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Abstract

Crude extracts of root, leaf and fruit of Morinda citrifolia were fractionated on a Sephadex LH-20 column with ethanol as eluate.
Based on UV absorption intensity of phenolic compound (725 mm) the Sephadex LH-20 column was able to separate fruit, leaf and
root extracts into six, five and five fractions, respectively. The results showed that all the fractions tested exhibited considerably high
antioxidative activity in the ferric thiocyanate assay and thiobarbituric acid test and the activities of some of the fractions were as
good as those of either tocopherol or BHT. The fractions from different parts of the plants were found to contain different amounts
of total phenolic compounds, which, interestingly, do not correspond to the antioxidative activity measured. This is probably due to
the presence of different phenolics in the samples, with different antioxidative activities which involves various mechanisms inhib-
iting the oxidation process. The study suggested that root, leaf and fruit of M. citrifolia might contribute significantly to exogenous

antioxidant which is crucial in combating oxidative stress.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Both artificial and naturally occurring antioxidants
have been reported to play major roles in inhibiting free
radicals and xenobiotic-induced oxidative damage to
membranes and tissues (Burton, 1989; Carini et al.,
1990). Most living organisms possess enzymatic and
non-enzymatic defence systems against excessive produc-
tion of reactive oxygen species. However, different exter-
nal factors (smoke, diet, alcohol, some drugs) and aging,
decrease the efficiency of such protecting systems, result-
ing in disturbances of the redox equilibrium established
under healthy conditions. Thus, antioxidants that scav-
enge reactive oxygen species may be of great value in pre-
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venting the onset and propagation of oxidative diseases
(Willet, 1994). Recently, more attention has been paid
to the role of natural antioxidants, mainly phenolic com-
pounds, which may have higher antioxidant activities
than those of conventional vitamins C, E and B-carotene
(Vinson, Dabbag, Serry, & Jang, 1995). The antioxida-
tive effects of natural phenolic compounds, in pure forms
or in their extracts from different plant sources (vegeta-
bles, fruits and medicinal plants), were studied in vitro
using different model systems (Meyer, Heinonen, &
Frankel, 1998; Pietta, Simonetti, & Mauri, 1998; Yen
& Hsieh, 1998). Therefore, antioxidants, which can neu-
tralize free radicals, may be of central importance in the
prevention of carcinogenicity, cardiovascular, and neu-
rodegenerative changes associated with aging (Halliwell,
1994; Yu, 1994). Epidemiological studies show that the
consumption of vegetables and fruits could protect
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humans against oxidative damage by inhibiting or
quenching free radicals and reactive oxygen species
(Ames, Shigena, & Hagen, 1993).

Morinda citrifolia L. (Rubiaceae), locally known as
‘mengkudu’, has been extensively used in folk medicine
by the Polynesians for over 2000 years. It has been re-
ported to have broad therapeutic effects, including anti-
cancer activity, in both human and laboratory animal
models. However, the mechanisms for these effects re-
main unknown. M. citrifolia is unique in view of the
large number of medical claims that have been made
for its efficacy; nevertheless, little is known about its
pharmacological potential compared with other popu-
larly used botanicals, and its rapidly evolving commer-
cial success. The chemical components of M. citrifolia
have not been well studied, and only several anthraqui-
nones and asperuloside were previously isolated (Lev-
and & Larson, 1979; Srivastava & Singh, 1993). The
aim of the present work is to evaluate antioxidative
activities of various chromatographic fractions from
root, fruit and leaf extract of M. citrifolia in relation
to their total phenolic contents.

2. Materials and methods
2.1. Material

Plant material used in this study include fresh Men-
gkudu (M. citrifolia) root (root with root bark), fruit
(seedless without core) and leaf (whole leaf), that were
obtained from the Traditional Medicine Plant Plot, Uni-
versiti Putra Malaysia, Serdang, Selangor, Malaysia.
The samples were washed with running tap water before
being chopped into pieces. They were then oven-dried at
45 °C for two days and ground to powder.

2.2. Preparation of M. citrifolia L. root, fruit and leaf
extracts

M. citrifolia root, fruit and leaf were extracted accord-
ing to the modified method of Chang, Ostric-Matijaseric,
Hsieh, and Huang (1977). Samples were defatted with
hexane in a shaking water bath for 12 h and extracted
with 100 ml of 95% (v/v) methanol for 20 min at 80 °C.
The extraction was repeated twice and extracts were
combined and evaporated to dryness under vacuum at
40 °C. The dried extracts obtained from several batches
of M. citrifolia root, fruit and leaf was transferred into
air-tight amber bottles and stored at —20 °C until use.

