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The effect of heated quercetin (400 mg/kg of oil) or 5-caffeoylquinic acid (5-CQA) and the presence
of ferric ion (2.2 mg/kg of oil) on the stability of soya oil oxidized in an oxidative stability index
(OSI) instrument was investigated. After heating the phenolic at 100 °C or 150 °C, the OSI values
of treated oils were not significantly (p < 0.001) different, whereas, at 200 °C, the values decreased
significantly with addition of quercetin, but not with 5-CQA. However, the antioxidative activity of
quercetin remained significantly greater than that of 5-CQA. The antioxidative potency of quercetin
was reduced significantly by addition of ferric palmitate (FP), but that of 5-CQA was not. Reaction
between the ortho-dihydroxy groups of the quercetin and ferric ion may reduce the number of
hydroxyls available to react with free radicals. Chelating action of 5-CQA might be provided by
ortho-dihydroxy grouping of the quinic acid moiety.
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INTRODUCTION

The rancidity of refined edible oils is caused by the
presence of high amounts of polyunsaturated fatty acids
(e.g., linoleic and linolenic acids) which oxidize rapidly
(Sherwin and Lackadoo, 1970). Autoxidation by oxygen
is the most common reaction that leads the oil to
rancidity, and this occurs via a free-radical-chain mech-
anism which includes induction, propagation, and ter-
mination steps (Sherwin, 1976; Hamilton et al., 1997).
The occurrence of pro-oxidant metals, mainly those
containing two or more valence states, can accelerate
the rate of oxidation even at low amounts in the oil
(Paquette et al., 1985). As a consequence of the chain
reaction, off-flavors and potentially deleterious products
are formed (Paquette et al., 1985; Frankel, 1993).

Antioxidant phenolic compounds are added to oil to
retard the appearance of rancidity (Sherwin, 1976;
Shahidi, 1995). These components extend the induction
period of the oil by acting as free-radical acceptors and
as metal chelating agents and afford relatively stable
free radicals and nonradical products (Hamilton et al.,
1997; Meyer et al., 1998). Synthetic phenolic compounds,
such as butylated hydroxyanisole, butylated hydroxy-
toluene, and tert-butylhydroquinone, are the most com-
monly used antioxidants in lipids (Dorko, 1995). How-
ever, some authors have demonstrated that these
components are toxic to animals (Bran, 1975; Linder-
schmidt et al., 1986; Whysner et al., 1994). There is a
trend to reduce the amount of chemically synthesized
antioxidants in foods. As a result, naturally occurring
phenolic compounds (e.g., flavonoids and phenolic acids
from herbs, fruits, seeds, etc.) have drawn attention
because they have been ingested for centuries and are
assumed to be relatively safe for human consumption

(Pokorny, 1991; Wanasundara and Shahidi, 1994; Zandi
and Gordon, 1999).

Quercetin, a flavonoid compound, and caffeoylquinic
acid (5-CQA), a phenolic acid formed by caffeic acid
esterification with quinic acid, are widely distributed
in the plant kingdom. Previous work has shown that
quercetin is effective in retarding rancidity in canola
oil (Wanasundara and Shahidi, 1994) and flax oil
emulsions (Chen and Ahn, 1998). Data from our labora-
tory have shown that addition of 5-CQA extends the
induction period of refined soya oil submitted to acceler-
ated oxidation (Luzia et al., 1997, 1998). Furthermore,
evidence concerning the protective effect of both quer-
cetin and 5-CQA against oxidative damage to low-
density lipoprotein have been reported (Laranjinha et
al., 1996; Meyer et al., 1998). The antioxidant effective-
ness of 5-CQA and quercetin has been mainly attributed
to the presence of a 3′,4′-dihydroxy (ortho-dihydroxy)
grouping in the aromatic ring (Figure 1) (Shahidi and
Wanasundara, 1992; Brand-Williams et al., 1995). Both
phenolic compounds with adjacent free hydroxyl groups
could act as free-radical acceptors or as metal chelators.

