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Abstract: The effect of nanoemulsions prepared from commercial oils on the fatty acid profiles of cold-stored sea bass fillets was investigated. The sea bass fillets 
were treated with nanoemulsions prepared from sunflower, canola, corn, olive, soybean, and hazelnut oils (14% of the total emulsion). Results of fatty acid analyses 
showed that the main fatty acids found in all groups were determined to be miristic acid, palmitic acid, stearic acid, palmitoleic acid, oleic acid, linoleic acid, 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). At the end of storage, the control group (24.05%) had the highest SFA content, while the lowest 
SFA among the nanoemulsion treatment groups was observed in the olive group (21.97%) followed by sunflower group (22.78%). The oleic (C18:1n9) and 
palmitoleic acids (C16:1) from monounsaturated fatty acids (MUFA) varied between 30.45-23.82% and 4.92-3.42% during storage period. Among all 
polyunsaturated fatty acids (PUFA), linoleic acid, EPA and DHA were predominant fatty acids. EPA and DHA ranged from 4.73 to 2.81% and 8.09 to 4.06%, 
respectively. While the lowest PUFA content was observed in the control group, the highest value was determined in the soybean group (26.41%), followed by 
olive (24.48%) and canola (24.46%) at the end of storage. The results showed that the nanoemulsion application delayed lipid oxidation. Application of 
nanoemulsion compared to control group maintained the PUFA content of fish and can be used as a preservative for fish. 

Keywords: Nanoemulsion, sea bass, fatty acids, EPA, DHA 

Öz: Ticari yağlardan hazırlanan nanoemülsiyonların soğukta depolanmış levrek filetolarının yağ asit profilleri üzerindeki etkileri araştırılmıştır. Levrek filetoları, 
ayçiçeği, kanola, mısır, zeytin, soya ve fındık yağlarından hazırlanan nanoemülsiyonlar ile muamele edildi (toplam emülsiyonun % 14'ü). Yağ asidi analiz 
sonuçlarına göre, tüm gruplarda bulunan temel yağ asitlerinin, miristik asit, palmitik asit, stearik asit, palmitoleik asit, oleik asit, linoleik asit, eikosapentaenoik asit 
(EPA) ve dokosaheksaenoik asit (DHA) olduğu belirlendi. Depolama sonunda, kontrol grubu en yüksek SFA (%24.05) içeriğine sahip iken, nanoemülsiyon 
uygulanan gruplar arasında ise en düşük SFA zeytin grubunda (%21.97), ardından ayçiçeği grubunda (%22.78) gözlenmiştir. Tekli doymamış yağ asitleri (MUFA) 
'den oleik asit (C18: 1n9) ve palmitoleik asit (C16: 1) miktarları depolama süresi boyunca sırasıyla %30.45-23.82 ve %4.92-3.42 aralığında değişmiştir. Çoklu 
doymamış yağ asitleri (PUFA) arasında linoleik asit, EPA ve DHA yağ asitleri en yüksek değere sahip olduğu belirlendi. EPA ve DHA miktarları sırasıyla %4.73-
2.81 ve % 8.09-4.06 aralıklarında oldukları belirlenmiştir. Depolama sonunda en düşük PUFA içeriği kontrol grubunda gözlenirken, en yüksek değer soya grubunda 
(%26.41), bunu takiben zeytin (%24.48) ve kanola (%24.46) gruplarında gözlenmiştir. Sonuçlar nanoemülsiyon uygulamasının lipid oksidasyonunu geciktirdiğini 
göstermiştir. Kontrol grubu ile kıyasladığımızda nanoemülsiyon uygulamasının, balıkların PUFA içeriğini muhafaza ettiğini ve bir koruyucu olarak kullanılabileceğini 
göstermiştir. 

Anahtar kelimeler: Nanoemülsiyon, levrek, yağ asitleri, EPA, DHA

INTRODUCTION

Fish oil contains essential fatty acids like eicosapentaenoic 

acid (EPA) and docosahexaenoic acid (DHA), which makes 

consumption of fish more important for human health. It is 

known that these essential fatty acids have an important role in 

preventing many diseases such as heart attacks, 

cardiovascular diseases, depression, migraine, rheumatism of 

the joints, diabetes, high cholesterol, hypertension, cancers 

and allergies (Kinsella, 1987; Leaf et al., 1988; Simopoulos, 

1991; Rendeiro et al., 2016; Palmquist, 2009; Stoll, 2002; 

Itsiopoulos et al., 2009). In addition, omega fatty acids have an 

important role in the development of the brain and the immune 

system. Low DHA level in brain cells can lead to problems like 

depression, memory loss, Alzheimer’s, schizophrenia and 

vision problems (Kaya et al., 2004). Children who consume fish 

at least twice a week have a lower chance of developing 

emotional and behavioural disorders (Llaurado et al., 2016).  
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Fatty acids (especially unsaturated fatty acids) are the main 
resource for the production of volatile compounds (Ba et al. 
2013). Fatty acid composition affects fish meat’s sensory 
quality and lipid stability (Nuernberg et al., 2005). Fish oils are 
affected from the marine environment and the seasonal 
changes in the water temperature and food availability. These 
are the most important factors influencing the nutritional 
composition of fish. The taste of fish meat is closely associated 
with the protein and fat content, and the knowledge on the fatty 
acid profile of fish especially important to predict the positive 
effects of fish meat consumption on human health.  

Lipid oxidation is not desired in most foodstuffs, as it can 
lead to spoilage and unwanted tastes that are caused by toxic 
reaction products (Halliwell et al. 1995). Lipid oxidation involves 
a reaction between unsaturated lipids and oxygen. Oxygen 
dissolves in food fats 3 times as much as it does in water (Ke & 
Ackman, 1973). Synthetic or natural antioxidants can be used 
to delay lipid oxidation. Lately use of natural antioxidants is 
preferred by both the consumers and the food industry. As a 
consequence, new methods that allow the use of safer and 
more effective natural materials that can replace synthetic 
methods has increased. Recently, nanotechnology has 
become one of the methods that are used for food preservation. 

