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Effects of Flavonoids and a-Tocopherol on the Oxidation of
n-3 Polyunsaturated Fatty Acids

1.

Inhibition of Fish Oil Oxidation by Heating and During Storage
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To evaluate the antioxidant effect of flavonoids and a-tocopherol on purified fish oil(up
to 40% of n-3 polyunsaturated fatty acids), lipid peroxidation, and fatty acids content
during storage and upon heating were determined. The potential of these compounds for
inhibiting and delaying both oxidation and lipoxygenase processes was also evaluated.

The oxidation of fish oil was effectively inhibited by flavonoids and a-tocopherol. The
antioxidizing effect of these compounds increased in proportion to their concentration. The
addition of a-tocopherol and catechin-a-tocopherol mixture were prolonged induction
period of lipid oxidation by 3.5 to 4 times. All other flavonoids also shown more than twice
the prolonging effect. Lipoxygenase activity was decreased by catechin and a-tocopherol

effectively.
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Fig. 1a. Changes in peroxide value of fish oil with
flavonoids and a-tocopherol added during sto-
rage at 4T under sealed conditions.
T+C:005% Tocopherol+0.05% Catechin
All others were 0.1%
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Fig. 1b. Changes in peroxide value of fish oil with

flavonoids and a-tocopherol added during sto-
rage at 4€ under unsealed conditions.
T+C:005% Tocopherol+0.05% Catechin

All others were 0.1%

2] HI7HA 8~1052 5 A ARrt HEed
NS ERZHESL EF NG B¢ FHE
2E JehlA G Aoz njso Eu ¢
o) Asdge AT £ AAdk a2t Fud
FI1(1985) & ol frol tid 7t 59 deEH
Qg F98 L Aol fo 3 “*21
AsiA dA S BHTE 7039 @A
2237} gl EDTAS #sasdes 9
AAGy Bag b glovg 1A ol EF
TS Aole FF o A oﬁﬂrﬂ
g vehte oz Aztse] . 37ty A

2827} S0meq/kgel B3 Al7I7L 4 AFE=R
4TY A Sl nlE 4P we) sl Hlernz
227b A 2o nAE £33 99209 sy
& A, e 2HAN AR FHE AR
31998 7% (Fig 2a, 2b) HASHE 77} 50meq/kgl
g3t u 2+ 2~45(40), 15:@70 2 2EY
ASuc} sl w1 4wy, oy 2 4
oMo B WYZ Gl obd Eaepig o
o2 ¢A ‘?—-_1%% sHAlEE 2 Zole HE F=

0, mlm il
Ny r

tfo

tio

HAA 2 Aoeg Agdd) wg Mg e
600 -3 Notreated —M- Carechin -4 Tocopherol
L 5007 -+ TeC @8- Naringin -~ Morin
[
% 400+
E 300+
§ 200
100+
0 1 2 3 4 8 12 20

Time(weeks)

Fig. 2a. Changes in peroxide value of fish oil with
flavonoids and a-tocopherol added during sto-
rage at 37 € under sealed conditions.
T+C:0.05% Tocopherol+0.05% Catechin
All others were 0.1%
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Fig. 2b. Changes in peroxide value of fish oil with
flavonoids and a-tocopherol added during sto-
rage at 37 C under unsealed conditions.
T+C:0.06% Tocopherol+0.05% Catechin
All others were 0.1%
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Fig. 3a. Changes in carbonyl value of fish oil with

flavonoids and a-tocopherol added during sto-
rage at 4C under sealed conditions.
T+C:0.05% Tocopherol+0.05% Catechin

All others were 0.1%
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Fig. 3b. Changes in carbonyl value of fish oil with

flavonoids and a-tocopherol added during sto-
rage at 4 under unsealed conditions.
T+C:005% Tocopherol+0.05% Catechin

All others were 0.1 %
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Fig. 4a. Changes in carbonyl value of fish .oil with

