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ABSTRACT: The Merdeka lime is a new citrus hybrid with strong resistance against pests and disease. This work aims
to provide information about the total phenolic content (TPC), total flavonoid (TF) content and antioxidant potential of
the leaves, peel and pulp of this new hybrid along with those of its parent plants (Citrus hystrix and C. microcarpa). The
TPC and TF contents were determined based on a colorimetric method, while antioxidant levels were determined by the
2,2-diphenyl-1-picrylhydrazyl (DPPH) and the ferric-reducing antioxidant power (FRAP) techniques. The results revealed
that Merdeka lime contained the highest TPC (4600 ± 140 µg gallic acid equivalents per gram of dry weight) and DPPH
value (4260 ± 30 µg Trolox equivalents per gram of dry weight) in the leaves and the highest TF (16 400 ± 300 µg quercetin
equivalents per gram dry weight) and FRAP value (13 430 ± 60 µg ascorbic acid equivalent per gram of dry weight) in the
peel. The antioxidant activities of Merdeka lime were similar to the parent plants.
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INTRODUCTION

MATERIALS AND METHODS

An antioxidant is a substance that is able to prevent
an excessive amount of free radicals in biological
systems 1 . It also plays an important role in food
preservation by reducing lipid peroxidation preventing
quality deterioration 2, 3 . Natural antioxidants have
therefore become a new focus in nutritional studies
as the consumers believe that natural products are
healthier and safer 1, 4 . Numerous studies have proven
that the phytochemical compounds produced in the
plant are one of the best sources of natural antioxidant,
such as those found in the citrus 5–7 .
A new citrus hybrid (C. hystrix × C. microcarpa),
known as the Merdeka lime in Malaysia, was introduced in 2010. The Merdeka lime has larger fruits
(Fig. 1) and leaves than its parent plants, and it has
been cultivated without the use of pesticides. The
increased resistance to pests indicates that this hybrid
might produce novel secondary metabolites or have
undergone changes in metabolite composition. There
is an urgent need for information about this hybrid
to enable more detailed studies. The aim of this
study was therefore to determine the total phenolic
content (TPC), total flavonoid (TF) content and the
antioxidant activity of this new citrus hybrid (C. hystrix × C. microcarpa) relative to its parent cultivars.

Plant materials
Three lime varieties, namely C. hystrix, C. microcarpa, and the Merdeka lime (C. hystrix × C. microcarpa), were used in this study. The leaves of
all three varieties and the fruit of the Merdeka lime
were harvested from a Laverson Biotech farm in
Batang Kali, Hulu Selangor, Malaysia. C. hystrix and
C. microcarpa fruits were obtained from local markets
in Serdang, Selangor, Malaysia. All leaf samples
were dried in the open air in the laboratory until the
moisture content reached less than 10% (wet basis).
All fruit samples were manually cleaned and separated
into peel and pulp samples, with the seeds removed.
The peel and pulp were dried with a vacuum freezedryer (Labconco FreeZone, Kansas City, MO, USA)
at −40 °C, 10 Pa until the moisture content was less
than 10% (wet basis). All dried samples were ground
into powder and stored at −10 °C.
Chemicals and reagents
Folin-Ciocalteu’s reagent, gallic acid, Na2 CO3 ,
NaNO2 , AlCl3 , NaOH, and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) were purchased from Sigma-Aldrich Chemical Co. (St. Louis,
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standard calibration curve prepared with gallic acid
(0–100 µg/ml). The analysis was done in triplicate.
Determination of total flavonoid content

Fig. 1 (a) Merdeka lime crossbred from (b) Citrus hystrix
and (c) C. microcarpa.

MO, USA); 2,2-diphenyl-1-picrylhydrazyl (DPPH)
was purchased from Merck (Darmstadt, Germany).
Extraction of phytochemicals
The leaves, peel and pulp (5 g) of C. hystrix, C. microcarpa and the Merdeka lime were extracted with 80%
methanol (v/v) overnight at 25 °C on an orbital shaker
(Hotech Instrument Corp., 903, Taiwan). The mixtures were then centrifuged for 5 min at 2380g (Beckman Coulter, Avanti J-25.15, USA). The supernatant
was filtered through a Büchner funnel and Whatman
no. 1 filter and collected. The crude extracts were
obtained by evaporating the extracts to dryness under
reduced pressure using a vacuum rotary evaporator
(Stuart, RE300, UK) at a temperature below 40 °C.
The extracts were re-suspended in 50 ml of 80%
methanol (v/v) and used to measure phytochemical
contents and to determine total antioxidant activity.
The extraction was done in triplicate.
Determination of total phenolic content (TPC)
The total phenolic content of the lime extracts was
measured by using the Folin-Ciocalteu colorimetric
method as described by Almey et al 4 . Briefly, 100 µl
of extract sample was transferred into a test tube and
mixed with 0.75 ml Folin-Ciocalteu reagent (diluted
10-fold with distilled water). The mixture was allowed to stand for 5 min at 25 °C. Then 0.75 ml of
6% (w/v) Na2 CO3 was added and mixed gently. The
mixture was allowed to stand for 60 min, after which
its absorbance was read at 725 nm (Thermo Electron
Corporation, Genesys 20, California, USA). The
results were expressed as µg gallic acid equivalents
(GAE) per gram of dry weight, calculated using a
www.scienceasia.org

