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1. Introduction 

In the last years the consumers’ trend was to only use natural additives in food and cosmetics. The lipid oxidation 

is responsible for the decrease of nutritional and sensory quality of lipid-containing products. Therefore the interest in 

the natural antioxidants found in plants has risen [1]. Lipid oxidation has been long recognized as a major problem in the 

storage time of fatty foods because lipids are one of the most chemically unstable food components. Lipids will suffer 

free-radical chain reactions that not only deteriorate the lipids but produce oxidative fragments, degrade proteins, 

vitamins and pigments. These oxidative changes can result in flavour quality loss, in changes of colour and texture, in 

destruction of valuable nutrients and even in generation of toxic compounds.  This reaction occurs by several molecular 

mechanisms. The complexity of the chemistry involved defies the possibility of one, universal, analytical test [2]. The 

addition of suitable antioxidants is directly associated with the optimum stabilization lipid in food. Major types of natural 

antioxidants are the phenolic acids, which are derivatives of benzoic and cinnamic acids (caffeic acid). The antioxidative 

properties of the phenolic acids in lipids were the object of a number of investigations. A relationship between the 

Abstract: The gold of this work is to study the antioxidant properties of caffeic acid alkyl esters in 
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subjected to lipid oxidation at 60±0.1°C for 40 or 45 days. It was determined the rate of lipid oxidative stability and 

primary and secondary oxidative products. Four methods were used for determination of the antioxidant effect, as 

the conjugated dienes content, the hexanal concentration by headspace technique with GC-MS, the oxopolymer 

content by HPLC and the decrease of oxidation stability.  

The alkyl esters of caffeic acid are powerful antioxidants at 1.5 mmol/kg of lipid substrate, namely MET CA, 
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structures of the phenolic acids and their antioxidant activities has been established. It has been found that the 

derivatives of cinnamic acids are more active antioxidants than the derivatives of benzoic acid. The presence of the 

CH=CH–COOH group in cinnamic acid derivatives ensures a greater efficiency than the COOH group in benzoic acids [3]. 

Cuvelier et al. (1992) [4] suggested that the double bond participated in stabilizing the phenoxyl radicals by resonance. 

The introduction of a second hydroxy group in the ortho or para position also increased the antioxidant activity. Alkyl 

esters of caffeic present a higher antioxidant activity because of his different conformation of molecules. It is connected 

with an aromatic ring by single bond and phenyl group can rotate flexibly. Their antioxidant activity increases with 

elongation of alkyl chain to critical point in homologous series of alkyl esters. Then, antioxidant activity rapidly decreases 

with further increase of the alkyl chain length due to a decrease of antioxidant concentration in water phase [1]. 

The purpose of the present study was to clarify the antioxidative behaviour of alkyl esters of caffeic acid in 

combination with other antioxidants (α-tocopherol and ascorbyl palmitate) (Fig. 1) in FAME at 60°C and at different 

range of concentrations. As a lipid substrate it was used FAME of sunflower oil.  

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Materials and methods 

 

2.1. Material 

 

2.1.1. Test media for determining the oxidative stability 

FAME was used as medium for lipid oxidation. Table 1 and table 2 show the tests that were made. The test 

medium was analysed by peroxide value *5+, ρ-anisidine value [6], acid value [7], and iodine value [8] according to IUPAC 

methods and the fatty acid composition was also determined by GC-FID *9+. The α-tocopherol content in FAME was 

lower than 2 ppm. These tests help gathering more information about the medium.  

 

Table 1 – Chemical characterization of FAME prepared from original sunflower oil. 

Tests FAME 

Peroxide value (meq.act.O/kg)
a)

 2.3±0.5 

ρ-Anisidine value (ρ-A.V.) 12.65 

Acid value (mg KOH/g) 
b)

 0.21±0.63x10
-3

 

Iodine value (g I2/100g) 
b)

 125.1±5.2 
    a) 

Results expressed as means ± SD of three samples. 
b)

 Results expressed as means ± SD of two samples. 

(1) (2) 

Fig. 1 – Chemical struture of caffeic acid (1); ascorbyl palmitate (2); α-tocopherol(3). 

(3) 
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Table 2 – Fatty acid composition of FAME of sunflower oil by GC-FID [9]. 

FAME % 

C16:0 6.1 

C18:0 3.6 

C18:1 29.4 

C18:2 59.9 

 

2.1.2. Preparation of FAME from sunflower oil 

FAME was prepared from original sunflower oil according to the modified method described by Rashid and Anwar 

[10]. Original sunflower oil (1kg) was reacted with methanol in the presence of KOH (25°C, 2h) in molar ratio of 1:6:0.2. 

