
Antioxidant activity of palm oil carotenes in organic solution: e�ects
of structure and chemical reactivity

E. Olatunde Farombi*, George Britton
School of Biological Sciences, University of Liverpool, PO Box 147, Liverpool L69 3BX Liverpool, UK

Received 13 March 1998; accepted 28 April 1998

Abstract

The antioxidant e�ectiveness of palm oil �-carotene and comparison with �-carotene in organic solution containing egg-yolk
phosphatidycholine (EYPC) in the presence of lipid soluble 2,21-azobis (2,4-dimethyl valeronitrile) (AMVN)-generated peroxyl

radicals was investigated by measuring the formation of phosphatidyl choline hydroperoxide (PCOOH) and thiobarbituricacid
reacting substances (TBARS). Lutein and zeaxanthin (xanthophylls), similar to � and � carotenes, respectively, but di�ering in
containing hydroxyl groups on the two rings (3,31-diol), were also included in the investigation. The carotenes were more rapidly
oxidised than the xanthophylls in the solution. The initial rates of oxidation of the carotenoid tested were 0.39�M minÿ1 (�-car-
otene), 0.44�M minÿ1 (�-carotene), 0.30�M minÿ1 (lutein) and 0.33�M minÿ1 (zeaxanthin). Incubation of EYPC with AMVN at
37�C induced the accumulation of PCOOH at the linear rate of 1.8�M minÿ1. Although, all the carotenoids tested at 1mol %
relative to EYPC retarded (p<0.05) the chain propagation reaction of PCOOH formation �-carotene had the highest activity but
this was less than �-tocopherol. �-Tocopherol, �-carotene, �-carotene, lutein and zeaxanthin reduced PCOOH accumulation by 78,
65, 40, 60 and 43%, respectively. AMVN incubated with EYPC for 2 h induced the formation of TBARS compared to the control
(p<0.001). �-Carotene signi®cantly suppressed the TBARS formation by 68% whilst �-carotene, lutein and zeaxanthin elicited 50,
64 and 53% reductions, respectively. �-Tocopherol retarded the TBARS formation by 80%. These results suggest that �-carotene,
a carotenoid abundantly present in human diets, especially red palm oil, may better attenuate peroxyl radical-dependent lipid per-
oxidation than �-carotene in organic solution. # 1998 Published by Elsevier Science Ltd. All rights reserved.

1. Introduction

Accumulating evidence from several lines of investi-
gation suggests that increased consumption of dietary
antioxidants such as vitamin C, vitamin E and �-car-
otene, has chemopreventive activity (Ames et al., 1993).
Epidemiological ®ndings suggest that intake of foods
containing carotenoids, including the vitamin A pre-
cursor �-carotene, protects against the development of
human cancer, especially cancer of the lung (Nutrition
Policy Board, Peto et al., 1981; Paganini-Hill et al.,
1987). In experimental animal models, �-carotene has
been shown to protect against chemically-induced can-
cer formation (Temple and Basu, 1987; Shklar and
Schwartz, 1988). In cultured cells, �-carotene has been
reported to inhibit physical- and chemical-mediated
neoplastic transformation (Pung et al., 1988; Som et al.,
1984).

Reports of various studies suggest that the antic-
arcinogenic properties of �-carotene may be related to
its intrinsic activity as antioxidant and are independent
of its provitamin A activity (Peto et al., 1981; Zhang et
al., 1991). It has been demonstrated that �-carotene can
prevent singlet oxygen-mediated lipid peroxidation of
methyl linoleate (Terao et al., 1980) or formation of
peroxyl radicals (Terao, 1989) and prevent free-radical-
mediated oxidation in liposomal lipids (Krinsky and
Deneke, 1982). Dietary �-carotene has also been repor-
ted to be a potent antioxidant at low oxygen tension
(Stocker et al., 1987; Vile andWinterbourn, 1988; Burton,
1989). The e�ectiveness of other carotenoids, especially
the xanthophylls such as lutein, zeaxanthin asthaxanthin,
as antioxidants have been examined (Palozza et al.,
1992; Terao, 1989; Woodall et al., 1995, 1996).
Palm oil contains a high amount carotenoids (Tan et

