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Impact of the hybrid on the fatty acid 
composition and thermal stability of 
cold-pressed sunflower oils produced 

from 17 newly cultivated hybrids from 
the region of North Macedonia

Cold-pressed and refined sunflower oils rich in linolenic acid, are particularly susceptible to 
undesirable changes during deep-frying. The main object of this study was determination 
of physicochemical parameters such free fatty acids, peroxide value, saponification value, 
iodine number, density, oxidative stability, and fatty acid composition on cold-pressed oils 
from 17 newly cultivated hybrids from sunflower from the region of North Macedonia. 
Results from fatty acid methyl esters indicated Experto hybrid as the high oleic sunflower 
hybrid with 86.2% of oleic acid. Moreover, iodine number for sunflower oil from this hybrid 
was 87.5 g I2 per 100 g oil, which was expected due to the high level of monosaturated 
fatty acid. Negative correlation confirmed inverse relationship between the amounts 
of oleic acid and values of iodine number (r = –0.896). Opposite, positive correlation 
between iodine number and amount of linoleic acid (r = 0.892) means that sunflower 
oils with higher value of iodine number will be thermally unstable and not suitable for 
deep-frying. Furthermore, the highest value for oxidative stability was measured for cold-
pressed sunflower oils obtained from Talento, BG Fil and “Dijamantis hybrids (over 8, 9 and 
5 h, respectively). This can be explained by the fact that the oils from those three hybrids 
had the highest level of oleic acid (83.1, 82.3 and 79.4%, respectively). Monounsaturated 
fatty acids are more stable then polyunsaturated, which makes sunflower oil suitable for 
deep-frying. The positive linear correlation between the amount of oleic acid and oxidation 
stability (r = 0.687) confirmed our statement that a higher amount of monounsaturated 
fatty acids (as oleic acid) can improve thermal stability and makes the sunflower oils from 
Talento, Fila BG and Dijamantis hybrids suitable for cooking and deep-frying. The oxidative 
stability of other examined hybrids at around 3 h can be explained by a dominance of 
polyunsaturated linoleic acid with levels between 43% and 57.1%. Statistical analysis 
confirmed our findings due to the negative linear correlation between oxidative stability 
and amount of polyunsaturated linoleic acid (r = –0.698). We expected higher value for 
oxidative stability (over 6 h) for cold-pressed sunflower oil from Experto hybrid due to its 
fatty acid composition. More precisely, the level of oleic acid for this oil was 86.2% and 
only 4.6% of polyunsaturated linoleic acid. Surprisingly, the oxidative stability of these 
oils was only 2.64% which can be explained as oxidation of the oil during production. 
According to the results from our study, we recommended the gap of oleic/linoleic acid as 
the most important for the determination of the thermal stability of sunflower oils. Finally, 
physicochemical parameters iodine number and oxidation stability can be a significant 
parameter for the prediction of the dominance of fatty acids in sunflower oil.
Keywords: cold-pressed sunflower oils, 17 hybrids, free fatty acids, fatty acid 
composition, iodine number, saponification value, refractive index, oxidative stability

1. INTRODUCTION
Virgin oils are very popular as natural products with a deep colour, typical 
taste, and smell, produced only with cold pressing and without any step of 
refining. Cold pressed oils occupy a very popular place in human nutrition 
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due to the high level of polyunsaturated fatty acids 
(PUFA) and tocopherols [1]. A positive correlation be-
tween PUFA-rich vegetable oil consumption and a 
reduced risk of coronary heart diseases level of LDL, 
degenerative diseases, and cancer is very well known 
[2, 3]. However, PUFA-containing edible oils are high-
ly prone to lipid oxidation leading to the formation of 
potentially toxic compounds, rancid flavour and a re-
duced shelf life [4]. Vegetable oils high in PUFA, such 
as sunflower oil and flaxseed oil, might be converted 
to oils with detrimental health effects. To overcome 
the adverse effects of lipid oxidation, food manufac-
turers add antioxidants to vegetable oils thereby en-
hancing their oxidative stability. While synthetic anti-
oxidants were shown to be very effective, consumers 
demand natural products since synthetic antioxidants 
were also associated to the progression of cancer 
development [5]. Stability of cold-pressed sunflower 
oil depends not only on the fatty acids composition 
but also on the content of antioxidants, primary and 
secondary oxidation products, metals and other con-
taminants which might accelerate or inhibit oxidation 
process [6].
Classical sunflower oil fatty acid composition is sat-
urated acids 11% (stearic, palmitic), oleic 20% and 
linoleic acid 69% [7]. 
Cold-pressed and refined sunflower oils rich in lino-
lenic acid, are particularly susceptible to undesirable 
changes during deep-frying [8, 9]. Frying oils made 
from sunflower have lower stability because of their 
high polyunsaturated fatty acids and low γ-tocopher-
ol content [10-13].
The working group of Orsavova et al., studied fat-
ty acid composition of some vegetable oils, energy 
contribution of saturated and polyunsaturated fatty 
acids, n-3 PUFAs and n-6 PUFAs of analysed oils to 
recommended dietary intakes for total fat [14]. The 
research studies of new sunflower oils with modified 
tocopherol and fatty acid composition developed as 
feedback for the food industry requirements to offer 
healthier products, and the two commodity oils avail-
able nowadays (normal and high-oleic sunflower oils) 
can cover the requirements of the food industry with-
out chemical manipulation with the aim of increasing 
the consumers’ quality of life [15]. According to the 
findings of Cao et al., (2021) compound sodium ni-
trophenolate can be effective modulator for sunflower 
seeds growth by boosted the triacylglycerol hydroly-
sis, promoted the conversion of fatty acids to sugars, 
and decreased the abscisic acid content during im-
bibition of aged sunflower seed [16]. Sunflower (Heli-
anthus annuus L.) is an important oilseed crop in the 
world; however, no comprehensive study on explor-
ing the role of FAD family in relation to stress tolerance 
in sunflower has been studied by Xu et al., (2021) 
[17]. Blended sunflower (SO) (50-80%) and sesame 
oils (SEO) (20-50%) were evaluated for thermo-oxida-
tive stability (induction period, IP), oxidation kinetics 
(rate constant, k), synergy and shelf-life (25°C) (IP25) 