The phase containing FAME was separated from glycerol phase by distilled water (washed) to a neutral reaction of 

phenolphthalein. After this procedure, FAME was dried with sodium sulphate for 2 hours, than it was filtered. FAME was 

storage under argon atmosphere. Next step was distillation of the mixture performed at low pressure (2 hPa) and at 

200°C. After distillation the FAME was kept at 8±0.1°C in a refrigerator under argon atmosphere until it was used in the 

experiments. 

 

2.1.3. Antioxidants - Preparation of alkyl ester of caffeic acid 

The following antioxidants were used (Figure 1): caffeic acid (98%; Sigma- Aldrich); α-tocopherol (98.2%; Calbio 

chem); ascorbyl palmitate (99%; Fluka). The methyl, ethyl, propyl, butyl and hexyl ester of caffeic acid were prepared by 

esterification of caffeic acid by relevant alcohol, p-toluenesulfonic acid monohydrate was used as catalyst, according to 

Merkl et al. [11]. In this work it was only prepared the methyl ester of caffeic acid. The other antioxidants (ETH CA, PRO 

CA, BUT CA and HEX CA) were already available at the Department of Dairy, Fat and Cosmetics of Institute of Chemical 

Technology in Prague.  These compounds had a purity of 99% and had been prepared by the same procedure as for the 

MET CA. 

 

2.1.4. Studies of lipid oxidation and antioxidant activity  

For each of the five experiments of lipid oxidation, the samples of FAME and antioxidant(s) (MET CA, ETH CA, PRO 

CA, BUT CA, HEX CA, α-tocopherol and/or ascorbyl palmitate) were prepared in 40 ml vials (10 vials/experiment).  

It was weighed 11.4 g of sample per vial. Each vial was put under oxygen atmosphere and was stored in a 

laboratory oven (Venticell BMT) at 60±1°C. The samples were taken between intervals of 5 or 10 days according of the 

method (conjugated dienes, oxidograph and volatile compounds - hexanal). What remained was stored in a refrigerator 

at 8±0.1°C and then measured by HPLC (oxopolymers concentration). 

 

2.2. Methods 

 

2.2.1. Determination of fatty acid methyl esters composition by GC-FID 

The determination of FAME composition was made by GC-FID. Briefly, a 1% solution of FAME in n-hexane was 

prepared and analysed by GC-FID using the modified methods ISO 5509:200 and ISO 5508:1990, according to Zárubová 

[9]. 
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2.2.2. Conjugated Dienes 

The procedure for the determination of conjugated di-unsaturated fatty acid in the lipid mixtures is referred by 

the UIPAC [12].  It was made three replicate analyses for each sample.  

Approximately 0.05 - 0.10g of sample was weight to a 25 ml volumetric flask and dissolved in n-hexane. 

Afterwards, 4ml of sample were transferred to a 10ml volumetric flask to be further diluted in n-hexane. The 

concentration of conjugated dienes was then measured by spectrophotometry in UV at 233 nm. The diluted sample must 

show an absorbance between 0.2 and 0.8 when measured in 1.00 cm quartz cell. The absorbance of solution was 

measured by using a UV spectrophotometer at 233nm. 

 

2.2.3. Volatile compounds – hexanal 

The determination of hexanal concentration in the lipid mixture was made by GC-MS and followed the IUPAC 

method [13]. A sample of 5.7 g of was collected into a vessel with oxygen atmosphere and was stored in a laboratory 

oven (Venticell BMT) at 60±0.1°C.  

Each sample was analysed two times and it was used a calibration formula (equation 1) made by the Department 

of Dairy, Fat and Cosmetics of Institute of Chemical Technology in Prague. The C represents the concentration of hexanal 

(µmol/kg) and A the abundance. The value of A is the average between two analyses.  

 

                                                                                       Equation 1 

 

 The vessels were stored for 5 minutes at 110°C, the temperature of the loop was 115°C and the transferred line 

was 120°C. Volatile oxidized products were injected for 1 minute at 240°C to GC-MS. The column used was a HP5 

(0.32mmx30m) and the film of the stationary was 0.25 μm.  

The injection was in splitless mode and the mobile phase was helium at a flow rate of 0.91 ml/min. The 

temperature mode of column was 40°C during 7 minutes. Afterwards, the temperature was increased at 5°C/min until 

reaching 200°C. The detection was made by Scan Mode. 