The use of nanotechnology in food industry can be 
classified under three categories: nutritional enrichment of 
foods, protection of food and development of new products. An 
important variety of nanotechnology applications in food is 
nanoemulsions. Nanoemulsions are transparent or semi-
transparent emulsions that contain nano-scale droplets. 
Nanoemulsions are nano droplets that consist of multiphase 
colloidal (homogenous looking heterogenous mixture) 
distributions that are created by taking two liquid that don’t 
physically mix together and distributing one within the other 
(Fathi et al., 2012; Liu et al., 2006; Mason et al., 2006; Meleson 
et al., 2004; Russel et al., 1989). Different size ranges were 
given for nanoemulsions in literature; for example size ranges 
of below 100 nm (Guo et al., 2007; Porras et al., 2008; Shakeel 
et al., 2010), between 10-100 nm (Talegaonkar et al.,  2010), 
between 100-500 nm (Anton et al., 2008; Constantinides et al., 
2008; Rossi et al., 2007; Tadros et al., 2004; Ungeret et al., 
2004) and between 100-600nm (Sakulku et al., 2009; Solans et 
al., 2003).  

Nanoemulsions are also known as antimicrobial 
preservatives. The reason is that they connect the structure of 
water and thereby limit the access to water of microorganisms 
(Al-Adham et al., 2000). Many studies demonstrated that 
nanoemulsions have a preventative effect on bacteria (Friberg, 
1984; Jones et al. 1997; Bortoleto et al.,1998), fungi (Hamouda 
et al., 1999; Myc et al., 2001; Zhang et al., 2008) and viruses 
(Donovan et al., 2000; Chepurnov et al., 2003).  
Nanoemulsions are not just kinetically stable, they are also 
physically stable in the long term (Bouchernal et al, 2004). 
Nanoemulsions can also be considered self-protecting 
antimicrobials (Al-Adham et al, 2000). Furthermore, it was 
reported that nanoemulsions delay lipid oxidation (Ozoğul et al 

2016; Durmus, 2016). Yazgan (2013) reported that sunflower 
oil nanoemulsion reduce the lipid oxidation parameters in sea 
bass and sea bream fillets. In our previous study (Ozogul et al., 
2017), the combined impact of nanoemulsion based on 
commercial oils and vacuum packing on the fatty acid profiles 
of sea bass fillets was investigated. Vacuum packaging and 
nanoemulsion were reported to have a positive effect on fatty 
acids in sea bass fillets (Ozogul et al. 2017). Shadman et al. 
(2016) reported that sunflower oil nanoemulsions could prevent 
lipid oxidation in rainbow trout fillets during storage. The aim of 
present study was to investigate the effects of nanoemulsion 
groups prepared using commercially oils (sunflower oil, 
hazelnut oil, canola oil, soybean oil, corn oil and olive oil) on the 
fatty acid profiles of cold stored sea bass fillets. 

MATERIALS AND METHODS 

Preparation of nanoemulsions 

Nanoemulsions were prepared according to the method of 
Joe et al. (2012) with minor modification. Oils used were 
purchased from the local market (Adana, Turkey). The oil 
phase of the oil-in-water (O/W) nanoemulsions consists of 
commercial oil (sunflower (S), canola (Can), corn, olive (O), 
soybean (SB), and hazelnut oils (H); 14% of the total emulsion), 
ethanol (3%), and a surfactant (Tween 80, 3%, generally 
regarded as safe (GRAS)) (Sigma-Aldrich, Lyon, France) and 
represents 20% (v/v) of the emulsion. The components of this 
oil phase were mixed and kept for 1 h at 86 °C and after which 
the compounds were mixed with water (80%). The mixture was 
homogenised using an ultrasonic homogeniser (Optic Ivymen 
System CY-500, Barcelona, Spain) for 15 min. Properties of the 
oil-in-water nanoemulsions based on commercial oils were 
given in our previous study (Ozogul et al., 2016). 

Sample preparation 

Sea bass (D. labrax) were obtained from a local fish farm in 
İzmir, Turkey. Fish were killed by dipping in ice-cold water 
(hypothermia). After death, the fish were transported to the 
laboratory in ice within 24 to 25 h from harvesting. The average 
length and weight of the sea bass were 29.7 ± 1.0 cm and 270 
± 23 g. They were immediately gutted, filleted with skin on, and 
divided into seven lots. The control group (C) was stored on 
plates (6 fillets per plate) wrapped with permeable stretch film 
(Prima Gıda Iht. Mad. Ambalaj. San, Mersin, Turkey). The other 
samples were treated with nanoemulsions. Fish fillets were 
immersed for 4 min in the nanoemulsions prepared with 
different oils and then stored 6 fillets to a plate wrapped with 
stretch film. The average sea bass fillet weight was 55 ± 7 g. 
For each analysis day, 3 plates (total 18 fillets) were randomly 
selected for each group. All samples were stored in a chill room 
(2 ± 2 °C). Data were obtained from fillets from three plates 
(triplicate) treated separately with duplicate measurements of 
the appropriate sample from each plate (n = 6). 

Fatty acid analyses 

Lipid content was determined by the method of Bligh & Dyer 
(1959). Lipid samples were converted to their constituent fatty 
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acid methyl esters by the method of Ichihara et al. (1996), by 
using 2 M KOH in methanol and n-heptane with minor 
modifications. Twenty mg of extracted oil was dissolved in 2 ml 
n-heptane followed by 4 ml of 2 M methanolic KOH. The tube 
was then vortexed for 2 min at room temperature. After 
centrifugation at 4,000 rpm for 10 min, the n-heptane layer was 
taken for gas chromatography analyses. 

Statistical analysis 

SPSS 22.0 was used to determine for statistical analysis. 
Data obtained from quality parameters of sea bass fillets 
treated with nanoemulsions during storage carried out with 
Duncan. 

