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Figure 1-Chemical structure of Gentisic acid
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Table 1- Fatty acid composition of olive and
soybean oils*

Fatty acids (%) soybean oil Olive oil
C16: 0 9.66 +0.28 ° 13.12+0.27 2
C16:1 0.71+0.16° 1.31+02°2
C18:0 4.62+0.23° 4.2+0.27°
Ci8:1 22.08+0.01° 68.4+0.17°2
C18:2 51.4+0.05° 8.67+0.17°
C18:3 7.92+0.19° 0.62+0.05°

*Means (+ standard deviation) within a row with the same
lowercase letters are not significantly different at P< 0.05
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Figure 2- A schematic Kinetic curve of peroxide accumulation during oxidation of lipid systems
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3. ROOH — RO*® +° OH

3. 2ROOH — ROO* +RO* +H,O
3. ROOH +RH - RO®*+R*+H,0O
4. R*+R*>R-R

5. R*+ROO* — ROOR

6. ROO® + ROO* — non-radical
7. ROO® + InH —» ROOH + In*®
—7. In"+ROOH — InH + ROOc

8. In® + ROO* — In—OO0R

9. In® +In* — products

10. In"+RH —> InH +R"

11.

InH + ROOH — In®* +RO" + H,0

12. InH+0O, - In® + HOO"

13. InOOR — InO* + RO"*
14. In’'+0, — InOO"
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Figure 3- Non-inhibited (0-6) and inhibited (7-14) oxidation reactions. RH: oxidizing lipid substrate; ROO:
peroxide radical; InH: inhibitor.
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Table 2- The induction periods (IP, h) of hydroperoxide formation during the oxidation of olive and soybean oil
samples containing different concentrations of Gentisic acid at 60-120 °C*

Concentration (%0) IP 60 C°(h) IP 80 C°(h) IP 100 C°(h) IP 120 C°(h)
0.00 82.00+1.34" 9.33+0.61k® 4.87+0.20i¢ 1.85+0.06%°
0.02 3206.00+4.05°4 319.54+4,14°%8 68.76+0.47¢C 12.72+0.31°P
Olive 0.04 5586.00+7.95% 346.02+7.45% 95.21+0.54% 24.71+0.29%°
0.08 NT 407.45+3.32°A 137.11+0.86® 42.33+0.16°°
0.16 NT 485.81+3.63°" 187.78+0.79"8 64.26+031°¢
0.32 NT 555.90+5.09%A 230.54+1.02%8 79.12+0.58%
0.00 3.21+0.19" 1.13+0.06'® 0.540.06%¢ 0.30+0.020
0.02 34.52+0.299" 12.47+0.218 2.85+0.141¢ 0.64+0.08°
Soybean 0.04 82.60+0.38™ 19.28+0.16™® 4,00+0.11¢ 0.98+0.11°
0.08 174.42+2.12°A 40.53+0.25M" 8.01+0.18" 1.11+0.18°
0.16 495.60+1.98%A 68.44+1.36% 12.20+0.239¢ 1.59+0.11"
0.32 825.50+2.68° 126.90+2.03® 24.30+0.39% 3.12+0.09

*Means (+ standard deviation) within a column with the same lowercase letters are not significantly different at p< 0.05,
and, means within a row with the same uppercase letters are not significantly different at p< 0.05.
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Table 3-The kinetic parameters of sunflower and olive oils containing five concentrations of Gentisic acid at 60,
80, 100 and 120 °C*