using Rancimat (100, 110, 120, and 130°C) [18, 19]. 
The aim of the work of research group of Aguirrezábal 
was to assess the response of oil fatty acid composi-
tion of the new high oleic mutation to MNT compared 
to traditional and Pervenets genotypes [20-22]. 
The aim of this study is to cultivate hybrids from which 
we can produce stable high-oleic sunflower oil, which 
can be used as cooking oil for deep-frying and the 
thermal processing of food. Furthermore, the goal of 
this study was to find difference in the composition of 
fatty acids among the hybrids as well as the overall 
quality of cold-pressed sunflower oils from 2016 and 
2017 harvesting years.

2. MATERIALS AND METHODS

2.1 FIELD TRIALS
Field trials were carried out at the experimental re-
search area in Ovče Pole valley, near Sveti Nikole mu-
nicipality, in the east-central part of the Republic of 
North Macedonia. Ovče Pole is a plain situated around 
the flow of Sveti Nikole’s River, which is a tributary to 
the Bregalnica River, within the following geograph-
ic coordinates N: 41°49′21.9″ and E: 21°59′03.9″. 
The climate in Ovče Pole valley is characterised by 
hot and dry summers (the temperature is in the range 
from 31°C to 40°C) and temperate cold winters (the 
temperature is in the range from -10°C till 7°C), with 
occasional sharp drops. The experimental area be-
longs to the continental sub-Mediterranean area. The 
field experiments were set up during two consecu-
tive growing seasons (2016 and 2017). The investi-
gated area on which the research was conducted is 
owed by the Faculty of Agriculture, “Goce Delchev” 
University - Štip, the Republic of North Macedonia. 
A randomised block system, with three replications 
for each sunflower hybrid, was used for field research 
and the plot size was 5 m2. The distance between the 
row was 70 cm and 1 metre between the hybrids. 
Sunflower hybrids were sown by a seed sower in April 
in both testing years. Pre-sowing soil preparation was 
conducted in suitable timing, in both years and in ac-
cordance with weather conditions. During the veg-
etative period, standard agronomic practices were 
applied. The amount of rainfall was also observed, 
during both years of research. In the first experimen-
tal year (2016) 295 l/m2 rainfall amount was recorded 
during vegetative period (refer to Hydrometeorologi-
cal Institute, Skopje). In the second testing year, the 
rainfall amount was by half less (167 l/m2) compared 
to the amount of precipitation in 2016. No additional 
irrigation was conducted during the field experiment. 
The sunflower hybrids were harvested by hand in 
September in both years.

2.2 PLANT MATERIAL
In this research, seventeen sunflower hybrids were 
used as an experimental material (Experto, Armoni, 
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Fortimi, Adagio, Neoma, Torino, Arisona, Bacardi, Fe-
liks, Neostar, Kondi, Talento, Subaru, Edison, BG Fila, 
Sumiko and Dijamantis). Feliks hybrids have Serbian 
origin; BG Fila is Bulgarian hybrid and the rest belong 
to Syngenta Seed Company. All sunflower hybrids 
were new varieties and were introduced to our coun-
try to be tested. During the vegetative period, in both 
years of testing, resistance of diseases, drought and 
lodging were recorded. All seventeen hybrids were 
included, for the first time, in this type of research to 
evaluate their potential, qualitative and quantitative 
properties under environmental conditions in the re-
gion of North Macedonia. The samples of 17 hybrids 
from sunflower oil were not mixed and oils obtained 
from every hybrid was examined separately from 
each harvested year.

2.3 APPLIED METHODS
A few parameters were examined to determine the 
overall quality of 17 hybrids of cold-pressed edible 
oils from the region of North Macedonia.

2.3.1 Determination of free fatty acid 
Determination of free fatty acid was done by a cold 
solvent method using potentiometric titration (ISO 
660:2010). In 10 g mass of test portion 50 ml of the 
neutralised solvent mixture (ethanol and diethyl ether) 
was added and the sample dissolved.

2.3.2 Determination of peroxide value
Peroxide value is a measure of the peroxides con-
tained in the oil. Peroxide value is determined by 
measuring iodine released from potassium iodide. 
Furthermore, this value is a dynamic value, dependent 
upon the history of the test sample. The determina-
tion of peroxide value is a highly empirical procedure 
and the value obtained depends on the mass of the 
test portion. Actually, the determination of peroxide 
value was done by ISO 27107:2011.

2.3.3 Determination of density of oils
Density was determined by using a pycnometer at 
20°C that performed according to ISO 6683:2014 
[20]. 

