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SUMMARY 
 
 The objective of this study was to determine the effect on fatty 
acid composition of heating olive and sunflower oils with selected natural 
and synthetic antioxidants. The antioxidants investigated were quercetin, 
caffeic acid, protocatechuic acid, and butylated hydroxyanisole (BHA), 
each at concentrations of 0.02, 0.04, and 0.06%. Oils with no added an-
tioxidants were also heated. After heating of the samples at 90°C for 72 h 
and 120 h, then preliminary saponification of the fat and esterification of 
the acids, the fatty acids were determined as the methyl esters by gas chro-
matography; heptadecanoic acid was used as internal standard. The high 
temperatures had a negative effect on fatty acid composition. Olive oil was 
more resistant than sunflower oil to changes during heating. In general, the 
effectiveness of natural antioxidants (quercetin, caffeic acid, and protoca-
techuic acid) was no less than that of the synthetic antioxidant (BHA). 
 
INTRODUCTION 
 
 Although the high level of unsaturation of fatty acids contained in 
oils of plant origin is appreciated by nutritionists, it causes severe techno-
logical problems, because of their greater susceptibility to oxidation. Oxi-
dation of the fats degrades the organoleptic quality of food, reduces its nu-
tritional value, and products of the oxidation processes can participate in the 
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aging of an organism and in the aetiology of cardiovascular diseases and 
cancer [1,2]. Lipids can be protected against uncontrolled oxidation by ad-
dition of antioxidants with the ability to remove the free radicals and reac-
tive oxygen species (ROS) that damage cellular and tissue structures [3]. 
 There is currently much interest in natural antioxidants, including 
polyphenols, isolated from plants [4]. Because of their natural occurrence 
and consumption with plants, they are fully accepted by consumers, in con-
trast with synthetic antioxidants which may initiate disease [5,6]. Much 
research is therefore being conducted to find completely safe, naturally 
active substances that strongly inhibit degradation of fats. 
 Evaluation of the protection afforded to fats by antioxidants consists 
mainly in measurement of antioxidant activity under different experimental 
conditions, e.g. type of fat, temperature, pH, light, presence of enzymes or 
microorganisms, antioxidant concentration, aeration, presence of heavy 
metals, presence of ionizing radiation, etc. The course of lipid oxidation is 
monitored by measurement of the concentration of conjugated dienes, he-
xanal, or compounds reacting with thiobarbituric acid, mainly malonyl 
dialdehyde. The analytical methods most often used for evaluation of the 
efficiency of antioxidants are iodometry [7,8], the thiocyanate method [9], 
the thiobarbituric acid (TBA) method [10], or use of the automated Ranci-
mat device [11]. None of these methods can be used to characterize in de-
tail the quantitative changes occurring within the fatty acid glyceride mix-
ture. 
 Gas chromatography is more convenient and precise method for 
qualitative and quantitative analysis of fatty acid methyl esters, and com-
parative chromatographic analysis of changes in the concentrations of fatty 
acid methyl esters released by saponification of fat previously subjected to 
oxidation with and without the presence of antioxidant can be used for 
indirect characterization of the efficiency of the antioxidants at inhibiting 
unfavourable processes within the fat. It is, therefore, plausible to use gas 
chromatography to evaluate the efficiency of antioxidants used in studies 
of inhibition of quantitative changes in the glyceride fraction of fatty 
acids. 
 The objective of this study was to use GC analysis of fatty acids to 
monitor changes in the composition of sunflower and olive oils heated 
with selected natural (quercetin, caffeic acid, and protocatechuic acid) and 
synthetic (butylated hydroxyanisole BHA) antioxidants. 
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EXPERIMENTAL 
 
Chemicals and Reagents 
 

 Sunflower oil and olive pomace were purchased from a Lublin su-
permarket. Quercetin, caffeic acid, protocatechuic acid, butylated hydro-
xyanisole (BHA), and heptadecanoic acid were from Sigma. 
 
Methods 
 

 Samples (1 g, in triplicate) of the fats were placed in tubes with 
addition of sufficient volumes of solutions of the antioxidants in ethanol 
(2 mg mL−1) to achieve antioxidant concentrations of 0.02, 0.04, and 0.06% 
(Table I); these concentrations were selected on the basis of literature data 
[12]. Samples were stirred to produce an emulsion and then left for 24 h at 
ambient temperature for evaporation of the alcohol. Another sample of the 
oil (1 g) was then added to each tube, giving a total mass of 2 g and the 
mixtures were stirred again then thermostatted at 90°C protected from light. 
Samples (approx. 50 mg) were taken for chromatographic analysis after 
72 and 120 h. 
 