flavonoids and a-tocopherdl :added during ssto-
rage at 37 under sealed conditions.
T+C:0.05% Tocopherol+0.05% Catechin
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Fig. 4b. Changes in carbonyl value of fish oil with
flavonoids and a-tocopherol added during sto-
rage at 37 C under unsealed conditions.
T+C:0.05% Tocopherol+0.05% Catechin
All others were 0.1%
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Table 1. Changes in fatty acid composition of fish oil during the storage at 4T and 37 under sealed and
unsealed conditions
(area %)
Fatty acid 0 wk 1 wk 4 wk 20 wk
sealed unsealed sealed unsealed sealed unsealed
(¢Xo))
Saturated
14:0 8.80 8.21 7.34 6.87 6.85 8.72 9.81
16:0 21.76 19.90 18.08 17.93 15.59 20.01 27.83
18:0 3.68 345 3.24 4.20 311 3.67 4.86
Monoene
16:1 7.35 7.00 6.54 5.99 549 7.03 7.87
18:1 11.76 10.62 10.07 8.67 11.16 10.14 15.61
20:1 2.56 2.57 2.25 351 1.86 148 2.62
22:1 1.82 244 5.42 041 6.84 1.68 7.39
Polyene
18:2 1.56 143 1.25 248 1.07 139 1.70
18:3 1.22 1.23 1.13 2.61 0.95 1.01 1.02
20:4 147 1.60 1.37 233 117 145 N.D.
20:5 12.31 10.83 11.74 10.92 10.84 7.24 7.79
22:6 9.33 893 9.04 8.49 7.34 6.53 591
(370
Saturated
14:0 8.95 791 821 8.95 7.68 13.40
16:0 21.28 18.40 19.88 24.65 26.52 34.49
18:0 0.36 3.21 3.12 4.15 4.24 552
Monoene
16:1 7.39 6.69 6.98 7.56 7.38 10.54
18:1 9.20 13.68 11.46 14.84 4.15 15.46
20:1 2.03 2.36 257 4.99 1.26 3.76
22:1 2.15 9.58 2.34 8.35 0.96 291
Polyene
18:2 1.10 1.19 143 1.34 1.06 N.D.
18:3 1.08 0.97 1.23 2.54 0.96 N.D.
20:4 145 144 1.60 1.36 0.88 N.D.
20:5 10.94 10.71 10.90 9.83 5.44 2.81
22:6 8.18 8.54 8.14 8.18 3.85 N.D.
N.D.:Not determined
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Table 2. Changes in fatty acid composition of fish oil with catechin added during the storage at 4C and 37C

under sealed and unsealed conditions

(area %)
Fatty acid 0 wk 1 wk 4 wk 20 wk
sealed unsealed sealed unsealed sealed unsealed
CYs)]
Saturated
14:0 7.65 743 8.58 8.53 7.33 7.87 8.55
16:0 18.79 17.71 18.26 19.69 18.18 19.44 20.30
18:0 3.22 3.12 301 3.62 3.10 3.52 344
Monoene
16:1 6.48 6.30 6.73 6.97 6.36 6.33 7.25
18:1 9.80 9.62 13.55 11.07 12.59 9.99 11.20
20:1 1.09 2.39 245 213 2.01 2.24 N.D.
22:1 243 2.79 891 2.19 6.92 331 8.59
Polyene
18:2 1.19 1.30 1.22 145 1.22 133 1.24
18:3 1.09 1.00 1.06 1.10 1.08 0.93 1.12
20:4 1.46 1.49 1.61 2.38 1.34 1.49 141
20:5 12.74 11.91 11.16 11.06 11.21 10.81 11.06
22:6 9.90 8.87 8.84 857 6.83 8.12 8.81
(379
Saturated
14:0 7.94 7.82 8.21 10.27 6.89 10.59
16:0 17.50 16.08 19.16 25.04 16.80 10.59
18:0 3.10 2.72 3.37 384 5.73 5.00
Monoene
16:1 6.53 6.46 6.82 8.57 5.64 8.20
20:1 8.14 9.77 10.57 16.27 8.09 15.62
22:1 2.17 1.97 1.99 442 2.09 3.01
Polyene
18:2 1.11 1.25 1.34 117 0.89 1.75
18:3 1.16 1.30 0.95 0.71 091 0.98
20:4 142 1.32 2.33 0.80 0.88 0.79
20:5 10.87 10.89 10.72 11.92 9.65 5.81
22:6 8.21 8.38 7.66 8.59 7.23 4.77

N.D:Not determined
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Table 3. Changes in fatty acid composition of fish oil with a-tocopherol added during the storage at 4€ and 37¢C

under sealed and unsealed conditions.

