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Abstract

The effects of different concentrations of tocopherols on the oxidation stability of evening
primrose oil (EPO) in the dark (35 + 2 °C) were evaluated by some physicochemical characteristics
such as peroxide, conjugated diene value and fatty acid composition. The results of the present
study were as follows; Alpha-tocopherol at all concentrations (0.02%, 0.05%, 0.10%) showed a
prooxidant effect during autoxidation of EPO. This prooxidant activity of alpha-tocopherol in-
creased as its concentration increased rapidly. Delta-tocopherol showed antioxidant activity as its
concentration increases at an early stage of storage. But the activity was fairly poor antioxidant
activity and was not greater than antioxidant activity of BHT. However, the antioxidant effect of
delta-tocopherol and BHT showed no apparent differences as compared with result of none.
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Table 1. Some physicochemical properties of even-
ing primrose oil (EPQ)

Saponification valuetl? 194.0 +1.69
lodine value(8 161.6 +0.4
Peroxide value (meq kg~)19 12.1 +0.2
Free fatty acid (as % oleic acid)@0) 6.08+0.01
Refractive index@D 1.4750
Fatty acid2
16:0 9.15+1.82
8.4 2.06+0.94
18:In9 7.16+0.87
18:2n6 72.78 +1.32
18:3n6 8.85+1.37
Tocopherol contents (mg/100g)23)
Alpha 245 +3.42
(Gamma 476 +6.20
not detected

[)elta

al” l he mean value of triplicate determinations

Table 2. Measurement of peroxide value (POV) and conjugated diene value (CDNV) during evening prim-:
rose oil oxidation with tocopherols in the dark at 35+ 2°C

\,  Antioxi. wt. % None BHT Alpha-tocopherol Delta-tocopherol
Days 0.01 0.02 0.05 0.10 0.02 0.05 0.10
0 97 +02 9.7 +0.2 9.7 +0.2 9.7 +0.2 9.7 +0.2 9.7 £0.2 9.7 +0.2 9.7 +0.2
10 21.7 +£03 204 +0.6 256 +0.1 286 +0.7 367 +04 21.2 +02 21.1 +06 195 +0.1
POV 20 29.0 +05 234 +05 338 06 437 +0.9 609 +0.7 282 £04 251 +0.1 248 +0.3
30 423 +04 338 $07 51.3 +06 663 $+0.2 909 +07 369 +0.2 36.0 +0.2 322 +04
40 503 +04 426 +04 656 +08 861 0.4 1205405 53.2 +04 512 +04 474 +0.3
0 0444001 0.44+0.01 0.44+0.01 0444001 044001 044:+001 044+0.01 0.4440.01
10 0.81+0.01 0.7840.02 0.81+0.03 0.93+0.01 098+0.02 0.80+0.04 0.81+0.01 0.79+0.04
CDNV 20 098+0.03 0904002 120+0.02 1.23+0.02 1.63+0.02 0.99+0.01 0.98+0.03 0.95+0.04
30 1.10£0.02 1.00£0.01 128+0.04 1454005 190+0.02 0.91+0.02 092+0.04 1.01+0.03
40 1.1940.03 1.09+0.02 1344003 1. I()i() 03 2224001 1.12+0.02 1.10+£0.02 1.0810.02
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Fig. 1. Measurement of peroxide value during even-
ing primrose oil oxidation with tocopherols in the
dark at 35+2°C

