginous fish liver oils. In particular, increasing in saturated fatty acids 

(SFA) and degreasing in monounsaturated fatty acids (MUFA) was observed during the storage 

period for the liver oils. The average levels of polyunsaturated fatty acids (PUFA) also showed 

some changes, in decreasing patterns, during the trial for both storage conditions.   
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Bir Kıkırdaklı Balık Türü Olan Kemane Balığı (Rhinobatos rhinobatos; Linnaeus 1758) 

Karaciğer Yağılarının Farklı Saklama Koşullarında Yağ Asitlerindeki Değişimler 
 

 

 

 
 

 
 

 

Öz: Kemane balığı (Rhinobatos rhinobatos; Linnaeus 1758), Kuzeydoğu Akdeniz'de yaygın 

olarak bulunan kıkırdaklı balık türlerinden biridir. Bu çalışmanın amacı, iki farklı depolama 

koşulunda depolanan kemane balıklarının karaciğer yağındaki yağ asidi profillerindeki 

değişiklikleri araştırmaktır. Depolama koşullarından biri buzdolabında (+4°C) diğeri ise oda 

sıcaklığıdır. Depolama süresi 180 gündür. Kemane balıklarının karaciğer yağındaki yağ asidi 

profillerindeki değişimler, depolama süresince aylık olarak analiz edilmiş ve izlenmiştir. 

Buzdolabında (+4°C) ve oda sıcaklığında depolanan yağlarda için yapılan analiz sonuçları, 

kıkırdaklı balık karaciğeri yağlarının yağ asidi bileşenleri açısından bazı farklılıklar olduğunu 

ortaya koymuştur. Özellikle depolama süresince karaciğer yağlarında doymuş yağ asitlerinde 

(SFA) artış ve tekli doymamış yağ asitlerinde (MUFA) azalma şeklinde gözlenmiştir. Çoklu 

doymamış yağ asitlerinin (PUFA) ortalama seviyelerinde azalmıştır.  

 

Anahtar kelimeler: Depolama koşulu, karaciğer yağı, kemane balığı, Rhinobatos rhinobatos, 

yağ asidi. 
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INTRODUCTION 

 

The cartilaginous fish species are abundant and 

generally are not targeted fish species, excluding few of 

them in the Northeastern Mediterranean (Ragheb & Hasan, 

2021). The guitarfish is one of the few regarding its 

consumption due to its consumption. Apart from the other 

cartilaginous fish, this one has an economically valuable raw 

material. Even though guitarfish is a cartilaginous fish 

species, it has different meanings for the people around the 

regions. This fish is in consuming list for a lot of people. 

People around the coast of the in the Northeastern 

Mediterranean have different dish relating guitarfish which 

is pointed out in many previously published studies that the 

fish is consumed not only people around the Turkish coastal 

waters but also other parts of the Mediterranean (Lteif et al., 

2016) 

Some previously reported studies showed that liver 

oil of the cartilaginous can be considered as raw materials 

and turned out something useful and beneficial (Ayas et al., 

2019; Yığın et al., 2019; Ozyilmaz 2016; Özyılmaz & Öksüz 

2015; Ould El Kebir et al., 2007; Nechet et al., 2007). These 

attributes may make them as important issue to the study. 

Fish lipids are known to be rich components due to 

their health benefit effects substances e.g., polyunsaturated 

fatty acids (PUFA), docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA). This health promoted fatty 

acids have many different positive health effects on human 

health (Bagge et al., 2017; Simat et al., 2015). That’s why it 

might be useful to know the effects of two different storage 

conditions on the quality of oil obtained from cartilaginous 

fish livers. 

Some studies also showed that some certain 

differences might be obtain with storage conditions by itself 

as well as different storage conditions in fish and liver oils 

(Ozogul et al., 2017; Özyılmaz & Öksüz, 2018a; Özyılmaz 

& Öksüz, 2018b; Wang et al., 2011; Boran et al., 2006; 

Özden, 2005). The aim of this present study is to search the 

changes of fatty acid profiles in liver oil of guitarfish in two 

different storage conditions; one storage in refrigerator 

(+4°C) and the other storage at room temperature for 180 

days each. The results may guide the very next studies and 

food industry applications in this field. 