al., 1986; Berger, 1983) and 80±90% of its carotenoids
are �-carotene and �-carotene in the ratio 2:1 (Tan and
Chu, 1991). These lipid-soluble pigments have been iso-
lated and identi®ed in palm oil (Tan et al., 1986; and Ng
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and Tan, 1988). �-Carotene is similar to �-carotene in
structure but a slight di�erence occurs in the double
bond located on the �-ionone ring. It also has provita-
min A activity like �-carotene. However, little is known
about the antioxidant activity of �-carotene in homo-
geneous/heterogeneous organic solutions, though its
inhibitory e�ects on the proliferation of the human
neuroblastoma cell line and protection against chemi-
cally-induced neoplastic transformation have been
reported (Murakoshi et al., 1989; Bertram et al., 1991).
Also, the antioxidant activities of �-and related car-
otenes have been reported in Fe3+-ADP/NADPH and
in paraquat/NADPH systems (Kim, 1990).
The purpose of this study was to examine the anti-

oxidant e�ectiveness of �-carotene and to compare it
with �-carotene in organic solution containing phos-
phatidyl choline in the presence of chemically generated
peroxyl radicals. Also lutein and zeaxanthin, similar to
�- and �-carotenes, respectively, but di�ering in pos-
sessing hydroxyl groups on the rings, were included in
the investigation to elucidate the chemical reactivity and
structural determinants of their antioxidant activity.

2. Materials and methods

2.1. Chemicals

Palm oil (Elaeis guineensis) was imported from
Nigeria. �-carotene, lutein and zeaxanthin were donated
by F. Ho�man-La Roche and Co. Ltd, Basle, Switzer-
land. The carotenoids were shown to be pure by HPLC
analysis. �-Tocopherol, 2,21-azobis (2,4 dimethyl valer-
onitrile) (AMVN), thiobarbituric acid (TBA), tri-
chloroacetic acid, egg-yolk-phosphatidyl choline (EYPC)
and ethylenediamine tetraacetic acid (EDTA) were pur-
chased from Sigma, Chemical Co., Poole, Dorset.
Magnesium oxide and Kieselgur G were purchased
from E.Merck, Darmstadt. Solvents were redistilled
before use. All other reagent and solvents were of
analytical grade.

2.2. Extraction and isolation of carotenes from palm oil

Two grams of palm, oil were dissolved in about 20ml
of diethyl ether. To this was added 100ml of 30% KOH
in methanol (w/v). The mixture was transferred into a
separating funnel and kept in the dark for 5 h. The
saponi®ed mixture was exhaustively washed with dis-
tilled water to remove the lower soap solution until the
pH of the solution was neutral. The extract was con-
centrated using a rotary evaporator with the water bath
temperature maintained at 30�C. The concentrated
extract was transferred into a sample vial after adding a
small volume of petroleum ether and ¯ushed with
nitrogen. The sample was stored in the freezer at ÿ20�C.

2.3. Column chromatography

Ten grams of alumina were deactivated to Brokman
III by the addition of 0.6ml of water. The slurry was
added into the column already plugged with wool. Pet-
roleum ether was gently added and allowed to run
through for a few minutes. Two millilitres of the
extract was introduced to the top of the column. Pet-
roleum ether was used for the elution. The hydro-
carbon fractions containing the carotenes were
collected into sample vials and dried under nitrogen.
Other fractions containing the xanthophylls were also
collected using appropriate solvent systems. The frac-
tions were taken up in di�erent solvents (ether, petrol
and chloroform) and subjected to UV/visible absorption
spectrophotometry. Carotenoids were tentatively iden-
ti®ed by comparison of their wavelengths and spectra
with literature reports.

2.4. Thin-layer chromatography (TLC)

�- and �-Carotenes were separated on a Mgo/Kie-
selgur G plates using cyclohexane as the mobile phase.
Two bands that emerged after the chromatography were
scraped o� and eluted with diethyl ether and evaporated
under nitrogen. The two fractions were further puri®ed
on silica gel TLC plates to ensure purity of the samples.
The two fractions were tentatively identi®ed by UV/
visible spectrophotometry.