The temperature of source was 230°C and that of the quadupole was 150°C. The hexanal concentration was 

determined by taking a standard mass of m/z=44. 

 

2.2.4. Oxopolymers 

To determine the oxopolymers was used the technique of HPLC. The instrument and column -  Agilent 1100 series 

Column PLgel (7.5cmx30cm with 5μm of thickness of film) – were from by Agilent Technologies. 

Approximately 10 mg of lipid sample from oxidation experiment was weighted, inserted in a vessel and to it 1 ml 

of THF (tetrahydrofuran) containing an internal standard (±0.5 mg of 1-stearoyl-2,3 dimyristroyl glycerol) was added.  

Oxopolymer content by HPLC was determined according to the article of Cihelkova et al.[14]. The mobile phase was THF 

at the flow rate of 0.6 ml/min. The samples (5 μl) were injected at room temperature and the analysis also run at room 

temperature. The detection was made by evaporated light scattering detector and the sensibility of the detector was 500 

at 50°C. Oxopolymers in each sample were determined in duplicates.  
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2.2.5. Oxidative stability – Oxidograph 

The samples with 5 g of oil with an antioxidant were measured at 110°C under an oxygen atmosphere and the 

decrease in oxygen pressure was recorded. The induction period (IP) was measured as the time interval when oxygen 

pressure does not decrease [15]. The induction period is mean value of two replicate analyses. The protection factor (PF) 

was determined for the start of lipid oxidation from the induction period (IP) at the beginning of each experiment. The PF 

of an antioxidant was calculated from  equation 2. 

 

       
     

                 
                                                              Equation 2 

 

Where PF is the protection factor, IPoil is the induction period of oil without antioxidant from day zero (first results 

of each experiment); IPoil+antioxidant is the induction period of sample of oil with antioxidant at day zero.  

 

2.2.6.  Statistical analysis  

All measurements of conjugated dienes content, of oxopolymers concentration and of the induction periods are 

presented as mean values ±SD (standard deviation) calculated from the results of two and tree replicate analyses from 

each sample vial. The statistics were performed applying the software Excel® tool (version 2007 of Microsoft Office). The 

Student t-test was used with the significance level ρ=0.05.   

 

3. Results and discussion 

FAME of sunflower oil was used as test medium and it was 2ppm of α-tocopherol. Each of the five experiments of 

lipid oxidation collect information about the behaviour of the antioxidants subjected to oxidation during 40 or 45 days. 

Antioxidant activity of methyl ester of caffeic acid was determined in FAME and in combination with α-tocopherol or 

ascorbyl palmitate at different range of concentrations. Comparing the results of different experiments but gathered 

with the same analytical method can lead to premature conclusions since FAME sometimes behave differently. It could 

be because of experimental errors and FAME suffer oxidation while is stored.  The used of the quadrature rule was 

essential for the analysis of the results from conjugated dienes, oxidative stability by Oxidograph because it facilities the 

comparison between samples of the same experiment – Table 3. 

 

3.1. Test media for determining the oxidative stability  

FAME of sunflower oil served as the test medium with high concentration of linoleic acid (Table 2). Naturally 

present of α-tocopherol in the oil may affect the antioxidant activity of the phenolic compounds tested. However, 

according with the literate [1] the properties of the FAME prepared, those are displays in Table 1 and Table 2, are well 

adjusted except the ρ-anisidine value that was rather higher. It seems that the formation of secondary products was 

more likely to happen in this medium.   

 

3.2. Antioxidant effect of alkyl ester of caffeic acid  

The antioxidant effect was measured in FAME of sunflower oil with different alkyl esters of caffeic acid in 

combination with α-tocopherol or ascorbyl palmitate at a different range of concentrations to uncover which are the 
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conditions to use it to improve the life-shelf of FAME of sunflower oil and delay its oxidation. Different methods were 

used for the determination of the antioxidant effect, as the conjugated dienes, the hexanal concentration by headspace 

technique with GC-MS (except last three tests), the oxopolymers content by HPLC and the decrease of oxidation that 

were applied each 5 or 10 days. All investigated tests are given in Table 3.  

