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Abstract: The aim of this work was to compare the antioxidant activity of the peel and pulp
extracts of Garcinia tinctoria (yellow mangosteen) fruits. Total phenolic content (TPC) assay
showed that the peels contained higher phenolic content than the pulps. Ferric reducing
antioxidant power (FRAP) test indicated that the peel extract of G. tinctoria fruits showed a
highest antioxidant capacity, and reached a maximum value of 2,7 uM at 10 ug/mL. Peel extract
of G. tinctoria fruits exhibited higher scavenging activity of DPPH radical in comparison with the
pulp extract, due to the lowest value of ICsy (48,8 pg/mL). The TPC results showed a good
relationship with the radical scavenging activity obtained for the pulps and peels extracts.
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Introduction

Garcinia is the largest genus of the tropical
family Guttiferae that contains about 400
species of polygamous trees or shrubs,
distributed in the tropical Asia, Africa and
Polynesia, (Waterman and Hussain, 1883;
Chattopadhyay and Kumar, 2006). The fruit of
several species are edible, being quite widely
cultivated throughout the tropics. Garcinia
species are also characterized by the production
of a yellow or occasionally white latex in the
endocarp of the fruit, in the bark and perhaps
also in the wood (Negi et al., 2008).

The genus Garcinia has demonstrated to be
an interesting source of active compounds with
a great biological versatility. It is well known
to be a rich source of oxygenated and
prenylated xanthones (Mbwambo et al., 2006;
Chen et al., 2010). Numerous investigations
have demonstrated their antioxidant,
antibacterial and antitumoral activities (Xing-
Cong et al., 2004; Verdi et al., 2004; Rui-Min
et al., 2009; Jawed et al., 2010).

The antioxidant activity in fruits is notable
since fruits are rich in compounds that have an
important role in free radical scavenging
activity. Those compounds are vitamins and
polyphenols such as flavonoids, tannins, and
catechins. Interestingly, the peel and seed
fractions of some fruits possess higher
antioxidant activity than the pulp fractions
(Jayaprakasha et al., 2001). For example,
pomegranate peel has a higher antioxidant
activity than its pulp (Li et al., 2006). Grape
seed is higher than its pulp in antioxidant
capacity and is a rich source of
proanthocyanidin, which is very effective in
scavenging various reactive oxygen free radical
species (Guo et al., 2003).

In the present study the antioxidant activity
of the peel and pulp extracts of Garcinia
tinctoria (yellow mangosteen) fruits were
compared. To achieve this purpose total
phenolic content (TPC), the ferric reducing
antioxidant power (FRAP) and the radical
scavenging activity (DPPH assay) of the
extracts were determined.
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Materials and Methods
Sample collection

Mature fruits of Garcinia tinctoria were
collected in the Jardin Botanico Nacional
(Habana, Cuba) in January-April 2011 and
identified by Dr. Cristina Panfet. A voucher
specimen has been deposited at HAJB
Herbarium (Havana, Cuba) under number 700.

Sample preparation and extraction

Fresh fruits were washed and peeled in
order to separate the peels from the pulps for
further tests. Pulps and peel (each 5g) were
separately macerated with 80% ethanol (10mL)
at room temperature (25-28°C) until 24 hours.
Later, samples were shaken in ultrasonic water
bath for 1 hour before filtered using Whatman
filter paper. The filtrate was concentrated under
reduced pressure at 45°C using a rotary
vacuum evaporator. The extraction of each
sample was done five times and the yield of
ethanolic extracts was reported as mean + SD.

TPC assay

The total phenolic content were quantified
according to the method described by Singleton
et al. (1999) wusing the Folin-Ciocalteu’s
reagent. A volume of 100 uL of each extract
was mixed with SmL of Folin-Ciocalteu’s
reagent (diluted 1:10) and 1,8 mL of distilled
water in a test tube. Mixture was shaken and
waited five minutes to add 4 mL of sodium
carbonate (7.5% w/v). The tube was shaken
again and was incubated for 2 hours at room
temperature. After that, absorbance readings
were taken by measuring the sample using
Perkin  Elmer Lambda 25  UV/Vis
spectrophotometer at of 760 nm. Gallic acid
was used as standard with concentrations of
100 to 900 mg/L prepared by dissolving in
80% ethanol. Samples and gallic acid solutions
were measured against 80% ethanol which was
used as blank. All samples and readings were
measured in triplicate. Results of TPC of the
peel and pulp extracts of Garcinia tinctoria
fruit were expressed in mg of gallic acid/100
mL of the extracts.

