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1 Introduction
The quality and potential uses of vegetable oils are determined 

by their fatty acid composition (Akkaya, 2018). Sunflower oil is 
one of the most abundant vegetable oils because of its nutritive 
and industrial attributes. Refined sunflower oil is mostly present 
in the population diet due to dissimilar shelf life compared to 
cold-pressed oil, which is an even greater challenge for breeders 
trying to create hybrids with improved oxidative characteristics. 
Today there are different types of hybrids from the aspect of fatty 
acid composition: standard sunflower oil (linoleic type), mid 
oleic sunflower oil, high oleic, high stearic, high stearic high 
oleic, high palmitic and high palmitic high oleic sunflower oil 
(Salas et al., 2015; Serrano-Vega et al., 2005, Salas et al., 2011). 
Standard sunflower oil is rich in linoleic fatty acid, with a content 
of 48 to 74%. It contains small amounts of saturated fatty acids, 
mainly palmitic and stearic, and unlike other oils such as soybean 
and rapeseed, sunflower oil contains negligible amounts of 
linolenic acid. The presence of long-chain fatty acids, such as 
arachidonic and behenic, is also significant (Codex Committee 
on Fats and Oils, 2005; Salas et al., 2015).

Oxidative stability is one of the most important parameters 
used to assess the quality of oil, determining its resistance to the 
oxidation process (Symoniuk et al., 2018). Oxidation occurs with 
unsaturated fatty acids, during oil storage or heat treatment and 
causes their deterioration (Ferrari & Souza, 2009). Oils with a 
high content of polyunsaturated fatty acids, especially linolenic 
acid, oxidize rapidly. In addition to triacylglycerols, oils obtained 
by cold-pressing also contain lipid-accompanying compounds. 

Therefore, its stability depends not only on the composition of 
fatty acids but also on the content of antioxidants, primary and 
secondary oxidation products, metals and other contaminants that 
can accelerate or inhibit the oxidation process (Choe & Min, 2006; 
Górnaś et al., 2014; Szterk et al., 2010; Landers & Rathmann, 
1981; Ferrari & Souza, 2009; de Lira et al., 2010).

Lipid oxidation takes place through a set of autocatalytic reactions 
that produce a high number of new compounds. Hydroperoxides, 
the primary oxidation compounds, decompose giving rise to a 
variety of secondary oxidation products (Marmesat et al., 2009). 
The primary oxidation compounds analysis is always carried out 
by the peroxide value (PV), or, by the determination of conjugated 
dienes content (CD), since the hydro peroxides of polyunsaturated 
fatty acids, the most susceptible fatty acids to undergo oxidation, 
have a strong absorbance at 232 nm (Dobarganes & Velasco, 
2002; Marmesat et al., 2009). While the absorbance at 270 nm, as 
determined by the content of conjugated trienes (CT), have only 
oxidation products of some fatty acids such as gamma-linolenic, 
arachidonic, eicosapentaenoic, docosahexaenoic (Takagi et al., 
1987). Hydroperoxides decompose at higher temperatures to form 
volatile and non-volatile components such as dimers, trimers, 
polymers, alcohols and other secondary oxidation products that 
also significantly affect the oxidative stability of the oil. In order 
to monitor the rancidity of oil, the p-anisidine value (p-AnV) and 
the total oxidation value (totox) are being determined (Saeed & 
Naz, 2019). The p-anisidine value indicates secondary oxidation 
products (Leong et al., 2015; Patsioura et al., 2017).
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This study aims to investigate the oxidative stability of new 24 
cold-pressed sunflower oils in accelerated stability test conditions. 
The difference in the degree of unsaturation of fatty acids was 
shown by the iodine value, and two accelerated thermal stability 
tests, Rancimat and Schaal oven were applied. The tested samples 
were compared with refined sunflower oil due to its presence in 
the diet and consumer habits. One of the goals in the selection of 
new sunflower hybrids is to improve the oxidative stability of the 
oil. Furthermore, the main goal of the paper is the application 
of principal component analysis (PCA) to perform mapping of 
the samples by their oxidative characteristics. Mapping isolated 
samples similar to refined sunflower oil will help oil producers 
in the choice of a new sunflower hybrid.