oil °C Concentration F ORR A Winh WinH
(x10°) (x10%0)
[InH]o  [InH]o (M/s) (M/s)
(%)  (x109)
) :
olive 60 0.02 1.18 40.01+0.47Y 0.008+0.00™" 5001.41+9.27¢ 0.60+0.02¢ 1.00+0.04Y
0.04 2.37 69.75+1.214 0.005+0.00" 13950.12+11.25¢ 0.36+0.04Y 1.10+0.02Y
0.02 1.19 10.23+0.12% 0.141+0.03 72.55+1.129 334.02+23.14™ 88.70+1.04qr
0.04 2.38 23.10+0.10° 0.055+0.01iK! 419.43+4.71° 130.04+15.30° 78.61+4.22qr
soy 60 0.08 4.77 48.42+1.11% 0.033+0.01Kmn  1467.63+9.95! 78.40+11.01% 75.11+2.05qrs
0.16 9.55 129.12+4.20°  0.016+0.01™ 8062.13+34.02¢ 40.10+9.09rsw 56.42+5.08qrst
0.32 19.1 228.02+7.712  0.013+0.01™ 17529.50+52.20° 31.61+2.115w 63.90+3.13qrs
0.02 1.18 33.40+0.19™ 0.046+0.01KIm 726.35+4.12° 9.29+0.11twu 10.3340.16%
0.04 2.37 36.36+0.25™"  0.031+0.01Kmn  1172.02+12.05™ 6.76+0.21u 19.02+1.10"
olive 80 0.08 4,74 42.90+0.76N 0.023+0.02!mn 1830.14+15.16% 5.12+0.07% 32.22+]1.92sw
0.16 9.49 50.85+2.12f 0.019+0.01'mn 2662.46+25.52" 4.12+0.17w 54.40+5.330rst
0.32 18.99  58.23+1.13¢ 0.014+0.01mn 4159.85+36.12" 3.08+0.15% 95.09+6.854
0.02 1.19 7.95+0.18" 0.142+0.02 53.89+1.28% 818.81+42.22K 261.30£13.05"
0.04 2.38 12.4440.14' 0.065+0.01 ik 191.79+1.544 377.22+27.07' 334.01+£9.01™
soy 80 0.08 4,77 25.66+0.59° 0.037+0.01Km  693.05+3.49° 218.02+11.24° 324.72+5.17™
0.16 9.55 46.94+1.319 0.020+0.01'mn 2347.91+45.70 115.12+10.08° 355.44+10.04™
0.32 19.1 80.23+2.75°¢ 0.018+0.01'mn 44573.95+66.112 104.82+13.11Pd 415.80+6.18!
0.02 1.18 14.38+0.17% 0.081+0.01hi 177.11+3.429 44,01+1.85™U 48.64+2.81™1
0.04 2.37 20.11+0.12° 0.042+0.02Kmn  478.19+5.81P 23.21+1.42w 69.66+4.169
olive 100 0.08 4,74 29.22+0.68" 0.022+0.01'mn 1328.91+12.12 12.42+0.76" 95.81+6.78¢
0.16 9.49 39.37+0.56ik 0.018+0.01'mn 2178.45+20.45 10.01+0.58 142.44+11.44°
0.32 18.99  48.84+1.12f 0.014+0.01'mn 3488.16+17.329 8.00+0.91w 229.71+21.04°
0.02 1.19 4.35+0.12W% 0.32+0.02KImn 13.59+0.63% 3240.12+36.21f 1083.79+9.17)
0.04 2.38 7.21+0.10" 0.189+0.01° 38.12+1.91% 1920.09+44.21¢ 1309.11+25.111
soy 100 0.08 4.77 11.44+0.81" 0.154+0.02f 74.28+2.18% 1560.21+19.08" 1654.12+25.01"
0.16 9.55 17.50+0.644 0.114+0.019" 153.67+2.24% 1160.36+28.341 2165.55+29.12f
0.32 19.1 35.71+1.51™  0.094+0.01N 397.48+12.45P 960.25+23.10! 2122.22+18.129
0.02 1.18 6.85+0.074wW 0.239+0.03¢ 28.65+0.879 288.11+4.18" 276.35+22.13"
0.04 2.37 13.94+014f 0.109+0.029" 127.22+10.349" 132.03+2.22pP 272.82+12.18"
olive 120 0.08 4,74 23.23+0.79° 0.056+0.011K! 414.32+12.46P 68.15+1.984's 327.61+£34.03™
0.16 9.49 36.49+0.68'm 0.039+0.01Imn 935.46+14.78" 48.22+1.78"t 717.51+10.75
0.32 18.99  43.97+1.11" 0.025+0.02!mn 1758.05+12.11k 31.22+0.975w 693.33+21.13k
0.02 1.19 2.29+0.01% 0.610+0.052 3.75+0.14" 10480+72.152 3516.51+44.15¢°
0.04 2.38 2.84+ 0.04% 0.421+0.02° 6.69+0.47" 7296.31+29.10° 5699.26+32.124
soy 120 0.08 4,77 4.31+0.07"% 0.390+0.05° 11.35+0.93% 6040.09+£21.11¢ 7485.82+28.18°¢
0.16 9.55 6.31+£0.13"W 0.290+0.04¢ 21.75+1.14% 5080.22+42.324 10242.33+37.23P
0.32 19.1 9.73+0.1151 0.240+0.01¢ 40.54+1.03% 4160.15+14.03¢ 13297.14+51.312

