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ABSTRACT

Lansium domesticum (langsat) is a popular tropical fruit bearing trees across the Southeast
Asiaregion. It is cultivated mainly for its fruit, while the peel of langsat as wastes of fruit
consumption has been traditionally used as medicine. The aim of this study was to evaluate
the total phenolic content (TPC) and antioxidant activity of different fractions of ethanolic
extract of langsat peel. The extract was fractionated using open column chromatography
and the antioxidant components were observed based on high-performance thin layer
chromatography (HPTLC). TPC of the extract and extract fractions (FI-FIII) was estimated
using Folin-Ciocalteu reagent assay, while their antioxidant activity was evaluated using
DPPH radical scavenging assay. Highest TPC was estimated in the ethanolic extract of
langsat peel compared to its extract fractions. No significant difference was found for TPC
among the extract fractions. The extract also had the highest DPPH radical scavenging
activity, followed by FIII and FII, but no radical scavenging activity was observed in FIL.
The result obtained from HPTLC also showed that no band of antioxidative compounds
was observed under UV or white light. Based on the antioxidative components found in the
peel extract of langsat, the fruit peel is a potential source of antioxidants for development
of nutraceutical. Fractionation of the extract is not an ideal technique for producing
nutraceutical.
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INTRODUCTION

Fruits are rich in antioxidants such as
vitamins, phenolic compounds, carotenoids
and other phytochemicals that help in
reducing risks of chronic diseases (Feskanich
et al., 2000; Hamid et al., 2010). Studies
have shown that excessive free radicals
in the body cause oxidative damage to all
the constituents of the body and increase
the risks of developing diseases including
hypertension, congestive heart failure and
other degenerative diseases (Cornelli, 2009;
Scheibmeir et al., 2005). Antioxidants
are compounds that delay or prevent the
oxidation of cellular constituents of the body
by scavenging free radicals such as reactive
oxygen species (ROS) (Halliwell, 1994).

For more than fifty years, synthetic
antioxidants, particularly butylated
hydroxytoluene (BHT), butylated
hydroxyanisole (BHA), and tertiary-
butylhydroquinone (TBHQ) have been
widely used in the food industry for the
prevention of oxidation and off-flavour
development in fats and oils. However,
it is known that these chemicals could be
carcinogenic (Ajila et al., 2007; Moure et
al., 2001). Recent evidence suggests that
the crude extracts or purified constituents
from various medicinal plants are stronger
antioxidants than the synthetic antioxidants
(Shiban et al., 2012). Pourmorad et al.
(2006) also reported that the antioxidant
activity of Iranian medicinal plant was four
times greater than BHT. Hence, it can be
concluded that natural antioxidants could
potentially be alternatives for the synthetic
ones.

Langsat (Lansium domesticum) is a
tropical fruit which contains a variety of
nutrients especially vitamins and minerals
that are health beneficial. Langsat contains
several phytochemicals that possess high
antioxidant activities. Lim et al. (2007)
found that among several tropical fruits,
langsat exhibited high antioxidant activity
as determined based on DPPH assay.
Huang et al. (2010) reported a higher
total antioxidant capacity, total phenolic
content, and carotenoids were determined
in the peel of langsat as compared to its
pulp. Langsat peel also possesses strong
antimicrobial activity against Candida
lypolytica (Mohamed et al., 1994).

In the past, many studies mainly focused
on antioxidant activity of extracts from
edible portions of fruits, mainly pulps.
However, information regarding inedible
part of a fruit such as peel of langsat is
insufficient. Nonetheless, studies have
revealed that the peel extracts of certain
fruits possessed higher antioxidant activity
than the pulp extracts (Ajila et al., 2007,
Contreras-Calderon ef al., 2011). For
example, dragon fruit peel showed higher
radical scavenging activities than the
pulp (Nurliyana et al., 2010). Therefore,
this study aimed to determine the total
phenolic content and antioxidant activity
of langsat peel extract, as well as its extract
fractions obtained from open column
chromatography. Confirmation of the
occurrence of phenolic compounds in the
extract and extract fractions was performed
based on the HTPLC method.
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MATERIALS AND METHODS
Chemicals and Reagents