The total flavonoid content of the samples was measured using the colorimetric method adapted from
Jia et al 8 , with modifications as described by Zhang
et al 9 . Briefly, 0.25 ml of extract sample was added
into a test tube containing 0.75 ml of distilled water.
Then, 0.15 ml of NaNO2 (5%) was added to the test
tube, and the solution was mixed gently. The mixture
was allowed to stand for 5 min, and then 0.3 ml of
AlCl3 (10%) was added; after an additional 5 min,
1 ml of NaOH (1 M) was added. The solution was
mixed well, and the absorbance was read at 510 nm.
Quercetin concentrations ranging of 0.04–0.20 mg/ml
were used to prepare the standard calibration curve.
The results were expressed as µg quercetin equivalents
per gram of dry weight. The analysis was done in
triplicate.
DPPH free radical-scavenging activity
The DPPH free radical scavenging activity method
was adapted from Ismail et al 10 . Briefly, a 0.2 mM
DPPH methanolic solution was freshly prepared immediately prior to the analysis. The analytical samples
were prepared at 0.5 mg/ml, and 50 µl of each analytical sample was mixed with 195 µl of the 0.2 mM
DPPH methanolic solution in a 96-well microplate.
The plate was gently swirled and incubated for 60 min
in the dark. All the extract samples were read
at 515 nm in a 96-well ELISA microplate reader
(BioTek, BIOTEL ELx800, Winoosk, USA). Trolox
was used as the standard, and a calibration curve in
the range of 20–100 µg/ml was prepared. The analysis
was done in triplicate. The DPPH scavenging activity
was determined by ((Ae − An )/As ), where Ae , An ,
and As are the absorbance of the extract, absorbance
of the negative control, and standard absorbance of the
negative control, respectively.
Ferric reducing antioxidant power (FRAP) assay
The FRAP assay was performed according to procedure described by Zhang et al 9 . FRAP reagent
was freshly prepared and it consisted of 10 ml ferric
chloride (20 mM), 10 ml of 10 mM Fe(III)-2,4,6Tri(2-pyridyl)-s-triazine (TPTZ) in 40 mM HCl and
100 ml of 0.25 M sodium acetate buffer (pH 3.6).
The FRAP reagent was warmed at 37 °C. Then
0.5 ml analytical sample was added to 1.5 ml of FRAP
reagent and gently mixed. The absorbance was read at
593 nm after 10 min incubation at 37 °C. Calibration
curve of ascorbic acid was used as standard at range of
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Fig. 2 Total phenolic content in Merdeka lime, C. hystrix
and C. microcarpa.

4–30 µg/ml and results were expressed as µg ascorbic
acid per gram of dry weight. The analysis was done in
triplicate.
Statistical analysis
The results are expressed as the means of the
replicates ± standard deviations. Significant differences at the 95% confidence level were calculated
based on Duncan’s multiple range tests using IBM
SPSS Statistic 19.0 (IBM SPSS Inc., USA).
RESULTS AND DISCUSSION
The result of univariate ANOVA showed that the parts
of hybrid (peel, pulp, and leaves) and of parent plants
presented significantly different TPC (p < 0.05). As
shown in Fig. 2, in Merdeka lime the highest TPC
was found in the leaves (4595.8 µg GAE per gram of
dry weight) and the amount was comparable to that of
C. hystrix (5158.3 µg GAE per gram of dry weight).
The TPC in Merdeka lime was also comparable to
white grapefruit (4201 µg GAE per gram of dry
weight) and Jaffa sweetie grapefruits (4065 µg GAE
per gram of dry weight) 11 .
The TF contents were found significantly different in the hybrid and the parents plant (p < 0.05).
In the Merdeka lime (Fig. 3), the peel contained the
highest TF (16 395 µg quercetin equivalents per gram
of dry weight) and the pulp had the lowest content
of TF (1257 µg quercetin equivalents per gram of dry
weight). The pulp of Mauritian Citrus was also found
had the lowest content of TF 12 .
The hybrid and the parent plants reacted differently in DPPH analysis (p < 0.05), except the leaves
of Merdeka lime compared to the leaves of C. hystrix.
In Merdeka lime (Fig. 4), the leaves presented the
highest radical scavenging activity (4259.5 µg Trolox
equivalents per gram of dry weight) followed by the

Merdeka lime

C. hystrix

C. microcarpa

Fig. 3 Total flavonoid content in Merdeka lime, C. hystrix
and C. microcarpa.
7000

DPPH (µg Tr olox equivalents/g dr y weight)

Merdeka lime

leaves
peel

6000

pulp

5000
4000
3000
2000
1000
0
Merdeka lime

C. hystrix

C. microcarpa

Fig. 4 DPPH radical scavenging activity of Merdeka lime,
C. hystrix and C. microcarpa.

pulp (2925.0 µg Trolox equivalents per gram of dry
weight) and the peel (2741.1 µg Trolox equivalents per
gram of dry weight).
The result of FRAP showed that there was no significant difference (p > 0.05) in the antioxidant activities between the parts of Merdeka lime and part of the
parent plants except the pulp of hybrid. In Merdeka
lime (Fig. 5), the peel showed the highest antioxidant
activity (13 427.0 µg ascorbic acid equivalent per gram
of dry weight) and the pulp presented the lowest one
(2510.0 µg ascorbic acid equivalent per gram of dry
weight). Merdeka lime (leaves and peel) however
had a good antioxidant activity as compared with
some jujube cultivars, such as hamidazao (3724.9 µg
ascorbic acid equivalent per gram of dry weight) and
dongzao (9823.1 µg ascorbic acid equivalent per gram
of dry weight) 9 .
CONCLUSIONS
The antioxidant properties of the Merdeka lime
(leaves, peel, and pulp) were investigated in this
www.scienceasia.org
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Fig. 5 Ferric-reducing antioxidant activity (FRAP) of
Merdeka lime, C. hystrix and C. microcarpa.

study. Of the tissues analysed, the leaves contained the
highest TPC, and the peel contained the highest TF.
The Merdeka lime also presented antioxidant activity
comparable to that of other fruits. As a new hybrid,
however, the Merdeka lime should be studied further.
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