FRAP assay
The procedure described by Benzie and
Strain  (1996) was followed. The assay
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consisted on measuring the capacity of sample
to reduce the ferric iron to its ferrous form. The
complex Fe’*-TPTZ in the presence of reductor
agents decreases to Fe**-TPTZ that develops an
intense blue color with a maximum of
absorption at 593 nm. Different concentrations
of the peel and pulp extracts were prepared (2;
10, 20, 30 and 40 g/mL).

Ascorbic acid was wused at different
concentrations (100, 200, 400, 800 and 1 000
uM) as standards to obtain the calibration
curve. Readings for the standard and the
extracts were carried out for triplicate until 4
minutes.

DPPH assay

The radical scavenging activity of each
sample was measured using a method
described by Brand-Williams et al. (1995). The
assay consists on the determination of the
reduction of the free radical 2,2-difenil-1-picril
hidrazilo (DPPH) to 517 nm. The stable radical
has an intense violet color that diminishes in
presence of an antioxidant (that is able to
capture a free electron) or another radical, what
allows quantifying the bleaching effect caused
by certain compounds.

Each sample was prepared in a series of
dilution (5; 13; 25; 37 y 50 pug/mL) with final
volume of 10 mL in 80% ethanol. Trolox at 20
UM was used as standard to be compared with
the samples. The radical scavenging activity of
Trolox at that concentration is 50%
aproximately. Each sample was measured in
triplicate until 30 minutes (every 5 min) to
compare the reactions kinetic.

The radical scavenging activity was
calculated accordingly:

(Acontrol'Asample)
9 Inhibition = x100

Acontrol

A ontrol = Absorbance of control.

Asample = Absorbance of the samples.

The amount of sample (ug) extracted in 1
mL solution necessary to decrease by 50% the
initial DPPH concentration was calculated

(ICs0).

Statistical analysis

Results are expressed as the means +£SD of
three replicates. One-way analysis of variance
(ANOVA) was used to determine the statistical
difference, using PASW statistics software
package (version 18.0, 2009). Statistical
significance (a) was 0.05.

Results and Discussion
The yield of extracts

The yields of peel and pulp extracts of G.
tinctoria fruit was shown in Table 1. The
highest yield of extraction was obtained from
the peel of G. tinctoria fruit.

Table 1. Percent yield of peel and pulp extracts
of Garcinia tinctoria fruits.

G. tinctoria fruit portion % Yield of
extracts®

Peel 9.21 £0.30

Pulp 8.65 +0.42

*Expressed as mean + SD (n=5)

TPC assay

TPC of each sample was calculated from
calibration curve of gallic acid (not shown)
where the calibration equation was determined
to be y=9,750x + 0,007 (R2:0,996), whereby
y=absorbance at 760nm and x=concentration of
total phenolic compounds in mg per 1 ml of the
extract.

It was observed that the reaction mixture with
peel extract of G. tinctoria fruits was dark blue in
colour, that indicated a high phenolic content. On
the other hand, reaction mixture with pulp extract
of G. tinctoria fruits was light blue in colour
indicating low phenolic content. In general, TPC
results for peel and pulp extracts of G. tinctoria
showed that the peels contained higher phenolic
content than the pulps (Table 2).

Table 2. Total phenolic content of fruits extracts.

G. tinctoria fruit Phenolic content*

portion (mg/100mL)
Peel 474,53 £ 11.60
Pulp 6,54 + 0,62

*Expressed as mean + SD (n=3)
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This result suggests that the content of
secondary metabolites xanthones, flavonoids,
coumarins, chromenes and benzophenones) it’s
much higher in this portion of the fruit.
Usually, the flavonoid compounds are located
in the peels, seeds and stems (Paixdo et al.,
2007; Nurliyana et al., 2010). Plant phenolics
have multiple biological effects as they
constitute one of the major groups of
compounds acting as primary antioxidant or
free radical terminator. Several studies have
demonstrated that the antioxidant activity is
strongly correlated with the total content of
phenolic compounds (Lim et al., 2007;
Nurliyana et al., 2010; Sim Choo and Khing
Yong, 2011).