 

MATERIAL AND METHOD 

 

The cartilaginous fish species was chosen as the 

guitarfish (Rhinobatos rhinobatos; Linnaeus 1758) for this 

current study. All guitarfish used in this research were 

obtained from Mediterranean Sea in 2010 by professional 

fishermen. The map of the study area for guitarfish in 

Northeastern Mediterranean was given in Figure 1.  

The liver parts of the all guitarfish used for the 

study were separated from their bodies. The livers were 

gathered in containers which were placed in cool chains. 

Fish livers were homogenized thoroughly then lipid 

extraction was carried out as mentioned below. Extracted 

lipids were divided into two batches and filled into an air 

tight 250 ml volume brown bottles. First batch was stored at 

4°C in a fridge and the second batch was stored at room 

temperature in order to observe chemical changes at 

different storage conditions. 

 

 
Figure 1. The map of the study area for guitarfish (modified 

from Simsek and Demirci, 2018) 

 

Lipid analysis: It has been performed the Modified 

Bligh & Dyer Modified by Hanson & Olley (1963) method 

for determining the crude lipid levels of the cartilaginous 

fish’ livers. This method methanol and chloroform ratio of 

kept 1:1 level, a total of 40 mL of chloroform and methanol, 

20 mL of distilled water.  Roughly, 10 g of liver samples 

were weighed into a 250 mL homogenizing flasks. A total of 

8mL of pure water (a total volume of 16 mL), 20 mL of 

chloroform, and 40 mL of methanol were added the 

homogenate. The mixtures were homogenized at least 1 min 

in icy water during the whole steps of the analysis. After that, 

20 mL chloroform was added the and then the mixtures were 

homogenized for further 30 second. Finally, 20 mL of 

distilled water was added the homogenate and the mixtures 

were homogenized another 30 s. The homogenates were 

transferred into two 50-mL centrifuge tubes and centrifuged 

for at 3000 rpm for 10 min. Aqueous layers were removed 

from sucking pipet. From chloroform layer, of 20 mL of mix 

(chloroform and lipid) transferred into a pre dried and weight 
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pear-shaped flask and evaporated using a rotary evaporator 

(Heidolph-Germany) under the vacuum. 

Fatty Acid Methyl Esters (FAMEs) Preparation: 

The methylation process of fatty acids was started as taking 

approximately 45-60 mg of liver oil which was weighed into 

a 10 mL teflon screw cap test tube. A total of 1.5 mL 0.5 M 

NaOH was added on it and tightly sealed. It was heated in a 

heating block at 115°C for 7 minutes and then let to be 

cooled. Additionally, 2 mL of Boron trifluoride-methanol 

solution 14% in methanol (called methanolic 14% BF3) was 

added to the cooled flask and heated at 115°C for 5 minutes 

this time. Tubes left to be cooled again and 2 mL of iso-

octane was added. The tube has been shaken very well and 

waited until the phase separation takes place. It was taken 

approximately 1.5 mL from the upper phase after the 

separation and placed in 2 ml brown vial tubes which was 

stored in the freezer at -20 °C until injection. 

Lipid fatty acid profile of quitarfish at the beginning 

of both storages (on day 0) was published in somewhere 

(Özyilmaz & Öksüz, 2015) and tabulated with the results of 

remaining storage periods.  Instrument and Column: Fatty 

acids were analyzed by GC-MS (Gas Chromatography-Mass 

Spectrometry (GC- MS) using a Hewlett Packard GC (model 

6890) coupled with a Hewlett Packard model 5972A HP 

6890 system MS detector. Fatty acids were separated using 

an HPINNOWAX Polyethylene Glycol Capillary Column, 

Model Number: HP 19091N-133. The temperature program 

was kept at 120 °C for 3 minutes and with an increase of 10 

°C/min, it reached 250 °C and was kept at this temperature 

for a while. Furthermore, Injector, detector temperatures, 

and identifying the individual fatty acids were described in 

Öksüz and Özyılmaz (2010). 