2 Material and methods
2.1 Cold pressed oils production

Sunflower hybrid seeds were produced by the Institute of Field 
and Vegetable Crops, Novi Sad and grown on its experimental 
fields in Vojvodina (Serbia) (between 45°46′27″N, 19°6′44″E 
and 44°52′14″N, 20°38′25″E, year: 2017). Twenty-four sunflower 
hybrids (confectionary hybrids (H1-H18), oily hybrids with high 
oil content (H19, H22, H23, H24) and oily hybrids with altered 
fatty acid composition (H20, H21)) were investigated. Sunflower 
hybrids were grown under standard cultivation conditions without 
irrigation. Hybrids were sown in a randomized complete-block 
design with three replications. Collected seeds of individual 
hybrid were mixed. Five kg of seed of each hybrid were stored at 
20°C for 6 months and pressed. After storage seeds were pressed 
at a screw press of the designed capacity 25-30 kg h-1, run by a 
frequency of 27.5 Hz and real capacity between 15 and 30 kg 
h-1. At the output of the press, two products, oil and cake, were 
obtained. The temperature of sunflower oil (at output of press) 
was between 40 and 60°C. Differences in the oil temperature, as 
well as in a capacity were a direct consequence of different seed 
characteristics of the investigated samples. Obtained cold pressed 
oils were filtered through filter paper into 500 mL PET bottles, 
filled with no empty space, sealed and stored at refrigerator at 
6 ± 1°C until tested.

The RSO (refined high oleic sunflower oil) sample was a 
commercially available sample purchased in a store on the market. 
This sample does not contain added antioxidants.

2.2 Iodine value determination

Iodine value, IV, was determined according to ISO 3961:2018 
(International Organization for Standardization, 2018). A 
portion of the oil sample (0.13-0.15 g) was weighed to the nearest 
0.0001 g, added to a 500 mL Erlenmeyer flask, and dissolved 
using 20 mL of solvent (prepared by mixing equal volumes of 
cyclohexane and glacial acetic acid) and 25 mL of Wijs solution. 
This solution was allowed to rest for 1h in the dark with a blank 
prepared in the same manner except that it did not contain 
any sample. Then, 20 mL of a potassium iodide solution (100 g 
L-1) and 150 mL of distilled water was added. Titration with a 
standardized 0.1 mol L-1 sodium thiosulfate solution using an 
automatic burette was carried out until the solution was a pale 
yellow color. Then, 3 mL of a starch solution was added. The 

titration was continued until the blue color disappeared. All 
reagents were of analytical grade.

2.3 Accelerated stability tests

Rancimat accelerated stability test was made on Metrohm 
Rancimat model 743 (Herisau, Switzerland) to measure the 
induction period of oil samples. Measurements were done 
according to ISO 6886:2016 (International Organization for 
Standardization, 2016b). The oil sample of 2.5 ± 0.01 g was 
oxidized with a heating temperature of 110 °C and the airflow 
of 18-20 L h-1. Volatile products formed from oxidation reaction 
were solubled in 0.05 L of distilled water. The induction period, 
IP, was recorded automatically by apparatus software with an 
accuracy of 0.1, and the result was expressed in hours.

Schaal oven accelerated stability test was performed. For 
this test 50 mL of each sample twice in glass vessels of internal 
diameter 88 mm and height 18 mm was measured and subjected 
to test conditions: at moderate temperatures (63 ± 2 °C), in the 
presence of air, without the presence of light according to the 
methodology described by Gomes et al. (2010), Maszewska et al. 
(2018), and Naderi et al. (2018) for a period of 4 and 8 days. In 
the initial samples (0th day of the test), 4th, and 8th day of the test 
peroxide value, PV, p-anisidine value, p-AnV, total oxidation value, 
TOTOX, conjugated dienes, CD, and conjugated trienes content, 
CT, were investigated. The PV and p-AnV were determined 
according to ISO 3960:2007 (International Organization for 
Standardization, 2017b) and ISO 6885:2016 (International 
Organization for Standardization, 2016a), respectively. The TOTOX 
was calculated according to Oomah et al. (2000). CD and CT, 
coefficients of specific extinction at the absorption wavelengths 
of 232 nm and 270 nm, were determined according to method 
ISO 3656:2013/Amd 1:2017 (International Organization for 
Standardization, 2017a). All spectrophotometric measurements 
were made at a UV/VIS spectrophotometer model T80+ (PG 
Instruments Limited, London).

2.4 Statistical analysis

All results are presented as a mean value ± standard deviation 
(n = 3). One way analysis of variance (ANOVA) with a Tukey 
test was used to determine significant differences among the 
data at the significance level p < 0.05. The degree of a linear 
relationship between two variables was measured using Pearson’s 
correlation coefficient and significant correlations were at the 
significance level p < 0.01 and p < 0.001. Statistical processing 
of the obtained results was performed Statistica version 20 
(StatSoft, Tulsa, Oklahoma, USA).