FRAP assay

The results indicated that pulp and peel
extracts of G. tintoria fruits acted as weak or
moderate redactors. However, the peel extract
of the fruits of G. tinctoria showed a higher
antioxidant property in comparison with the
peel extract, and reached a maximum value of
2,7 uM at 10 pg/mL (Figure 1). This could be
explained through the principle of this method
based on the reduction of a ferric-
tripyridyltriazine complex to its ferrous,
colored form in the presence of antioxidants. In
this case, a second reaction could be taking
place in reverse sense. This chemical process
that it involves to organic compounds is
described by Leach and Gillet (2007).

21 21

27
23
21, , 20 2 i
2 10 20 30 ' 40

Concentration (pg/mL)
“Peel ®Pulp

Figure 1. Ferric reducing antioxidant power for

peel and pulp extracts of G. tinctoria fruits.
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The reducing power property indicates that
the antioxidant compounds are electron donors
and can reduce the oxidized intermediates of
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the lipid peroxidation process
(Tachakittirungrod et al., 2007; Sulaiman and
Udaya, 2009).

Even though peel extract of G. tinctoria
fruits showed higher phenolic content than the
pulp extract the reductor power was rather high
at low concentartion. The peel extract of G.
tinctoria fruits showed strongest antioxidant
property, because increased the intensity of the
blue colour indicating the formation Fe**/TPTZ
from its colourless form (Fe3+). Thus, a higher
absorbance indicated higher activity.

DPPH assay

During visual examination, it could
appreciate the quick change of purple color to
yellow provoked by Trolox and the peel extract
of G. tinctoria in the mixture of the reaction
(Figure 2). This is only due to the presence of
antirradical substances that reduced the radical
2,2-difenil-1-picrilhidracilo (DPPH) with the
concomitant absorbancia loss in the solution.
The extract of the pulp didn't cause an
appreciable bleaching effect in the solution of
the DPPH.

Figure 2. Bleaching of DPPH radical provoked
by Trolox and the peel and pulp extracts of G.
tinctoria in the mixture of the reaction.

The bleaching kinetic of DPPH radical at
different concentrations of the peel extract of
G. tinctoria fruits showed a behavior
dependent on the extract concentration during
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the 30 minutes of reaction (Figure 3). The
highest concentration of the peel extract (50
ug/mL) reached to the 30 minutes the
maximum value of DPPH radical scavenging
activity (50%), coinciding with the maximum
value of bleaching by Trolox at that same time.
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Figure 3. Bleaching kinetic of DPPH radical at
different concentrations of the peel extract of G.
tinctoria fruits.

On the other hand, the bleaching kinetic of
DPPH radical for the pulp extract was uniform
but very slow in comparison with Trolox
(Figure 4). The highest activity value reached
for the pulp extract was 18% at maximum
concentration of 50 ug/mL.

For both extracts, the inhibition of DPPH
radical was plotted as a function of
concentration in order to determine the ICs
value (Figure 5), which is defined as the
necessary sample concentration to reduce 50%
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Figure 4. Bleaching kinetic of DPPH radical at
different concentrations of the pulp extract of G.
tinctoria fruits.
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Figure 5. Radical scavenging activity for the peel
and pulp extracts of G. tinctoria at different
concentrations.

Table 3. ICs, values for the extracts of G. tinctoria fruits

ICs, values

Peel extract
Pulp extract

48,8 ug/mL
153,2 pg/mL

In Table 3 was observed that peel extract of
G. tinctoria fruits exhibited higher scavenging
activity of DPPH radical in comparison with
the pulp extract, due to the lowest value of ICs
(48,8 pg/mL). The fruit peel contains a high
quantity of bioactive compounds able to
capture free radicals like DPPH, and this is
expressed in a quick decrease of the
absorbance in the reaction mixture. Guo et al.
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(2003) reported a major antioxidant activity for
fruit peel that for the pulp. In some cases, it
refers to values that are from 2 to 27 time
superiors.

Okonogi et al. (2007) evaluated through the
ABTS and DPPH assays the antioxidant
potential of ethanolic extracts (95%) of G.
mangostana peel and other consumed fruits
commonly in Thailand. The ICsy value for G.
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mangostana fruit peel was 0.023 mg/mL (23
ug/mL), being inferior to the value obtained in
this study. G. mangostana and G. tinctoria
don’t contain the same chemical composition.
This factor could has contributed to the
different level of phenolic compounds in peels
of the two Garcinia species even though they
are of the same genus (Verzelloni et al., 2007).