All chemicals and reagents used were of
analytical grade whereas all solvents used for
HPTLC were of HPLC grade. Gallic acid,
ethanol, ethyl acetate, formic acid, glacial
acetic acid, and sodium carbonate anhydrous
were purchased from Fisher Scientific
(Leicestershire, UK). Folin-Ciocalteu
reagent, methanol, chloroform, sulfuric acid,
silica gel 60 F,s, high performance thin-layer
chromatography (HPTLC) plates, and silica
gel 60 (230-400 meshes) were purchased
from Merck (Darmstadt, Germany). BHA
and DPPH were purchased from Sigma
Chemicals (St. Louis, MO). Water used was
Millipore quality (Millipore, Billerica, MA).

Preparation and Extraction of the Sample

Lansium domesticum (langsat) fruit
were purchased from a fruit orchard in
Selangor, Malaysia. The langsat fruit has
been registered with the Department of
Agriculture, Malaysia (No. DL2: Langsat)
(DOA, 2013). The fruit was washed and
the fruit pulp was removed. The thickness
of the peel varied from 2mm to 6mm. The
fruit peel was air-dried in an oven at 40°C
for 24 h. After 24 h, the fully dried langsat
peel was collected, while the not fully dried
peel further oven-dried for another 5 h. The
dried langsat peel was substantially crisp
and dry. The air-dried sample was ground
into fine powder using a household grinder,
and sieved using a laboratory sieve of 0.5
mm mesh size. The sample powder was
vacuum-packed and stored at [120°C before

further analysis. The sample was extracted
by adding 5g of sample powder to 50 ml of
80% ethanol. The mixture was shaken at
room temperature (25°C) for 120 min using
an orbital shaker as optimized using langsat
peel (Chua, 2012). The residue was re-
extracted once under similar conditions. The
extracts were pooled, followed by filtration
and concentration of the supernatant using
a rotary evaporator at 45°C to remove
the solvent. The concentrated extract was
freeze-dried and stored at -20°C. Triplicate
extraction was done for the langsat peel.

Extract Fractionation and HPTLC
Analysis

Fractionation of the extract was carried
out using 23g of silica gel 60 (230—400
meshes) as an adsorbent for the open-
column chromatography (25 cm x 2.5 cm).
The column was loaded with the extract
(equivalent to 0.3 g of sample) and eluted
with a linear gradient of chloroform: ethyl
acetate: methanol from 100:0:0 to 0:0:100
(v/v/v) as described by Prasad et al. (2005). It
was achieved by increasing solvent polarity
by 5% each time. The obtained sample
fractions were subjected to HPTLC analysis
using HPTLC silica gel plates, where an
aliquot of each fraction (20 pl, 5 mg/ml
of sample) was spotted with a developing
solvent system of ethyl acetate/ water/
formic acid/ acetic acid (100:26:11:11,
vivviv) (Reich & Schibli, 2007). The sample
fractions that have antioxidative compounds
of similar retention factor (R;) values were
pooled into three major fractions (extract
fractions: FI, FII, and FIII). The solvents
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in each extract fraction were evaporated
to dryness using a rotary evaporator.
Bioautographic reagent of 0.04% DPPH
in methanol was sprayed on the developed
HPTLC plates for the three extract fractions.
Yellowish bands were visualised in the
purplish background and this indicated
the presence of reducing agents, the most
possibly phenolic compounds. On the
other hand, 10% sulfuric acid was sprayed
on another two developed plates and the
colour bands were visualised under white
light and UV 366 nm, indicating the present
of antioxidative compounds. Each extract
fraction was collected as triplicate analyses.