The PCA is a statistical analysis used to reduce the initial 
amount of data to obtain orthogonal variables (González-
Díaz et al., 2007). The results of the PCA of 25 samples based on 
oxidative characteristics (PV, p-AnV, CD, CT, TOTOX) during 
the Schaal oven test (initial samples, after 4 and 8 days of the test), 
IP obtained by Rancimat test and IV of oils are presented in the 
form of scores and loadings plots. Scores are new coordinates of 
projected objects and loadings that reflect the direction taking 
into account the original variables (Kovačević et al., 2013).
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3 Results and discussion
3.1 Iodine value and oxidative stability – Rancimat test

The degree of unsaturation, expressed as IV is an important 
factor in oil quality. In the examined samples the lowest IV 
was 81 ± 2.04 gI2 100-1 g-1 (sample H21) while the highest 
value was 127 ± 5.38 gI2 100-1 g-1 (sample H19). No significant 
difference (p ˂ 0.05) was found between the IV of samples 
H21 and RSO. The IV of the other samples were significantly 
higher (Figure 1a). The obtained results were in line with the 
previous studies. Naimly, Popescu et al. (2015) examined the 
IV of 8 sunflower oil samples and obtained an average value 
of 116.99 ± 1.56 gI2 100-1 g-1. Konuskan et al. (2019) reported 
similar IV found in sunflower oil (102 gI2 100-1 g-1). RSO and 
H21 samples had IV similar to olive oil (75.43 ± 1.35 gI2 100-1 
g-1 reported by Popescu et al. (2015) which probably indicates a 
higher content of oleic fatty acid in their composition, i.e. oleic 
sunflower hybrids were used in the oil production. H20 sample 
had an IV slightly higher compared to previous two samples 
but still lower than the other tested oils. The IV (101 ± 2.53 gI2 
100-1 g-1) determinated in this sample probably indicate lower 
oleic fatty acids content compared to H21 sample, but still higher 
compared to the remaining oil samples.

The direct influence of the IV on the oxidative stability is 
visible in Figure 1b, showing the IP values obtained in examined 
samples by the Rancimat accelerated stability test. A significant 
(p ˂  0.001) negative correlation between the IV and the IP values 
(-0.96) in tested samples was found. Previous studies have also 
confirmed the negative correlation of these parameters (Górnaś et al., 
2017; Hashemi et al., 2015). The IP values obtained in the tested 
samples ranged from 3.32 ± 0.00 h (H19) to 9.55 ± 0.00 h (H21), 
consistent with the obtained IV extreme values. Symoniuk et al. 
(2018) reported higher IP values obtained in two cold-pressed 
sunflower oils (6.42 ± 0.06 h and 19.87 ± 0.07 h), determined 
at same flow rate conditions (20 L h-1) but lower temperature 
(100 °C). So high difference in the IP values obtained was a 
consequence of the differences in the fatty acid composition of 
these two samples. Namely, oil sample with a lower IP contained 
66.02% linoleic and 18.52% oleic fatty acid, while another sample 

contained 5.49% linoleic and 86.52% oleic fatty acid. Based on 
reported fatty acid composition, a higher degree of unsaturation 
(ie a higher IV) had the first sample compared to the second one. 
Oils containing unsaturated fatty acids are highly susceptible to 
oxidation (Choe & Min, 2006).

3.2 Oxidative stability – Schaal oven test

Oxidative stability is an important oil safety factor used to 
estimate its susceptibility to oxidation and its shelf life consequently 
(Symoniuk et al., 2018). In the Schaal oven test conditions, a 
significant increase (p ˂ 0.05) in PV and TOTOX was noticed 
in all samples except the control sample (RSO), there was no 
significant increase on 4th day of the test. After 8 days, these 
values increased significantly. A significant increase (p ˂  0.05) in 
p-AnV after 4 days of the test occurred in half of the examined 
samples, while 8th day of the test an increase was significant in 
all samples except H1 and H21, where p-AnV did not change 
significantly even after 8 days of the test exposure. The results 
were summarized in Table 1.