One of the analysis performed assess how the medium - FAME reacts with the addition of methyl ester of caffeic 

acid (MET CA). Fig. 2 illustrates, by way of example, the charts of the four analytical methods regarding different 

concentrations of MET CA in FAME during 45 days of oxidation test which are also display in Table 3 – I . The conjugated 

dienes method measures the production of conjugated dienes that were formed during formation of hydroperoxides 

from unsaturated fatty acids. This happens because of the rearrangement of the double bonds. The formation of 

conjugated dienes increased over time (Fig. 2 – 1). The higher the percentage of conjugated dienes the higher was the 

oxidation stage, therefore less effect the antioxidant had in the mixture. The samples with higher concentration of MET 

CA showed higher antioxidant effect. The formation of hexanal, an alkyl aldehyde, was determined by GC-MS (Fig.2 – 2) 

since during lipid oxidation there are a continuous formation of hydroperoxides as primary oxidation products that may 

break down to a variety of nonvolatile and volatile secondary products (like aldehydes, ketones, alcohol, hydrocarbons, 

volatile organic acids, among others, are formed).  The samples with higher concentration of MET CA behave the same 

way as the one without antioxidant and the concentration of hexanal decreased rapidly until the twentieth day in all 

samples and then stabilizes was approximately at 0.50 µmol/kg. This behaviour should not happen. Supposedly, the 

concentration of hexanal should increase during the time, i.e., with the occurrence of oxidation [13]. The hexanal is the 

decomposition product of linoleic acid and according to Table 2 there was 59.9% of C18:2 (which 59.3% is linoleic acid).  

Fig. 2 – Analytical methods in FAME of sunflower oil with different concentrations of methyl ester of caffeic acid (MET CA). 1) 

Conjugated dienes (CD); 2) Volatile compounds - hexanal concentration by GC-MS; 3) Oxopolymers concentration by HPLC; 4) 

Oxidative stability by Oxidograph method(IP of FAME as blank=0.4). 

 

4) 3) 

2) 1) 
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Supposedly, the concentration of hexanal should increase during the time, i.e., with the occurrence of oxidation because 

it is the major aldehyde generated from lipid oxidation. There are two possible reasons for the decrease of the hexanal 

concentration: 1) maybe a secondary reaction had happed. The hexanal was used as a reagent, so the concentration 

decreases and after 20 days there were a balance between the primary and secondary reaction. Perhaps there were the 

formation of hexanoic acid; 2) may the headspace GC-MS was insufficiently sensitive to detect the hexanal. Furthermore, 

it was not found generation of octanal and nonanal (decompositions products of oleic acid) despite the fact that oleic 

acid represents 28.3% of fatty acid. To be certain about it, another type of analysis should be done to detect the lipid 

oxidation product. The oxopolymers concentrations were measured by HPLC that is a technique used to separate, 

identify and to quantify the components in a mixture. HPLC is a reliable technique for assessing lipid oxidation and can 

measure both primary and the secondary oxidative change in oils. The concentration of oxopolymers increased with time 

(Fig.2 – 3) and this behaviour was expected because with the course of oxidation the production speed of oxopolymers 

tends to increase. However, the addition of the antioxidant, MET CA, slowed down the production and limits the final 

quantity. Higher concentrations of MET CA led a bigger impact on the oxopolymers concentration and delayed 

formation. The oxidative stability measured the drop of oxygen pressure. The pressure reduces due to the oxygen 

consumption when the oxidation of fats and oils is happening. The Oxidograph measured the induction period (IP) that is 

the point of maximum change in rate of oxygen uptake.  The IP decreased with time (Fig.2 – 4). At the beginning the IP 

was high at samples with the higher concentration of MET CA but with the course of oxidation it stared to show the first 

signs despite the presence of the antioxidant. While the samples are being more oxidized, the residual antioxidant had 

also decreased. Therefore, the induction period was getting smaller. The samples that had highest concentration of MET 

CA, even under oxidation conditions for some days, still had enough MET CA to delay the onset of oxygen consumption. 

According with this study, regardless the concentration of MET CA added in FAME it always improved the 

antioxidant effect of the mixture but the concentration that led to the best antioxidant effect in FAME of sunflower oil 

was 3 mmol MET CA/kg regarding all analytical methods. The conjugated dienes decreased 138.4%, the oxopolymers 

concentration decreased 1301.5 mg/g and the induction period increased 112.9 h during the 45 days of oxidation test 

when compared with samples without MET CA. However, when it was added MET CA with different concentrations in 

combination with α-tocopherol (TO) at a constant range of concentration (0.72 mmol/kg) to FAME of sunflower oil the 

behaviour changed. The α-tocopherol brought an antagonistic effect to the action of MET CA and the negative impact 

was higher at higher concentration of MET CA, between a range of 3 to 0.75 mmol/kg. α-tocopherol weakens the 

antioxidant effect of the active individual compound MET CA and accelerated the lipid oxidation since the conjugated 

dienes increased 93.4%, the oxopolymers concentration increased 251.3 mg/g and the induction period decreased 65.1 h 

during 40 days when compared with samples only MET CA (Table 3 – II).  

