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Abstract

Antioxidative activity and total phenolic compounds of root, leaf and petiole of four accessions of Centella asiatica (L.) Urban,

namely CA 01, CA 05, CA 08 and CA 11, were evaluated. Antioxidative activity of the extracts was measured using the ferric
thiocyanate (FTC) method and thiobarbituric acid (TBA) test. The antioxidative activities were then compared with that of
a-tocopherol (natural antioxidant) and butylated hydroxytoulene or BHT (synthetic antioxidant). The results showed that CA 01
and CA 05 had the highest antioxidative activities among the accessions tested. Results also showed that both leaf and root ofC. asiatica
had high antioxidative activity, which was as good as that of a-tocopherol. The total phenolic content, determined according to the
Folin–Ciocalteu method, varied from 3.23 to 11.7 g/100 g dry sample, and showed strong association (r2=0.90) with antioxidative
activity. The results suggest that phenolic compounds are the major contributors to the antioxidative activities of C. asiatica.

# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Centella asiatica or ‘pegaga’ is one of the local herbs
that is claimed to possess various physiological effects.
Reports from different places have revealed that C.
asiatica has been used for wound healing, memory
improvement, treating mental fatigue (Goh, Chuah, &
Saepadmo, 1995), bronchitis, asthma, dysentery, leu-
corrhoea, kidney trouble, urethritis (Jaganath & Ng,
1999), antiallergic and anticancer purposes, curing leu-
korrhea and toxic fever (Kan, 1986). It is also com-
monly used as a porridge for feeding pre-school children
in Sri Lanka in combating nutritional deficiencies (Cox,
Rajasuriya, Soysa, Gladwin, & Ashworth, 1993). Even
though this precious herb is surrounded with various
claims, the underlying mechanisms involved in its
physiological effects are lacking. More scientific data are
required before recommendation for increase in its con-
sumption/utilization can be given with confidence.
The oxidative deterioration of lipid-containing food is
responsible for the rancid odours and flavours during
processing and storage, consequently decreasing the
nutritional quality and safety of foods, due to the for-
mation of secondary, potentially toxic compounds. The
addition of antioxidant is a method for increasing the
shelf life of foods. Antioxidative activity of phenolic
compounds is based on their ability to donate hydro-
gen atoms to free radicals. Many phenolic compounds,
particularly flavonoids, exhibit a wide range of biolo-
gical effects, including antibacterial, antiviral, and anti-
inflammatory, anti-allergic, anti-thrombotic and vasdi-
latory actions (Cook & Samman, 1996). Studies have
also shown that some of these compounds are potent
scavengers of free radicals and, as such, are potentially
useful in the prevention of arteriosclerosis, cancer,
diabetes, neurodegenerative diseases, arthritis and
others. Protective effects of diets high in fruits and
vegetables have been attributed to the presence of
these compounds.
Synthetic antioxidants have restricted use in food as

various studies have shown them to be carcinogenic
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(Madavi & Salunkhe, 1995). This is especially true for
BHA and BHT. Thus, with increasing consciousness of
consumers with regard to safety of food additives and
the higher manufacturing cost and lower efficiency of
natural antioxidants, a need for identifiying alternative
natural and safer sources of food antioxidant is created
(Wanasundara & Shahidi, 1998). Therefore, search for
natural antioxidants, especially of plant origin, has
notably increased in recent years (Löliger, 1991). Anti-
oxidative compounds obtained from natural sources,
such as grains, oilseeds, beans, leaf waxes, bark, roots,
spices, fruits and vegetables, have been investigated
(Chen, Muramoto, Yamauchi, & Nokihara, 1996).
According to Pratt and Hudson (1992) most of these
active compounds can be found in wood, bark, stem,
leaf, fruit, root, flower and seed of many plants.
Thus, the objective of this study was to evaluate the

antioxidative activity of four accessions of C. asiatica
and to determine total phenolic compounds in different
parts of different accessions of the plant.
2. Materials and methods

2.1. Materials

Centella asiatica (L.) Urban or ‘pegaga’ used in this
study was obtained from the Malaysian Agriculture
Research and Development Institute (MARDI), Serdang,
Selangor. Four different accessions (obtained from dif-
ferent parts of Malaysia) were used, namely, CA 01, CA
05, CA 08 and CA 11. The whole samples were washed
with running tap water and separated into 3 different
parts, namely leaf, root and petiole, ready for extraction.

2.2. Extraction of Centella asiatica (L.) Urban

Different parts of C. asiatica were extracted according
to the modified method of Chang, Ostric-Matijasevic,
Hseih, and Huang (1977). Ten grammes of each part
were frozen at �20 �C and freeze-dried at �42 �C for 3–
4 days (133�10�3 psi). The dried sample was then
Fig. 1. Antioxidative activities of leaves, roots and petioles of different accessions ofC. asiatica (L.) Urban, as measured by the FTCmethod. Absorbance

values represent triplicates of different samples analysed. Values with the same letter (a, b, c) are not significantly different (P<0.05) between samples.
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extracted with absolute methanol for 24 h in a shaking
incubator at 37 �C�1 �C.