RESULTS AND DISCUSSION 

The main fatty acids observed in all groups were miristic 
acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0), palmitoleic 
acid (C16:1), oleic acid (C18:1n9), linoleic acid (C18:2n6), 
eicosapentaenoic acid (EPA, C20:5n3) and docosahexaenoic 
acid (DHA, C22:6n3). The results of the studies by Türkkan et al. 
(2008), Yıldız et al. (2008), Özden et al. (2010), Yazgan (2013) 
and Ozogul et al. (2017) on sea bass were in agreement with 
the results of the current study. 

The changes in saturated fatty acid (SFA) in sea bass fillets 
treated with nanoemulsions and stored in cold storage were 
given in Table 1. SFA was found to be 19.21% at the beginning 

of storage, and 24.05% in the control group (untreated group) 
at the end of the storage period. In groups treated with 
nanoemulsions, SFA values changed between 19.08% and 
23.43% during storage. SFA levels increased in all treated 

groups during storage. At the end of storage, the highest SFA 
level was found in the canola group with 23.43% whereas with 
the lowest SFA found in the olive oil group with 21.97%. Ozogul 
et al. (2007) reported that the amount of saturated fatty acids in 
the muscle tissues of commercially valuable freshwater and 

saltwater fish were in the range of 25.5-39.4%. Baki et al. 

(2015) reported that the total saturated fat amounts (ƩSFA) in 

wild and cultured bass (Dicentrarchus labrax) as 26.50%±0.06 
and 25.10%±0.01, respectively. Total saturated fatty acid 
values found in present study were lower than the values given 
in these studies. Yazgan (2013) determined that the total SFA 

values for sea bass fillets stored after applying the 
nanoemulsion prepared with sunflower oil were 21.14% before 
storage and 21.73% after storage. 

The main fatty acids among SFA in all groups were miristic 
acid (C14:0), palmitic acid (C16:0) and stearic acid (C18:0). Miristic 
acid was determined as 2.65%, 2.55%, 2.56%, 2.61%, 2.82%, 
2.39%, 2.19% on day 2 of storage and as 3.68%, 3.08%, 
3.51%, 3.37%, 3.41%, 3.11%, 3.08% on the last day of storage 

(day 12) for the control, sunflower, hazelnut, canola, soybean, 
corn and olive oil groups respectively. Fluctuations were 
observed in miristic acid levels during the storage period. 
However, increases were also observed in miristic acid level on 
days 8, 10 and 12 of storage (p<0.05). Statistically significant 
differences were observed between groups during the storage 
period (p<0.05).  

Fatty acid with the highest value among SFA was found to 
be palmitic acid (C16:0). Alasalvar et al. (2002) reported that 
palmitic acid was an important fatty acid among saturated fatty 
acids of wild and cultured sea bass. Similar results were 
reported by Sağlık et al. (2003), Periago et al. (2005), Yazgan 
(2013) and Ozogul et al. (2017). Palmitic acid level was found 
as 12.86% at the beginning of the storage period, while it was 
determined as 16.50%, 15.92%, 15.69%, 15.79%, 15.16%, 
15.94% and 15.08% at the end of the storage period for the 
control, sunflower, hazelnut, canola, soybean, corn and olive oil 
groups respectively. A statistically significant difference was 
observed between the control group and all nanoemulsion 
treatment groups on day 2, 4, 6 and 10 of the storage period 
(p<0.05).  

The changes in (MUFA) of sea bass fillets treated with 
nanoemulsions and stored in cold storage were given in Table 
2.  A decrease was observed in MUFA levels during the storage 
period. MUFA level was found as 35.88% at the beginning of 
the storage period. While on the second day of storage, 
sunflower oil nanoemulsion group was found to have the 
highest MUFA value with 36.30%, the control group gave the 
lowest MUFA value with 28.80% on day 12 of the storage 
period. Ozogul et al. (2017) demonstrated that ƩMUFA values 

for sea bass changed from 41.7% to 36.41% during storage 
period. Baki et al. (2015) reported the total monounsaturated 
fatty acid values for wild and cultured sea bass as 27.55% and 
30.14%, respectively. Özoğul et al. (2007) found MUFA levels 
in commercially valuable fish species between 13.2 and 29.0%.  

Palmitoleic acid (C16:1) and oleic acid (C18:1n9) among 
MUFA were main fatty acids  in all groups as reported for sea 
bass by Ozden et al. (2010) and Lenas et al. (2011). The initial 
palmitoleic acid level was found as 4.71% and it was changed 
between 3.42-4.92% for all groups during the storage period. 
Over the storage period, statistically significant differences 
were observed in all groups on every day except day 2 
(p<0.05). Oleic acid level was determined as 29.95% at the 
beginning of the storage period. Over the storage period, 
decrease in oleic acid values and statistically significant 
differences were observed in all groups (p<0.05). At the end of 
the storage period, the control group gave the lowest oleic acid 
(23.82%), while olive oil group had the highest oleic acid value 
( 30.45%) on day 2 of storage. 
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Table 1. Changes in SFA (%) content of sea bass treated with/without nanoemulsions during storage period 

Days C12:0 C14:0 C16:0 C17:0 C18:0 C20:0 SFA Groups 

0 0.44±0.13 2.50±0.07 12.86±0.51 0.09±0.01 3.18±0.18 0.15±0.00 19.21±0.76 C 

2 

0.93±0.11a 2.65±0.08ab 13.63±0.01a 0.09±0.01a 3.13±0.04b 0.18±0.01a 20.60±0.11a C 

0.73±0.01bc 2.55±0.19ab 12.72±0.01cd 0.08±0.01a 3.24±0.10b 0.20±0.05a 19.51±0.16b S 

0.57±0.00c 2.56±0.10ab 13.09±0.13b 0.08±0.01a 2.63±0.06c 0.17±0.02a 19.08±0.33b H 

0.60±0.07bc 2.61±0.13ab 12.56±0.19de 0.07±0.01a 3.32±0.05ab 0.16±0.01a 19.31±0.46b Can 