Guillot et al. (1996) and Stadler et al. (1996) have
reported the identification of antioxidants (e.g., tet-
raoxygenated phenylindan isomers) derived from caffeic
acid pyrolysis. However, the effect of heating on the
antioxidative potency of quercetin and 5-CQA has not
been well studied. It is important to investigate the
antioxidative potency of the antioxidant under condi-
tions of heating used in conventional cooking processes.
On the other hand, the occurrence of pro-oxidant metals
in soya oil could influence the antioxidative activity of
natural polyphenols. Among transition metals, iron
(maximum of 0.76 mg/kg of oil) is the element found in
the greatest amount in soya oil (Garrido et al., 1994).
The present work investigates the effect of different
conditions of heating and the addition of ferric ion on
the antioxidative potency of quercetin and 5-CQA.
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Additives were added to fresh refined soya oil that was
submitted to forced oxidation in an oxidative stability
index (OSI) instrument.

MATERIAL AND METHODS

Materials. Fresh refined soya oil was obtained from Cargill
Agrı́cola S. A. (Brazil). Quercetin and 5-CQA were from Sigma
(EUA). All other chemicals were from Merck (Brazil).

Synthesis of Ferric Palmitate. The ferric palmitate (FP),
a lipid-soluble compound, was added to fresh refined oil to
increase the iron concentration. The synthesis of FP was as
described in the following (Gordon and Weng, 1992).

Palmitic acid was added to a beaker containing 100 mL of
an aqueous sodium hydroxide solution (4.2%, p/v) and stirred
for 5 min. The mixture was diluted with distilled water (400
mL) and shaken at 90 °C. The supernatant (aqueous sodium
palmitate) was poured into a beaker containing ferric chloride
hexahydrate (20 g), and the mixture was shaken at 80 °C. A
brown solid was removed by filtration after 20 min and washed
three times with hot distilled water at 80 °C. The solid was
dried in a vacuum oven at 80 °C for 8 h to yield a chloroform-
soluble dry solid melting at 85-89 °C. Analysis by spectrom-
etry (AOAC, 1984) indicated that the solid contained 67 g of
Fe per kg of FP, similar to the theoretical value for FP (68 g
of Fe per kg of FP).

Evaluation of the Oxidative Stability of Soya Oil
Samples. Soya oil (5 g) was incinerated in a furnace at 550
°C and iron content was determined based on AOAC (1984).
Quercetin or 5-CQA (ca. 10 mg) was weighed in a dish glass
(100-mm diameter) and subjected to heating in an oven
(Heraeus, Germany) at 100, 150, or 200 °C for 15 or 30 min.
Six independent replicates were made for each experiment.
Each heated phenol was cooled at room temperature, and
dissolved (8 mg) in 1 mL of absolute ethanol. Each solution
was then added to the oil (20 g) and the mixture thoroughly
homogenized. The concentration of antioxidant in both oil
samples was 400 mg/kg of oil. The same assays were carried
out with addition of 2.2 mg of Fe per kg of oil (32.3 mg of FP
per kg of oil). Control samples containing 1 mL of absolute
ethanol (no additives) or nonheated additives were prepared.

OSI Method. Each oil sample (5 g) was submitted to forced
oxidation in an OSI instrument (model OSI 8, Omnion, USA).
The OSI values were determined at 110 °C with an air flow
rate of 9L/h for all analyses. The OSI value is defined

mathematically as the maximum of the second derivative of
the electrical conductivity with respect to time. This time-
based end is determined by software coupled with the OSI
Instrument. All determinations of OSI values are the means
from six independent experiments. Standard error and one-
way analysis of variance (p < 0.001) were performed using a
statistical graphics system (STSC, 1986).

RESULTS AND DISCUSSION

The OSI instrument allows determination of the
induction time (OSI value), which is the time before
rapid oxidation of the oil occurs. The method is ap-
plicable in general to all oils and fats, and it is based
on the change in electrical conductivity of the water
caused by the formation of volatile organic acids (mainly
formic acid) produced during oxidation.