2.3. Sephadex LH-20 column chromatography
The crude root, fruit and leaf extracts were fractionated

using a Sephadex LH-20 column {1.5 cm diameter and 83
cm height, particle size 25-100 pm (Pharmacia, Uppsala,

Sweden)}. 0.5 Grammes of each extract was dissolved in 3
ml of ethanol and introduced to the column. Fractions
collected were measured at 725 nm after colour develop-
ment for phenols (Shahidi & Naczk, 1995, Chap. 5). Elu-
ates were then pooled into fractions, and solvent removed
with a rotary evaporator. Content of total phenolic com-
pounds in each fraction was estimated using Folin—
Ciocalteu reagent (Shahidi & Naczk, 1995, Chap. 5).

2.4. Determination of total phenolic compounds

Total phenolic compounds (TPCs) were determined
according to the method of Shahidi and Naczk (1995,
Chap. 5). A 0.25 ml aliquot of the extract solution was
mixed with 0.25 ml of Folin—Ciocalteu reagent (previ-
ously diluted with water 1:1 v/v) 0.5 ml of saturated so-
dium carbonate (Na,COs) solution and 4 ml of water.
The mixture was then allowed to stand at room temper-
ature for 25 min, followed by centrifugation at 5000 rpm
for 10 min. Absorbance of the supernatant was then
measured at 725 nm.

2.5. Determination of antioxidative activity of the
fractions

2.5.1. Ferric thiocyanate method

The ferric thiocyanate method (FTC) method was
adapted from Osawa and Namiki (1981); 4 ml samples
in 99.5% ethanol were mixed with 2.51% linoleic acid
in 99.5% ethanol (4.1 ml), 0.05 M phosphate buffer,
pH 7.0 (8 ml), and distilled water (3.9 ml) and kept in
a screwed-cap container in the dark condition at a tem-
perature of 40 °C. To 0.1 ml of this solution have added
9.7 ml of 75% ethanol and 0.1 ml of 30% ammonium thi-
ocyanate. Precisely 3 min after addition of 0.1 ml of
2x 1072 M ferrous chloride in 3.5% hydrochloric acid
to the reaction mixture, the absorbance of red colour
was measured at 500 nm every day until the day after
which absorbance of the control reached a maximum.

2.5.2. Thiobarbituric acid test

The test was conducted according to the method of
Ottolenghi (1959) and Kikuzaki and Nakatani (1993).
The same samples as prepared for the FTC method were
used in this test. 20% of trichloroacetic acid (2 ml) and
thiobarbituric acid (TBA) solution (2 ml) were added to
1 ml of sample solution. This mixture was then placed in
a boiling water bath for 10 min. After cooling, it was then
centrifuged at 3000 rpm for 20 min. Absorbance of supern-
atant was then measured at 532 nm. Antioxidative activity
was recorded, based on absorbance on the final day.

2.6. Statistical analysis

All experiments were conducted in triplicate and statis-
tical analysis was done according to the SAS (1990) User’s
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Fig. 1. (a) Eluates, following Sephadex LH-20 column chromatography, of fruit extracts of M. citrifolia: samples were separated into six major
fraction (I-VI) based on absorbance of phenolics following colour development at 725 nm. (b) Eluates, following Sephadex LH-20 column
chromatography, of root extracts of M. citrifolia: samples were separated into five major fraction (I-V) based on absorbance of phenolics following
colour development at 725 nm. (c) Eluates, following Sephadex LH-20 column chromatography, of leaf extracts of M. citrifolia: samples were
separated into five major fraction (I-V) based on absorbance of phenolics following colour development at 725 nm.
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Table 1 Table 3

Total phenolic content of fruit extract® Total phenolic content of leaf extract®

Pooled fraction (%) Total phenolic content (pug/g) as Pooled fraction (%) Total phenolic content (ug/g)
(+)-catechin equivalents® as (+)-catechin equivalents

I 18.4 22141034 1 16.9 137+23°"

II 14.5 17.4£1.9 AP II 13.1 107 £20.5 ©

11 15.2 182+£3948 11 9.42 76.6+1.2°

v 4.29 51+045% v 46.8 380+ 1284

\% 23.8 285324 v 13.8 112 £ 6.45¢

VI 23.9 28.7+10.54

# Separated on Sephadex LH-20 column.
® Values are means * standard deviation of duplicate analyses.
Means with same letter (A, B, C) are not significantly different (p < 0.05).