2.3.4 Determination of iodine value
The determination of the iodine value was performed 
by ISO 3961:2013. The iodine number is determined 
by the mass of halogen, expressed as iodine, ab-
sorbed by the test portion following the specified pro-
cedure, divided by the mass of the examined sample 
of sunflower oil or more precisely, the iodine number 
equals the number of mg of iodine required to satu-
rate the fatty acids present in 100 mg of the oil. Usu-
ally, iodine number is used to determine the amount 
of unsaturation in sunflower oils. In fatty acids, unsat-
uration occurs mainly as a double bond, very reactive 
towards halogens, iodine in this case. Thus, the high-
er the iodine value, the more unsaturation are present 

in the sunflower oil. The iodine number for high-oleic 
sunflower oil is usually in the range from 78-90 while 
for high linoleic sunflower oil is normally in the range 
from 118-141.

2.3.5 Determination of saponification value
The saponification value is determinate by taking 2.0 
g mass of test portion in a conical flask to which 25 
ml 0.5 mol/L ethanolic potassium hydroxide solution 
is added. Determination of saponification value was 
done by ISO 3657:2013.

2.3.6 Determination of oxidative stability of oils
Oxidative stability of oil was evaluated by the Ranci-
mat method. Stability was expressed as the oxida-
tion induction time (h) measured with the Rancimat 
743 (Metrohm Co., herisau, Switzerland), using 3 g 
oil sample heated to 120°C with an air flow of 10 l/h. 
In general, sunflower oil will be kept at temperature 
of 120°C by Rancimat instrument. This tempera-
ture for our experiments is determined by several 
reasons. Firstly, frying food at a temperature which 
is too low results in an increased fat uptake. Water, 
which is contributed by the foods that are fried in an 
oil enhances the breakdown of fatty acids which oc-
curs during heating. In addition, hydrolysis results in 
a poor-quality oil that has a reduced smoke point, a 
darker colour and altered flavour. During heating, oils 
also polymerise, creating a viscous oil that is readily 
absorbed by foods and that produces a greasy prod-
uct. The more saturated (solid) the oil, the more stable 
it is to oxidative and hydrolytic breakdown, and the 
less likely it is to polymerise.

2.3.7 Determination of fatty acid methyl esters
In brief, 2 drops of oil were dissolved in 1 ml of hep-
tane. Furthermore, 50 µL of sodium methylate (2 
mol/L) was added and the samples were vigorously 
mixed for 1 min. Afterwards 100 µL of distilled water 
was added to each sample. After centrifugation of 
the samples, the lower phase was removed while 
the upper phase was mixed with 50 µL of 1 M HCl 
(with methyl orange for acidification control). After 
centrifugation at 4500 g for 10 min, the n-heptane 
phase was transferred to a new vial and the fatty 
acid methyl esters were analysed using an Agilent 
6890 GC-chromatograph (Agilent Technologies, 
Santa Clara, CA) equipped with a CP7420 Select 
FAME column (Agilent Technologies, Santa Clara, 
CA) (100 m 9 0.25 mm i.d. with 0.25 lm film thick-
ness) and FID detector following the ISO standard 
ISO 5509:2000. The oven temperature was pro-
grammed to increase from 150 to 240°C with rate 
of 1.5°C/min and maintained isotherm at 240°C for 
20 min. Pentadecanoic acid was used as an internal 
standard for quantitative analysis. The injector and 
detector temperature were both 260°C. Hydrogen 
was used as the carrier gas at an average velocity 
of 2 ml/min.
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2.4 STATISTICAL DATA PROCESSING 
Data collected from both years of the experiment 
were subjected to variance analysis using JMP sta-
tistical software. Fit analysis was performed to obtain 
the least significant differences (LSD) for tested hy-
brids by different properties. Based on the LSD data, 
the sunflower hybrids were statistically processed 
and grouped.
The statistical one-way ANOVA analysis was applied 
to see the level of every particular minor and major 
compound by consideration of the hybrid of oil with 
the significance level of 0.05. The level of significance 
of differences between the percentages of free fatty 
acids, fatty acid methyl esters, peroxide value, iodine 
value, saponification value, density and oxidative sta-
bility mean values was determined at 5% by a one-
way ANOVA using the Tukey’s test. This treatment 
was performed by SPSS v.16.0 software (IBM Cor-
poration, USA). The ANOVA results were classified 
using letters (different letters mean significant differ-
ences among results). The letters are a, b, c, d, e and 
f according to the decrease of the result values. 
At the end, a linear correlation between tested phys-
icochemical properties was applied by SPSS statisti-
cal software. 

3. RESULTS AND DISCUSSION 

Results from fatty acid methyl esters presented in 
table I and values for oxidative stability presented in 
Tables II and III indicated strong relationship between 
percentage of oleic acid, iodine number and thermal 
stability of cold-pressed edible oils produced from 17 
newly cultivated hybrids. The percentage of fatty acid 
composition was determined by every harvested year 
(by three replications by each sample) and statistical-
ly analysed. Statistically significant differences were 
detected between tested sunflower varieties. Results 
from the Table I, unequivocally indicated a strong re-
lationship between the fatty acid composition and a 
variety of sunflower oil. The highest amount of mono-
unsaturated oleic acid was related to 4 varieties: Ex-
perto, Talento, BG Fila and Dijamnatis. On the other 