Table 3. Measurement of fatty acid composition during evening primrose oil oxidation with tocopherols in

the dark at 35+2°C area: %
.. Fatty acid

Antioxi. Days 16:0 18:0 18:1n9 . 18:206 18:306 UR?
0 7.54 1.80 7.36 74.19 9.12 9.71
10 7.66 1.88 7.39 73.92 9.15 9.48
None 20 7.99 2.09 742 73.40 9.10 892
30 7.78 2.24 7.52 73.04 9.13 8.82
40 8.07 240 8.27 72.70 8.85 8.70
0 7.54 1.80 7.36 74.19 9.12 9.71
10 7.70 1.65 7.52 74.00 9.13 9.70
BHT(0.01%) 20 7.68 1.78 7.34 74.10 9.10 9.57
30 7.71 1.99 7.69 73.56 9.05 9.31
40 7.99 2.02 7.59 73.49 8.91 8.99
0 7.54 1.80 7.36 74.19 9.12 9.71
Alpha- 10 7.68 2.04 7.07 74.10 9.11 9.29
tocopherol 20 8.02 228 7.62 73.12 8.96 8.71
(0.10%) 30 8.36 2.21 7.31 73.23 8.89 8.46
40 8.58 2.65 8.29 71.98 8.50 7.90
0 754 1.80 7.36 74.19 9.12 9.71
Delta- 10 7.64 1.89 7.12 73.21 9.14 9.49
tocopherol 20 7.91 1.84 7.28 73.93 9.04 9.26
(0.10%) 30 7.60 2.22 7.88 73.40 8.90 9.18
40 7.83 2.30 73.10 9.02 8.87

7.75

3 Unsaturation ratio: (Cig.1 + Cigs + C1839/C 60+ Crao)
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Fig. 2. Measurement of conjugated diene value dur-
ing evening primrose oil oxidation with tocopherols
in the dark at 35+2°C
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Fig. 3. Relationship between induction period®and
added amount of tocopherols in evening primrose
oil

a) Days to reach 50 meq kg~! POV

E s Ex4o] AsleAs dAEE Aog ¥ uees]n
Adet, F, dAZ|"elM EasE e du>7
ob>wlete] fow Zrlsida dlo] dulk adHE9 4l
spEaatgo] A Abglel] HE FaFHTY Aol
Auiglzn glel ol FAUNFR] g 2o Eo
Fastan M JduEaHAEL HrhsE (100,
300, 500 ppm)7}t F7keloll whel AbshEAlA8-g ehd
debenm slod B Ao Anel dAsE AE ¢ 4
uoict, E3] Mahoney £¢92 UglE 29 Eo] 2Fx
o} o Ho|g<o|L (transition metal, Fe**)& #4UA|
7 whgdo] A3H-OH & A7 2d FAAEE T
= ALi}A]?]l-— Aog ¥usdlw 9ok 3k, delg sz
#22 Table 29 Fig. 1 & 20418} 7ro] AAz7]e]
= *rn7H"°ﬂ sle] Arlessl S0t 45 O] &
AskE A} Qi =gl ot A Aol Argel w2}t 2 &
e Aslelo] 25w AlsMEAS %S JEpgiT
Z, Fig. 3oll4] =827} 50meq kg ol s&dl 0,
02, 0.05% % 0.10%¢ A7hEel 77 38, 39¢ %
42902 et Fa7Fe] 4090l wsf  Aeolrt gl
2o Table 32| $23-8 (UR)S vl goll= vid 7
g ¥oipgict, el 24-&9 3‘*@]—‘;—"— 0. 10%4
%7kl BHT 747}—?‘4 T3 wsgovt 25 7
ol wla) 2 ajelz} QA= gdgket, olsh 32 A
A AR A5 HabshEsl, FdelFAt B #
Ajubat ghekel ZAHA7F 27 9, 7meq kg', 0.44%
=l 6.09% % FA Jeht fEi7lell o7 AEAbshEg-o]
dallg] v AefA Eas B galEsEe sl ¢A
“ 2.8)ed Fejrle] dA4ukgoll gl Aoddled 4§]—=—_;_
F Frhzlviens Wg-r) wr/‘P’I} Az s
3 £ Algo] AR A5 £ EadE ek s
72,1mg/100g 224 Kanematsu £©%0| 2% “4—‘
I oeldAisel 2adE ¥ (mg/100g), =
114.9. A5 87.7, AZF 63.8, =17f 47.6, 37
£ 44.7 % Sulrlf 67.3 Sl vish wimA L &
ko g wlmd 4 glok, & fx Fo aHAEe ¥
e 0.10% AFY W garste] AHujs} sle Aol
ezl glow] o olile) FoeoldE AMSHEAY 2
o0& wueNg R gl