Table 2

Total phenolic content of root extract®

Pooled fraction (%) Total phenolic content (pg/g) as
(+)-catechin equivalents

I 75.0 214 £ 1321 A

II 12.7 36.3+0.21 B

11T 3.21 9.15+8.558

v 8.44 241481348

\% 0.67 1.940.20 €

# Separated on Sephadex LH-20 column.
® Values are means + standard deviation of duplicate analyses.
Means with same letter (A, B, C) are not significantly different (p < 0.05).

# Separated on Sephadex LH-20 column.

® Values are means * standard deviation of duplicate analyses.
Means with same letter (A, B, C) are not significantly different
(» <0.05).

Guides. Analysis of Variance was performed by the AN-
OVA procedure. Duncan’s multiple range tests were used
to determine significant differences between the means.

3. Results and discussion

3.1. Fractionation of the fruit, root and leaf extracts of M.
citrifolia

Recently, more attention has been focussed on the
role of natural antioxidants, in particular, phenolic
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Fig. 2. Antioxidative activities of Sephadex LH 20 column chromatographic fractions obtained from fruit extracts of M. citrifolia as measured by

FTC method.
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compounds, which may act both by reducing the con-
tent of toxic compounds in foods and by supplying the
human body with exogenous antioxidants. In this
study, total phenolic contents and antioxidative activi-
ties of chromatographic fractions of M. citrifolia were
determined. The Sephadex LH-20 column used was
instrumental in separating fruit extract into six, frac-
tions, and leaf and root extracts into five fractions,
each, based on UV absorption intensity of their phe-
nolic compounds (absorbance at 725 nm) as shown in

Fig. 1(a)—(c).

3.2. Total phenolic compounds of the fruit, root and leaf
fractions of M. citrifolia

The contents of phenolics, as (+)-catechin equiva-
lents, in each of the six fractions of fruit extract are given
in Table 1. Results reveal that the levels of phenolic
compounds in different fractions of fruit extract were
not significantly (p < 0.05) different from each other, ex-
cept in fraction IV. Phenolic substances that are known
to possess high antioxidative activity are common phy-
tochemicals in fruits and leafy vegetables. Most of these

phenolics are classified in the two principal groups of
phenol carboxylic acids and flavonoids, the latter being
the most significant (Bitsch, 1996), and derivatives of
flavan (2-phenyl-benzodihydropyran). The main sub-
groups are the colourless catechins, the red-to blue-
coloured anthocyanidins, the light-yellow flavonols
and seven flavones, and the colourless proanthocyani-
dins (Herrmann, 1994). According to Pratt and Hudson
(1992), phenolic compounds are found abundantly in all
parts of the plant, such as wood, bark, stems, leaves,
fruit, root, flowers, pollen and seeds.

Table 2 shows total phenolics as catechin equiva-
lents, in each of the five fractions of root extract M.
citrifolia. Results showed that fraction 1 of the root
extract contained the most (21.4 mg/100 g) phenolic
compounds which is significantly more than that
found in the fruit extract of the same plant. On the
other hand, fraction V was found to have a signifi-
cantly (p <0.05) lower content of phenolic com-
pounds. Velioglu, Mazza, Gao, and Oomah (1998)
found that phenolic compounds were responsible for
the antioxidative activity in some selected fruits, vege-
tables and grains tested. Similarly, Shahidi and Naczk
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Fig. 3. Antioxidative activities of Sephadex LH 20 column chromatographic fractions obtained from fruit extracts of M. citrifolia as measured by

TBA method.
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Fig. 4. Antioxidative activities of Sephadex LH 20 column chromatographic fractions obtained from root extracts of M. citrifolia as measured by

FTC method.

(1995, Chap. 5) reported that naturally-occurring
phenolics; exhibit antioxidative activity. Thus, thera-
peutic properties of M. citrifolia root extracts may
possibly be attributed to the phenolic compounds
measured.