0.59±0.07bc 2.82±0.42a 12.45±0.01e 0.09±0.02a 3.33±0.14ab 0.20±0.01a 19.47±0.65b SB 

0.61±0.04bc 2.39±0.07ab 12.81±0.04c 0.07±0.01a 3.19±0.02b 0.17±0.01a 19.24±0.04b Corn 

0.75±0.05b 2.19±0.01b 13.26±0.01b 0.07±0.02a 3.44±0.07a 0.17±0.01a 19.87±0.06ab O 

4 
 

0.51±0.04c 3.36±0.21a 15.62±0.33a 0.09±0.02a 2.69±0.09c 0.18±0.04a 22.43±0.35a C 

0.50±0.01c 2.59±0.13b 12.92±0.08bc 0.06±0.00c 3.36±0.10a 0.20±0.06a 19.62±0.07bc S 

0.34±0.00d 2.56±0.07b 13.28±0.14bc 0.07±0.00ab 2.93±0.13b 0.20±0.01a 19.37±0.08c H 

0.53±0.04c 2.43±0.01b 12.80±0.04c 0.08±0.01ab 3.47±0.03a 0.18±0.02a 19.47±0.10c Can 

0.72±0.11b 2.50±0.14b 12.89±0.52bc 0.07±0.01ab 3.30±0.04a 0.20±0.00a 19.68±0.30bc SB 

0.96±0.07a 2.70±0.18b 13.19±0.27bc 0.07±0.01ab 2.68±0.15c 0.21±0.02a 19.79±0.21bc Corn 

0.40±0.03cd 2.62±0.04b 13.48±0.13b 0.09±0.01a 3.39±0.04a 0.18±0.03a 20.15±0.27b O 

6 

0.42±0.00bc 2.52±0.15bc 15.43±0.36a 0.08±0.01a 3.59±0.25a 0.17±0.00b 22.19±0.45a C 

0.37±0.02bc 2.55±0.12bc 13.12±0.11d 0.08±0.00a 3.49±0.02ab 0.17±0.00b 19.76±0.23c S 

0.37±0.03bc 2.41±0.09c 13.71±0.03bc 0.07±0.00a 3.32±0.08abc 0.17±0.01b 20.04±0.06bc H 

0.32±0.04c 2.85±0.10a 13.14±0.18d 0.07±0.01a 3.52±0.06ab 0.20±0.00a 20.10±0.40bc Can 

0.76±0.06a 2.60±0.03abc 13.10±0.18d 0.07±0.01a 3.03±0.10c 0.16±0.00b 19.72±0.15c SB 

0.47±0.04b 2.54±0.13bc 13.43±0.04cd 0.09±0.01a 3.26±0.08bc 0.18±0.02b 19.96±0.01c Corn 

0.47±0.06b 2.76±0.08ab 14.04±0.15b 0.09±0.02a 3.09±0.08c 0.17±0.01b 20.60±0.03b O 

8 

0.55±0.03b 2.69±0.12b 15.92±1.17a 0.08±0.01b 3.10±0.09c 0.17±0.01a 22.49±1.22a C 

0.45±0.08bc 3.03±0.07a 13.54±0.27cd 0.09±0.01ab 3.14±0.06c 0.18±0.01ab 20.42±0.22c S 

0.42±0.04bc 2.58±0.07b 14.59±0.48bcd 0.08±0.01b 2.92±0.03cd 0.17±0.01b 20.75±0.40c H 

0.37±0.06cd 3.08±0.13a 14.83±0.13ab 0.10±0.01a 3.64±0.06a 0.20±0.01ab 22.20±0.13ab Can 

0.69±0.04a 2.65±0.04b 13.43±0.11d 0.08±0.00ab 3.08±0.11c 0.17±0.01b 20.09±0.22c SB 

0.26±0.07d 3.01±0.08a 14.11±0.13bcd 0.09±0.01ab 3.39±0.18b 0.22±0.04a 21.06±0.35bc Corn 

0.43±0.05bc 2.78±0.06b 14.73±0.14abc 0.08±0.00ab 2.82±0.08d 0.18±0.02ab 21.01±0.15bc O 

10 
 

0.82±0.01a 3.10±0.05ab 15.93±0.06a 0.10±0.02a 2.51±0.46b 0.24±0.01a 22.68±0.36a C 

0.64±0.06cd 3.18±0.04a 14.86±0.09bc 0.07±0.01a 3.34±0.04a 0.20±0.01ab 22.27±0.13ab S 

0.58±0.03cd 3.01±0.09ab 14.88±0.14bc 0.08±0.01a 2.87±0.13ab 0.22±0.02ab 21.62±0.16bc H 

0.66±0.03bc 3.23±0.11a 15.12±0.17b 0.09±0.01a 3.12±0.01a 0.18±0.03b 22.40±0.01a Can 

0.73±0.04b 3.02±0.18ab 14.17±0.23d 0.09±0.02a 3.05±0.11a 0.20±0.01ab 21.25±0.59c SB 

0.57±0.03de 2.99±0.04ab 15.82±0.11a 0.09±0.02a 3.24±0.10a 0.20±0.01ab 22.89±0.24a Corn 

0.49±0.01e 2.86±0.13b 14.70±0.03c 0.07±0.01a 2.86±0.11ab 0.21±0.03ab 21.18±0.21c O 

12 
 

0.52±0.05c 3.68±0.11a 16.50±0.10a 0.08±0.01a 3.10±0.21ab 0.19±0.02b 24.05±0.13a C 

0.55±0.01c 3.08±0.06d 15.92±0.09b 0.07±0.01a 2.95±0.08b 0.22±0.02ab 22.78±0.17c S 

0.78±0.10ab 3.51±0.03ab 15.69±0.08b 0.07±0.00a 3.11±0.14ab 0.20±0.01b 23.35±0.00b H 

0.89±0.04a 3.37±0.12bc 15.79±0.19b 0.08±0.01a 3.08±0.11ab 0.25±0.02a 23.43±0.35b Can 