hand, the next 4 varieties Fortimi, Torino, Felix and 
Neostar were related with the amount of polyunsat-
urated linoleic acid with over 50% of all fatty acids. 
As we can see from Table I, the percentage of oleic 
acid in cold-pressed edible oils from Experto hybrid 
was 86.2% and the value for iodine number was 87.5 
g I2/100 g which was expected due to the high lev-
el of monosaturated fatty acid. The same tendency 
was observed for cold-pressed edible oils produced 
from BG Fila and Dijamantis hybrids. The free fatty 
acid value of the tested oils varied between 0.10 and 
0.60% oleic. Negative correlation confirmed inverse 
relationship between the amounts of oleic acid and 
values of iodine number (r = –0.896). Opposite, pos-
itive correlation between iodine number and amount 
of linoleic acid (r = 0.892) means that sunflower oils 
with higher value of iodine number will be thermal-
ly unstable and not suitable for deep-frying (Tab. IV). 
Furthermore, the highest value for oxidative stability 
was measured for cold-pressed sunflower oils ob-
tained from Talento, BG Fila and Dijamantis hybrids 
(over 9 and 5 h, respectively). This can be explained 
by the fact that the oils from those three hybrids had 
the highest level of oleic acid (83.1, 82.3 and 79.4% 
respectively) (Tab. III). 
Monounsaturated fatty acids are more stable then 
polyunsaturated which makes sunflower oil suitable 
for deep-frying. A positive linear correlation between 
the amount of oleic acid and oxidation stability (r = 
0.687) confirmed our statement that higher amount 
of monounsaturated fatty acids (as oleic acid) can im-
prove thermal stability and makes the sunflower oils 
from Fila BG and Dijamantis hybrids suitable for cook-
ing and deep-frying. The oxidative stability of other 
examined hybrids at around 3 h can be explained by 
dominance of polyunsaturated linoleic acid with levels 
between 43% and 57.1% (Tab. I). Statistical analysis 
confirmed our findings due to the negative linear cor-
relation between oxidative stability and the amount 
of polyunsaturated linoleic acid (r = –0.698) (Tab. IV). 
Due to its fatty acid profile, we expected higher val-
ue for oxidative stability (over 6 h) for cold-pressed 
sunflower oil from Experto hybrid. More precisely, the 

Table I - Fatty acid methyl esters of 17 hybrids of sunflower oils (%) 
 

 Experto Armoni Fortimi Adagio Neoma Torino Arisona Bacardi Felix 
C16:0 4.9±0.3d 5.5±0.1c 6.5±0.4b 5.9±0.2b 5.1±0.1c 7.1±0.3a 5.5±0.1c 6.1±0.4b 5.8±0.1b 
C18:0 2.2±0.4c 2.6±0.2b 2.6±0.0b 3.1±0.4a 1.9±0.0d 2.5±0.5b 3.7±0.7a 3.5±0.3a 2.6±0.3b 
C18:1 86.2±3.2a 41.8±4.8d 32.0±4.5e 40.8±2.3d 57.7±9.2c 34.0±7.1e 45.8±6.3d 40.4±5.4d 33.7±4.9e 
C18:2 4.6±0.2f 49.3±0.3b 57.1±7.1a 48.3±3.0b 32.4±4.1d 53.4±9.8a 42.1±4.1c 48.8±3.9b 55.8±7.7a 
C18:3 1.9±0.0c 0.4±0.0f 0.9±0.1e 1.3±0.0d 2.9±0.0a 1.5±0.1d 2.6±0.0b 1.2±0.0d 1.1±0.0e 

 Neostar Kondi Talento Subaru Edison BG Fila  Sumiko Dijamantis  
C16:0 6.4±0.1b 5.5±0.1c 4.8±0.6d 5.6±0.3c 3.8±0.1e 4.5±0.2d 6.8±0.5b 4.3±0.4d  
C18:0 2.9±0.1a 3.1±0.3a 2.2±0.2b 1.8±0.1c 2.1±0.0b 2.8±0.0a 2.8±0.1a 1.7±0.2c  
C18:1 35.3±4.5e 42.5±2.7d 83.1±5.7a 43.9±5.1d 50.1±7.2c 82.3±9.9a 39.3±5.1d 74.9±6.7b  
C18:2 50.7±4.4b 45.5±2.3c 6.7±0.8f 48.3±4.7b 43.0±6.8c 7.6±1.1f 48.7±6.0b 18.2±3.4e  
C18:3 2.3±0.0b 2.1±0.0c 3.6±0.0a 0.2±0.0f 0.1±0.0f 2.8±0.1b 2.3±0.2b 0.7±0.1e  
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level of oleic acid for this oil was 86.2% and only 4.6% 
of polyunsaturated linoleic acid. Surprisingly, the ox-
idative stability of the oils was only 2.64% which can 
be explained as an oxidation of the oil during produc-
tion (Tab. III).

Fatty acid composition affects oil oxidative stability 
[23, 24]. Oils with a high content of polyunsaturat-
ed fatty acid are more easily oxidised. Symoiniuk et 
al. (2018) used 27 different cold press oil samples 
(linseed, rapeseed, camelina, black cumin, prim-

 
 
Тable II - Mean values of free fatty acid, peroxide value and density of different sunflower oils  

Hybrids/ 
Properties Free fatty acid (%) Peroxide value (O2/kg) Density (mg/cm3) 

 2016 2017 Mean 2016 2017 Mean 2016 2017 Mean 
Experto 0.42c 0.15bcd 0.29 0.69m 0.78i 0.74 0.912h 0.913f 0.913 
Armoni 0.47b 0.16b 0.32 1.21de 0.89h 1.05 0.919bcd 0.919a 0.919 
Fortimi 0.22j 0.12ef 0.17 1.14f 1.03f 1.09 0.917abc 0.918b 0.918 
Adagio 0.60a 0.12ef 0.36 1.28b 1.14d 1.21 0.915ef 0.918b 0.917 
Neoma 0.29h 0.14bcde 0.22 1.07h 0.98g 1.03 0.918abc 0.919a 0.919 
Torino 0.25i 0.13cde 0.19 1.14f 0.56l 0.85 0.916def 0.915d 0.916 