Estimation of Total Phenolic Content

Total phenolic content (TPC) of langsat
peel extract and its extract fractions were
estimated based on the method described
by Lim et al. (2007). The test tubes were
first added with 1 ml of extract/ extract
fraction (200 pug/ml), followed by addition
of 4 ml Folin-Ciocalteu reagent. The
mixture was vortexed and incubated at room
temperature for 3 min. After 3 min, 5 ml of
sodium carbonate solution was added. The
reacting mixtures were vortexed and kept
in the dark for 30 min at room temperature.
Absorbance of the reaction mixtures was
measured at 765nm using a UV-visible
spectrophotometer (Secomam, France).
TPC of the extract and extract fractions
was expressed as gallic acid equivalent
(GAE). The standard curve of gallic acid
was obtained using concentrations of gallic
acid at 0.2-50 pg/ml.

y=0.015x +0.006 (R>=0.996)  [1]

DPPH Radical Scavenging Activity

DPPH radical scavenging activity of the
extract and extract fractions was determined
using DPPH radical scavenging assay
as described by Ajila et al. (2007) with
modifications. Aliquots of 1 ml extract or
extract fraction with a range of concentrations
from 10 to 300 pg/ml were added to 1 ml
of 0.2 mM DPPH reagent and vortexed for
few seconds. The reacting mixtures were
incubated in dark at room temperature for
30 min. Absorbance of the mixture was
measured at 517 nm against blank (ethanol).
Distilled water was used as a control with an
addition of extract or extract fraction. The
radical scavenging activity was calculated
using the equation as follows:

Scavenging activity (%)

_(1_

where A, 1S the absorbance of the extract/
extract fraction, and A, 1S the absorbance
of the control. ECs, value, i.e. the amount
of antioxidant required to reduce the initial
free radicals concentration by 50%, was
calculated using the linear regression
equation, as follows:

A
sample ] x 100 [2]

control

y =0.1299x + 0.1294 (R> = 0.937)
(3]

Statistical Analysis

All data were presented as mean + standard
deviation. The data were statistically
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analysed using SPSS software (version
19.0). One-way analysis of variance coupled
with Tukey’s post-hoc test was used to
assess significant differences between the
mean values. The significant value was at
p<0.05.

RESULTS AND DISCUSSION
Sample and Extraction Yield

In the present study, the oven-dried langsat
peel was extracted with 80% ethanol for
2 h at 25°C. The oven-dried langsat peel
has 70.3% of moisture loss. As mentioned
earlier, the extraction condition had been
optimised by Chua (2012). The extract
yield of the Lansium domesticum peel was
66.11%. It was found that binary solvent
system offered higher extraction yield
compared to the mono-solvent system
(Zubair et al., 2012). The finding is also
consistent with the result reported by
Sultana et al. (2009) that the extraction of
medicinal plant using 80% ethanol exhibits
higher extracts yields and total phenolic
content as compared to 100% ethanol.
Besides, ethanol and water were selected as
the extraction solvent because ethanol is less
toxic than other solvents such as methanol
and acetone (Chew et al., 2011).

Extract Fractionation and HPTLC
Analysis

The eighty sample fractions collected were
pooled as three extract fractions (FI-FIII)
based on the R; values obtained from
HPTLC. Fractions 1-28 were obtained
as colourless sample fractions, fractions
29-77 as yellow colour sample fractions,

while fractions 78—80 were the light yellow
colour fractions. HPTLC analysis of all the
80 sample fractions collected from column
chromatography was performed in order
to detect the antioxidant compounds in the
sample fractions. The developed plates of
fractions 1-21 and visualised under UV
366 nm showed no bands on the plates.
Therefore, these sample fractions were
pooled as extract fraction FI. Fractions
22-29 revealed a significant band at Ry =
0.35 under UV 366 nm and were pooled as
FII. As for the subsequent fractions 3080,
seven bands (four major bands and three
minor bands) at Ry values of 0.85, 0.73,
0.60, 0.50, 0.39, 0.15 and 0.07, respectively
were visualised under UV 366 nm as well.
Two dark blue bands and five light blue
bands were detected under UV 366 nm after
derivatisation. These fractions were pooled
as FIII. The total yields of FI-FIII are shown
in Table 1.