Aiming to uncover the effect that the size of the alkyl has on the antioxidant activity of alkyl esters of caffeic acid a 

series of esters of caffeic acid were tested for the antioxidant properties over FAME. ETH CA and PRO CA at a 

concentration of 1.5 mmol/kg are the ones with higher antioxidant effect in the medium (Table 3 – III). The antioxidant 

activity increased with the elongation of the alkyl chain until the critical point in the homologous series of alkyl esters. 

Antioxidant effect of these phenolipids changed nonlinearly with the chain length as a result of the different antioxidant 

location [16, 17]. In FAME (a nonpolar system) antioxidants with shorter chain length are positioned on the oil–air 

interface (the critical point is propyl ester of caffeic acid), while antioxidants with longer chain length are mostly 

dissolved in the oil phase. Therefore, there is a distribution of the antioxidant concentration through the lipid phase 

rendering it at a decreased local concentration when compared with system of short chain length which is in conformity 
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with the polar paradox hypothesis. Consequently, the antioxidant activity decreased when the chain length passed the 

critical point determined for this system. 

 
Table 3 – Results summary from the five experiments of the four methods (area under the curve) subjected to oxidation tests during 

40 days. 

Experiment Cantioxidant(s) [mmol/kg] 
A(CD) 

[%. 40 days] 
Chexanal 

[µmmol/kg] 40
th

 day 
a)

 
A(Coxopolymers) 

[mg/g. 40 days] 
A(IP) 

[h. 40 days] 

I
b)

 

3 mmol/kg MET CA 22 0.61 152 120 

1.5 mmol/kg MET CA 54 0.50 248 53 

0.75 mmol/kg MET CA 97 0.55 380 24 

0.375 mmol/kg MET CA 123 0.54 870 17 

Without Antioxidant 148 0.69 1441 11 

II
c)

 

3 mmol/kg MET CA + α-TO 120 0.63 403 55 

1.5 mmol/kg MET CA + α-TO 128 0.52 432 31 

0.75 mmol/kg MET CA + α-TO 120 0.50 471 20 

0.375 mmol/kg MET CA+ α-TO 116 0.61 446 19 

0.72 mmol/kg α-TO 138 0.60 809 16 

Without Antioxidant 135 0.64 980 12 

III
d)

 

MET CA 68 - 211 45 

ETH CA 50 - 170 53 

PRO CA 49 - 128 52 

BUT CA 92 - 371 30 

HEX CA 89 - 311 31 

Without Antioxidant 152 - 1445 13 

IV
e)

 

0.72 mmol/kg α-TO + MET CA 110 - 386 31 

0.36 mmol/kg α-TO + MET CA 106 - 156 21 

0.18 mmol/kg α-TO + MET CA 90 - 134 38 

0.09 mmol/Kg α-TO + MET CA 47 - 206 38 

1.5 mmol/kg MET CA 76 - 214 28 

Without Antioxidant 127 - 646 12 

V
f)
 

0.72 mmol/kg α-TO + MET CA 46 - 105 48 

0.36 mmol/kg α-TO + MET CA 57 - 98 58 

1.5 mmol/kg MET CA 76 - 214 28 

Without Antioxidant 127 - 646 12 

a) The results of hexanal concentration are not from the area under the curve and experiment I are from the 45
th

 day; 
b) I – Tested different concentrations of MET CA(mmol/kg) in FAME of sunflower oil; 
c) II – Tested different concentrations of MET CA(mmol/kg) in combination with α-tocopherol (TO) at a constant range of 

concentration (0.72 mmol/kg) in FAME of sunflower oil;  
d) III – Tested different alkyl esters of caffeic acid at a constant range of concentration (1.5 mmol/kg) in FAME of sunflower oil. 
e) IV – Tested different concentrations of α-tocopherol (mmol/kg) in combination with MET CA at a constant range of 

concentration (1.5 mmol/kg) in FAME of sunflower oil; 
f) V –Tested different concentrations of ascorbyl palmitate, AP, (mmol/kg) in combination with MET CA at a constant range of 

concentration (1.5 mmol/kg) in FAME of sunflower oil; 