Statistic: “Windows SPSS 13.00 Software” 

package program was used for statistical analysis and the 

data were analyzed at 95% confidence interval. One-way 

analysis of variance was used for comparison the difference 

between storage types and periods. To examine the effect of 

the duration and storage types on lipid of the fish' liver and 

their interaction with each other was evaluated with repeated 

measurements. Significance level of the values were 

determined at 95% level where p<0.05 was considered to be 

significantly different. 

 

RESULTS AND DISCUSSION 

 

The liver oil of the guitarfish used in this study 

stored in two different storage conditions in a period of 180 

days. The SFA, MUFA, and PUFA and their individual 

components of the guitarfish liver oil stored in room 

temperature and refrigerator (+4°C) were shown in Table 1 

and Table 2. The first column in the both Tables was 

published in Özyilmaz and Öksüz (2015) because it was a 

part of a doctoral thesis study and this present one is another 

major part of the same study which was too extensive to fit 

into one study.  

Apart from that, their average fatty acid values of 

the oil stored in room temperature and refrigerator (+4°C) 

were analyzed on the days of the 30th, 60 th, 90 th, 120 th, 150 

th, 180 th. The all fatty acid components determined for this 

study did not given in this current study. Only the majority 

parts were given for this paper. Because it is considered that 

to show the results in this way in order to point out the main 

parts of the results. 

A chromatogram of fatty acids from the wild brown 

guitarfish was represented in Figure 2. The mean levels of 

the liver oil of the guitarfish’s SFA, MUFA, and PUFA were 

changed during the storage. The SFA in liver oil of guitarfish 

tend to be higher while MUFA and PUFA in liver oil of 

guitarfish showed a lowering pattern in refrigerator and 

room temperature during storage. The main components of 

SFA were measured as C14:0, C16:0, and C18:0 which were 

increased in general but the increment was not constant 

however at the end of the sampling data were higher than 

sampling in the first place for both storing conditions.  

 

 
Figure 2. A typical fatty acid chromatogram of guitarfish used in 

this current study 

 

A study related changes in fatty acid contents of sea 

bass fillet in an 18 day of storage period, it was reported that 

the total SFA amount was 17.64% at the beginning of the 

storage, increased during the storage period, and reached 

19.25% at the end of the storage Ozogul et al. (2017). The 

SFA content in fish were reported to be increased during the 

storage in this previously reported study. It was observed 

that the SFA values obtained from the present study were 

higher than the results reported by other researchers. 

However, SFA values decreased in first 30 days of the 

experiment for room temperature, it generally had an 

increasing pattern rest of the trial during the storage period. 

The interaction between storage types and periods regarding 
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SFA values during storage had significant effects on the liver 

oil (P<0.05). 

Additionally, the MUFA components especially, 

the average values of C18:1n9+n7 in liver oil of guitarfish at 

room temperature and refrigerator (+4°C) changed in the 

range of 19.74%  to 24.22%. Even though some changes 

were observed during the storage for both storage conditions,  

surprisingly the mean levels of C18:1n9+n7 in liver oil of 

guitarfish at the end of the trial were so close to the values at 

the beginning ones. The second major fatty acid were 

determined as C16:1n9 which averagely was 10.85% at the 

beginning of the storage. It degreased 9.25% and 8.72% on 

the days of the 150 th for liver oil stored in refrigerator and 

room temperature respectively. The interaction between 

storage types and periods regarding the average values of 

C18:1n9+n7 in liver oil of guitarfish in room temperature 

and refrigerator showed no significant effects on the liver oil 

(P>0.05). 