Arisona 0.36de 0.15bc 0.26 0.99j 0.72j 0.86 0.916def 0.919a 0.918 
Bacardi 0.32g 0.14bcde 0.23 0.84l 0.78i 0.81 0.918ab 0.919a 0.919 
Feliks 0.33fg 0.12ef 0.23 0.63n 0.65k 0.64 0.916def 0.919a 0.918 

Neostar 0.37d 0.14bcde 0.26 1.35a 0.78i 1.07 0.919a 0.919a 0.919 
Kondi 0.46b 0.16b 0.31 1.19e 0.77i 0.98 0.916def 0.918b 0.917 

Talento 0.30h 0.15bcd 0.23 0.86k 0.78i 0.82 0.913gh 0.914e 0.914 
Subaru 0.14k 0.13cde 0.14 1.21d 1.30b 1.26 0.916def 0.916c 0.916 
Edison 0.13kl 0.13cde 0.13 1.10g 1.13d 1.12 0.916cde 0.916c 0.916 
BG Fila 0.35ef 0.33a 0.34 1.36a 1.34a 1.35 0.912h 0.912f 0.912 
Sumiko 0.14k 0.13de 0.14 1.25c 1.23c 1.24 0.918ab 0.918b 0.918 

Diamantis 0.11l 0.10f 0.11 1.05i 1.09e 1.07 0.914fg 0.914de 0.914 
Average 0.31 0.15 0.23 1.08 0.94 1.01 0.916 0.917 0.916 
LSD0.05 0.02 0.02  0.02 0.02  0.001 0.001  
CV (%) 3.82 9.90  0.93 1.37  0.12 0.06  

 
 
 
 
 

 
 
Table III - Mean values of iodine number, saponification measurement and oxidative stability of different sunflower oils 

 

 

 

 

 

 

Hybrids/ 
Properties Iodine value (g I2/100 g) Saponification value (mg KOH/g) Oxidative stability (h) 

 2016 2017 Mean 2016 2017 Mean 2016 2017 Mean 
Experto 85jk 90l 87.5 188d 188e 188.0 1.80n 3.48f 2.64 
Armoni 123c 138b 130.5 191abc 189de 190.0 2.86j 2.92l 2.89 
Fortimi 129a 140a 134.5 190abc 189de 189.5 2.68m 2.86m 2.77 
Adagio 120def 131e 125.5 190c 189de 189.5 2.96i 3.17h 3.07 
Neoma 127b 135cd 131.0 190c 189de 189.5 2.81k 2.97k 2.89 
Torino 109h 121g 115.0 190c 190cd 190.0 3.66d 3.76d 3.71 
Arisona 121cde 125f 123.0 191abc 190cd 190.5 2.73l 3.10i 2.92 
Bacardi 120ef 136c 128.0 190bc 190bc 190.0 3.59f 2.99k 3.29 
Feliks 122cd 136bc 129.0 190abc 190cd 190.0 2.66m 2.98k 2.82 
Neostar 122cd 136c 129.0 191abc 189de 190.0 2.66m 2.93l 2.80 
Kondi 121cde 134d 127.5 190c 190c 190.0 2.72l 2.88m 2.80 
Talento 87j 90l 88.5 191ab 190bc 190.5 8.68b 10.16a 9.42 
Subaru 115g 116i 115.5 191abc 191ab 191.0 3.16g 3.20g 3.18 
Edison 111h 111j 111.0 190abc 190bc 190.0 3.64e 3.71e 3.68 
BG Fila 83k 85m 84.0 191abc 190c 190.5 9.04a 9.10b 9.07 
Sumiko 118f 119h 118.5 192a 192a 192.0 3.04h 3.06j 3.05 
Diamantis 95i 94k 94.5 191ab 190bc 190.5 5.24c 5.28c 5.26 