DPPH radical is reduced to the
corresponding hydrazine when it reacts with
hydrogen donors that can be phenolic
compounds. The ability to capture free radicals
is characteristic of primary antioxidants (Wang
et al., 2008). Plant phenolics constitute one of
the major groups of antioxidants acting as free
radical terminators (Samarth et al., 2008). This
results showed a good relationship with the
TPC obtained for the pulps and peels extracts.
Many studies reported that high polyphenols
content contributes towards high radical
scavenging activity (Garcia- Alonso et al.,
2004; Lim et al., 2007).

Nevertheless, antioxidant capacity cannot
only be related to the phenolics content
because is the result of multiple factors.
Natural antioxidants are multifunctional and
their activity should be estimated through
several methods that keep in mind the different
mechanisms of action.

Conclusions

This study, demonstrated that peel
ethanolic extract of G. tinctoria fruits had the
major antioxidant activity in comparison to
pulp. Peel extract showed a highest content of
total phenolics. The radical scavenging activity
of peel extract was higher than pulp with a ICsg
value of 48,8 ug/mL and 153,2 pg/mL
respectively. The FRAP assay results revealed
that the peel extract of G. tinctoria fruit
showed the strongest reductor power. The peel
of this fruits can be a good source of
antioxidant agents.

In the future, investigation of the activity
associated with further purification,
identification and quantification of each
phenolic compound are necessary to provide
useful comparative information on the
antioxidant level and activities in Garcinia
tinctoria.

Acknowledgements

The authors are grateful for the financial
support of the Department of Pharmacy and the
Center for Research and Biological Evaluation.
Thanks also to the National Botanical Garden
from the Faculty of Biology for kindly
providing the plant material.

References

Benzie, 1. F. F and J. J. Strain. 1996. The Ferric
Reducing ability of plasma (FRAP) as a
measure of ‘‘Antioxidant Power’’: The
FRAP assay. Anal. Biochem. 239:70-76.

Brand-Williams, W., M. E. Cuvelier and C.
Berset 1995. Use of a free radical metthod

to evaluate antioxidant activity. Lebensm
Wissu. Technol. 28:25-30.

Chattopadhyay, S. K. and S. Kumar. 2006.
Identification and quantification of two
biologically  active  polyisoprenylated
benzophenones xanthochymol and
isoxanthochymol in Garcinia species using
liquid  chromatography—tandem  mass
spectrometry. J. Chromatogr. B 844:67-83.

Chen, Y., H. Fan, G. Yang, Y. Jiang, F. Zhong,
and H. He. 2010. Prenylated xanthones
from the bark of Garcinia xanthochymus
and Their 1,1-Diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activities.
Molecules 15:7438-7449.

Guo, C., J. Yang, J. Wei, Y. Li, J. Xu and Y.
Jiang. 2003. Antioxidant activities of peel,
pulp and seed fractions of common fruits as
determined by FRAP assay. Nutr. Res.
23:1719-1726.

Jawed, A. S., G. Swarnkar, K. Sharan, B.
Chakravarti, G. Sharma, P. Rawat, M.
Kumar, F. M. Khan, D. Pierroz, R. Maurya
and N. Chattopadhyay. 2010. 8,8"-
Biapigeninyl stimulates osteoblast functions
and inhibits osteoclast and adipocyte
functions: Osteoprotective action of 8,8"-
biapigeninyl in ovariectomized mice. Mol.
Cell. Endocrinol. 323(2):256-267.

Jayaprakasha, G. K., R. P. Sigh and K. K.
Sakariah. 2001. Antioxidant activity of
grape seed (Vitis vinifera) extracts on



Emir. J. Food Agric. 2011. 23 (6): 517-524
http://ejfa.info/

peroxidation models in vitro. Food Chem.
73, 285-290.

Leach, A. R. and V. J. Gillet. 2007. Advances
in Organic Chemistry. pp. 113-179. ISBN
978-1-4020-6291-9.  Editorial ~ Springer,
Dordrecht, The Netherlands.

Lim, Y. Y., T. T. Lim and J. J. Tee. 2007.
Antioxidant properties of several tropical
fruits: A comparative study. Food Chem.
103:1003-1008.