 

Table 1. Changes in the fatty acid composition of guitarfish liver oil stored in refrigerator (+4°C) 

Fatty acids 
Days 

Day 1* Day 30 Day 60 Day 90 Day 120 Day 150 Day 180 

C14:0 1.95±0.07a 2.94±0.06bd 2.74±0.27bc 2.62±0.26c 2.92±0.09bd 2.09±0.07a 3.07±0.03d 

C15:0 0.74±0.01a 1.12±0.02bd 1.03±0.13bc 0.96±0.11c 1.08±0.03bcd 0.76±0.02a 1.19±0.02d 
C16:0 28.63±1.65ab 29.87±0.76bc 30.48±1.11c 30.09±2.08c 26.31±0.36a 31.13±1.52c 27.53±0.95ab 

C17:0 1.07±0.01ac 1.30±0.16b 1.26±0.16b 1.07±0.04a 1.30±0.12b 0.90±0.02a 1.52±0.03c 

C18:0 4.44±0.67a 7.06±0.31b 6.54±0.47bc 5.97±0.33c 6.22±0.58c 6.27±0.15c 7.09±0.14b 

ΣSFA 36.84 42.29 42.05 40.71 37.83 41.14 40.40 

C16:1n9 10.85±0.51ab 10.31±0.48a 10.86±0.29a 10.86±0.23ab 11.03±0.26ab 9.25±0.40c 11.59±0.56b 

C17:1 0.96±0.01a 1.16±0.22ab 1.04±0.09ab 1.09±0.21ab 1.19±0.03ab 0.97±0.04a 1.26±0.02b 
C18:1n9+n7 22.33±0.43a 19.23±0.93b 21.14±0.90ac 21.18±0.93ac 20.29±1.20bc 20.59±0.50bc 21.59±0.68ac 

C20:1n9 1.56±0.72a 1.16±0.20a 1.24±0.14a 1.11±0.07a 1.41±0.10a 1.68±0.08a 1.30±0.00a 

ΣMUFA 35.7 31.86 34.28 34.24 33.92 32.49 35.75 

C18:2n6 1.45±0.11a 1.06±0.05b 1.07±0.09b 1.06±0.10b 1.24±0.09b 1.07±0.04b 1.17±0.17b 

C20:4n6 3.14±0.97a 3.12±0.20a 3.24±0.08a 3.22±0.07a 3.43±0.01a 3.07±0.16a 3.21±0.11a 

C22:4n6 1.62±0.20a 1.19±0.10bc 1.24±0.03bc 1.19±0.05bc 1.38±0.13c 1.13±0.01b 1.24±0.14bc 
C22:5n6 1.48±0.11a 1.30±0.12b 1.39±0.04ab 1.29±0.09b 1.48±0.05a 1.25±0.02b 1.37±0.01ab 

Σn6  7.69 6.7 6.94 6.77 7.54 6.52 6.99 

C20:5n3 4.21±0.66a 3.43±0.12b 3.65±0.08b 3.63±0.12b 3.81±0.01b 3.38±0.12ab 3.34±0.11b 
C22:5n3 2.16±0.51a 1.93±0.08ab 2.03±0.05ab 1.98±0.13ab 2.13±0.07ab 1.73±0.02b 1.97±0.09ab 

C22:6n3 13.28±0.41a 9.53±0.41bc 10.31±0.59c 10.17±0.20c 10.40±0.66c 9.23±0.26b 8.76±0.52b 

Σn3  19.64 14.89 15.99 15.78 16.34 14.34 14.07 

ΣPUFA 27.34 21.56 22.93 22.54 23.88 20.86 21.06 

Identified ΣFA 99.87 95.71 99.26 97.49 95.62 94.49 97.21 

n3/n6 2.55 2.23 2.30 2.33 2.17 2.20 2.01 

DHA/EPA 3.16 2.78 2.82 2.80 2.73 2.73 2.62 
n=3±std; * (Özyilmaz & Öksüz 2015) 

 

 

Table 2. Changes in the fatty acid composition of guitarfish liver oil stored in room temperature 

Fatty acids 
Days 

Day 1* Day 30 Day 60 Day 90 Day 120 Day 150 Day 180 

C14:0 1.95±0.07a 2.50±0.02b 2.77±0.14c 2.63±0.25bc 2.97±0.06a 1.97±0.05d 3.16±0.12a 
C15:0 0.74±0.01a 0.76±0.02b 1.21±0.10a 0.94±0.11c 1.11±0.02a 0.65±0.00d 1.21±0.04a 