2.3. Determination of antioxidative activity

2.3.1. Ferric thiocyanate (FTC) method
The FTC method was adapted from the method of

Osawa and Namiki (1981). Four milligrammes of sam-
ples dissolved in 4 ml of 99.5% (w/v) ethanol were
mixed with linoleic acid (2.51% v/v) in 99.5% (w/v)
ethanol (4.1 ml), 0.05 M phosphate buffer pH 7.0 (8 ml)
and distilled water (3.9 ml) and kept in screw-cap con-
tainer in the dark at 40 �C. To 0.1 ml of this solution
was then added 9.7 ml of 75% (v/v) ethanol and 0.1 ml
of 30% (w/v) ammonium thiocyanate. Precisely 3 min
after the addition of 0.1 ml of 20 mM ferrous chloride in
3.5% (v/v) hydrochloric acid to the reaction mixture,
the absorbance of the resulting red colour was measured
at 500 nm every 24 h until the day after the absorbance
of the control reached maximum value.

2.3.2. Thiobarbituric acid (TBA) test
The TBA test was conducted according to the com-

bined method of Kikuzaki and Nakatani (1993) and
Ottolenghi (1959). One millilitre of sample from the
FTC method was added to trichioroacetic acid (2 ml)
and thiobarbituric acid solution (2 ml). This mixture
was then placed in a boiling water bath at 100 �C for 10
min. After cooling, it was centrifuged at 3000 rpm for 20
min and absorbance of the supernatant was then mea-
sured at 532 nm.

2.3.3. Determination of total phenolic compounds
Total phenolic compounds were determined using a

modified version of the Folin–Ciocalteu method
(Ragazzi & Veronese, 1973). One millilitre of the extract
was added to 10 ml deionized water and 2.0 ml of
Folin–Ciocalteu phenol reagent (Merck-Schuchardt,
Hohenbrun, Germany). The mixture was then allowed
to stand for 5 min and 2.0 ml sodium carbonate were
added to the mixture. The resulting blue complex was
then measured at 680 nm.

2.4. Statistical analysis

Experimental data was analyzed using analysis of
variance (ANOVA) and significant differences among
means from triplicate analyses at (P<0.05) were deter-
mined by Duncan’s multiple range test (DMRT) using
the Statistical Analysis System (SAS, 1990).
Fig. 2. Antioxidative activity of leaves, roots and petioles of different accessions of C. asiatica, as measured by the TBA method. Absorbance values

represent triplicates of different samples analysed. Values with the same letter (a, b, c) are not significantly different (P<0.05) between samples.
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3. Result and discussion

3.1. General

The antioxidative activity of plant parts is mainly
contributed by the active compounds present in them.
In this study, the antioxidative activity of C. asiatica
was measured using the FTC and TBA methods. In the
FTC method, the peroxides formed during the initial
stages of lipid oxidation were measured. As oxidation
proceeds, peroxides are gradually decomposed into
lower molecular compounds and measured with TBA
reagent.
Fig. 1 illustrates the antioxidative activities of differ-

ent parts (root, leaf and petiole) of four accessions of C.
asiatica (CA 01, CA 05, CA 08 and CA 11). All acces-
sions tested showed high activities, with CA 05 and CA
01 having the highest, followed by CA 11 and CA 08,
respectively. Leaves showed the highest antioxidative
activities compared with other plant parts tested. This is
especially true for leaves of CA 05 and CA 01, which
had exceptionally high antioxidative activities that were
not significantly (P<0.05) different from that of
a-tocopherol. The finding is in accordance with the
report of Yen and Hsieh (1998), who found that the
antioxidative activity of leaf extract of Du-Zhong
(Eucommia ulmoides) was higher than the raw and
roasted cortex of the plant. On the other hand, Abdul-
Hamid, Md. Shah, Muse, and Mohamed (2002) repor-
ted that ethanol extract of root of C. asiatica exhibited
the highest activity though it was not significantly dif-
ferent from the leaves. Similarly, Mohd Zin, Abdul-
Hamid, and Osman (2002) reported that ethyl acetate
extracts of both root and leaf of Morinda citrifolia had
high antioxidative activities, which were not significantly
different from that of a-tocopherol. The antioxidative
activity of different parts of C. asiaticamay be due to the
reduction of hydroperoxides, inactivation of free radi-
cals, chelation of metal ions or combinations thereof.
Fig. 2 shows the antioxidative activities of leaf, root

and petiole of different C. asiatica accessions, measured
using TBA. Results show a somewhat different pattern
from that of the FTC method, where root and leaf
extracts of all C. asiatica accessions showed high anti-
oxidative activities, which were not significantly
(P<0.05) different from those of both BHT and
a-tocopherol, except for the root of CA 08. The differ-
ences in antioxidative activities observed here could be
ascribed to several factors, including the different
mechanisms involved in the two determination meth-
ods, structures of the different phenolic compounds, the
antioxidative mechanisms exhibited by the compounds
and possibly, also, due to the synergistic effects of dif-
ferent compounds.
Fig. 3. Total phenolic compounds (as gallic acids equivalents) of leaves, roots and petioles of different accessions of C. asiatica (L.) Urban. Absorbance