Bioautographic HPTLC assay was
performed as a screening tool that provides
quick access for detection of active bands
on the plate which could be examined
through white light, UV 254 nm or UV
366 nm. The specific phenolic compounds
were not determined using HPLTC as this
study aimed to screen for the occurrence
of phenolic compounds using HPTLC.
As shown in Fig.1, the plates for FII and
FIII that sprayed with DPPH solution were
visualised as light yellow bands in the
purple colour background under white light.
The plate for the langsat peel had the most
obvious light yellow bands compared to the
extract fractions, followed by four obviously

Pertanika J. Trop. Agric. Sci. 38 (1): 103 - 112 (2015) 107



Kee, M. E., Khoo, H. E., Sia, C. M. and Yim, H. S.

seen light yellow bands in the plate of
FIII and weakly coloured bands in FII. In
contrast, no potential reaction of reducing
compounds was seen in FI. In FIII, the four
strong, active bands (a, b, ¢, and d) have Rg
values 0f 0.81, 0.69, 0.57, 0.42, respectively.
As the plates were dipped in 10% sulfuric
acid, similar Ry values (0.82, 0.71, 0.58
and 0.45, respectively) were obtained for
the four band when visualised under white
light and UV 366 nm demonstrated that
four major antioxidative compounds were
detected in langsat.

Total Phenolic Content

TPC of the extract and extract fractions
each sample was calculated and expressed
as mg GAE per gram sample. The results
showed that the colour of the mixture of
Folin-Ciocalteu reagent and the extract of

TABLE 1

langsat peel turned blue, suggesting that
phenolic compound is present in the langsat
peel extract. To the contrary, the reaction
mixtures of FI-FIII was light blue in colour.
The lighter blue colour indicates that the
extract fractions contain a lower amount
of total phenolics as compared to the crude
extract.

TPC of the extract and extract fractions
of langsat peel are shown in Fig.2. In
general, TPC of the langsat peel extract
was 3-4 times higher than all the extract
fractions. while TPC of the extract fractions
was not significantly different. Surprisingly,
the TPC of the langsat peel extract (140.5
mg GAE/g extract = 9.2 mg GAE/100
dry weight, DW) obtained was 2.5 times
higher than TPC of the langsat peel (3.7 g
GAE/100 g DW) reported by Huang et al.
(2010). A possible explanation for the high

The yields of extract fractions obtained from a pooled of sample fractions

Extract fraction Sample fraction Yield (mg)

Fraction 1 1-21 81.4

Fraction 2 22 -29 70.9

Fraction 3 30-80 123.5
TABLE 2

ECs values of the langsat peel extract and its extract fractions

Sample ECs (ng/ml)
Peel extract 47.94 £ 0.46
FI (Fraction 1) ND
FII (Fraction 2) ND

FIII (Fraction 3)
BHA

251.44 +£13.13
9.66 +0.59

Each value is expressed as mean + standard deviation of triplicate measurements. ECs, value is
the effective concentration value at which the DPPH radical is scavenged by 50%. ND denotes not
determined due to the highest concentration of the extract tested could not give a scavenging activity of

>50%.
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Fig.1: Bioautographic HPTLC analysis for the langsat peel extract and its extract fractions. (A) HPTLC
plate sprayed with 0.04% DPPH solution, (B) HPTLC plate dipped in 10% sulfuric acid, under UV 366
nm, (C) HPTLC plate dipped in 10% sulfuric acid, under white light. “Crude”, “SF I”, “SF II”, and “SF
III” denote langsat peel extract, extract fraction 1 (FI), extract fraction 2 (FII), and extract fraction 3 (FIII),

respectively.

(mg GAE/g extract)
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Fig.2: Total phenolic contents of langsat peel extract and its extract fractions estimated using Folin-
Ciocalteu reagent assay. Different lowercase letters denote significant difference at p<0.05.