“Means (+ standard deviation) within a column with the same lowercase letters are not significantly different at p< 0.05
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Figure 4- Concentration dependence of the stabilization factor, parameter F, of Gentisic acid during oxidation
of olive oil at various temperatures (80, 100, 120 °C)
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oxidation of olive oil at various temperatures (80, 100, 120 °C)
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Table 4- Kinetic parameters characterizing the rate constant of antioxidant consumption in side reaction(s) of
chain initiation, Kesr, and the mean rate of initiation (Wi/f) during the oil samples oxidation at 80-100 °C

Ket Wi/f
oil (x107 S) (x10° M/S)
80 °C 100 °C 120 °C 80 °C 100 °C 120 °C
Soybean 6.97 55.84 506.81 286.81 1253.80 4298.80
Olive 4.67 10.25 24.01 7.83 43.04 220.93
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Figure 6- Dependence of the rate of inhibited oxidation (Winn) on the concentration of Gentisic acid, [InH]?,
during oxidation of Olive oil at various temperatures (80, 100, 120 °C)
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Figure 7- Concentration dependence of the stabilization factor, parameter F, of Gentisic acid during oxidation of
soybean oil at various temperatures (60, 80, 100, 120 °C)
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at various temperatures (60, 80, 100, 120 °C)
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Introduction: Lipid oxidation is the oxidative deterioration of unsaturated fatty acids via an
autocatalytic radical chain process that leads to the deterioration both the sensory and nutritional
quality of lipids. Lipid oxidation has adversely consequences for the quality of lipid and human
health by producing a wide range of harmful reactive radicals. Using antioxidants is the most
important defense means to delay or slow rate of lipids oxidation by scavenge chain-propagating
peroxyl radicals. Recently, the interest in natural antioxidants has been increased due to the reported
toxicologically negative effects of the synthetic antioxidants.

The most powerful types of natural antioxidants are the phenolic acids, which are widely found as
secondary metabolites in plant kingdom acids. A relationship between the antioxidant activities and
the structures of the phenolic acids were the object of a number of investigations. The number of
hydroxyl groups and the position of these groups in the phenolic ring have a significant influence in
antioxidant activity of phenolic acids. The activity increases in the following order:
monohydroxyo< dihydroxy< trihydroxy. Gentisic acid (2,5-dihydroxybenzoic acid) is one of the
interesting subset of dihydroxybenzoic acids, present in many natural sources such as citrus fruits,
grapes, olive, peanuts and herbs. The antioxidant activity of the Gentisic acid was the object of lot
investigations. Gentisic acid has been reported to has anxiolytic, antirheumatic, anticarcinogenetic,
anti-inflammatory and antimutagenic properties. The capacity of Gentisic acid to prevent lipid
oxidation is related to its mechanism of antioxidant activity. The relative positions of the two
hydroxyl groups in Gentisic acid phenolic ring have significantly influence in antioxidant property.
Material and methods: Purifed triacylglycerols of sunflower and olive oils were obtained by
removing all pro- and anti- oxidants by adsorption chromatography: 130 g of oils were purified
twice by passing in a glass column (25 x 2.5 cm i.d), packed with 70 g of aluminum oxide 60
activated at 200 °C for 3 h in bottom and, 15 g of silica gel activated at 160 C for 3 h in upper layer.
Triacylglycerols were drawn in dark through the column by suction without solvent. Then soybean
and olive oil samples, containing different concentrations of the Gentisic acid (0.02, 0.04, 0.08, 0.16
and 0.32 wt. %) were prepared by adding aliquots of its solutions in purified acetone. The solvent
was removed under nitrogen. 1-mm layer of the prepared oils samples (4 g) were oxidized in a Petri
dish having a diameter of 9 cm Under these conditions, the process took place in a kinetic regime,
i.e., at a sufficiently high oxygen concentration which the diffusion rate does not influence the
oxidation rate. Oxidation was performed in dark at 60, 80, 100 and 120 °C.