0.90±0.01a 3.41±0.20ab 15.16±0.11c 0.08±0.02a 3.48±0.28a 0.19±0.00b 23.21±0.20b SB 

0.67±0.04b 3.11±0.13cd 15.94±0.01b 0.08±0.00a 3.29±0.20ab 0.22±0.02ab 23.31±0.12b Corn 

0.56±0.04c 3.08±0.03d 15.08±0.06c 0.08±0.01a 3.03±0.07b 0.18±0.03b 21.97±0.08d O 

Means sharing the same letter in the same row (a–e) are not significantly different (p > 0.05) using Duncan’s multiple range test. C: Control, S: sunflower, H: 
hazelnut, Can: Canola, SB: Soybean, Corn: Corn, O: Olive. 
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Table 2. Changes in MUFA (%) content of sea bass treated with/without nanoemulsions during storage period 

Days C14:1 C16:1 C17:1 C18:1n9 C20:1 C22:1n9 MUFA Groups 

0 0.08±0.00 4.71±0.10 0.10±0.00 29.95±0.47 0.83±0.08 0.22±0.04 35.88±0.25 C 

2 

0.09±0.01a 4.20±0.11a 0.11±0.00a 28.30±0.30b 1.03±0.00a 0.24±0.03a 33.96±0.37c C 

0.11±0.02a 4.79±0.07a 0.11±0.01a 30.18±0.11a 0.88±0.10abc 0.24±0.04a 36.30±0.35a S 

0.10±0.01a 4.76±0.04a 0.10±0.01a 30.27±0.08a 0.74±0.03c 0.21±0.03a 36.17±0.06ab H 

0.07±0.04a 4.61±0.03a 0.10±0.01a 30.12±0.11a 1.04±0.14a 0.22±0.02a 36.15±0.25ab Can 

0.09±0.01a 4.70±0.09a 0.11±0.01a 30.15±0.07a 0.81±0.13bc 0.12±0.02b 35.97±0.21ab SB 

0.08±0.01a 4.25±0.61a 0.10±0.01a 30.13±0.52a 0.91±0.06abc 0.24±0.01a 35.70±0.00b Corn 

0.07±0.03a 4.32±0.48a 0.09±0.01a 30.45±0.40a 0.96±0.00ab 0.27±0.03a 36.16±0.01ab O 

4 
 

0.11±0.01a 4.04±0.01e 0.10±0.04a 28.68±0.44c 0.80±0.02cd 0.28±0.01a 33.99±0.38d C 

0.08±0.01ab 4.61±0.05bc 0.09±0.00a 29.24±0.16b 0.86±0.06bc 0.21±0.06ab 35.08±0.09b S 

0.09±0.00ab 4.75±0.15ab 0.10±0.00a 30.17±0.04a 0.73±0.01d 0.26±0.01ab 36.09±0.13a H 

0.08±0.00ab 4.52±0.04c 0.10±0.01a 29.94±0.09a 0.88±0.01bc 0.18±0.04b 35.69±0.07a Can 

0.07±0.01b 4.69±0.01bc 0.10±0.01a 30.04±0.02a 0.83±0.04bc 0.18±0.01b 35.89±0.01a SB 

0.07±0.01b 4.27±0.08d 0.09±0.01a 28.73±0.25c 1.17±0.01a 0.25±0.05ab 34.56±0.24c Corn 

0.10±0.03a 4.92±0.12a 0.12±0.02a 29.70±0.07ab 0.92±0.06b 0.25±0.01ab 36.00±0.15a O 

6 

0.07±0.01a 3.88±0.11d 0.10±0.01a 28.66±0.41de 0.85±0.07a 0.18±0.01b 33.74±0.57c C 

0.06±0.06a 4.33±0.08b 0.11±0.01a 29.04±0.12cd 0.79±0.02ab 0.21±0.05ab 34.51±0.23b S 

0.07±0.01a 4.31±0.08b 0.09±0.00a 29.80±0.08a 0.75±0.02b 0.27±0.03a 35.28±0.04a H 

0.08±0.03a 4.83±0.07a 0.10±0.02a 29.30±0.07bc 0.83±0.02ab 0.28±0.04a 35.41±0.08a Can 

0.07±0.03a 4.06±0.07c 0.10±0.00a 29.96±0.09a 0.80±0.04ab 0.26±0.01a 35.24±0.00a SB 

0.08±0.01a 4.32±0.07b 0.10±0.00a 28.39±0.22e 0.76±0.04ab 0.18±0.00b 33.83±0.18c Corn 

0.08±0.02a 4.20±0.06bc 0.11±0.01a 29.58±0.07ab 0.81±0.01ab 0.26±0.02a 35.02±0.01ab O 

8 

0.08±0.00b 3.81±0.23d 0.10±0.01b 28.39±0.28cd 0.71±0.01c 0.27±0.01ab 33.35±0.05d C 

0.08±0.00b 4.44±0.09b 0.11±0.01ab 28.49±0.11cd 0.89±0.11ab 0.20±0.05c 34.20±0.19c S 

0.09±0.00ab 3.93±0.03cd 0.10±0.00b 29.41±0.13ab 0.80±0.04bc 0.26±0.02abc 34.58±0.11bc H 

0.08±0.03b 4.85±0.14a 0.13±0.00a 28.78±0.40c 0.93±0.03a 0.30±0.01a 35.07±0.56ab Can 

0.09±0.00ab 4.19±0.01bc 0.10±0.00b 29.81±0.08a 0.79±0.01bc 0.19±0.01c 35.16±0.07a SB 

0.10±0.01ab 4.12±0.06c 0.11±0.01ab 28.16±0.06d 0.87±0.06ab 0.27±0.03ab 33.62±0.01d Corn 

0.11±0.00a 4.11±0.11c 0.12±0.01ab 29.28±0.16b 0.73±0.03c 0.23±0.04bc 34.57±0.02bc O 