Mbwambo, Z. H., M. C. Kapingu, M. Moshi, J.
Machumi, F. Apers, S. P. Cos, D. Ferreira,
J. P. Marais, D. V. Berghe, L. Maes, A.
Vietinck and L. Pieters. 2006. Antiparasitic
activity of some  xanthones and
biflavonoids from the root bark of Garcinia
livingstonei. J. Nat. Prod. 69:369-372.

Negi, P. S., G. K. Jayaprakasha and B. S. Jena.
2008. Antibacterial activity of the extracts
from the fruit rinds of Garcinia cowa and
Garcinia pedunculata against food borne
pathogens and spoilage bacteria. LWT-
Food Sci. Technol. 41:1857-1861.

Nurliyana, R., I. Syed Zahir, K. Mustapha
Suleiman, M. R. Aisyah, and K. Kamarul
Rahim. 2010. Antioxidant study of pulps
and peels of dragon fruits: a comparative
study. Internat. Food Res. J. 17:367-375.

Okonogi, S., C. Duangrat, S. Anuchpreeda, S.
Tachakittirungrod, and S.
Chowwanapoonpohn. 2007. Comparison of
antioxidant capacities and cytotoxicities of
certain fruit peels. Food Chem. 103:839—
846.

Paixdo, N., R. Perestrelo, J. C. Marques and J.
S. Camara. 2007. Relationship between
antioxidant capacity and total phenolic
content of red, rosé and white wines. Food
Chem. 105:204-214.

Rui-Min, H., T. Yu-Xi, L. Yin, C. Chang-Hui,
A. Xi-Cheng, Z. Jian-Ping and L. H.
Skibsted. 2009. Comparison of flavonoids
and isoflavonoids as antioxidants. J. Agric.
Food Chem. 57(9):3780-3785.

523

Sim Choo, W. and W. Khing Yong. 2011.
Antioxidant properties of two species of
Hylocereus fruits. Adv. Appl. Sci. Res.
2(3):418-425.

Singleton, V. L., R. Orthofor and R. M. L.
Raventos. 1999. Analysis of total phenols
and other oxidation substrates and
antioxidants by means of Folin-Ciocaltau
reagent. Methods Enzymol. 299:152-178.

Sulaiman, A. and K. Udaya. 2009. A study of
antioxidant properties from Garcinia

mangostana L. pericarp extract. Acta Sci.
Pol. Technol. Aliment 8(1):23-34.

Tachakittirungrod, S., S. Okonogi and S.
Chowwanapoonpohn. 2007. Study on
antioxidant activity of certain plants in
Thailand: Mechanism of antioxidant action
of guava leaf extract. Food Chem, 103:381-
388.

Verdi, L. G., M. G. Pizzolatti and A. B.
Montanher. 2004. Antibacterial and brine
shrimp lethality tests of biflavonoids and
derivative of  Rheedia  gardneriana.
Fitoterapia 75(1):360-363.

Waterman, P. G. and R. A. Hussain. 1883.
Systematic Significance of Xanthones,

Benzophenones and Biflavonoids in
Garcinia.  Biochem.  System.  Ecol.
11(1):21-28.

Xing-Cong, L., S. I. Khan, M. Jacob, L. A.
Walker and D. Ferreira. 2004. Absolute
configuration and biological activity of
biflavonoids from Rheedia acuminata.
Abstracts of Papers, 228" ACS National
Meeting, Philadelphia, PA, United States,
August 22-26.

Verzelloni, E., D. Tagliazucchi and A. Conte.
2007. Relationship between the antioxidant
properties and the phenolic and flavonoid
content in traditional balsamic vinegar.
Food Chem. 105:564-571.

Wang, H., X. D. Gao, G. C. Zhou, L. Cai and
W. B. Yao. 2008. In vitro and in vivo
antioxidant activity of aqueous extract from
Choerospondias axillaries fruit. Food

Chem. 106:888-895.



Migdalia Arazo et al.

Samarth, R. M., M. Panwar, M. Kumar, A.
Soni, M. Kumar, and A. Kumar. 2008.
Evaluation of antioxidant and radical-

Garcia-Alonso, M., S. P. Teresa, C. S. Buelga,
and J. C. R. Gonzalo. 2004. Evaluation of
antioxidant properties of fruits. Food Chem.

scavenging activities of certain radio 84:13-18.
protective plant extracts. Food Chem.
106:868-873.

524