2.5. Carotenoid pigment analysis by HPLC

The purity of carotenoid samples used for antioxidant
activity was con®rmed by reverse-phase HPLC. A
Waters 600E solvent delivery system was used with a
Waters 990 on-line multichannel photo diode array
detector (Waters chromatography Watford, Herts.)
scanning from 250±550 nm. The stationary phase used
was a spherisorb ODD 2 reversed-phase column, 250�
4.6mm diameter, 5�m particle size (Phase separation
Ltd.). The mobile phase consisted of a linear gradient of
10±100% ethylacetate in acetonitrile±water (9:1,v/v)
over 25min at a ¯ow rate of 1ml minÿ1.

2.6. Quantitative determination of carotenoids

The concentrations of carotenoids used for anti-
oxidant activity were determined spectrophotometrically
(Cecil Ce 599 automatic scaning spectrophotometer) in
an appropriate solvent according to Britton (1985).

2.7. Reactions of carotenoids with AMVN

Carotenoids (�, � carotenes, lutein and zeaxanthin)
at 1�M concentration were dissolved in hexane and
pre-incubated at 37�C for 5min in a 3 cm3 quartz
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cuvette. The reaction was initiated by the addition of
freshly-prepared AMVN (1mM, ®nal concentration).
Loss of absorbance at the wavelength maximum for
each carotenoid was monitored by UV-Visible spectro-
photometry for 30min.

2.8. Assay of phospholipid hydroperoxide formation and
residual carotenoid

The methods of Stocker et al. (1987) and Terao
(1989) as modi®ed by Woodall (1994) were used. Egg-
yolk phosphatidycholine (0.5�M) of (100mg mlÿ1 in
chloroform) was diluted with 5ml of chloroform and
added to the dried antioxidant. The carotenoid/phos-
pholipid mixtures were redissolved by vigorous vortex
mixing for at least 1min.
The reaction was initiated by the addition of freshly-

prepared AMVN (10mM) to give the following ®nal
concentrations: AMVN (5mM) carotenoids/�-toco-
pherol (0.05mM) and phosphatidylcholine (5mM). Incu-
bation was done at 37�C in the dark and in a
thermostatted water bath. Aliquots of samples were
removed for the measurement of phosphatidylcholine
hydroperoxide (PCOOH) formation by HPLC or of
residual carotenoid concentrations by UV-visible spec-
trophotometry.

2.9. HPLC analysis of PCOOH

PCOOH were determined according to the modi®ca-
tion of the methods of Stocker et al. (1987) and Lim et
al. (1992). A Sperisorb 25 cm�4.6mm silica (S5N) col-
umn, particle size 5�m, as the stationary phase, was
used. An isocratic mobile phase consisting of methanol/
water (85:15, v/v) was used with a ¯ow rate of 1.5ml
minÿ1 at ambient temperature. The hydroperoxides
were detected by ultraviolet absorption at 235 nm.
Samples were loaded with 25ml syringes (Hamilton co.
Ltd Sa�ron Walden U.K.) to ®ll a 20ml sample loop, ®t-
ted to a rheodyne injector. Phospholipid hydroperoxides
eluted around 3.5min as a relatively broad peak. Standard
PCOOH was prepared according to Terao et al. (1985).

2.10. Induction of lipid peroxidation and assay of
thiobarbituric acid-reactive substances (TBARS)

For the assay of TBARS, the samples were prepared
as described above but incubation was done at 37�C for
2 h. TBARS were determined according to the mod-
i®cation of Jackson et al. (1983), as described by Woo-
dall (1994). After incubation, the mixture was added to
an equivalent colume of TBA reagent (0.61M, TCA,
55.5mM TBA and 1mM EDTA). The mixture was
heated at 100�C for 12min and cooled on ice. The
chromogen was extracted into 3ml butan-l-ol. The for-
mation of TBARS was measured at 532 nm by UV-

visible spectrometry.