10 
 

0.09±0.00a 3.89±0.06c 0.12±0.01a 23.88±0.54b 0.87±0.01ab 0.26±0.02bc 29.10±0.46c C 

0.07±0.00a 4.68±0.06a 0.09±0.00a 27.05±0.14a 0.77±0.01c 0.18±0.01d 32.84±0.21ab S 

0.09±0.01a 3.76±0.09c 0.10±0.01a 27.62±0.09a 0.87±0.08ab 0.21±0.01cd 32.64±0.12ab H 

0.09±0.00a 4.13±0.05b 0.12±0.02a 27.52±0.30a 0.81±0.04bc 0.27±0.02b 32.92±0.27ab Can 

0.08±0.00a 4.27±0.11b 0.11±0.00a 27.02±0.25a 0.89±0.00ab 0.12±0.01e 32.49±0.15b SB 

0.08±0.03a 4.24±0.04b 0.11±0.01a 27.52±0.24a 0.91±0.01a 0.34±0.01a 33.19±0.21a Corn 

0.08±0.01a 4.26±0.09b 0.09±0.02a 27.11±0.13a 0.74±0.01c 0.22±0.04cd 32.48±0.02b O 

12 
 

0.06±0.01ab 3.72±0.09ab 0.10±0.01a 23.82±0.44d 0.83±0.02ab 0.29±0.01ab 28.80±0.30c C 

0.09±0.03a 3.75±0.11ab 0.10±0.01a 25.04±0.11abc 0.89±0.04a 0.29±0.03a 30.15±0.10b S 

0.09±0.01ab 3.60±0.01bc 0.09±0.00a 24.44±0.16cd 0.68±0.01b 0.22±0.00c 29.11±0.14c H 

0.09±0.00a 3.76±0.09ab 0.10±0.01a 24.96±0.01bc 0.76±0.06ab 0.09±0.03d 29.75±0.18b Can 

0.06±0.01b 3.88±0.02a 0.11±0.03a 25.75±0.54a 0.72±0.10ab 0.25±0.01abc 30.76±0.42a SB 

0.09±0.00a 3.42±0.12c 0.11±0.01a 25.17±0.13ab 0.82±0.13ab 0.28±0.04abc 29.87±0.17b Corn 

0.09±0.01a 3.88±0.12d 0.12±0.02a 25.74±0.14a 0.76±0.06ab 0.21±0.03bc 30.61±0.22a O 

Means sharing the same letter in the same row (a–e) are not significantly different (p > 0.05) using Duncan’s multiple range test. C: Control, S: sunflower, H: 
hazelnut, Can: Canola, SB: Soybean, Corn: Corn, O: Olive.
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The changes in PUFA content of seabass fillets treated with 
nanoemulsions and stored in cold storage are given in Table 3. 
The initial PUFA value was determined as 29.25%. This value 
decreased over the storage period and at the end of the storage 
period it was determined as 20.94%, 24.30%, 23.70%, 24.46%, 
26.41%, 23.78%, 24.48% for the control, sunflower, hazelnut, 
canola, soybean, corn and olive oil groups respectively. 
Similarly, Ozogul et al. (2017) reported that the PUFA amount 
of sea bass decreased with storage time. While corn oil 
nanoemulsion group was found to have the highest PUFA value 
(29.83%) on the second day of storage, the control group had 
the lowest PUFA value (20.94%) on day 12. 

The main fatty acids among PUFA in all groups were 

linoleic acid, eicosapentaenoic acid (C20:5n3) and 

docosahexaenoic acid (C20:6n3). Linoleic acid was determined 

as 14.52% at the beginning of the storage period, and this value 

decreased throughout the storage period. Statistically 

significant differences were observed between groups during 

the storage period. At the end of the storage period, hazelnut 

oil group had the lowest linoleic acid value (13.36%) and 

soybean oil group had the highest linoleic acid value (14.87%). 

Yazgan (2013) reported the linoleic acid levels of nanoemulsion 

treatment groups in sea bream as 10.13% and 11.28% at the 

beginning and the end of the storage period respectively. Lenas 

et al. (2011) reported the linoleic acid level of wild caught sea 

bass as 6.39% and cultured sea bass as 18.05%. This 

difference in linoleic acid levels was thought to arise from the 

contents of feed used in aquaculture. 

Table 3. Changes in PUFA (%) content of sea bass treated with/without nanoemulsions during storage period 

Days C18:2n6 C18:3n3 C20:2 C20:3n6 C20:5n3 C20:4n6 C22.2 C22:6n3 PUFA Groups 

0 14.52±0.42 0.56±0.01 0.19±0.00 0.42±0.00 4.21±0.08 1.05±0.07 0.23±0.04 8.09±0.19 29.25±0.35 C 

2 

14.54±0.09cd 0.54±0.04ab 0.19±0.00a 0.44±0.00a 4.10±0.03c 0.47±0.04c 0.28±0.00a 6.42±0.56b 26.97±0.52c C 

14.20±0.14d 0.55±0.04a 0.20±0.05a 0.47±0.07a 4.55±0.14ab 1.35±0.20a 0.22±0.04bc 7.88±0.23a 29.41±0.60ab S 

14.73±0.15bc 0.52±0.01ab 0.19±0.01a 0.41±0.00a 4.60±0.01ab 0.23±0.04c 0.18±0.01c 7.48±0.25a 28.31±0.33b H 

15.08±0.25ab 0.46±0.04b 0.20±0.02a 0.44±0.04a 4.40±0.07b 0.30±0.08c 0.25±0.02ab 7.97±0.22a 29.08±0.11ab Can 

15.44±0.02a 0.56±0.04a 0.19±0.01a 0.47±0.07a 4.42±0.19b 0.72±0.11b 0.20±0.04bc 7.68±0.25a 29.66±0.42a SB 

15.15±0.06ab 0.50±0.03ab 0.19±0.01a 0.42±0.02a 4.73±0.08a 1.25±0.11a 0.21±0.01bc 7.41±0.22a 29.83±0.54a Corn 