(area %)
Fatty acid 0 wk 1 wk 4 wk 20 wk
sealed unsealed sealed unsealed sealed unsealed
4o
Saturated
14:0 7.39 8.23 7.69 8.59 7.85 10.44 7.89
16:0 18.16 20.05 17.50 20.21 18.38 10.00 20.77
18:0 3.29 3.38 3.10 354 3.16 4.18 3.54
Monoene
16:1 6.22 6.56 7.01 7.04 6.46 7.09 6.87
18:1 9.90 9.97 10.30 10.68 9.69 8.99 11.56
20:1 2.22 2.37 2.34 2.32 2.18 3.20 N.D.
22:1 2.58 8.33 242 9.15 2.33 3.30 N.D.
Polyene
18:2 1.13 1.37 116 1.24 112 1.30 1.27
18:3 0.88 1.15 1.14 0.97 1.26 1.09 1.16
20:4 1.46 147 154 114 144 132 0.56
20:5 11.49 13.61 11.78 11.14 10.83 10.75 10.82
22:6 944 1049 893 8.97 851 8.27 8.75
(37%)
Saturated
14:0 8.61 8.19 8.56 9.25 8.23 11.74
16:0 20.80 19.68 20.05 22.86 20.05 26.67
18:0 349 343 34 3.84 3.38 4.26
Monoene
16:1 7.16 691 7.09 7.95 6.55 9.43
18:1 10.93 10.77 10.80 15.27 997 17.12
20:1 2.60 2.61 233 0.39 2.31 3.35
22:1 2.39 942 1.96 551 2.15 3.87
Polyene
18:2 1.25 342 1.27 1.29 1.37 1.25
18:3 1.13 112 1.22 117 113 1.18
20:4 1.39 1.50 146 1.37 146 0.89
20:5 11.63 12.09 10.29 981 10.03 7.18
22:6 8.61 9.24 7.69 543 547 6.53
N.D:Not determined
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Table 4. Changes in fatty acid composition of fish oil with catechin and a-tocopherol added during the storage
at 4T and 37C under sealed and unsealed condition.

(area %)
Fatty acid 0 wk 1 wk 4 wk 20 wk
sealed unsealed sealed unsealed sealed unsealed
40
Saturated
14:0 8.19 7.76 818 7.85 7.58 8.55 8.13
16:0 19.96 18.36 2041 18.38 17.70 20.25 20.38
18:0 3.27 3.20 324 . 3.16 3.27 3.50 347
Monoene
16:1 6.93 6.33 712 6.46 6.31 7.08 6.70
18:1 10.34 9.91 1041 9.69 9.84 10.75 10.79
20:1 2.24 2.24 324 2.18 237 249 2.32
22:1 247 2.01 9.11 2.33 8.59 2.19 9.94
Polyene
18:2 141 145 1.05 112 1.26 1.25 1.20
18:3 111 1.00 1.05 126 116 1.49 110
20:4 143 149 139 144 1.66 137 1.37
20:5 12.51 12,55 1157 10.83 12.12 12.11 11.79
22:6 1042 1047 9.14 851 851 ‘9.25 9:81
(370)
Saturated
14:0 9.09 8.34 891 7.85 848 9.08
16:0 19.78 19.25 21.01 18.93 2023 21.35
18:0 2.89 3.24 3.58 346 3.55 3.62
Monoene
16:1 67 871 6.62 6167 6.77 754
18:1 993 {4 10.94 10.17 10:54 15.29
20:1 217 2100 2.54 2.74 2.18 2.69
22:1 241 ‘954 8.90 2.57 1.92 2.36
Polyene
18:2 124 1,22 121 1.27 1.15 141
18:3 1.19 0.87 1.07 154 1.65 1.06
20:4 149 1.34 1.33.29 141 148
20:5 1154 1133 11.09 10.81 11.36 11.14
22:6 1001 942 8.87 8.09 7.97 8.52
N.D:Not determined
Table 5. Thiobarbituric acid values of heated fish oil treated with flavonoid and e-tocopherol
(Meg/kg)
Conce%tgatlon Trgl(ze d Catechin Morin Naringin a-tocopherol +a§fggggﬁ%r ol
309
0.01 195 199 190 195 220
0.05 197 204 198 193 215
0.10 209 199 198 199 203
0.20 199 187 202 190 183

* Fish oil was incubated under unsealed conditions at 60T for 48h.
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Table 6. Peroxide value of heated fish oil treated with flavonoid and a-tocopherol

BAolfre] /e 2 AF F Asteld EH

(Mea/kg)
Concg;tgation TreNa(;e d Catechin Morin Naringin ~ e-tocopherol a(}?c}ceggli;rol
83.0
001 673 67.0 50.6 522 689
0.05 58.9 66.1 46.5 52.6 32.8
0.10 50.9 44.0 46.1 517 255
0.20 29.0 36.9 - 473 22.7
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taenic acid caused by potato lipoxygenase.
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