wote| ¥ Zabfol d EaslE ArH] AAbEkEt
o gollolAlrte] AHAlE Table 49 2ol vehd

3—%‘ Tl 22 Al wlaizbsl A¥sElE A &

|-'_.,

e

l‘

alo

o

J

©
ne

AJI}



el F Fae

Table 4. Regression analysis between the peroxide
value and the conjugated diene value during even-
ing primrose oil oxidation with tocopherols in the
dark at 35+ 2°C

. . Correlation

Tocopherols %(w/w) Regression equation coefficient
Alpha 0.02 Y=-0437X+0.016X 0914
0.05 Y= -0.460X+0.015X 0.968
0.10 Y=-0472X+0.016X 0.974
Delta 0.02 Y=-0460X+0.014X 0.905
0.05 Y=-0450X+0.014X 0914
0.10 Y=-0421X+0.017X 0.902
BHT 001 Y=-0.367X+0.018X 0.941
None — Y=-0423X+0.017X 0.946

X axis: peroxide value
Yaxis: conjugated diene value

2

[=)3
=l

2ol % Fabrel AbskebA el it 0.02% (w/w),
0.05% (w/w) = 0.10%2 dztst wEtzasZe] A
7HERE FadslErt, Selelabvl W AatzAe &
BAZ vag Aze o 2o deEaE e A
7hg el vlalste] 2 FA XA Sl His v}
&l AStEA S vellior Wels 235 3
7Rzl wla] ofzke] gabshEsst Agarle] A
of wlzge] yebskot 2gade] Arigel wel 21 &
Aesle Adelsict, webd A Favzx o
e aw LEAato s olal HAAfo] Hof
T Aoz odFH wulelX Fabwe| AlskiA Aol chgt
EIHEY Mol 71ZAR Aol AdRE ojslehd o
Sloll g 7 Folot IAl Arbde] TasEel 3
#F ool ATl 1eisle] AAsiejol & slez Mg
e,

73

e

il

Ho

1. Hudson, B.].F.: Evening primrose(oenothera Spp.) oil
and seed. /. Am. Oil Chem. Soc., 61, 540(1984)

2. Albert L., Leninger: Principles of Biochemistry, worth
publishers, INC., p.595(1982)

3. HHER BB{LINE - 488, LelHiEt 2, p
229(1988)

4, Sugano, M, Ide, T., Ishida, T. and Yoshida, K.:
Hypocholesterolemic effect of gamma-linolenic acid

o 4

10,

11,

12,

13.

14,

16,

17,

18,

19

sk g 4 259

as evening primrose oil in rats, Ann. Nutr. Metabol.,
30, 289(1986)

. Sugano, M,, Ishida, T., Yoshida, K., Tannaka, K.,

Niwa, M., Arima, M. and Morita, M.: Effects of mold
oil containg GLA on the cholesterol and eicosanoid in
rats, Agric. Biol. Chem., 50, 2483(1986)

. Cedric, H., Hassall and Stephen J. Kirtland: Dihomo-

gamma linolenic acid reverses hypertention induced
in rats by diets in saturated fat, Lipid, 19, 699(1984)

. O'Brien, P.M.S,, Morrison, K. and Broughton Pipkin,

F. The effects of dietary supplementation with
linoleic and GLA on the pressor response to angioten-
sin 1, Br. J. Clin. Pharmec., 19, 335(1985)

. Vericel, E., Lagarde, M. and Mendy, F.: Effects of

linoleic acid and GLA in take on platelet function in
elderly people. Thromb. Res., 42, 499(1986)