Similarly, the contents of phenolics, as catechin
equivalents, in the five fractions of leaf extract are given
in Table 3. Fraction III had a lower amount of phenolic
compounds compared to the other fractions, while frac-
tion IV was seen to have a significantly (p < 0.05) higher
level of phenolic compounds than other fractions. Phe-
nolic compounds are considered to be the most impor-
tant antioxidative components of herbs and other
plant materials, and good correlation between the con-
centrations of plant phenolic and the total antioxidant
capacities has been reported (Madsen, Nielsen, Bertel-
sen, & Skibsted, 1996; Pellegrini et al., 2000). Antioxi-
dants interrupt lipid (and protein) oxidation, either in
the propagation phase (chain-braking mechanism) or
by protecting the oxidation substrates against the first
radicals formed in the initiation phase. Accordingly,
evaluation of plant material for antioxidative activity
should not depend only on a single method, but should
include measurement of reactions characteristic of both
the initiation and the propagation phase (Schwarz et al.,
2000).

3.3. Antioxidative activity of the fruit, root and leaf
fractions of M. citrifolia L

Antioxidative activity of phenolic compounds is
based on their ability to donate hydrogen atoms to free
radicals. Many phenolic compounds, particularly flavo-
noids, exhibit a wide range of biological effects, includ-
ing antibacterial, antiviral, and anti-inflammatory,
anti-allergic, anti-thrombotic and vasdilatory actions
(Cook & Samman, 1996). Studies have also shown that
some of these compounds are known potent scavengers
of free radicals and, as such, are potentially useful in the
prevention of arteriosclerosis, cancer, diabetes, neurode-
generative diseases and arthritis. Protective effects of
diets high in fruits and vegetables have been attributed
to the presence of these compounds.

In this study, the FTC method was used to measure
the peroxides formed during initial stages of lipid oxida-
tion. During the oxidation process, peroxide was gradu-
ally decomposed into lower molecular weight
compounds. The degradation products were then meas-
ured using the TBA method. Thus, in both the TBA and
FTC methods, samples with low absorbance values
would indicate high antioxidative activity.

Fig. 2 shows the antioxidative activities of the six frac-
tions from fruit extract of M. citrifolia, as measured by
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Fig. 5. Antioxidative activities of Sephadex LH 20 column chromatographic fractions obtained from root extracts of M. citrifolia as measured by

TBA method.

the FTC method. Fig. 3 shows the antioxidative activities
of fruit fractions, as measured by the TBA method. The
activity in decreasing order was: BHT > 1> a-tocoph-
erol >V >1IV>VI>IIl and II. Fraction I displayed
the strongest antioxidative activity, with activity that
was not significantly (p < 0.05) different from those of
BHT or a-tocopherol. This is true for both assays. Wang,
Cao, and Prior (1996) and Hertog, Hollman, and Ven-
nema (1992) reported that the antioxidant properties of
some vegetables and fruits are partly due to low molecu-
lar weight phenolic compounds, particularly the flavo-
noids, which are known to be potent antioxidants.
According to Wang et al. (1999), two known glycosides
(rutin and asperulosidic acid) and a novel trisaccharide
fatty acid ester [2,6-di-O-(B-D-glucopyranosyl)-1-O-octa-
noyl-B-p-glucopyranose] were isolated from the n-buta-
nol-soluble fraction obtained from the ethanol extracts
of the fruit of M. citrifolia Interestingly, fraction I, exhib-
ited the highest antioxidative activity, although it con-
tained only 2.21 mg/100 g of phenolic compounds,
which was comparatively lower than that found in either
fraction V or VI. This is probably due to the more potent
antioxidant present in fraction I compared to those of
fraction V or VI. The result also showed that lack of cor-
relation occurs between antioxidative activity and their
content of phenolic compounds. According to Shahidi

and Naczk (1995, Chap. 5), the Folin—Ciocalteu method
measures constituents other than phenolics, and its spe-
cificity is poor. The Folin—Ciocalteu reagent detects all
phenolic groups found in the extract, including those
found in the extractable proteins.

These results suggest that factors other than total
phenolics may play a role in the antioxidant activity of
the fruit fraction of M. citrifolia. This also indicates that
the amount of phenolic compounds is not the only fac-
tor in the consideration of antioxidative activity and
that molecular structures play important roles in anti-
oxidant activity. Moreover, all the phenolics do not
have the same antioxidant activity; some are powerful
and others are weak. They develop antagonistic or
synergistic effects in combination with themselves or
with other constituents of the extracts (Lien, Ren, Bui,
& Wang, 1999; Moran, Klucas, Grayer, Abian, & Becana,
1997; Rice-Evans, Miller, & Paganga, 1996).