values represent triplicates of different samples analysed. Values with the same letter (a, b, c) are not significantly different (P<0.05) between samples.
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Antioxidant assay used in this study measures the
oxidation products at the early and final stages of oxi-
dation. The antioxidants present in the sample may
have different functional properties, such as reactive
oxygen species scavenging (quercetin and catechins)
(Hatano et al., 1989), inhibition of the generation of free
radicals and chain-breaking activity, e.g. p-coumaric
acids (Laranjinha, Viera, Madeira, & Almeida, 1995)
and metal chelation (Van Acker, van Balen, van der
Berg, Bast, & van der Vijgh, 1998). These compounds
are normally phenolic compounds, which are effective
hydrogen donors, such as tocopherols, flavonoids, and
derivatives of cinnamic acid, phosphatidic and other
organic acids, that are reported to be multifunctional. It
was reported that much of the antioxidative potential of
tea is ascribed to its phenolic compounds, particularly
of catechin derivatives (Gardner, McPhail, & Duthie,
1997). Meyer, Heinonen, and Frankel (1998) reported
that catechin was the most potent antioxidant according
to the LDL oxidation assay, while Rice-Evans, Miller,
and Paganga (1996) reported that quercetin showed the
highest antioxidative activity, based on the radical
scavenging of ABTS+ test. Thus, Ishige, Chen, Sagara,
and Schubert (2001) reported that the mechanisms of
protection from oxidative insults by flavonoids are
highly specific for each compound. The other factor that
determines the antioxidative activity potential of phe-
nolic compound is the stability of the aroxy radical
formed in the structure of the compound itself. How-
ever, mechanisms, as well as specific compounds,
responsible for the observed oxidative properties of C.
asiatica are still unclear.

3.2. Association between antioxidative activity and
phenolic compounds

Fig. 3 shows the total phenolic compounds found in
roots, leaves and petioles of four accessions of C. asia-
lica. It is interesting to note that leaf extract contained
the highest amount of phenolic compounds in all acces-
sions tested (8.13–11.7 g/100 g), followed by root (6.46–
10.5 g/100 g) while the lowest concentration was in the
petiole (3.23–4.91 g/100 g), with a similar order of anti-
oxidative activity as determined previously. In general,
the total concentration of phenolic compounds in C.
asiatica reported in this study was higher than that
reported by Velioglu, Mazza, Gao, and Oomah (1998)
in fruits, grains and vegetables (0.213–10.6 g/100 g) and
Quettier-Deleu et al. (2000) in buckwheat (0.313–0.333
g/100 g). The results were, however, lower than that of
the total phenolic compounds in Du-Zhong (Eucommia
ulmoides) (8.70–21.0 g/100 g), as reported by Yen and
Fig. 4. Regression of antioxidative activity against total phenolic content in C. asiatica.
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Hsieh (1998). Different levels reported in these studies
may be attributed to the different plants and methods
used by individual groups of investigator. Wang, Nair,
Strasburg, and Booren (1999) and Hertog, Hollman,
and Vennema (1992) reported that the antioxidative
properties of some vegetables and fruits are partly due
to the low molecular weight phenolic compounds, par-
ticularly the flavonoids, which are known to be potent
antioxidants.
Fig. 4 shows the correlation between antioxidative

activity and phenolic compounds in leaves, roots and
petioles of different accessions of C. asiatica. The results
indicate strong association between antioxidative activ-
ities and phenolic compound (r2=0.90), suggesting that
phenolic compounds are probably responsible for the
antioxidative activities of C. asiatica. A similar finding
was reported by Gardner, White, McPhail, and Duthie
(2000), who suggested that phenolic compounds are the
major contributors to the antioxidative activity of
apple, pineapple and vegetable juices. Velioglu et al.
(1998) also found that phenolic compounds were
responsible for the antioxidative activity in some selec-
ted fruits, vegetables and grains tested. Phenolic com-
pounds are also effective hydrogen donors, which makes
them good antioxidants (Rice-Evans, Miller, Bolwell,
Bramley, & Pridham, 1995). Similarly, Shahidi and
Naczk (1995) reported that naturally occurring phe-
nolics exhibit antioxidative activity. Thus, therapeutic
properties of C. asiatica extracts may possibly be
attributed to the phenolic compounds present.
Although they are found to be the major contributors to
the antioxidative activity in C. asiatica, the identity of
these phenolic compounds still remains unknown.
4. Conclusion

The results revealed that leaves, roots and petioles of
different accessions of C. asiatica had various anti-
oxidative activities, with CA 05 and CA 01 showing
higher antioxidative activity than other accessions tes-
ted. The antioxidative activity of the different parts of C.
asiatica was as good as that of a-tocopherol. Different
parts of C. asiatica were found to contain high phenolic
contents (3.23–11.7 g/100 g dry sample), which exhibit
strong association (r2=0.90) with antioxidative activities.
The results suggest that phenolic compounds are the
major contributors to the antioxidative activities of
C. asiatica.
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