TPC in langsat peel is the presence of non-
phenolic substances such as vitamin C and
other organic acid that might have reacted
with Folin-Ciocalteu reagent. Besides, other
organic compounds might also interfere with
the reaction between phenolic compounds
and Folin-Ciocalteu reagent (Yan & Asmah,

2010). Moreover, the lower TPC in langsat
peel reported by Huang et al. (2010) is due
to the fact that the langsat fruit has been
bought from the local market in Hong
Kong. As langsat is one of the native fruit
of Malaysia and Thailand, the fruit sold in
the local market in Hong Kong was possibly
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imported from Southeast Asia. It could
help to explain the low TPC in the langsat
peel reported by Huang et al. (2010) as the
fruit has longer storage duration than the
ones purchased in Malaysia. In addition,
langsat peel was also reported to have high
vitamin C content (22.5 umol ascorbate/g
dry weight) (Huang et al., 2010). Therefore,
Folin-Ciocalteu reagent assay seems to
overestimate the TPC of the langsat peel
extract (Azlan et al., 2011).

DPPH Radical Scavenging Activity

It was observed that, as the concentration of
the langsat peel increased, the scavenging
activity also increased. At the extract
concentration of 300 pg/ml, FIII showed
significantly higher scavenging activity
(58.34 + 2.73%) compared to FII (36.27 +
0.29%). At the extract concentration of 50
ug/ml, the radical scavenging activity of
the langsat peel extract was 52.48 + 0.66%
compared to the scavenging activity of the
extract fractions (<50%). Thus, crude extract
had highest scavenging activity as compared
to its extract fractions.

In terms of ECsy, the synthetic
antioxidant, BHA showed the lowest ECj,
value (9.66 £ 0.59 pg/ml), followed by the
langsat peel extract (47.94 + 0.46 pg/ml)
and FIIT (251.44 + 13.13 pg/ml). ECs, for F1
and FII could not be determined as the use
of 500 ug/ml of the extract fractions could
not achieve the DPPH radical scavenging
activity of 50% and higher. The results
showed that the highest scavenging activity
that could be achieved by FI and FII at the
concentration of 300 png/ml was lower than

40%. At a higher concentration of the extract
fraction (>500 pg/ml), it could possibly give
a scavenging activity of higher than 50%.
The ECs, values of the langsat peel extract,
its extract fractions and BHA are shown in
Table 2.

As observed from the experiment, the
BHA gave the rapidest colour change from
purple to yellow for the DPPH solution.
As for the langsat peel extract and FIII, the
colour changes of DPPH solution could be
obviously seen. However, the experiment
carried out for FII showed no obvious
colour change. Even worst, no colour
change was observed in FI. Therefore,
it can be concluded that the antioxidants
in FI could not act as reducing agents in
scavenge DPPH radical. As reported by
Ismail et al. (2013), DPPH assay involves
in electron-transfer reaction pathway. Based
on this mechanism, an antioxidant is known
to donate an electron to a DPPH radical
molecule as the molecule is unstable under
this condition. The presence of antioxidant
in the DPPH solution resulted in a decrease
of the absorbance that measured at 517 nm
(Charhardehi et al., 2009).

CONCLUSION

The present study demonstrated that the
langsat peel extract contained antioxidant
components. The antioxidant components
in the extract fractions were also found to
vary. Higher TPC and antioxidant activity
were determined in FI compared to other
extract fractions, but FI had moderately low
TPC with undetectable antioxidant activity
assessed using DPPH radical scavenging
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assay. The highest DPPH radical scavenging
activity was determined in the langsat peel
extract with the lowest ECs, value when
compared to its extract fractions. Based on
the results obtained, the extract fractions
of langsat peel did not have high TPC
and antioxidant activity. However, future
studies are needed to address some of the
factors that caused the discrepancy in TPC
and antioxidant activity in Langsat peels in
the present study and those reported in the
literature. Fractionation of any plant extract
is not the ideal way to prepare nutraceutical
ingredient unless for purification purpose.
Thus, further studies are necessary to
identify and elucidate the structure of the
phenolic compounds present in langsat peel.
The nutraceutical potential of langsat peel
extract may also be explored for disease
prevention.
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