The antioxidative activities of each of the five isolated
root fractions and that of both a-tocopherol and BHT,
as measured by the FTC method, are presented in Fig. 4.
Fraction III of the root extract had the strongest anti-
oxidative activity, which was not significantly
(p < 0.05) different from those of either BHT, a-tocoph-
erol or fraction I. This is intriguing since fraction 111
consisted of only 9.15 ug/g of phenolic compounds,
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Fig. 6. Antioxidative activities of Sephadex LH 20 column chromatographic fractions obtained from leaf extracts of M. citrifolia as measured by

FTC method.

which is much lower than that of fraction I with 213 ug/
g of phenolic compounds. This suggested that com-
pounds in fraction III were very potent antioxidants,
which most probably are different than that found in
fraction I or may be also due to synergistic effects differ-
ent antioxidants.

More recently, the roots have been reported to
contain anthraquinones, such as, nordamnacanthal,
moridone, rubiadin, rubiadin 1-methylether, and sora-
njidiol. These anthraquinones are presumably the active
principles in the plant, since both antimicrobial activity
and other physiological properties have been attributed
to such compounds (Jain & Srivastava, 1992; Rusia &
Srivastava, 1989). The result suggested that the amount
of phenolic compounds is not the only factor in the con-
sideration of antioxidative activity and that the molecu-
lar structures of different phenolic compounds play
important roles in the antioxidative activity (Zadernow-
ski, Nowak, & Kozlowska, 1991).

Ability of the different root fractions in inhibiting
peroxidation of linoleic acid, as measured by the TBA

method, is presented in Fig. 5. A trend similar to that
obtained previously using the FTC method, was seen,
where fraction III displayed the strongest antioxidative
activity. But fraction I was significantly (p < 0.05) differ-
ent from those of either BHT or a-tocopherol or frac-
tion III. Again, this shows that different methods gave
different results, which is probably due to the different
mechanisms of action of the different antioxidants pre-
sent in the samples.

Figs. 6 and 7 show the antioxidative activities of the
five fractions isolated from crude leaf extract. In FTC
assayed, all fractions were found to exhibit strong anti-
oxidative activity, comparable to that of a-tocopherol,
with fraction V exhibiting the highest activity. The
activity, in decreasing order, was: BHT >V >1V >
I>1II>11 and o-tocopherol. However, the results
from TBA assay showed a somewhat different pattern
compared to the FTC method, where fraction I and
II showed high antioxidative activities, which are not
significantly (p < 0.05) different from those of either
BHT or o-tocopherol. The differences in activities
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Fig. 7. Antioxidative activities of Sephadex LH 20 column chromatographic fractions obtained from fruit extracts of M. citrifolia as measured by

TBA method.

observed here could be ascribed to several factors,
including the different mechanisms involved in the
determinations structures of the different phenolic com-
pounds, differences in antioxidative mechanism exhib-
ited by different compounds and the synergistic effect
of the different compounds isolated. The leaves of the
M. citrifolia plant possessed several interesting com-
pounds that have been recognized for their medicinal
properties. Swanholm, John, and Scheuer (1959) deter-
mined that alkaloids were present in M. citrifolia leaves
and stem. Many alkaloids are important pharmaceuti-
cal drugs, such as morphine, vincristine, reserpine
and scopolamine.

The antioxidative compounds present in the sample
may exhibit different mechanisms of action from each
other. Rutin and catechins, for example, were reported
to be good oxygen species scavenging compounds
(Hatano, Yasuhara, Fukuda, Noro, & Okuda, 1989).
On the other hand, p-coumaric was seen to block the
generation of free radical and was thus involved in
chain-breaking activity (Laranjinha, Vieira, Madeira,
& Almeida, 1995); others act as metal chelators (Van
Acker, van Balen, van den Berg, Bast, & van der Vijgh,
1998).

4. Conclusion

Studies have shown that a high consumption of fruits
and vegetables containing phenolic antioxidants, inhibit
the oxidation of LDL, and thus slow the process of
atherosclerosis and also reduce the risk of cancer and
many other diseases. It is encouraging to see that all
the fractions studied demonstrated high antioxidative
activity compared with either BHT or a-tocopherol.
The potency of some of these compounds could provide
a scientific basis for the health benefits claimed for
M. citrifolia in folk medicine and warrant further studies
to assess their potential as effective natural remedies.
The present study suggests that consumption of M. citri-
folia may have potential health effects. Further work is
required to elucidate these results in vivo and to identify
compounds, which are responsible for the activities
measured.
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