The OSI values of soya oil samples treated with
quercetin or 5-CQA are given in Table 1. Addition of
nonheated quercetin or 5-CQA significantly (p < 0.001)
increased the OSI value of the oil. However, the exten-
sion of the OSI value by nonheated quercetin was 3.3
times that of the nonheated 5-CQA. According to
previous work (Hudson and Lewis, 1983; Cuvelier et al.,
1992; Shahidi and Wanasundara, 1992), phenolic com-
pounds possessing multiple hydroxyl groups as substit-
uents in the benzene ring are generally the most
efficient antioxidants for edible oils. Indeed, quercetin
contains 4 hydroxyl groups in the aromatic ring, whereas
5-CQA has just two (Figure 1).

Both natural phenols were subjected to heat at 100,
150, or 200 °C for 15 or 30 min before they were added
to oil. There were not significative differences (p <
0.001) between OSI values from samples heated for time
periods of 15 min and those heated for 30 min. Thus,
only OSI values from samples heated for a time period
of 30 min are shown in Table 1. At 100 or 150 °C, the
OSI values of treated oils were not significantly changed.
At 200 °C, there was a small but significant difference
between the OSI values of oil samples containing heated
quercetin and those treated with nonheated quercetin
(Table 1). However, antioxidative potency of quercetin
remained significantly greater than that of 5-CQA. The
antioxidative activity of 5-CQA was not affected by
heating at 200 °C.

Figure 1. Chemical structures of polyphenols. (a) quercetin,
(b) 5-caffeoylquinic acid (5-CQA).

Table 1. Effect of Heated Quercetin (QUE) and 5-CQA on
the Fresh Refined Soya Oil Oxidative Stability When
Subjected to Forced Oxidation at 110 °Ca

treated samples OSI (h) treated samples OSI (h)

no additive 6.2 ( 0.10a no additive 6.1 ( 0.05a

nonheated QUE 15.5 ( 0.08b nonheated 5-CQA 8.9 ( 0.16e

nonheated QUE +
FP

9.8 ( 0.09c nonheated 5-CQA +
FP

8.8 ( 0.10e

heated QUEa heated 5-CQAa

100 °C 15.3 ( 0.11b 100 °C 9.0 ( 0.12e

150 °C 15.6 ( 0.16b 150 °C 8.9 ( 0.09e

200 °C 14.4 ( 0.13d 200 °C 8.8 ( 0.15e

heated QUE + FPa heated 5-CQA + FPa

100 °C 9.6 ( 0.16c 100 °C 8.8 ( 0.11e

150 °C 9.1 ( 0.11e 150 °C 8.8 ( 0.13e

200 °C 7.6 ( 0.11f 200 °C 7.8 ( 0.11f

a Heated oil samples were heated for a time period of 30 min.
Means with different superscripts are significantly different at p
< 0.001. Mean and standard deviation of n ) 6. OSI, Oxidative
Stability Index; QUE, quercetin (400 mg/kg of oil); 5-CQA,
5-caffeoylquinic acid (400 mg/kg of oil); FP, ferric palmitate (32.3
mg/kg of oil).
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According to results of Gordon and Weng (1992) and
Luzia et al. (1998), ferric ions functioned as pro-oxidants
in edible oils. Because of the presence of low amounts
of iron (0.5 mg/kg of oil) in the soya oil analyzed,
samples were treated with 2.2 mg of Fe per kg of oil
(32.3 mg of FP per kg of oil). Thus, the effect of ferric
ions on the antioxidative activity of quercetin or 5-CQA
could be better assessed. As shown in Table 1, the OSI
values of oil samples containing quercetin together with
FP were significantly (p < 0.001) lower than those
treated with quercetin only. Our findings indicated that
addition of ferric ions (concentration of 2.2 mg/kg of oil)
significantly decreased the antioxidative potency of
quercetin. These results could be because of the forma-
tion of a complex between the ortho-dihydroxy grouping
of the quercetin and ferric ions which may reduce the
number of hydroxyl groups available to react with free
radicals. However, since iron is a pro-oxidant, the effect
could be simple kinetics due to the two competing
reactions. According to the reports of Cuvelier et al.
(1992), and Shahidi and Wanasundara (1992), the
occurrence of an ortho-dihydroxy grouping in the B-ring
of flavonoids was capable of providing not only free-
radical inhibition but also metal chelation due to
stabilization of the aryloxylradical and o-quinone forma-
tion.