14.70±0.39bc 0.50±0.01ab 0.19±0.02a 0.42±0.05a 4.57±0.04ab 0.26±0.04c 0.23±0.03abc 7.38±0.21a 28.22±0.70b O 

4 
 

14.26±0.88b 0.54±0.08ab 0.25±0.03a 0.50±0.05a 3.79±0.01b 0.86±0.06b 0.22±0.01ab 6.19±0.92b 26.59±1.94b C 

14.18±0.04b 0.52±0.01ab 0.26±0.05a 0.46±0.02a 4.46±0.15a 1.39±0.08a 0.20±0.00bc 6.80±0.24ab 28.24±0.21a S 

14.37±0.18b 0.50±0.03ab 0.20±0.01a 0.44±0.01a 4.21±0.07a 0.37±0.05c 0.17±0.01c 7.06±0.06ab 27.31±0.12ab H 

14.79±0.10ab 0.48±0.04c 0.19±0.00a 0.41±0.01a 4.19±0.10a 0.33±0.02c 0.20±0.01bc 6.59±0.14ab 27.17±0.20ab Can 

15.51±0.31a 0.52±0.01ab 0.21±0.02a 0.44±0.06a 4.23±0.09a 0.30±0.01c 0.22±0.01ab 7.52±0.06a 28.92±0.06ab SB 

14.15±0.21b 0.48±0.02c 0.23±0.01a 0.45±0.03a 4.37±0.20a 1.47±0.12a 0.26±0.03a 6.49±0.10b 27.89±0.11ab Corn 

14.51±0.21b 0.59±0.04a 0.22±0.04a 0.49±0.07a 4.18±0.07a 0.35±0.05c 0.22±0.04ab 6.96±0.11ab 27.50±0.06ab O 

6 

14.28±0.37b 0.47±0.03a 0.20±0.00a 0.45±0.01a 3.39±0.12d 0.35±0.01a 0.21±0.03a 5.56±0.11c 24.90±0.30c C 

13.89±0.06b 0.53±0.01a 0.19±0.00a 0.43±0.01a 4.38±0.04a 0.52±0.02a 0.18±0.01a 6.33±0.01b 26.44±0.09b S 

14.17±0.04b 0.50±0.03a 0.19±0.00a 0.44±0.00a 4.07±0.07b 0.31±0.01a 0.18±0.01a 6.87±0.07a 26.73±0.06ab H 

14.86±0.13a 0.38±0.21a 0.21±0.02a 0.44±0.02a 4.15±0.08b 0.28±0.01a 0.20±0.01a 6.43±0.04b 26.93±0.44ab Can 

15.15±0.11a 0.53±0.03a 0.19±0.00a 0.44±0.01a 3.83±0.15c 0.23±0.04a 0.19±0.01a 6.60±0.28ab 27.15±0.33ab SB 

14.91±0.09a 0.47±0.03a 0.19±0.01a 0.43±0.01a 4.20±0.07ab 0.81±0.70a 0.18±0.00a 6.31±0.06b 27.49±0.78a Corn 

14.22±0.04b 0.55±0.02a 0.20±0.01a 0.44±0.01a 4.04±0.09bc 0.30±0.03a 0.20±0.01a 6.76±0.16a 26.69±0.21ab O 

8 

13.76±0.41b 0.43±0.04ab 0.20±0.01a 0.46±0.01bc 3.18±0.01d 0.34±0.03ab 0.19±0.01b 5.31±0.40d 23.86±0.86d C 

13.80±0.07b 0.49±0.01ab 0.22±0.03a 0.49±0.04ab 4.24±0.08a 0.33±0.02ab 0.20±0.05ab 6.03±0.08bc 25.79±0.01c S 

14.12±0.08b 0.48±0.01ab 0.19±0.00a 0.44±0.01c 3.94±0.06bc 0.27±0.03b 0.22±0.01ab 6.73±0.05a 26.36±0.14abc H 

14.77±0.14a 0.35±0.14b 0.23±0.00a 0.52±0.01a 4.11±0.10ab 0.37±0.05a 0.23±0.01a 6.19±0.09bc 26.75±0.24ab Can 

15.14±0.37a 0.51±0.01a 0.20±0.01a 0.46±0.01bc 3.79±0.09c 0.30±0.01ab 0.19±0.01ab 6.40±0.11ab 26.96±0.40a SB 

14.13±0.13b 0.44±0.02ab 0.22±0.04a 0.43±0.01c 3.89±0.13c 0.35±0.04a 0.20±0.04ab 5.81±0.07c 25.45±0.21c Corn 

14.10±0.02b 0.52±0.03a 0.19±0.00a 0.45±0.01c 3.93±0.06bc 0.34±0.02ab 0.19±0.01b 6.20±0.08bc 25.90±0.06bc O 

10 
 

13.25±0.21b 0.45±0.01ab 0.23±0.00a 0.53±0.00a 3.12±0.02c 0.41±0.02ab 0.22±0.00ab 4.32±0.11e 22.51±0.31d C 

13.75±0.20ab 0.46±0.01ab 0.18±0.01b 0.42±0.01b 3.56±0.16ab 0.36±0.04bc 0.19±0.01b 5.73±0.07bcd 24.63±0.23c S 

13.92±0.04ab 0.46±0.01ab 0.22±0.02ab 0.47±0.06ab 3.36±0.21bc 0.34±0.04bc 0.20±0.03ab 5.95±0.13abc 24.91±0.14bc H 

14.12±0.08ab 0.33±0.17b 0.21±0.02ab 0.47±0.06ab 3.71±0.07a 0.31±0.01c 0.19±0.01b 6.01±0.11ab 25.33±0.13b Can 
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15.20±0.14a 0.50±0.02ab 0.23±0.01a 0.50±0.01ab 3.43±0.16ab 0.35±0.03bc 0.22±0.01ab 6.17±0.04a 26.59±0.03a SB 