2.11. Statistics

The data were analyzed by a two-tailed students' t-
test, p-values less than 0.05 were considered statistically
signi®cant.

3. Results

The oxidation of four carotenoids (Fig. 1) tested in
this study by azo-initiated peroxyl radicals is shown in
Fig. 2. For all the carotenoids, the relative time courses
show a linear rate of decrease in concentration. �-car-
otene and �-carotene are the most rapidly oxidised in
the system whilst zeaxanthin and lutein exhibit the low-
est rates of oxidation. The initial rates of oxidation of the
carotenoids were �-carotene, 0.39�Mminÿ1, �-carotene,
0.44�M minÿ1, lutein 0.30�M minÿ1) and zeaxanthin,
0.33�M minÿ1, respectively. The hydrocarbon carotenes
are more reactive in AMVN-generated peroxyl radicals
than the xanthophylls.
The results of the e�ects of the four carotenoids at

0.5�mol (1mol %) relative to egg-yolk phosphati-
dycholine hydroperoxides appear in Fig. 3. Incubation
of egg-yolk phosphatidylcholine with AMVN at 37�C

Fig. 1. Structures of carotenoids.
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Fig. 4. E�ect of 1mol % carotenoids and alpha-tocopherol on the formation of phospholipid hydroperoxide induced by AMVN. The bar lines

indicate the mean of four experiments.

Fig. 2. AMVN-induced oxidation of carotenoids. Each point represents the mean of seven experiments �-Carotene(s)=synthetic �-carotene; �-

carotene (p)=�-carotene from red palm oil.

Fig. 3. E�ect of carotenoids and alpha-tocopherol on AMVN-induced phopspholipid hydroperoxide formation. The points represent the means of

four experiments.
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induced the accumulation of PCOOH at a reasonably
linear rate of about 1.8�Mminÿ1. In the presence of the
carotenoids (�,� carotenes, lutein and zeaxanthin),
there was a signi®cant reduction in the rate of AMVN-
induced PCOOH formation compared to controls
(p<0.001). �-Tocopherol and the carotenoids produced
a lag in PCOOH formation to varying extents during
the ®rst hour of the reaction (Fig. 3). Comparison of the
percentage PCOOH formed relative to that of control
(Fig. 4) indicates that �-tocopherol, �-carotene and
lutein are better antioxidant as revealed by their ability
to attenuate PCOOH formation. The order of anti-
oxidant potency of the carotenoids and �-tocopherol is
�-tocopherol>�-carotene>lutein>zeaxanthin=�-car-
otene. Even after the ®rst hour, �-tocopherol, �-car-
otene and lutein retarded PCOOH formation more than
�-carotene and zeaxanthin (Fig. 3). It can be seen from

Fig. 5 that the xanthophylls were consumed at a slower
rate than �-carotene or �-carotene.
Incubation of egg-yolk phosphatidylcholine in the

presence of 5mM AMVN for 2 h induced the formation
of TBARS compared to control (p<0.001) (Fig. 6). �-
Tocopherol, �-carotene, �-carotene, lutein and zeax-
anthin suppressed the initiator to di�erent degrees.
Again, �-carotene was the most potent antioxidant of
the carotenoids tested in the TBA test.

4. Discussion

�-Carotene has received considerable attention in
recent times as a putative chain-breaking biological
antioxidant and its ability to interact with free radicals
such as peroxyl radicals and to scavenge and quench

Fig. 5. Loss of carotenoids and alpha-tocopherol during AMVN-mediated oxidation of phosphatidyl choline in solution. Each point represents the

mean of four experiments.