The lowest PV and TOTOX in the initial sample, as well 
as after 4 and 8 days of the Schaal oven test were obtained 
in sample H21 and amounted to 0.36 ± 0.01 mmol kg-1, 
2.37 ± 0.29 mmol kg-1, 4.85 ± 0.17 mmol kg-1, respectively, and 
1.12 ± 0.02, 2.99 ± 0.38, 7.39 ± 1.55, respectively (Table 1). No 
significant difference was found between the sample H21 and 
the control RSO sample (p ˂  0.05) in the PV and TOTOX on the 
4th and 8th day of the test. Kurhade & Waghmare (2014) tested 
the PV of refined sunflower oil on the 0th, 4th, and 8th day of the 
Schaal oven test and obtained the following values: 6.87 ± 0.7, 
21.78 ± 0.5, and 45.56 ± 0.23 meq kg-1, respectively. Differences 
in the mentioned values relative to the control sample in this 
paper (RSO) stem from differences in the fatty acid composition 
of the oils. Slightly lower TOTOX on the 0th, 4th, and 8th day of 
the test were determined in the H20 sample and amounted to 
3.26 ± 0.12, 25.56 ± 0.04, and 62.69 ± 0.05, respectively. On the 
other hand, the average values of the examined samples were 
6.31 ± 3.07, 57.53 ± 17.14 and 131.71 ± 43.44, respectively. 
P-AnV ranged from 0.05 ± 0.02 noticed 0th day to 7.79 ± 0.07, 

Figure 1. Box plot of the: (a) iodine value (IV) [gI2 100-1g-1] and (b) induction period (IP) [h] of the tested oil samples. Different lower-case letters 
in the sample name indicate significantly different values between samples (p ˂ 0.05).
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the highest value of the 8th day of the test. The results obtained are 
consistent with the study reported by Romanić & Kravić (2017).

The CD content ranged from 1.44 ± 0.01 (0th day) to 21.28 ± 0.01 
(8th day of the test) as reported in Table 2. The lowest CD value 
was also determined in sample H21. Obtained values are lower 
compared to results reported by Kiralan et al. (2008). Namely, 
CD content found in refined sunflower oil under Schaal oven 
test conditions after 8 days of the test was over 50. RSO sample 
had 15 times lower CD value at the end of the test (3.28 ± 0.32) 
as a consequence of a lower degree of unsaturation (lower IV). 
The content of CT in tested samples ranged from 0.13 ± 0.01 
(0th day) to 1.70 ± 0.24 (8th).

The largest increase in PV, TOTOX, and CD were determined 
on 4th day and averaged 9.86, 9.11, and 2.34 times. respectively. 
while after 8 days compared to the 4th day of the test, this 
increase was lower and amounted to 2.29, 2.29 and 1.58 times, 
respectively. This significant difference (p ˂  0.05) between days 
during the Schaal oven test was also indicated by the different 
lower-case letters in Table 1 and Table 2. The greatest oxidative 
changes occurred in the first 4 days of the test. After 4th day 
peroxides and conjugated dienes were formed but in lower 
quantities. The p-AnV and CT content increased on average 
1.97 and 1.29 times on the 4th day compared to initial samples, 
while after 8 days of the test compared to the 4th day of test, the 
increasement was 2.48 and 1.48 times, respectively. Obtained 
values were expected since the p-AnV indicates secondary 
oxidation products are created later (Labuza & Dugan, 1971), 

and CT are formed as oxidation products of fatty acids poorly 
present in sunflower oil (Takagi et al., 1987). Different values 
of oxidative characteristics during the Schaal oven test were a 
consequence of different degrees of unsaturation of samples (i.e. 
different fatty acid composition) but also different content and 
composition of bioactive components present in oils. Bioactive 
components will be the subject of further investigation. The 
obtained results were in line with previous studies (Wroniak et al.. 
2016; Romanić & Kravić, 2017).

Significant positive correlations (p ˂ 0.01) were found 
between IV and PV, TOTOX, and CD during the Schaal oven 
test (Table 3.). The obtained correlations were in accordance with 
the previous researches and were expected because, with the 
increase of the IV the oxidative stability of the oil decreases, i.e. 
oxidative parameter values also increase (Knothe, 2002; Moser, 
2008; Moser, 2011). The TOTOX gives a comprehensive picture 
indicating both primary and secondary oxidation products 
(Saeed & Naz, 2019; Patsioura  et  al., 2017). The secondary 
oxidation products content shown as the p-AnV did not have a 
statistically significant correlation with the IV, explained by the 
low content of secondary oxidation products during the 8 days 
of the Schaal oven test, so this correlation would be better in the 
case of longer exposure to the test conditions. No statistically 
significant correlation was found between CT and IV. The reason 
was, as mentioned, the low content of fatty acids necessary to 
form conjugated trienes in oxidation processes.

Table 1. Peroxide value (PV), p-anisidine value (p-AnV), total oxidation value (TOTOX) in the initial samples and after 4 and 8 days of Schaal 
oven test.

