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2. Eicosapentaenoic acid
3. Docosahexaenoic acid
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1. Ascidian oil
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Fig 1 Molecular structure of luteolin [2-(3,4-
Dihydroxyphenyl)- 5,7-dihydroxy-4-chromenone]

Control Inhibitor

Peroxide
value PV
(meqg/kg)

ud:j)j.ﬁ‘jﬂ—"

[ Downloaded from fsct.modares.ac.ir on 2024-12-01 ]

P,

— -

IPion,

Fig 2 A schematic kinetic curve of peroxide
accumulating during oxidation of TGOO and
TGCO, and the kinetic values which can be derived
from it.
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5. Mechanism of inhibitory action
6. Stabilization factor (F)
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Fig 3 Inhibited autoxidation.
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4. Mean rate of inhibitor consumption (WInH)
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Fig 5 Dependence of the mean rate of consumption
WInH and concentration of luteolin [InH]during
oxidation of TGSO at 60and 100 C.
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Fig 4 Concentration dependence of the stabilization
factor, parameterF, of luteolin at various
temperatures
(60-100)°C in TGOO and TGCO.
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7. The rate of inhibited oxidation (Winh)
8. Propagation phase
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Fig 7 Dependence of the mean rate of consumption
WInH and concentration of luteolin [InH]*during
oxidation of TGCO at 60 C.
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10. Association colloids
11. oil-water interface
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Fig 6 Concentrationdependence of the oxidation
rate, Winh, of luteolin at various temperatures (60—
100°C) in TGOO and TGCO.
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9. Thymol
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Fig 8 Concentration dependence of the antioxidant
activity, parameter A, of Luteolin at various
temperatures (60—100 °C) in TGOO and TGCO.
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12. Optimum concentration
13. Loss of efficacy
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Table 1 Inhibitory mechanism of olive and canola oils inhibited by luteolin at different temperatures
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Oil Temperature of inhibited oxidation
60°C 80°C 100°C
: 7) ROO® +InH = ROOH + In*
7) ROO® + InH — ROOH + In” 7) ROO* + InH — ROOH + In* 7 o .
. . - 11)InH + ROOH = In* + RO* + H,0
11)InH + ROOH - In* + RO* + H,0 10)In* + RH — InH + R* . .
. . -7) In" + ROOH — InH + ROO
: -7) In" + ROOH — InH + ROO (8) In* + LOO" - In-O0L 10) In* = :
olive 3 In® . JIin"+RH—=InH +R
10)In"+ RH = InH + R ) . .
14) In* + 0, = In0O" (9) In"+ In° = products 14)In" + 0, = In00
- (8) In" + LOO" = In-O0L
(9) In"+In" — products
7) ROO® +InH — ROOH + In” 7) ROO® +InH — ROOH + In” 7) ROO® +InH — ROOH + In*
canola 11)InH + ROOH = In" + RO" + H,0 10)In" + RH = InH + R” -7) In" + ROOH — InH + ROO'
12)InH + O; = In" + HOO"® 10)In" + RH— InH + R’
10)In" + RH = InH + R” 14)In" + 05 — In00"
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Table 2 The kinetic parameters of hydroperoxide formation during the oxidation of canola, and olive
triacylglycerols containing different concentrations of luteolin at 60, 80, and 100 °C