C16:0 28.63±1.65a 26.74±0.21a 29.93±0.68b 29.88±1.91c 27.85±0.40ac 28.47±0.58a 28.55±0.35ac 

C17:0 1.07±0.01a 0.82±0.01b 0.84±0.03b 1.13±0.20c 1.32±0.02c 0.82±0.03b 1.53±0.06d 
C18:0 4.44±0.67a 3.86±0.26b 6.88±0.32c 5.68±0.58d 6.21±0.09d 6.76±0.12c 7.13±0.14c 

ΣSFA 36.84 34.67 41.62 40.26 39.46 38.66 41.58 

C16:1n9 10.85±0.51a 14.55±0.02b 11.65±0.47c 11.13±0.17d 11.10±0.17d 8.72±0.21e 11.99±0.21c 
C17:1 0.96±0.01a 0.98±0.04b 1.26±0.13c 1.03±0.09b 1.24±0.03c 0.92±0.01b 1.24±0.02c 

C18:1n9+n7 22.33±0.43a 24.22±0.11b 21.19±0.28b 20.87±0.59ac 19.74±0.27c 20.58±0.36ac 22.16±0.38a 

C20:1n9 1.56±0.72a 2.10±0.13b 1.54±0.04cb 1.30±0.40cd 1.36±0.24cd 1.70±0.07c 0.73±0.01e 

ΣMUFA 35.7 41.83 35.63 34.33 33.44 31.92 36.11 

C18:2n6 1.45±0.11a 0.80±0.02a 1.11±0.09bc 1.06±0.10bc 1.16±0.01b 1.01±0.02c 1.14±0.08c 

C20:4n6 3.14±0.97a 2.05±0.01b 3.30±0.28a 3.18±0.11a 3.10±0.10a 3.20±0.03a 3.32±0.04a 
C22:4n6 1.62±0.20a 1.24±0.13bc 1.24±0.01bc 1.20±0.03bc 1.16±0.02b 1.23±0.14bc 1.34±0.14c 

C22:5n6 1.48±0.11a 1.28±0.08a 1.24±0.01a 1.29±0.06a 1.34±0.03a 1.31±0.21a 1.38±0.05b 

Σn6  7.69 5.36 6.90 6.72 6.75 6.75 7.18 

C20:5n3 4.21±0.66a 2.61±0.01b 3.39±0.17c 3.51±0.16c 3.41±0.04c 3.95±0.08d 3.47±0.03c 

C22:5n3 2.16±0.51a 1.53±0.01b 1.87±0.02c 1.90±0.06c 2.02±0.01a 1.87±0.13c 2.10±0.04a 
C22:6n3 13.28±0.41a 9.90±0.15ab 8.53±0.50b 9.46±0.48b 9.48±0.19b 10.31±0.09b 9.56±0.24b 

Σn3  19.64 14.04 13.79 14.88 14.91 16.13 15.13 

ΣPUFA 27.34 19.39 20.69 21.60 21.66 22.88 22.31 

Identified ΣFA 99.87 95.89 97.95 96.20 94.56 93.45 100.00 

n3/n6 2.55 2.62 2.00 2.21 2.21 2.39 2.11 

DHA/EPA 3.16 3.79 2.52 2.69 2.78 2.61 2.75 
n=3±std; * (Özyilmaz & Öksüz 2015) 
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The average amounts of PUFA on the days of the 

30th, 60 th, 90 th, 120 th, 150 th, and 180 th were calculated to 

be 27.34%, 21.56%, 22.93%, 22.54%, 23.88%, 20.86%, 

and 21.06 in liver oil of guitarfish stored in refrigerator and 

27.34%, 19.39%, 20.69%, 21.60%, 21.66%, 22.88%, and 

22.31% in liver oil of guitarfish stored room temperature 

respectively. These results give us information about how 

storage effected fatty acid compositions of the liver oil 

guitarfish. The mean levels of PUFA had a quick effect on 

the days of the 30th for both storage conditions. 