Hybrid
PV [mmol kg-1] p-AnV TOTOX

0th day 4th day 8th day 0th day 4th day 8th day 0th day 4th day 8th day
H1 3.44 ± 0.02mA 24.88 ± 2.45cdB 56.33 ± 4.89cdefC 1.19 ± 0.29abcdA 1.67 ± 0.29efghA 2.16 ± 0.58defghA 8.07 ± 0.31hA 51.43 ± 4.75deB 114.82 ± 10.09cdeC

H2 1.85 ± 0.02dA 17.75 ± 1.95bcB 47.41 ± 3.12cC 0.23 ± 0.02abA 0.66 ± 0.04abcA 4.00 ± 0.34klB 3.94 ± 0.01bcA 36.16 ± 3.94bcB 98.82 ± 5.90cC

H3 2.45 ± 0.03gA 30.44 ± 3.24defghB 65.19 ± 4.42defghiC 0.26 ± 0.02abA 0.69 ± 0.04abcdB 1.76 ± 0.06bcdefgC 5.17 ± 0.07defA 61.57 ± 6.52defgB 132.14 ± 8.78defgC

H4 6.93 ± 0.06rA 36.99 ± 4.67ghijB 76.39 ± 6.24hiC 1.27 ± 0.07bcdA 4.02 ± 0.18kB 4.60 ± 0.20klC 15.13 ± 0.05kA 78.00 ± 9.16ijB 157.38 ± 12.68gC

H5 1.74 ± 0.01cdA 25.86 ± 1.59deB 69.35 ± 3.98fghiC 0.07 ± 0.04aA 0.07 ± 0.02aA 1.72 ± 0.20abcdefgB 3.55 ± 0.04bA 51.79 ± 3.17deB 140.42 ± 8.16efgC

H6 2.55 ± 0.03ghA 31.62 ± 4.22defghiB 131.88 ± 9.45jC 0.05 ± 0.02aA 1.01 ± 0.04bcdefB 3.59 ± 0.20ijkC 5.15 ± 0.06defA 64.25 ± 8.40efghiB 267.35 ± 19.10hC

H7 2.03 ± 0.02eA 24.07 ± 1.87cdB 59.45 ± 3.24cdefgC 0.17 ± 0.02abA 2.58 ± 0.10ijB 4.10 ± 0.85jkC 4.23 ± 0.06bcdA 50.72 ± 3.84cdeB 123.00 ± 7.33cdefC

H8 1.90 ± 0.01deA 27.45 ± 3.24defB 71.67 ± 4.78ghiC 0.09 ± 0.02aA 1.32 ± 0.07cdefgB 2.29 ± 0.14efghC 3.89 ± 0.04bcA 56.22 ± 6.55defgB 145.63 ± 9.70fgC

H9 3.13 ± 0.02lA 37.51 ± 5.23hijB 70.93 ± 7.82ghiC 1.26 ± 0.09bcdA 2.29 ± 0.51ijB 7.79 ± 0.07mC 7.52 ± 0.12hA 77.31 ± 10.73hijB 149.65 ± 15.68fgC

H10 3.98 ± 0.05oA 29.85 ± 1.00defgB 54.70 ± 4.10cdeC 1.52 ± 0.34cdA 2.02 ± 0.26ghiA 6.56 ± 0.04mB 9.48 ± 0.31iA 61.72 ± 1.89defgB 115.97 ± 8.16cdeC

H11 3.02 ± 0.03klA 28.08 ± 1.03defB 66.34 ± 5.23defghiC 0.19 ± 0.03abA 0.33 ± 0.02abB 0.46 ± 0.04aC 6.24 ± 0.03fgA 56.49 ± 2.03defgB 133.14 ± 10.43defgC

H12 3.67 ± 0.02nA 34.88 ± 1.88fghijB 70.90 ± 5.03fghiC 0.76 ± 0.04abcA 0.83 ± 0.03bcdA 2.32 ± 0.12ghiB 8.10 ± 0.08hA 70.60 ± 3.78ghijB 144.12 ± 10.18efgC

H13 4.57 ± 0.04pA 26.05 ± 2.10deB 52.49 ± 2.96cdC 0.85 ± 0.04abcA 0.90 ± 0.02bcdA 1.02 ± 0.02abcdeB 9.99 ± 0.04iA 53.00 ± 4.22defB 106.00 ± 5.94cdC

H14 3.12 ± 0.03lA 28.55 ± 1.66defB 63.25 ± 4.04defghiC 0.68 ± 0.03abcA 0.89 ± 0.02bcdB 0.95 ± 0.03abcdB 6.92 ± 0.08ghA 57.99 ± 3.29defgB 127.45 ± 8.10cdefC