Average 112.2 119.8 116.0 190.4 189.8 190.1 3.76 4.03 3.90 
LSD0.05 2.03 1.80  1.52 1.21  0.02 0.03  
CV (%) 1.09 0.90  0.48 0.38  0.36 0.44  
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rose, hempseed, milk thistle, poppy, pumpkin, and 
sunflower) to determine the fatty acid composition. 
Their results showed that sunflower oil was charac-
terised by the smallest proportion of saturated fatty 
acid (linoleic acid was 5.49%). Our results showed 
the highest abundance of palmitic acid for Torino hy-
brid (7.1%) while the highest amount of stearic acid 
was detected for Bacardi hybrid. Oleic acid, one of 
the monounsaturated fatty acids, was most dominant 
in sunflower oil (86.52%) compared to the other anal-
ysed oils. Also, sunflower oil has the highest value for 
oxidative stability (102.84 min) [25].
From the results in this paper (Tab. II), Diamantis 
showed the lowest value for free fatty acid in both 
years of testing, but, at the same time, had high oxi-
dative stability (5.26 h, Tab. III) and presented a high 
resistance of diseases and drought. Edison, Sumiko 
and Subaru also showed lower values for free fatty 
acid, compared to the other tested varieties. They 
had a good oxidative stability, around 3 h and a good 
resistance to diseases. Fortimi showed 0.17% free 
fatty acid and during the vegetation presented toler-
ance to drought, lodging and diseases. 
On the other hand, the lowest peroxide value was ob-
tained by Feliks, followed by Experto, Bacardi, Talen-
to, Torino and Arisona (Tab. II). Also, Talento showed 
the highest oxidative stability (9.42 h, Tab. III) and was 
resistant to lodging and diseases. Torino and Bacardi 
also had high value for oxidative value (3.71 h and 
3.29 h, consequently).
Aşkin (2018) analysed six sunflower hybrids in his re-
search. Major fatty acid composition in tested hybrids 
agreed with contents mentioned among literatures 
and registration reports of the food ministry in Turkey. 
The oleic acid ranges from 36.6% to 87.23%, while 
linoleic fatty acid from 5.72% to 52.93% [26].
The Mediterranean diet is well-known as a diet with a 
high consumption of olive oil and a minimal amount 
of saturated fatty acids. Red meat, whole fat milk 
products, nuts, and high fat fruits, such as olives and 
avocados are among the natural sources of mono-
unsaturated fatty acids [27]. For the proper utilisa-
tion of sunflower oils in food and other industries, oil, 
moisture and protein contents, fatty acid composi-
tions and quality characteristics of sunflowers should 
be quickly and reliably evaluated by analytical tools 
upon harvesting, marketing, and processing [28]. The 
fatty acid composition of sunflower, rapeseed, mus-
tard, peanut, and olive oils were subject to examina-
tion in Konuskan et al. (2019) research. According to 
those authors sunflower oils have the highest oleic 
acid (68.88%) followed by olive oil. Our examinations 
indicated Experto as the richest hybrid of oleic acid 
(86.2%) [30]. Kefale et al. (2017) also investigated 
fatty acid composition in different oils from sunflow-
er and safflower. We agree with their conclusion that 
sunflower hybrids with low levels of saturated fatty 
acids were suitable for edible oil processing for ed-
ible purposes [29]. The results from the examination 
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of Konuskan et al. (2019) showed that the free fatty 
acid value of the tested oils varied between 0.43 and 
1.36% which is significantly higher than the free fatty 
acids of all 17 hybrids examined in our study (Tab. 
II) [30]. Generally speaking, results from Tables II and 
III indicated better properties of samples of sunflow-
er oils produced from 2017. In the second testing 
year, the average percentage of free fatty acids was 
0.15 compared to the harvesting year 2016 when the 
average percentage of free fatty acids was double. 
Furthermore, the average value of peroxide value for 
2017 harvesting year was 0.94 O2/kg while for 2016 
was 1.08 O2/kg. The difference between varieties 
produced from both harvesting years and values for 
free fatty acids and peroxide value was the most sig-
nificant for the Torino and Neostar varieties (Tab II).
A total of 320 edible oils on Indian market were in-
cluded in research of the working group of Dorni et 
al (2018). We agree with their statement that every 
variety of edible oil showed its own unique fatty acid 
profile with a significant variation within each individu-
al fatty acid [31]. Our findings stated that few hybrids 
of sunflower oil such as Experto and BG Fila had their 
unique fatty acid profile with over 80% oleic acid (Tab. 
I) [32, 33]. Furthermore, the fatty acid composition 
was studied considering the general groups saturat-
ed, unsaturated, monounsaturated, and polyunsatu-
rated. Saturated and unsaturated are influenced by 
environmental conditions such as temperature, rain-
fall, and genotypes [34]. Remarkable studies demon-
strated that the health beneficial effects of vegetable 
oils have been often attributed to their antioxidant 
properties and abilities to increase cellular antioxidant 
defence system and thereby scavenge free radicals, 
inhibit lipid peroxidation, and augment anti-inflamma-
tory potential [35]. We assumed that the results of the 
oxidative stability of examined oils depends on the 
level of unsaturated fatty acids and the level of natural 
antioxidants which include α-tocopherol as the most 
abundant Vitamin-E-active compound in sunflower oil 
[12, 13, 36]
The results presented by different authors in the last 
decade have shown that it is possible to obtain sun-
flower oils of very different qualities combining the 
genetic variability in the response of the fatty acid 
composition to temperature and the climatic diversity 
under which the sunflower is cultivated [23, 37, 38]. 
Cold-pressed sunflower oil is a rich source of β-sitos-
terol, campesterol and total phytosterol and might be 
a better choice for patients with high cholesterol and 
cardiovascular diseases [39, 40].

4. CONCLUSIONS

Generally speaking, results from free fatty acids and 
peroxide value indicted better properties of samples 
of sunflower oils produced from 2017 in comparison 
to 2016. Furthermore, results from our study showed 
a strong relationship between the fatty acid compo-

sition and the variety of sunflower oil. The highest 
amount of monounsaturated oleic acid was related 
to Experto, Talento, BG Fila and Dijamnatis while For-
timi, Torino, Felix and Neostar hybrids were related to 
the amount of polyunsaturated linoleic acid with over 
50%. Due to the fatty acid profile, we recommend 
the cold-pressed sunflower oils from three hybrids 
Experto, BG Fila and Dijamnatis as cooking oils suit-
able for the thermal processing of food. Furthermore, 
we recommended the gap of oleic/linoleic acid as the 
most important for the determination of the thermal 
stability of sunflower oils. Lastly, physicochemical pa-
rameters, iodine number and oxidation stability can 
be significant parameters understand the dominance 
of fatty acids in sunflower oil.

Acknowledgment

This manuscript is part of the bilateral Austrian - North 
Macedonian project Oxidomics-guided development 
of cold pressed oils rich in antioxidants by improving 
manufacturing processes (2022-2023).

REFERENCES

[1] D. Bester, A. J. Esterhuyse, E. J. Truter, J. van 
Rooyen. Cardiovascular effects of edible oils: a 
comparison between four popular edible oils. 
Nutr. Res. Rev. 23(2), 334-48, (2010).

[2] V. Kostik, S. Memeti, B. Bauer. Fatty acid com-
position of edible oils and fats. J. Hyg. Eng De-
sign. 4, 112-116, (2013).