Additionally, storage in refrigerator for liver oil of 

guitarfish was better than that of room temperature 

regarding their average PUFA contents on the days of the 

30th. This could be the beginning of the lipid oxidations 

which was vulnerable in unsaturated fatty acids. Based on 

our data, the oxidation rate showed a sharp degreased in the 

first month and a very smooth changes in the following 

months during the storage period.  

The levels of DHA + EPA are issued and detailed 

in reports of the studies because these two fatty acids are 

the precious omega 3 fatty acids for a healthy life and their 

presences and levels are very important in order to 

maintain a healthy diet e.g., cell membrane, hormones 

(Schlotz, et al., 2012). The eicosapentaenoic acid (EPA; 

20:5n-3) and docosahexaenoic acid contents (DHA; 22:6n-

3) are two precious fatty acids in polyunsaturated fatty 

acids (PUFA). Their sums (levels of DHA + EPA) in fatty 

acid components especially were given in studies in order 

to point out their importance.  

In this study, the average levels of DHA + EPA in 

guitarfish liver oil were calculated as 17.49%. The liver oil 

of two cartilaginous fish, R. bonasus and A. narinari, 

EPA+DHA values were reported as 13.2% and 8.0%, 

respectively (Navarro-Garcia et al., 2010). These values for 

liver oil of these two cartilaginous fish are lower than that 

of the liver oil of the average EPA+DHA levels obtained 

in this study. The mean EPA+DHA values in liver oil of 

males and females’ R clavata were calculated to be 28.8% 

and 31.1% from Black sea and 28.2% to 30.6% from 

Mediterranean, respectively (Ozyilmaz 2016). These given 

values for liver oil of this cartilaginous fish for R clavata 

are higher than that of the liver oil of the average 

EPA+DHA levels obtained in this study. The liver oils of 

the guitarfish used in this current are in the range of the 

previously given information related the average 

EPA+DHA levels in different kinds of cartilaginous fish. 

The average amount of C14:0, C16:0, and C18:0 

were increased in general but fluctuated during the storage. 

The level of saturated fatty acids were much higher at the 

end of storage than initial one for both storage conditions. 

On the other hand MUFA components especially, the 

average value of C18:1n9+n7 degreased for stored oil in 

room temperature and refrigerator (+4°C). 

Fish oil are generally known to have higher 

amount of eicosapentaenoic acid (EPA, C20:5n3) and 

(DHA, C22:6n3). However, this fish liver oil surprisingly 

has got greatest amount of the C18:1n9+n7 comparing 

other cartilaginous fish species (Ozyilmaz 2016; Özyilmaz 

& Öksüz 2015; Ould El Kebir et al., 2007; Nechet et al., 

2007). The C18:1n9+n7 is vulnarable to oxidize. 

Oxidation is one of the major problem in oil. In 

particular fish oil are susceptible to oxidation because it has 

highly unsaturated fatty acids in its structure. Oils with 

unsaturated fatty acids (multiple double bonds between 

their carbon atoms) makes them unstable. The data 

regarding monthly analysis of this study indicated that the 

average level of the saturated fatty acids (SFA), 

monounsaturated fatty acids (MUFA) and polyunsaturated 

fatty acids (PUFA) and their individual components e.g., 

EPA, DHA in muscle lipid of the fish did not have a 

constantly degreasing or increasing pattern during storage 

period in 180 days. 

 

CONCLUSION 

 

In conclusion, increase in all SFA components 

were observed and as a result, total SFA increased during 

storage for both storage conditions. In contrast to SFA, 

MUFA and PUFA decreased and this decrease may be 

explained by the progress ofoxidation in unsaturated fatty 

acids. Stabillity of unsaturated fatty acids are vulnarable to 

oxidation than that of saturated fatty acids. This could be 

considered as an important issue for quality of the product. 

Unsaturated fatty acids are generally known to be less 

stable than saturated ones. This attributes make them 

vulnarable to rancidity. Based on the data of this present 

study, the data regarding unsaturated fatty acids oxidation 

is in paralel with the previously given fact. It was also 

supported these changes by montly analysis. It is curical to 

take the all necessary precaution to delay or prevent the fish 

lipid deterioration during the storage, such as proper 

packaging, low temperature storage and use of antioxidant. 
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