 

Alpha-tocopherol has the ability to promote or antagonize the effects of the other antioxidants depending on the 

condition that it is used due to its participation in side reactions. In this work, the antioxidant behaviour of α-tocopherol 

when in combination with MET CA was also studied.  According to the data collected, if TO is combined at a 
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concentration of ]0, 0.18[ mmol/kg with 1.5 mmol MET CA/kg, it shows a synergetic effect. The antioxidant activity of α-

tocopherol in FAME samples is better at lower concentrations (<80 ppm) and it loses efficacy as the concentration 

exceeds the maximum level. The synergistic effect was verified at low concentrations and probably extended the life of 

the primary antioxidant MET CA as the antioxidant effect persisted in the mixture (higher shelf-life of the FAME) at least 

when compared to the effect of MET CA alone. The conjugated dienes decreased 28.8%, the oxopolymers concentration 

decreased 80.3 mg/g and the induction period increased 9.8 h during the 40 days of oxidation test according to the best 

concentration range of each analytical method (Table 3 – IV). 

The combination of MET CA at 1.5 mmol/kg with ascorbyl palmitate (AP) was also investigated with respect to the 

antioxidant properties over FAME.  The ascorbyl palmitate presented a synergetic effect in the mixture between a range 

of ]0, 0.72] mmol/kg since it could delay the onset of the lipid oxidation. The conjugated dienes decreased 30.6%, the 

oxopolymers concentration decreased 116.3 mg/g and the induction period increased 29.5 h during the 40 days of 

oxidation test according to the best concentration range of each analytical method (Table 3 – V). Furthermore, according 

with the empiric mathematical description (second degree polynomial trend) used in the area under the curves of 

oxopolymers concentration and  Oxidograph method, the best concentration of AP that can be added to the mixture to 

bring the best antioxidant effect is  between ]0.45, 0.52[  mmol/kg and the maximum is between ]0.90, 1.04[mmol/kg. 

After this value AP could promote an antagonistic effect to the mixture. For Cort et al (1974) [18] ascorbyl palmitate is 

often effective against oxidative degradation, stabilizing fat-containing food because of its function as oxygen scavenger 

and because of its increased solubility in lipid phases. And Madhavi et al (1995) [19] support that the multiple effects of 

ascorbyl palmitate, like hydrogen donation to regenerate the antioxidant, hydroperoxide reduction to produce stable 

alcohols by non-radical processes, and oxygen scavenging are the probable causes that justify AP increased the 

antioxidant effect of the mixture. Ascorbyl palmitate also showed a higher antioxidant effect than α-tocopherol when 

combined with 1.5 mmol MET CA/kg. However, the natural presence of α-tocopherol in sunflower oil (FAME precursor) 

at low concentration may have contributed to the verified increase in the antioxidant activity. According with Roos et al 

(1999) [20] ascorbyl palmitate protects α-tocopherol from oxidation by free radicals which increases the overall 

antioxidant effect.  The protection factor was another tool that provided support to the conclusions above. The 

protection factor was higher when it was used ascorbyl palmitate than α-tocopherol. 

 

4. Conclusions 

In summary, FAME prepared from sunflower oil is as an optimal test medium for determining the antioxidant 

activity of various antioxidants. Present study has clearly shown that alkyl esters of caffeic acid are a powerful 

antioxidant against lipid oxidation in FAME of sunflower oil. However, their antioxidant activity decreased with increasing 

length of alkyl chain in conformity with the polar paradox hypothesis. Naturally present α-tocopherol in sunflower oil in 

combination with MET CA can bring a synergistic effect to the mixture and improve the antioxidant effect, if the 

maximum concentration added is 80 ppm. On the other hand, ascorbyl palmitate shows higher antioxidant effect than α-

tocopherol in combination with 1.5 mmol/kg of MET CA in FAME samples.  

Oxidation experiments implemented in this work were useful to evaluate the effectiveness of the tested 

antioxidants because they were performed under conditions similar to those in which the oil will be used or stored in 

food factories or food supply chain. All methods brought essential data that help to gather information about primary 

and secondary oxidation products and in which stage was the lipid oxidation.  The conjugated dienes content, the 

oxopolymers concentration by HPLC and the oxidative stability by Oxidograph method were the analytical methods that 
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showed more cohesive results. However, the hexanal concentration should not be taken too much in account since there 

is not much knowledge on the mechanisms leading to hexanal concentration decrease during the storage time. 
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