H15 1.79 ± 0.03dA 24.14 ± 1.19cdB 62.58 ± 2.97defghC 0.53 ± 0.03abcA 0.66 ± 0.04abcB 0.78 ± 0.04abcC 4.11 ± 0.08bcdA 48.93 ± 2.38cdB 125.93 ± 5.97cdefC

H16 2.80 ± 0.05iA 29.27 ± 3.36defB 65.35 ± 4.14defghiC 0.61 ± 0.03abcA 0.85 ± 0.02bcdB 1.03 ± 0.03abcdefC 6.21 ± 0.07fgA 59.38 ± 6.70defgB 131.72 ± 8.25defgC

H17 2.87 ± 0.03jkA 31.13 ± 1.33defghB 72.88 ± 6.07ghiC 0.52 ± 0.02abcA 0.56 ± 0.05abA 1.60 ± 0.02abcdefgB 6.27 ± 0.03fgA 62.82 ± 2.62defghB 147.36 ± 12.12fgC

H18 2.20 ± 0.02fA 30.85 ± 2.96defghB 67.56 ± 5.45efghiC 0.47 ± 0.06abcA 0.83 ± 0.03bcdA 2.44 ± 0.64ghijB 4.86 ± 0.03cdeA 62.53 ± 5.93defghB 137.56 ± 10.60efgC

H19 2.60 ± 0.09ghA 33.28 ± 0.61efghijB 77.26 ± 4.20iC 0.73 ± 0.20abcA 1.33 ± 0.63cdefgA 3.63 ± 0.62jkB 5.93 ± 0.17efgA 67.88 ± 1.50fghijB 158.15 ± 9.02gC

H20 1.59 ± 0.06cA 12.61 ± 0.04bB 30.32 ± 0.03bC 0.08 ± 0.01aA 0.35 ± 0.05abB 2.05 ± 0.01cdefghC 3.26 ± 0.12bA 25.56 ± 0.04bB 62.69 ± 0.05bC

H21 0.36 ± 0.01aA 2.37 ± 0.29aB 4.85 ± 0.17aC 0.57 ± 0.01abcA 0.59 ± 0.30abA 0.65 ± 0.43abA 1.30 ± 0.02aA 5.33 ± 0.30aB 10.36 ± 0.77aC

H22 5.68 ± 0.14qA 40.74 ± 1.35jB 76.81 ± 0.31hiC 0.70 ± 0.32abcA 1.39 ± 0.13defghA 4.04 ± 0.87klB 12.06 ± 0.59jA 82.88 ± 2.57jB 157.66 ± 1.48gC

H23 2.67 ± 0.03hiA 38.78 ± 0.87ijB 64.97 ± 4.12defghiC 0.96 ± 0.06abcA 1.70 ± 0.36fghA 7.77 ± 1.02mB 6.31 ± 0.10fgA 79.26 ± 1.38ijB 137.71 ± 9.26efgC

H24 1.60 ± 0.14cA 28.94 ± 0.44defB 66.33 ± 4.12defghiC 0.65 ± 0.01abcA 0.95 ± 0.02bcdeA 3.30 ± 0.28hijkB 3.85 ± 0.28bcA 58.83 ± 0.89defgB 135.96 ± 8.38efgC

RSO 1.12 ± 0.02bA 2.99 ± 0.38aA 7.39 ± 1.55aB 2.12 ± 1.73dA 2.88 ± 0.43jAB 5.02 ± 0.11lB 4.37 ± 1.72bcdA 8.86 ± 0.35aA 19.80 ± 3.00aB

Values are means ± standard deviation (n = 3). Different lower-case letters in the same column indicate significantly different values between samples while different upper-case letters 
in same raw indicate significantly different values of inidividual oxidative parameter (PV, p-AnV, TOTOX) between days during Schaal oven test (p < 0.05).
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The IP indicates the resistance of the sample to oxidative changes 
and correlations of induction period with oxidative parameters 
(PV, TOTOX, and CD) are significantly negative (p ˂ 0.01) which 

correlated well with values reported previously (Ghosh et al., 2019; 
Li et al., 2019). Symoniuk et al. (2018) examined the correlation of 
IP and TOTOX of 27 different cold-pressed oil samples (linseed, 

Table 2. Conjugated dienes (CD) and conjugated trienes (CT) content in the initial samples and after 4 and 8 days of Schaal oven test.