[3] B. Bojkova, P.J. Winklewski, M. Wszedybyl-
Winklewska. Dietary Fat and Cancer-Which Is 
Good, Which Is Bad, and the Body of Evidence. 
Int J Mol Sci. 21(11). 4141, (2020).

[4] M. Grootveld, B.C. Percival, J. Leenders, Ph.B. 
Wilson. Potential Adverse Public Health Effects 
Afforded by the Ingestion of Dietary Lipid Oxida-
tion Product Toxins: Significance of Fried Food 
Sources. Nutrients. 12(4), (2020).

[5] N. Ito, M. Hirose, Antioxidants-carcinogenic and 
chemopreventive properties. Adv Cancer Res. 
53, 247-302, (1989).

[6] A. Szterk, M. Rozsko, E. Sosińska, D. Derewia-
ka, P.P. Lewicki. Chemical composition and oxi-
dative stability of selected plant oils. J. Am. Oil 
Chem. Soc. 87, 637-645, (2010). 

[7] G. Evci, V. Pekcan, İ.M. Yilmaz, N. Citak, O. Ay, 
A. Pilasli, Y. Kaya. Determination of yield per-
formances of oleic type sunflower (Helianthus 
annuus L.) hybrids resistant to broomrape and 
downy Mildew. J. Crop Breeding Genetics. 2(1), 
45-50, (2016).

[8]  A. Gouzy, A.P. Massol, Z. Mouloungui, O. Me-
rah. Effects of technical management on the 
fatty-acid composition of high-oleic and high-
linoleic sunflower cultivars. Oilseeds and fats, 
Crops lipids. 23(5), D502, (2016). 



La rivista itaLiana deLLe sostanze grasse - voL. XCiX - aPriLe/giUgno 2022La rivista itaLiana deLLe sostanze grasse - voL. XCiX - aPriLe/giUgno 2022

148

[9] G. Piva, A. Bouniols, G. Mondies. Effect of cul-
tural conditions on yield, oil content and fatty 
acid composition of sunflower kernel. In: Proc 
15th International Sunflower Conference, Tou-
louse, France, (2000) 61-66.

[10] W.H. Morrison, J.A. Robertson, D. Burdick. Ef-
fect of deep-fat frying in sunflower oils. J. Am. 
Oil Chem. Soc. 50, 440-442, (1973).

[11] R. Sayyad. Effects of deep-fat frying process 
on the oil quality during French fries’ prepara-
tion. J Food Sci. Technol. 54(8), 2224–2229, 
(2017). 

[12] S. Kostadinović Veličkovska, L. Brühl, S. Mi-
trev, H. Mirhosseini, B. Matthäus. Quality eva-
luation of cold‐pressed edible oils from Ma-
cedonia. Eur. J. Lipid Sci. Technol. 117(12), 
2023-2035, (2015). 

[13] S. Kostadinović Veličkovska, A.C. Moţ, S. Mi-
trev, R. Gulaboski, L. Brühl, H. Mirhosseini, R. 
Silaghi-Dumitrescu, B. Matthäus. Bioactive 
compounds and “in vitro” antioxidant activity 
of some traditional and non-traditional cold-
pressed edible oils from Macedonia. J. Food 
Sci. Technol. 55, 1614-1623, (2018).

[14] J. Orsavova, L. Misurcova, J.V. Ambrozova, R. 
Vicha, J. Mlcek. Fatty Acids Composition of 
Vegetable Oils and Its Contribution to Dietary 
Energy Intake and Dependence of Cardiova-
scular Mortality on Dietary Intake of Fatty Acids. 
Int. J. Mol. Sci. 16, 12871-12890, (2015).

[15] R. Garcés, E. Martínez-Force, J.J. Salas, M. 
Venegas-Calerón. Current advances in sunflo-
wer oil and its applications. Lipid Technol. 21-4 
(2009).

[16] Y. Huang, Sh. Cai, X. Ruan, J. Xu, D. Cao. 
CSN improves seed vigor of aged sunflower 
seeds by regulating the fatty acid, glycometa-
bolism, and abscisic acid metabolism. J. Adv. 
Res. (2021) Article in press. 

[17] J. Li, A. Liu, U. Najeeb, W. Zhou, H. Liu, G. 
Yan, R.A. Gill, X. Yun, Q. Bai, L. Xu. Genome-
wide investigation and expression analysis of 
membrane-bound fatty acid desaturase genes 
under different biotic and abiotic stresses in 
sunflower (Helianthus annuus L.). Int. J. Biol. 
Macromolecules. 175, 188-198, (2021). 

[18] M. Ghosh, R. Upadhyay, D.K. Mahato, H.N. 
Mishra. Kinetics of lipid oxidation in omega fat-
ty acids rich blends of sunflower and sesame 
oils using Rancimat. Food Chem. 272, 471-
477, (2019).

[19] A.A.M. EL-Satar, A.A. Ahmed, T.H.A. Hassan. 
Response of seed yield and fatty acid compo-
sitions for some sunflower genotypes to plant 
spacing and nitrogen fertilization. Inf. Process. 
Agric. 4, 241-252, (2017). 

[20] C. Alberio, N.G. Izquierdo, T. Galella, S. Zuil, 
R. Reid, A. Zambelli, L.A.N. Aguirrezábala. A 
new sunflower high oleic mutation confers sta-

ble oil grain fatty acid composition across envi-
ronments. Eur. J. Agr. 73, 25-33, (2016). 