Te

m Oil IIIH]O [II]H]O IPinh F ORR A Winh WlnH
°0) type (%)  (x10°M) (h) (x10”° M/S) (x10' M/S)
0.01 1.40 1332'21;33)‘;3 7.69+0.10f  0.378+0.008a 12(2)'13‘1“5'2:869 7.62+0.17¢ 10.03+0.17ef
60 y 0.02 2.79 1316 84475 27-47+1.60a 0.018+0.0f I 0.36+0.0e 5.65+ 0.35f
OVe  0.04 5.59 T 26.26:0.94a  0.07130.003d o aa o 1.4240.08de 11.80+0.4¢
0.08 11.18 1001149.4c  2L27£0.94b  0.138:001b [ ol T 2.78+0.22d 28.46+0.25d
0.01 1.40 39.5+0.2¢g 3.87+0.02g 0.42+0.02¢ 9.23+ 0.47¢ 58.51+3.1a 98.27+0.60b
canola 0-02 2.79 103.4£5.0f  10.13+0.49 0.09+0.002¢ 117.17+8.7d 12.10£0.31b 75.13+3.70¢
0.04 5.59 154.741.9¢f  15.14+0.18d  0.09+£0.0005c  170.89+1.36d 12.39+0.13b 100.37+1.20b
0.08 11.18  205.9+11.6e  20.15:1.13¢c  0.08£0.002cd  256.89+18.8¢c 10.98+0.32b 151.15+8.71a
0.01 1.40 49.2+1.3d 10.31£0.27¢  0.116+0.003d  88.67+4.61d 32.73£1.03¢ 78.84+2.15g
80 olive 0.02 2.79 77.7+0.4¢ 16.27£0.09c  0.078+0.003¢  207.59+6.48¢ 22.06+0.78f 99.83+6.55fg
0.04 5.59 121.3£6.0b 25.40£1.4b  0.068+0.0005¢  372.47+19.6b 19.18+0.28fg 128.22+7.7ef
0.08 11.18 199.6+4.6a  41.7740.98a  0.048+0.003f  863.08+:40.6a 13.64+0.88¢g 155.59+3.61¢
0.01 1.40 8.3+0.3h 5.25+0.23f 0.65+0.017a 8.05+0.28¢ 418.51+11.10a  463.02+20/7d
canola  0-02 2.79 15.140.6g 9.49+0.39% 0.34+0.001b 28.25+1.20¢ 215.69+0.98b 512.02+20.9¢
0.04 5.59 23.5+1.3f 14.69+0.83d  0.17+0.008c¢ 86.28+6.95d 109.56+5.49¢ 662.02+36.4b
0.08 11.18 39.342.1e 24.61£1.36b  0.1240.003d 198.58+14/2¢ 79.68+2.43d 790.41+45.1a
0.01 1.40 22.9+0.9d 11.50£0.5d  0.104£0.002fc  110.58+5.47d 53.87+1.12¢ 169.03+7.3¢
100 olive 0.02 2.79 37.0+1.4¢ 18.51£0.74c  0.092+0.003¢  201.18+15.4fc 47.73+1.76¢ 210.00+8.5¢
0.04 5.59 60.142.4b 30.06£1.24b  0.082+0.00le  367.94+17.8b 42.3340.59f 258.54+10.7¢
0.08 11.18 75.6+1.4a 37.84£0.74a  0.044+£0.002f  826.46+18.3a 23.74+0.92f 410.51+8.05d
0.01 1.40 3.9+0.0g 3.87+0.15g 0.660.009¢ 5.6120.1f 407.29+5.83¢ 987.89+14¢
canola 002 2.79 5.3+0.4¢g 5.26+0.32f 0.81+0.03a 6.284+0.23F 495.07422.6a  1457.77£121.5b
0.04 5.59 10.30.6f 9.87+0.66e 0.72+0.04b 12.9620.8f 465.36226.6b  1502.56:100.9b
0.08 11.18 17.6+1.2¢ 17.3840.74c  0.23+0.0005d  72.79+5.31e 141.2340.25d  1761.97+121.4a

Mean + SD (standard deviation) within a column of the same temperature with the same lowercase letters are not
significantly different at p < 0.05

Table 3 Kinetic parameters characterizing the rate constant of luteolin consumption in side reaction(s)
of chain initiation, K., and the mean rate of initiation, Wi/f, during the oil samples oxidation at 60—

100 °C
. Ker (Ms™) Wi/(x107"°)(s™)
Olitype 60 °C 80 °C 100 °C 60 °C 80 °C 100 °C
Olive (2.15+0.52)x10™° (24.31+0.54) )x10™° 2.709+0.1 - 134.5+5.1
canola  (6.075+0.08)x10” - - 71.56+2.9 - -
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A kinetic analysis was performed to evaluate the antioxidant behavior of luteolin in the
triacylglycerols of olive (TGO) and canola (TGC) oils. The process was performed at high (kinetic
regime) oxygen concentrations at at 60, 80, and 100 °C in the dark. Different kinetic parameters were
determined, including the stabilization factor F, the oxidation rate ratio ORR, the antioxidant activity
(A) and the mean rate of inhibitor consumption Wy,z.The oxidative stability measures of the bulk
olive and canola oils dramatically improved by the antioxidant added. Luteolin due to its increased
partitioning at water-oil interface exerted a highest activity at 60°C and a concentration of 0.02%.
Also, the rate of olive triacylglycerols oxidation increased significantly with increasing luteolin
concentration at the corresponding temperature. This behavior was explained in terms of a more
participation of antioxidant molecules and radicals in side reactions, ie. 10 and 11
(In+LH — InH +L°) and (Inn +LOOH — products) , respectively). The rate constant of
antioxidant consumption in side reaction(s) (K¢) and mean rate of initiation (Wy/f) values revealed
that luteolin takes part in chain propagation and initiation reactions to a higher extent during TGC
oxidation. Generally, the activity of luteolin increased and decreased, respectively, in TGO and TGC
with rising temperature. This behavior was attributed to the change in the mechanism of inhibitory
action with prevailing the reactions 7 (LOO° + InH —»LOOH+ In’) 8  (In"+LOO° — In-OOL), and
9 (In® +In>— products ) for olive oil, and pro-oxidative side reactions to a higher degree in TGC.

Key words, Antioxidant activity, Luteolin, Mechanism of inhibitory action.
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