Table I 
 

Designation of the samples 
 

No. Sample Designation 
1 Raw oil 0 
2 Oil with added quercetin (0.02%) Q 0.02 
3 Oil with added quercetin (0.04%) Q 0.04 
4 Oil with added quercetin (0.06%) Q 0.06 
5 Oil with added caffeic acid (0.02%) C 0.02 
6 Oil with added caffeic acid (0.04%) C 0.04 
7 Oil with added caffeic acid (0.06%) C 0.06 
8 Oil with added protocatechuic acid (0.02%) P 0.02 
9 Oil with added protocatechuic acid (0.04%) P 0.04 

10 Oil with added protocatechuic acid (0.06%) P 0.06 
11 Oil with added BHA (0.02%) B 0.02 
12 Oil with added BHA (0.04%) B 0.04 
13 Oil with added BHA (0.06%) B 0.06 
14 Oil with no added antioxidant (control) K 

 
 A solution of heptadecanoic acid in hexane (10 mg mL−1, 300 µL) 
was added to weighed oil samples (approx. 50 mg) and the fats were sapo-
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nified and the fatty acids esterified (with a 14% solution of BF3 in metha-
nol) in accordance with AOAC methods [13,14]. 
 
Gas Chromatography 
 

 Chromatography was performed with Unicam 610 Series gas chro-
matograph equipped with a flame-ionization detector and a 60 m × 0.25 
mm i.d. column coated with a 0.25 µm film of HP-23. Split injection (split 
ratio 1:50) was performed, with hydrogen as carrier gas at a flow rate of 
43 m s−1. The column temperature was maintained at 160°C for 1 min af-
ter injection then programmed at 2.75° min−1 to 215°C, which was held 
for 2 min, and then at 40° min−1 to 230°C, which was held for 2 min. The 
injection port and detector temperatures were 270°C. Calculations were 
based on previous analysis of standard mixtures and calculation of indivi-
dual correction coefficients. 
 The activity of the antioxidants in the experimental systems was 
determined on the basis of calculated inhibition IhΣ of quantitative changes 
of total fatty acids: 
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where IhΣ is the inhibition of quantitative changes relative to the total amount 
of fatty acids, CaoxΣ is the total concentration of fatty acids (%) in the sam-
ple tested with added antioxidant, and CkΣ is the total concentration of fat-
ty acids (%) in the control with no added antioxidant. 
 
RESULTS AND DISCUSSION 
 
 Experiments revealed the oils tested contained large amounts of 
unsaturated fatty acids. The most abundant was the mono-unsaturated oleic 
acid (C18:1), approximately 55% in olive oil and the bi-unsaturated lino-
leic acid (C18:2), approximately 47% in sunflower oil (Tables II and III). 
This means the fats tested are significant sources of unsaturated fatty acids. 
 These results indicate that long-term high-temperature treatment 
had an adverse effect on the quantitative fatty acid composition of the oils; 
this has a direct implication on use of these fats for cooking. A decrease in 
fatty acid concentrations was observed when the fats were heated at 90°C 
(Tables II and III), with the fatty acid content decreasing in proportion to 
heating time. The decreases for olive oil and sunflower oil, respectively, 
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Table II 
 

Changes of the fatty acid (FA) content of olive oil during heating at 90°C 
 

Fatty acid content ± SD (g per 100g) Fatty 
acid After heating for 0 h After heating for 72 h After heating for 120 h 

C16:0a 12.14 ± 0.35 11.77 ± 0.30 11.01 ± 0.30 
C16:1 1.42 ± 0.04 1.21 ± 0.05 1.03 ± 0.05 
C18:0 2.17 ± 0.05 1.75 ± 0.06 1.80 ± 0.04 
C18:1 55.13 ± 2.50 50.14 ± 2.25 44.83 ± 2.00 
C18:2 13.85 ± 0.60 8.71 ± 0.40 7.37 ± 0.35 
α-C18:3 0.64 ± 0.03 – – 
C20:0 0.34 ± 0.02 0.23 ± 0.01 0.20 ± 0.01 
C20:2 0.70 ± 0.04 1.10 ± 0.05 2.13 ± 0.06 

Σ 86.39 74.91 68.37 
 
a C16:0, palmitic acid; C16:1, palmitoleic acid; C18:0, stearic acid; C18:1, oleic acid; C18:2, 
linoleic acid; α-C18:3, α-linolenic acid; C20:0, arachidonic acid; C20:2, eicosadienoic acid 

 
 
Table III 
 

Changes of the fatty acid (FA) content of sunflower oil during heating at 90°C 
 

Fatty acid content ± SD (g per 100g) Fatty 
acid After heating for 0 h After heating for 72 h After heating for 120 h 