Hybrid
CD CT

0th day 4th day 8th day 0th day 4th day 8th day
H1 5.66 ± 0.10kA 11.74 ± 2.30cdefB 16.24 ± 3.25defB 0.49 ± 0.02hijA 0.49 ± 0.02defA 0.52 ± 0.02abcdeA

H2 6.65 ± 0.20lmnA 11.31 ± 1.84cdefB 15.46 ± 1.54defC 0.38 ± 0.02fgA 0.52 ± 0.02efgB 0.49 ± 0.02abcdB

H3 6.77 ± 0.13lmnA 13.98 ± 2.58cdefB 19.74 ± 2.44efC 0.33 ± 0.01cdefA 0.45 ± 0.03cdefB 0.57 ± 0.07bcdeC

H4 8.81 ± 0.31pA 16.13 ± 3.54fB 20.42 ± 3.21efB 0.68 ± 0.05lA 0.79 ± 0.08iAB 0.88 ± 0.08fB

H5 3.15 ± 0.04efgA 8.33 ± 0.87bcB 17.03 ± 2.01efC 0.36 ± 0.03defA 0.37 ± 0.03abcdA 0.39 ± 0.01abcA

H6 7.34 ± 0.10oA 15.24 ± 2.65efB 18.81 ± 2.27efB 0.53 ± 0.05jkA 0.57 ± 0.06fghA 0.57 ± 0.02bcdeA

H7 6.57 ± 0.02lA 15.19 ± 3.21efB 19.76 ± 1.98efB 0.41 ± 0.02fghiA 0.52 ± 0.02efgB 0.66 ± 0.03defC

H8 6.91 ± 0.11nA 16.96 ± 3.41fB 19.50 ± 1.96efB 0.61 ± 0.05klA 0.65 ± 0.05hA 0.75 ± 0.01efB

H9 6.61 ± 0.02lmA 24.17 ± 4.19gB 20.42 ± 2.41efB 0.41 ± 0.10fghiA 0.78 ± 0.10iB 1.19 ± 0.09gC

H10 4.02 ± 0.01jA 12.94 ± 0.01cdefB 18.81 ± 1.03efC 0.54 ± 0.03jkA 1.00 ± 0.01jB 1.22 ± 0.01gC

H11 3.59 ± 0.08hiA 9.24 ± 1.52bcdeB 16.88 ± 1.45efC 0.41 ± 0.03fghiA 0.46 ± 0.01cdefB 0.50 ± 0.01abcdB

H12 6.86 ± 0.05mnA 14.72 ± 2.56defB 20.09 ± 2.69efC 0.50 ± 0.02ijA 0.62 ± 0.01ghB 0.66 ± 0.01defC

H13 3.36 ± 0.06fghA 11.94 ± 1.56cdefB 10.27 ± 0.85cdB 0.40 ± 0.02fghA 0.46 ± 0.05cdefA 0.69 ± 0.09defB

H14 3.60 ± 0.04hiA 11.31 ± 1.91cdefB 18.57 ± 2.45efC 0.38 ± 0.02efA 0.47 ± 0.01cdefB 0.51 ± 0.03abcdeB

H15 2.98 ± 0.04eA 8.99 ± 0.92bcdB 19.16 ± 1.58efC 0.27 ± 0.01bcdA 0.46 ± 0.04cdefB 0.52 ± 0.04abcdeB

H16 3.42 ± 0.02ghiA 9.44 ± 1.02bcdeB 18.29 ± 2.03efC 0.23 ± 0.01bA 0.28 ± 0.00aB 0.32 ± 0.02abC

H17 3.15 ± 0.02efgA 11.65 ± 0.01cdefB 20.05 ± 0.01efC 0.37 ± 0.01efA 0.54 ± 0.03efghB 0.57 ± 0.04bcdeB

H18 3.68 ± 0.01iA 9.22 ± 0.02bcdeB 21.28 ± 0.01fC 0.28 ± 0.01bcdeA 0.42 ± 0.01bcdeB 0.61 ± 0.01cdeC

H19 2.99 ± 0.04eA 4.60 ± 0.87abA 19.18 ± 2.60efB 0.27 ± 0.01bcdA 0.36 ± 0.01abcA 0.62 ± 0.07cdeB

H20 2.17 ± 0.02cA 4.37 ± 0.84abA 8.75 ± 1.54bcB 0.13 ± 0.01aA 0.30 ± 0.01abB 0.31 ± 0.01aB

H21 1.44 ± 0.01bA 1.97 ± 0.45aA 2.51 ± 0.61aA 0.21 ± 0.02abA 0.28 ± 0.01aB 0.29 ± 0.01aB

