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1. Butylatedhydroxy anisole
2. Butylatedhydroxytoluene
3. Tertiary butylhydroquinone
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Fig 1 Molecular structure of gallic acid, syringic acid
and BHT.
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4. Sinapic acid

5. Ferulic acid

6. Syringic acid

7. Vanillic acid

8. Gallic acid

9. 3,4,5- Trihydroxybenzoic acid
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Fig 2 A schematic kinetic curve of peroxide accumulation during oxidation of lipid systems, and the corresponding
kinetic values.
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Table 1 The fatty acid composition of sunflower

oil.
Fatty acid Percent (%0)
Cl14:0 0.15+0.05
C16:0 8.94+0.18
C18:0 423 +0.11
C18:1 28.1+1.96
C18:2 53.12+2.15
C18:3 2.19+1.09
C20:1 0.66 +0.04
C22:0 1.01 £0.08
Others 1.6 £0.05
SFA 14.33 £0.06
MUFA 28.76 £ 0.01
PUFA 55.31+£1.53
PUFA/SFA 3.86+0.01
C18:2/C18:3 24.25 +0.02
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13. Saturated fatty acids
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11. Polyunsaturated fatty acids
12. Monounsaturated fatty acids
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Fig 3 Antioxidant activity of different concentration
of gallic acid and syringic acid determination by
DPPH assay (The same uppercase letters are not

significantly different at P>0.05).
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Fig 4 Oxidative stability index (OSI, Rancimat test)
of sunflower oil as affected by different concentration
of gallic acid and syringic acid and BHT (200 ppm)
at 120 °C and airflow rate of 15 1/h (The same
uppercase letters are not significantly different at
P>0.05).
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Table 2 Kinetic parameters characterizing the inhibited lipid oxidation of sunflower oil containing

different concentrations of gallic acid and syringic acid at 110 °C.

Antioxidant Concentration IP Fa Winh? ORR® Ad
Control 0 5.39+0.78" 4.41+0.804
Gallic acid 200 20.36+2.37PF  3.77+0.61P 1.47+0.29P 0.33+0.03€ 11.33+1.54F
400 41.72+3.14¢ 7.77+0.34€ 1.05+0.278 0.24+0.02P 32.51+4.67¢
800 51.13£1.678 9.48+0.18B 0.43+0.06% 0.1+0.01F 97.29+6.94B
1600 63.1245.144  11.71+1.024 0.32+0.01% 0.07+0.006 161.39+10.674
Syringic acid 200 7.16£0.31¢ 1.33+0.04F  2.06:0.378  0.47+0.044 2.84+1.28!
400 12.64+1.03F 2.3440.28F 1.84+0.28€ 0.42+0.02B 5.6242.344
800 21.1442.07° 3.92:+0.87P 1.07+0.16E 0.24+0.05P 16.16+£4.67F
1600 22.98+2.19P 4.264+0.90P 0.72+0.03F 0.16+0.00F 26.11+£8.97P
BHT 200 18.42+2.97F 3.14+1.57° 1.67+0.32€°  0.38+0.098¢ 9.02+3.41¢

* Means within a column with the same uppercase letters are not significantly different at P>0.05.

2 Stabilization factor

® Slope of the linear initiation stage of lipid oxidation
¢ Oxidative rate ratio

4 Antioxidant activity

Table 3 Kinetic parameters characterizing the inhibited lipid oxidation of sunflower oil containing
different concentrations of gallic acid and syringic acid at 120 °C.