Fig. 6. E�ect of 1mol % carotenoids and alpha-tocopherol on TBARS formation in phosphatidyl choline stressed with AMVN in solution. The bar

lines indicate the mean of four experiments.
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singlet oxygen is well documented (Palozza et al., 1992;
Lim et al., 1992).
Other potential dietary antioxidants which exist in

human plasma such as lycopene, lutein, zeaxanthin and
�-cryptoxanthin have been examined, but �-carotene,
which is abundantly present in palm oil and exists in the
same concentration as �-carotene in human plasma
(0.1±0.2�mlÿ1) (Terao, 1989; Miller et al., 1984), has
not been fully examined. To date, the antioxidant e�-
cacy of �-carotene in homogeneous solution has not
been reported.
We have used azo-initiated peroxyl radicals to induce

the peroxidation of egg-yolk phosphatidylcholine in
organic solution to assess the antioxidant potency of
�-carotene and related carotenoids. Our results indicate
that AMVN induced peroxidation of phosphatidylcho-
line, resulting in the formation of PCOOH and TBARS
(Figs. 3 and 6). This is in consonance with previous ®nd-
ings (Lim et al., 1992; Terao, 1989). All the carotenoids
exhibited reactivity towards peroxyl radicals in solution.
The hydrocarbon carotenes (�- and �-carotenes) are
more reactive in this system than the xanthophylls (lutein
and zeaxanthin). Lutein and zeaxanthin are more polar
than � and �-carotenes and may possibly not react in a
non-polar solvent like hexane due to the presence of
hydroxyl groups. In studies on the reactivity of lutein
with free radicals in organic solution, it was observed
that the reactivity of this xanthophyll decreased with
decreasing polarity of the solvent (Chopra et al., 1993).
At concentrations of 1mol % relative to phosphati-

dylcholine, all the carotenoids reduced the levels of
PCOOH and TBARS formed compared to control
samples but none was as e�ective an antioxidant as �-
tocopherol. This is in agreement with other studies
where the antioxidant activity of carotenoids has been
compared with that of a �-tocopherol to protect various
substrates from peroxyl radical mediated oxidation in
organic solution (Burton and Ingold, 1984; Stocker et
al., 1987; Terao, 1989). These results could be inter-
preted to mean that in the presence of carotenoids,
phosphatidylcholine in organic solution is protected
from peroxidation, the carotenoids preferentially react-
ing with peroxyl radicals and being consumed in the
process, thus acting as sacri®cial radical-trapping anti-
oxidants.
In the solvent system, lutein was as e�ective an anti-

oxidant as �-carotene and zeaxanthin as �-carotene but
�-carotene and lutein were better antioxidants than �-
carotene and zeaxanthin, respectively. This suggests that
the presence of hydroxyl groups on the two rings of
lutein and zeaxanthin did not in¯uence their ability to
protect phosphatidyl choline from free-radical oxida-
tion. This has been con®rmed in studies of the reactivity
of zeaxanthin with peroxyl radicals in solution. (Terao,
1989; Woodall, 1994).
Cis or trans con®guration on �-ionone rings of � and

�-carotenes did alter the antioxidant activity of the two
carotenes. In �-carotene, the double bond of the second
ring (cis con®guration) is not part of the chromophore,
leaving 9 conjugated double bonds with the �-ring. This
arrangement, therefore presumably enhances the ability
of �-carotene to better trap radical species than �-car-
otene. Moreover, the results of our autoxidation reac-
tion (Fig. 2) indicate that �-carotene is more resistant to
this chain reaction than �-carotene.
Thus a cis con®guration on the �-ionone ring reduces

the reactivity of the �-carotene radical intermediate
with oxygen in the system, thus reducing the extent of
autoxidation and increasing the amount of �-carotene
to act as antioxidant compared with �-carotene. �-Car-
otene has been shown to be a better antioxidant than �-
carotene in Fe3+-ADP/NADPH and in paraquat/
NADPH systems (Kim, 1990).
The present investigation has demonstrated that �-

carotene could possibly be a better antioxidant than
�-carotene in peroxyl radical-dependent lipid perox-
idation. Further studies are necessary to elucidate the
e�ectiveness of �-carotene as an antioxidant, especially
in membranes which are highly ordered and anisotropic
in nature. This ordered environment may possibly a�ect
free-radical-trapping antioxidants and di�er from the
present system where the carotenoids exist in free solu-
tion in an isotropic monomeric state.
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