The oxidation process was followed by withdrawing samples at certain time intervals and
subjecting them to spectrophotometric determination of the peroxide value (PV) as primary
oxidation products and different kinetic parameters i.e. stabilizing factor (F), oxidation rate ratio
(ORR), and antioxidant activity (A). In order to PV measurement, the vegetable oil samples (<0.01—
0.30 g) were added to a glass tube containing 9.8mL chloroform—methanol (7:3 v/v) and were
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vortexed for 2—4 s. 50mL of ammonium thiocyanate solution (30 % w/v) was added the sample was
mixed on a vortex mixer for 2-4s. Then iron (I1) chloride solution [50mL, (0.4g barium chloride
dehydrate dissolved in 50mL H20) + (0.5 g FeSO4-7H20 dissolved in 50mL H20) + 2mL 10 M
HCI], with the precipitate, barium sulfate, filtered off to produce a clear solution]) were added, and
the sample was vortexed for 2-4 s. After 5min incubation at room temperature, the absorbance of
the sample was read against a blank sample (containing all the reagents except the sample) at
500nm (UV-VIS spectrophotometer, Model 160A Shimadzu, Kyoto, Japan). Results were reported
as milliequivalents of oxygen per kilogram of oil. Kinetic curves of peroxide accumulation were
plotted. The x-coordinate of intersection point of two straight lines fitted on the initiation and
propagation stages of the oil oxidation was calculated as induction period (IP). Mechanism of
antioxidative action was determined according to kinetic parameters and the based on the
participation of Gentisic acid molecules and radicals in a series of reactions).

Results and discussion: Gentisic acid as a phenolic antioxidant was effectiveness during
autoxidation in both lipid systems (i.e. olive and soybean oil) without reactive free radicals
production. The dependence of the parameter F on antioxidant concentration is linear only in the
case of Gentisic acid-inhibited sunflower oil oxidation that showed the participation of antioxidant
molecules mainly in reaction 7. The absence of F linearity in other treatments (a-Resorcylic acid in
both olive and sunflower oils oxidation and Gentisic acid in olive oil oxidation) is due to the
participation of the inhibitors molecules in the side reactions other than the main reaction of chain
termination 7, namelyreaction 11 or/and 12. The mean rate of antioxidant consumption increased as
the unsaturation degree of the soybean oil increased. Despite having the more appropriate
performance in the olive oil sample, which normally contains higher amounts of oleic acid. The
overall performance of Gentisic acid was attributed to the main reaction of chain termination
(ROOe + InH — ROOH + In+) as competed with the main oxidation reaction of chain propagation
(ROO+ + RH — ROOH + Re). Due to the higher percentage of non-saturated fatty acids in soybean
oil, antioxidant activity of gentisic acid promoted with increased concentrations, while in olive oil
because higher content of monosaturated fatty acid (e.g. oleic acid), Gentisic acid participate in side
oxidation reactions (InH + ROOH — In * + R « + H20) as prooxidant in high concentration.
Conclusion:The present study was performed to elucidate the mechanism of antioxidative action of
Gentisic acid. It was concluded that Gentisic acid as a phenolic antioxidant was effectiveness during
autoxidation in both lipid systems (i.e. olive and soybean oil) without reactive free radicals
production. The mean rate of antioxidant consumption increased as the unsaturation degree of the
oil system increased. Despite having the more appropriate performance in the olive oil sample,
which normally contains higher amounts of oleic acid.
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