C16:0a 5.35 ± 0.11 5.84 ± 0.12 4.99 ± 0.10 
C18:0 3.41 ± 0.08 2.94 ± 0.03 3.39 ± 0.03 
C18:1 19.58 ± 0.39 17.32 ± 0.35 16.12 ± 0.32 
C18:2 46.87 ± 1.17 34.80 ± 0.87 31.08 ± 0.78 
C20:0 0.70 ± 0.01 0.30 ± 0.01 0.26 ± 0.00 
C20:2 0.06 ± 0.00 0.55 ± 0.01 0.17 ± 0.00 

Σ 75.97 61.75 56.01 
 
a C16:0, palmitic acid; C18:0, stearic acid; C18:1, oleic acid; C18:2, linoleic acid; C20:0, ara-
chidonic acid; C20:2, eicosadienoic acid 

 
were approximately 11% and 15% after heating for 72 h and approximately 
18% and 20% after 120 h (relative to the initial concentrations). It seems 
the lower loss of total fatty acids from olive oil compared with sunflower 
oil was because of its lower content of linoleic acid, which is readily oxi-
dized, and its higher amount of oleic acid, which is less readily oxidized 
[15,16]. It thus follows that olive oil, with its large mono-unsaturated fatty 
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acid content is slightly better for cooking than sunflower oil, which is abun-
dant in bi-unsaturated fatty acids. 
 Comparison of results for samples with and without added antioxi-
dants revealed the antioxidants had a protective effect on the fatty acid con-
tent of the oils tested (Figs 1 and 2). Natural antioxidants were, furthermore, 
no less effective, in general, than the synthetic antioxidant BHA and, under 
favourable conditions (type of antioxidant, antioxidant concentration, type 
of fat), sometimes resulted in better inhibition of fatty acid degradation 
(Table IV). Zia-ur-Rehman et al. [6] and Jarosławska et al. [17,18] have also 
reported the comparable performance of natural and synthetic antioxidants 
in experiments with sunflower oil. 
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Fig. 1 
 

Fatty acid content of olive oil heated at 90°C (designations as in Table I) 
 
 It is, however, impossible to judge unequivocally which natural an-
tioxidant has the best protective properties and at which concentration it 
should be used. It is possible they interact synergistically with other active 
substances naturally present in the oils and may thus both act as inhibitors 
of oxidation and as pro-oxidants catalyzing oxidation in the bulk oil [19, 
20]. This effect was observed in this work for 0.02% and 0.04% quercetin 
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Fig. 2 
 

Fatty acid content of sunflower oil heated at 90°C (designations as in Table I) 
 
 
Table IV 
 

Effectiveness of quercetin, caffeic acid, protocatechuic acid, and BHA at inhibition of 
quantitative changes of the total fatty acid content of olive and sunflower oils 
 

Inhibition IhΣ (%) 
After heating for 72 h After heating for 120 h Oil Anti-

oxidant 
0.02a 0.04 0.06 0.02 0.04 0.06 

Q 10.42 ± 0.34 9.54 ± 0.31 8.93 ± 0.27 15.50 ± 0.53 19.25 ± 0.59 18.57 ± 0.61 
C 10.44 ± 0.21 13.31 ± 0.47 10.06 ± 0.33 19.70 ± 0.65 19.42 ± 0.63 13.66 ± 0.45 
P 10.29 ± 0.31 12.2 ± 0.40 4.92 ± 0.16 20.43 ± 0.71 22.16 ± 0.73 15.36 ± 0.54 O

liv
e 

B 13.23 ± 0.45 11.77 ± 0.36 9.74 ± 0.31 22.93 ± 0.74 22.10 ± 0.64 20.81±0.69 
Q 9.20 ± 0.17 9.92 ± 0.04 8.32 ± 0.14 −4.77 ± 0.08 −3.36 ± 0.07 9.21 ± 0.16 
C 8.90 ± 0.15 5.56 ± 0.09 6.02 ± 0.11 1.91 ± 0.05 5.68 ± 0.12 9.34 ± 0.11 
P 7.95 ± 0.11 6.64 ± 0.12 0.73 ± 0.01 9.39 ± 0.16 18.75 ± 0.32 10.80 ± 0.16 

Su
nf

lo
w

er
 

B −3.37 ± 0.05 7.04 ± 0.17 7.46 ± 0.14 2.91 ± 0.06 21.21 ± 0.45 14.77 ± 0.25 
 
a Concentration (%) of the antioxidant in the oil 
 
in sunflower oil heated for 120 h and for 0.02% BHA in the same oil heated 
for 72 h (Table IV). Selection of the optimum antioxidant for a particular 
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fat is therefore recommended. This will involve performing detailed com-
parative tests with a wide range of concentrations of chemically different 
groups of antioxidants [21]. 
 Gas chromatography is, without doubt, a useful analytical technique 
for studying the effect of different conditions on the fatty acid composition 
of fats. 
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