H22 3.57 ± 0.04hiA 4.80 ± 0.75abA 16.73 ± 2.44efB 0.23 ± 0.01bA 0.37 ± 0.08abcA 1.39 ± 0.15ghB

H23 3.13 ± 0.03efA 3.50 ± 0.43abA 10.43 ± 0.03cdB 0.32 ± 0.01ghijA 0.48 ± 0.03abA 1.70 ± 0.24iB

H24 2.61 ± 0.02dA 3.72 ± 0.74abA 14.98 ± 2.39deB 0.25 ± 0.01bcA 0.31 ± 0.01abA 1.55 ± 0.13hiB

RSO 0.49 ± 0.01aA 2.11 ± 0.36aB 3.28 ± 0.32abC 0.49 ± 0.01hijA 0.54 ± 0.03efghA 1.71 ± 0.15iB

Values are means ± standard deviation (n = 3). Different lower-case letters in the same column indicate significantly different values between samples while different upper-case letters 
in same raw indicate significantly different values of inidividual oxidative parameter (PV, p-AnV, TOTOX) between days during Schaal oven test (p < 0.05).

Figure 2. PCA analysis: (a) Loading plot of PC1-PC2 for different sunflower cold-pressed oils and refined sunflower oil (TOTOX–total oxidation 
value, CD–conjugated dienes and CT–conjugated trienes during Schaal oven test (0th, 4th and 8th day), IV-iodine value, IP–induction period); (b) 
Score plot of PC1-PC2 for different sunflower cold-pressed oils and refined sunflower oil.
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rapeseed, camelina, black cumin, evening primrose, hempseed, milk 
thistle, poppy, pumpkin, and sunflower) and obtained significant 
(p ˂  0.05) negative correlations between the IP and PV and TOTOX, 
while no significant correlation was found with the p-AnV.

3.3 PCA

Relations between the oxidative parameters obtained by 
accelerated stability tests (TOTOX, CD, CT, IP) and IV were 
analyzed. The PCA was applied to study the relationships between 
selected variables and derive new principal components (PCs) 
where these variables can be classified. The PCA was also used 
to map the samples tested in our experiment (24 samples of 
different cold-pressed sunflower oils and refined sunflower oil 
as control) into these new components. The PCA showed that 
the first two PCs were the most important elements explaining 
variation in the data; they accounted for approximately 70.15% 
of the total variance (51.40% and 18.75%, respectively). The IP 
has a positive effect on PC1, while IV, CD content 0th, 4th, and 
8th day, as well as TOTOX 4th and 8th day of the Schaal oven 
test, have the greatest negative effect (Figure 2a). PC1 seems 
to indicate oxidative stability, i.e. the ability of samples to resist 
oxidative changes. IV had the highest positive effect on PC2, 
while CT on 0th and 4th day of the Schaal oven test, as well as 
the IP, had the greatest negative, and PC2 takes into account 
the influence of the degree of fatty acid unsaturation on the 
oxidative changes of the samples under accelerated stability 
test conditions. Figure 2b shows clear segregation of H20, H21, 
and RSO samples which indicates significantly better oxidative 
characteristics compared to other tested samples, due to the 
lower degree of fatty acid unsaturation. Similar results were 
obtained by Redondo-Cuevas et al. (2018). They applied PCA 
to oil samples originating from different raw materials (corn, 
olive, sunflower, rapeseed, sesame, coconut, palm, butter, ghee) 
and obtained new PCs accounting for 66.6% of the total variance 
(PC1 accounts for 46.3% and PC2 20.3%). High oleic sunflower 

oil belonged to the olive oils group confirming their similar 
oxidative behavior.

4 Conclusion
New sunflower hybrids with improved characteristics are 

created permanently. Present sunflower hybrids will be replaced by 
new ones and oil producers will need guidance in the selection of 
new hybrids. Their main concern is how to produce good quality 
oil with the longest possible shelf life, therefore, in this paper, 
the oxidative characteristics of new cold pressed sunflower oils 
during accelerated thermal stability tests were examined. The 
best oxidative characteristics were shown by the sample H21, 
the most similar to the control (RSO) sample. The TOTOX of 
this sample was 1.30 ± 0.02 (0th day), while on the 8th day of 
the test was 10.36 ± 0.77. This sample also had the largest IP of 
9.55 ± 0.00 h, as well as the lowest IV (81 ± 2.04 gI2 100-1 g-1). 
PCA mapped and isolated samples H21, H20, and control RSO, 
as the most oxidatively stable oils. In addition, this work proved 
the possibility of production of oxidatively stable oils from the 
confectionary sunflower hybrid seeds, not previously used for 
this purpose.
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