Antioxidant Concentration IP F2 Winh? ORR°® Ad
Control 0 3.15+0.64¢ 6.14+0.60*
Gallic acid 200 10.63£1.21°  3.37+0.51¢ 2.93+0.17¢  0.48+0.02B 7.07+1.54F
400 20.57€1.75¢  6.53+0.28%  1.81+0.14F  0.29+0.01€ 22.15+4.67¢
800 28.34+2.52B  9.00+0.614  0.83+0.08%  0.13+0.01F 66.55+6.94B
1600 31.17£1.184  9.89+0.774  0.41+0.04! 0.1+0.00F 148.18+10.674
Syringic acid 200 4.87+1.21F 1.5440.63F  3.57+0.64®  0.58+0.174 2.66+1.284
400 6.41+0.75F 2.03£0.08°  2.39+0.71°  0.39+0.13€ 5.2342.34¢
800 11.241.48P 3.55+0.39¢  1.94+0.13%  0.31+0.02€ 11.25+4.67F
1600 12.03+£3.31°  3.82+1.04€ 1.45+0.01F  0.24+0.00P 16.17+8.97°
BHT 200 10.34+1.18P 1.91+0.86F  1.07+0.056  0.24+0.00P 7.90+1.12F

* Means within a column with the same uppercase letters are not significantly different at P>0.05.

2 Stabilization factor

b Slope of the linear initiation stage of lipid oxidation
¢ Oxidative rate ratio

¢ Antioxidant activity
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Table 4 The induction period of conjugated diene and triene production in sunflower oil including
antioxidants calculated from oxidation curve at 110 °C and 120 °C.

110°C 120 °C
Antioxidant  Concentration Conjugated Conjugated Conjugated Conjugated
diene triene diene triene
Control 0 5.97+0.24F 6.64+0.18! 4.19+1.034 5.15+£0.28F
Gallic acid 200 21.74+1.09P 23.17+0.71P 9.26+0.74F 11.32+1.02P
400 41.71£6.57¢ 40.28+5.29¢ 22.14+3.63° 19.27+£2.10¢
800 52.18+2.988 49.24+7.818 27.13+4.638 22.15+3.18B
1600 65.82+4.67* 68.12+10.44 29.43+0.724 30.52+7.244
Syringic acid 200 6.42+1.03F 9.03+0.441 5.03+0.39¢ 3.75+0.07¢
400 11.67+1.47% 11.2143.12F 6.89+2.16F 5.61+0.86%
800 21.314+2.09P 25.77+6.18P 10.21+1.05° 9.03+1.36F
1600 22.02+2.68P 21.43+5.29% 11.35+1.24P 11.62+2.19P
BHT 200 10.27+1.69° 10.55+0.176 5.69+0.236 5.9+1.43F

* Means within a column with the same uppercase letters are not significantly different at P>0.05.
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Fig 5 Correlation between the induction periods of
the formation of hydroperoxides (IPpv) and
conjugated dienes (IPcpv) during the storage of
sunflower oil samples at 110°C
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The performance of antioxidants depends on different factors, including chemical structure, interaction
with oxidative environment, hydrophobicity and thermal conditions of the oil, and due to behavioral
complexities, their results are unpredictable in oil systems. Therefore, gallic acid and syringic acid
antioxidant activity were evaluated by DPPH assay, its oxidative stability by Rancimat and fatty acids
profile of sunflower oil using GC-MS. In oven test, sunflower oil without antioxidants was monitored in
presence of four levels of syringic acid and gallic acid (200, 400, 800 and 1600 ppm) at 110 and 120 °C.
Sampling was carried out at continuous time intervals and the induction period of hydroperoxides,
conjugated dienes and trienes formation was determined. The results showed the fatty acid structure of
sunflower oil consisted mainly of unsaturated fatty acids (especially linoleic acid, C18:2 ®3) and
saturation ones (especially palmitic acid, C16:0), respectively. The results of oxidative parameters
showed that both antioxidants increased the stability of sunflower oil compared to the control sample, and
the antioxidant activity of gallic acid was significantly higher in both temperatures than syringic acid and
synthetic antioxidant, BHT. Also, with increasing temperature, the stabilization factor (F) and antioxidant
activity (A) of gallic acid in the most treatments had significantly lower reduction than that of syringic
acid, which is due to the higher carry-through property of gallic acid. In general, gallic acid and syringic
acid have high potential for enhancing the oxidative stability of edible oils and can be used as a substitute
for synthetic antioxidants.
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