14.07±0.29ab 0.45±0.02ab 0.23±0.00a 0.50±0.03ab 3.68±0.04a 0.32±0.06bc 0.23±0.00a 5.59±0.06cd 25.06±0.31bc Corn 

14.08±0.06ab 0.54±0.02a 0.22±0.03ab 0.49±0.06ab 3.69±0.09a 0.48±0.04a 0.20±0.02ab 5.51±0.35d 25.18±0.06b O 

12 
 

12.34±0.37c 0.41±0.01b 0.21±0.03a 0.55±0.03a 2.81±0.12c 0.38±0.04a 0.18±0.01a 4.06±0.08e 20.94±0.47c C 

13.48±0.10b 0.44±0.01ab 0.21±0.03a 0.47±0.06ab 3.48±0.05ab 0.34±0.02a 0.21±0.04a 5.69±0.06b 24.30±0.27b S 

13.36±0.16b 0.44±0.02ab 0.20±0.01a 0.42±0.00b 3.23±0.12b 0.27±0.01a 0.17±0.01a 5.63±0.07bc 23.70±0.01b H 

13.49±0.28b 0.43±0.03ab 0.21±0.02a 0.47±0.04ab 3.62±0.16a 0.27±0.04a 0.20±0.02a 5.79±0.20ab 24.46±0.01b Can 

14.87±0.04a 0.47±0.03a 0.20±0.03a 0.49±0.06ab 3.28±0.08ab 0.97±0.35a 0.18±0.03a 5.96±0.12a 26.41±1.08a SB 

13.45±0.28b 0.44±0.01ab 0.20±0.01a 0.46±0.02ab 3.45±0.16ab 0.30±0.01a 0.19±0.02a 5.31±0.08d 23.78±0.12b Corn 

13.81±0.08b 0.48±0.02a 0.25±0.04a 0.55±0.08ab 3.35±0.21ab 0.39±0.02a 0.20±0.02a 5.45±0.05cd 24.48±0.06b O 

Means sharing the same letter in the same row (a–e) are not significantly different (p > 0.05) using Duncan’s multiple range test. C: Control, S: sunflower, H: 
hazelnut, Can: Canola, SB: Soybean, Corn: Corn, O: Olive. 

Eicosapentaenoic acid (EPA) is one of the most important 
polyunsaturated fatty acids for human health. EPA level was 
found as 4.21% at the beginning of the storage period, while it 
was measured as 2.81%, 3.48%, 3.23%, 3.62%, 3.28%, 3.45%, 
3.35% at the end of the storage period for the control, 
sunflower, hazelnut, canola, soybean, corn and olive oil groups 
respectively. Statistically significant differences were observed 
between the control group and treatment groups during the 
storage period (p<0.05). The highest EPA level was found in 
the corn oil group on day 2 of storage as 4.73%. The lowest 
EPA level was found in the control group at the end of the 
storage period as 2.81%. While there were no statistically 
significant differences between treatment groups on the second 
day of storage, a statistically significant difference was found 
with the control group (p<0.05). While no statistically significant 
differences were observed between soybean and corn oil 
groups on storage day 8, statistically significant differences 
were observed between all groups and the control group 
(p<0.05). Ozogul at al. (2017)  reported that the EPA values of 
sea bass (Dicentrarchus labrax) fillets treated with commercial 
oil nanoemulsions decreased during the storage period. On the 
other hand, the EPA values of the groups treated with 
nanoemulsions were higher than the control group throughout 
the storage period. A similar decrease was observed in present 
study. Özoğul et al. (2007) reported that the EPA values of 
commercially valuable species present in Turkish seas were 
between 4.74% and 11.7%.  

DHA is another very important polyunsaturated fatty acid. 
At the beginning of the storage period, DHA value was found 
as 8.09% and this is the highest DHA value recorded during the 
storage period. This value decreased during storage period and 
statistically significant differences were observed between 
groups. At the end of the storage period, DHA value was found 
as 4.06%, 5.69%, 5.63%, 5.79%, 5.96%, 5.31%, 5.45% for the 
control, sunflower, hazelnut, canola, soybean, corn and olive oil 
nanoemulsion groups respectively. At the end of the storage 
period, the highest DHA level was found in the soybean oil 
group with 5.96%, while the lowest DHA level was found in the 
control group with 4.06%. During the storage period, it was 
determined that the DHA levels were higher in the treatment 
groups compared to the control group. Alasalvar et al. (2002) 

reported that the DHA values for wild caught and cultured bass 
were 19.5% and 18.1% respectively. Özoğul et al. (2007) 
reported that the DHA value in sea bass fillets was 14.7%.  
Lenas et al. (2011) reported the DHA level of wild caught bass 
as 17.17% and cultured bass as 8.62%. The DHA level found 
in present study was similar to the value of sea bass found by 
Lenas et al. (2011). 

Fatty acid composition of sea bass was significantly 

influenced by nanoemulsion application (p <0.05). In general, 

the nanoemulsion treatment groups were found to have higher 

MUFA and PUFA contents than those of the control group. 

Among the nanoemulsion treatment groups, the highest PUFA 

value in the soybean group was observed and the lowest value 

in the hazelnut group was observed at the end of storage.  

CONCLUSIONS 

At the end of the storage period, saturated fatty acid levels 

in the control and nanoemulsion treatment groups increased 

and monounsaturated and polyunsaturated fatty acid levels 

decreased. Most researchers associate this decrease with the 

transformation of especially unsaturated fatty acids among fatty 

acids becoming free as a result of lipolysis reactions to first 

peroxides and secondarily to aldehydes, ketones, alcohols and 

esthers as a result of auto-oxidation reactions. In the present 

study, lowest polyunsaturated fatty acid levels were found in the 

control group on the last day of the storage period. Among 

nanoemulsion groups, soybean oil group gave the highest 

PUFA content. It was thought that the application of 

nanoemulsions delay the auto-oxidation reactions of 

unsaturated fatty acids. As a result, it was thought that the type 

of oil used to prepare nanoemulsions can have a positive effect 

on fatty acid compositions. 
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