[21] M.M. Echarte, L.A. Puntel, L.A.N. Aguirreza-
bal. Assessment of the critical period for the 
effect of intercepted solar radiation on sunflo-
wer oil fatty acid composition. Field Crops Res. 
149, 213-222 (2013). 

[22] N.G. Izquierdo, L.A.N. Aguirrezábalab. Gene-
tic variability in the response of fatty acid com-
position to minimum night temperature during 
grain filling in sunflower. Field Crops Res. 106, 
116-125, (2008). 

[23] I. Donev, N. Markova Ruzdik, S. Kostadinović 
Veličkovska, Lj. Mihajlov, E. Arsov, S. Mi-
rev. Growing season weather impacts on the 
physicochemical properties and quality of sun-
flower oils cold-pressed from hybrids grown 
in the Republic of North Macedonia. Riv. Ital. 
Sostanze Grasse. 97, 27-35, (2020).

[24] L. Dymińska, M. Calik, A. Moamer, Albegar, A. 
Zając, K. Kostyń, J. Lorenc, J. Hanuza. Quan-
titative determination of the iodine values of 
unsaturated plants oils using infrared and Ra-
man spectroscopy methods. Int. J. Food Prop. 
20(9), 2003-2015, (2017). 

[25] E. Symoniuk, K. Ratusz, E. Ostrowska-Ligęza, 
K. Krygier. Impact of selected chemical cha-
racteristics of cold pressed oils on their oxi-
dative stability determinate using the Rancimat 
and pressure differential scanning calorimetry 
method. Food Anal. Methods. 11, 1095-1104, 
(2018).

[26] B. Aşkin. Determination of chemical and physi-
cal properties for seeds and oils of some diffe-
rent oleic and linoleic sunflower types. Selcuk 
J Agr Food Sci. 32(1), 73-80, (2018).

[27] J. Orsavova, L. Misurcova, J.V. Ambrozova, R. 
Vicha, J. Mlcek. Fatty Acids Composition of 
Vegetable Oils and Its Contribution to Dietary 
Energy Intake and Dependence of Cardiova-
scular Mortality on Dietary Intake of Fatty Acids. 
Int. J. Mol. Sci. 16, 12871-12890, (2015). 

[28] D. Paunovic, M. Demin, T. Petrovic, J. 
Marković, V. Vujasinović, B. Rabrenović. Qua-
lity parameters of sunflower oil and palm olein 
during multiple frying. J Agric. Sci. 65(1), 61-
68, (2020). 

[29] B. Kefale, A. Sisay. Evaluation of basic quali-
ty parameters within sunflower and saff flower 
varieties from Holeta, Ethiopia. MOJ Biorg. 
Org. Chem. 1(2), 50-52, (2017).

[30] B.D. Konuskan, M. Arslan, A. Oksuz. Physi-
cochemical properties of cold pressed sunflo-
wer, peanut, rapeseed, mustard and olive oils 
grown in the Eastern Mediterranean region. 
Saudi J. Biol. Sci. 26(2), 340-344, (2019). 

[31] C. Dorni, P. Sharma, G. Saikia, T. Longvah. 
Fatty acid profile of edible oils and fats consu-
med in India. Food Chem. 238, 9-15, (2018).



La rivista itaLiana deLLe sostanze grasse - voL. XCiX - aPriLe/giUgno 2022La rivista itaLiana deLLe sostanze grasse - voL. XCiX - aPriLe/giUgno 2022

149

[32] V. Dubois, S. Breton, M. Linder, J. Fanni, M. 
Parmentier. Fatty acid profiles of 80 vegetable 
oils with regard to their nutritional potential. 
Eur. J. Lipid Sci. Tecnol. 109, 710-732, (2007). 

[33] D. Dzisiak. New oils reduce saturated and trans 
fats in processed foods. Cereal Foods World, 
(2004) 49(6), 331-333.

[34] A. Esmaeili, F.R. Naseri Shaykhmoradi. Compa-
rison of oil content and fatty acid composition 
of native olive genotypes in different region of 
Liam, Iran. Int. J. Agric. Crop Sci. 4(8), 434-438, 
(2012).

[35] K. Ganesan, K. Sukalingam, B. Xu. Impact of 
consumption and cooking manners of vegeta-
ble oils on cardiovascular diseases – a critical 
review. Trends Food Sci. Technol. 71, 132-154, 
(2018). 

[36] M.J. Gonzalez-Fernandez, R.P. Ramos-Bueno, 
I. Rodríguez-García, J.L. Guil-Guerrero. Purifi-
cation process for MUFA-and PUFA-based mo-

noacylglycerols from edible oils. Biochimie. 193, 
107-114, (2017).

[37] N.G. Izquierdo, L.A.N. Aguirrezábal. Genetic va-
riability in the response of fatty acid composi-
tion to minimum temperature during grain filling 
in sunflower. Field Crops Res. 106, 116-125, 
(2008). 

[38] J.J. Salas, E. Martinez-Force, R. Garces. Very 
long chain fatty acid synthesis in sunflower 
kernels. J. Agric. Food Chem. 53, 2710-2716, 
(2005).

[39] Y. Yang, L. Zhang, P. Li, L. Yu, J. Mao, X. Wang, 
Q. Zhang. A review of chemical composition 
and nutritional properties of minor vegetable oils 
in China. Trends Food Sci. Technol. 74, 26-32, 
(2018).

[40]  R.C. Zambiazi, R. Przybylski, M.W. Zambiazi, 
C.B. Mendonca. Fatty acid composition of ve-
getable oils and fats. B. CEPPA. Curitiba. 25(1), 
111–120, (2007).