The OSI values of samples treated with 5-CQA and
FP paralleled those containing 5-CQA (Table 1). Caffeic
acid moiety of the 5-CQA contains an ortho-dihydroxy
grouping which is responsible by its antioxidative action
(Figure 1). However, it is known that 5-CQA is less
effective than free caffeic acid in retarding the oxidation
process (Cuvelier et al., 1992; Chen and Ho, 1997). It
was due to the esterification of caffeic acid by a sugar
moiety (quinic acid) which decreased its primary anti-
oxidative efficiency (Cuvelier et al., 1992). On the other
hand, Chen and Ahn (1998) reported that caffeic acid
was considerably less effective than quercetin in delay-
ing ferrous ion-induced lipid oxidation, while data from
our laboratory (Luzia et al., 1998) showed that 5-CQA
was an efficient chelator of heavy metals. We suggested
that ortho-dihydroxy grouping of the quinic acid moiety
might help in the chelating action by 5-CQA on ferric
ions. Thus, ortho-dihydroxy grouping of the caffeic acid
moiety would be available to react with free radicals
produced during forced oxidation of the oil. This could
explain the reason addition of ferric ion did not alter
the antioxidant potency of 5-CQA. Further investigation
should address this probability.

Although antioxidative effectiveness of quercetin was
reduced significantly (p < 0.001) by addition of ferric
ions, it remained significantly greater than that of
5-CQA. Similar results were obtained for antioxidants
heated at 100 °C or 150 °C. At 200 °C, the OSI values
of samples treated with quercetin and FP were similar
to those containing 5-CQA and FP. In general, anti-
oxidative effectiveness of quercetin and 5-CQA was not
influenced substantially by heating under the conditions
examined.

Isolation of the complex formed by reaction of 5-CQA
with ferric ions and selective blockade of the hydroxyl
groups from quinic acid moiety would be an interesting
approach to unravelling the possible mechanism in-
volved in the 5-CQA chelating action on ferric ion.

Abbreviations Used. 5-CQA, 5-caffeoylquinic acid;
OSI, oxidative stability index; FP, ferric palmitate; Fe,
iron.
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Gonçalves, L. A. G., Eds.; Brazilian Society of Oils and
Fats: C, Campinas, Brazil, 1995; pp 1-9.

Frankel, E. N. In search of better methods to evaluate natural
antioxidants and oxidative stability in food lipids. Trends
Food Sci. Technol. 1993, 4, 220-225.

Garrido, M. D.; Frı́as, I.; Dı́az, C.; Hardisson, A. Concentrations
of metals in vegetables edible oils. Food Chem. 1994, 50,
237-243.

Gordon, M. H.; Weng, X. C. Antioxidant properties of extracts
from tanshen (Salvia miltiorrhiza Bunge). Food Chem. 1992,
44, 119-122.

Guillot, F. L.; Malnoee, A.; Stadler, R. H. Antioxidant proper-
ties of novel tetraoxygenated phenylindan isomers formed
during thermal decomposition of caffeic acid. J. Agric. Food
Chem. 1996, 44, 2503-2510.

Hamilton, R. J.; Kalu, C.; Prisk, E.; Padley, F. B.; Pirce, H.
Chemistry of free radicals in lipids. Food Chem. 1997, 60,
193-199.

Hudson, B. J. F.; Lewis, J. I. Polyhydroxy flavonoids antioxi-
dants for edible oils. Structural criteria for activity. Food
Chem. 1983, 10, 47-55.

Laranjinha, J.; Vierira, O.; Almeida, L.; Madeira, V. Inhibition
of metmyoglobin/H2O2-dependent low densitiy lipoprotein
lipid peroxidation by naturally occurring phenolic acids.
Biochem. Pharmacol. 1996, 51, 395-402.