. Ed8l, g Al wtelF Fabrel abslebd Aol

B AT, Sz Aes], 5, 27(1989)

Bottazi, F., Iggo, R. and Lotti, G.: Agrochemica, 29,
331(1985)

Horrobin: Pharmaceutical and dietary composition.
U.S. Patent, 4, 302, 447(1981)

Kanematsu, H., Aoyama, M., Maruyama, T., Nhya,
1., Tsukamoto, M., Tokairin, S. and Matsumoto, T.:
Studies on the improvement of antioxidant effect of
tocopherols. Yukagaku, 32, 475(1983)

Kanematsu, H., Aoyama, M., Maruyama, T., Nhya, .
and Matsumot, T.: Relationship between antioxidant
effect of tocopherols and kinds of substrates, Yukaga-
ku, 33, 241(1984)

Cillard, ]., Cillard, P., Cormier, M. and Girre, L.
Alpha-tocopherol prooxidant effect in acqueous
media, J. Am. Oil Chem. Soc., 57, 252(1980)

. Cillard, J., Cillard, P. and Comier, M.: Effect of exper-

imental factors on the prooxidant behavior of alph-
a-tocopherol, J. Am. Oil Chem. Soc., 57, 255(1980)
Koskas, J., Cillard, P. and Cillard, P.: Autoxidation of
linoleic acid and behavior of its hydroperoxides with
and without tocopherol. J. Am. Oil Chem. Soc., 61,
1466(1984)

Stenesh, J.. Experimental Biochemistry, Allyn and
Bacon, INC,, p.299(1984)

A.O.A.C.: Official method of analysis, 13th ed., associ-
ation of official analytical chemists, washington, D.
C.. p.440(1980)

A.Q.CS.:: Official and tentative methods of american



260

20.

21

22.

23,

24,

25,

26,

A E 55z A 229 A 35(1990)

otl chemists’ society, 3rd ed., champaign, IL, method
Cd 8-53(1974)

Pearson, D.. Laboratory techniques in food analysis,
Batterworths and Co., Ltd., London, p.125(1970)
A.0.AC.: Official methods of analysis, 13th ed., asso-
ciation of official analytical chemists, washington, D.
C., p.437(1980)

o8] | Al duto] ¥ TAgol o3hakA Aol w3t
AT, AAlozpefsta uhabahel = (1989)

Carpenter, Jr. A.P.: Determination of tocopherols in
vegetable oils, /. Am. Oil Chem. Soc., 56, 668(1979)
A.O.CS.: Official and tentative methods of the amer-
ican oil chemists’ society, 2nd ed.. chicago, method
Ti-1a-64(1964)

Ke,P.J.,Ackman, R.G. and Linke, B.A.: Autoxidation
of polyunsaturated fatty compounds in mackerel oil.
J. Am. Oil Chem. Soc., 52, 349(1975)

Cillard, J. and Cillard, P.: Behavior of alpha, gamma

217,

28,

29,

30.

31,

and delta tocopherols with linoleic acid in aqueous
media, /. Am. Oil Chem. Soc., 57, 39(1980)

Lee. Y.C.: Effects of tocopherols and beta-carotene
on the stability of soybean oils undergoing various
modes of oxidation, D. Sc. Thesis, Korea Uni., (1989)
Mahoney, J.R., Graf, E., Bryant, R.G. and Eaton, J W.:
Ironcatalyzed hydroxyl radical formation, J. Biol.
Chem., 259, 3620(1984)

Sherwin, E.R.: Antioxidants for vegetable oils, /. Am.
Oil Chem. Soc., 53, 430(1976)

Kanematsu, H., Ushigusa, T. and Maruyama, T.
Comparison of tocopherol contents in crude and
refined edible vegetable oils and fats by high perfor-
mance liquid chromatography, Yuwkagaku, 32,
56(1983)

B LRSI BEOFER, AREIE, 19, 11(1984)

(199014 14¢ 5% A+)