Linderschmidt, R.; Trylka, A.; Goad, M.; Witschi, H. The effects
of dietary butylated hydroxytoluene on liver and colon tumor
development in mice. Toxicology 1986, 38, 151-160.

Luzia, M. R.; Da Paixão, K. C. C.; Marcilio, R.; Trugo, L. C.;
Quinteiro, L. M.; De Maria, C. A. B. Effect of the 5-caf-
feoylquinic acid on soybean oil oxidative stability. Int. J.
Food Sci. Technol. 1997, 32, 75-79.

Luzia, M. R.; Trugo, L. C.; Da Paixão, K. C. C.; Marcilio, R.;
De Maria, C. A. B.; Quinteiro, L. M. Effect of the 5-caf-
feoylquinic acid in the presence of metal chelators on
soybean oil oxidative stability. Lebensm.-Wiss. Technol.
1998, 31, 64-68.

Meyer, A. N.; Heinonen, M.; Frankel, E. N. Antioxidant
interactions of catechin, cyanidin, caffeic acid, quercetin, and
ellagic acid on human LDL oxidation. Food Chem. 1998, 61,
71-75.

Paquette, G.; Kupranyez, D. B.; van der Voort, F. R. The
mechanisms of lipid autoxidation I. Primary oxidation
products. Can. Inst. Food Sci. Technol. J. 1985, 18, 112-
118.

5-CQA, Quercetin, and Fe on Soya Oil Stability J. Agric. Food Chem., Vol. 48, No. 9, 2000 3937



Pokorny, J. Natural antioxidants for food use; a review. Trends
Food Sci. Technol. 1991, 2, 223-227.

Shahidi, F. Stability of fat and oils. In Proceedings of 6th Latin
American Congress and Exhibit on Fats and Oils Processing;
Barrera-Arellano, D., Marisa, A. B., D′arce, R., Gonçalves,
L. A. G., Eds.; Brazilian Society of Oils and Fats: C,
Campinas, Brazil, 1995; pp 47-54.

Shahidi, F.; Wanasundara, P. K. J. P. D. Phenolic antioxidants.
Crit. Rev. Food Sci. Nutr. 1992, 32, 67-103.

Sherwin, E. R. Antioxidants for vegetable oils. J. Am. Oil
Chem. Soc. 1976, 53, 430-436.

Sherwin, E. R.; Lackadoo, B. M. Studies on antioxidant
treatments of crude vegetable oils. J. Am. Oil Chem. Soc.
1970, 47, 19-23.

Stadler, R. H.; Welti, D. H.; Staempfli, A. A.; Fay, L. B.
Thermal decomposition of caffeic acid in model systems:
Identification of novel tetraoxygenated phenylindan isomers
and their stability in aqueous solution. J. Agric. Food Chem.
1996, 44, 898-905.

STSC. Statistical Graphics System, User’s Guide. Statistical
Graphic Corporation: MD, 1986.

Wanasundara, U. N.; Shahidi, F. Stabilization of canola oil
with flavonoids. Food Chem. 1994, 50, 393-396.

Whysner, L.; Wang, C. X.; Zang, E.; Iatropoulos, M. J.;
Williams, G. M. Dose response of promotion by butylated
hydroxyanisole in chemically initiated tumours of the rat
forestomach. Food Chem. Toxicol. 1994, 32, 215-222.

Zandi, P.; Gordon, M. H. Antioxidant activity of extracts from
old tea leaves. Food Chem. 1999, 64, 285-288.

Received for review March 24, 2000. Revised manuscript
received June 26, 2000. Accepted June 26, 2000. This research
work was supported by Fundação de Amparo a Pesquisa do
Estado do Rio de Janeiro (FAPERJ) and Conselho Nacional
de Desenvolvimento Cientı́fico e Tecnológico (CNPq).

JF000393L

3938 J. Agric. Food Chem., Vol. 48, No. 9, 2000 Bastos De Maria et al.


