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ABSTRACT

The antioxidant properties of fruits (peels andpsyland pulps of two species of Hylocereus,
Hylocereus polyrhizus (red dragon fruit) and Hylomeés undatus (white dragon fruit) were
investigated. The ascorbic acid and total phenobatents of pulps were higher than those of
fruits (peels and pulps) of the two species of egleus. The anti-radical power measured using
2,2-diphenyl-1-picryl hydrazyl (DPPH) radical scangng activity ranked in the following
order: pulp of H. undatus pulp of H. polyrhizus> fruit (peel and pulp) of H. polyrhizusfruit
(peel and pulp) of H. undatus. The ferrous ionlatireg activity ranked in the following order:
pulp of H. undatus>fruit (peel and pulp) of H. polyrhizusfruit (peel and pulp) of H. undatus
pulp of H. polyrhizus. Both phenolics and ascodmas contributed to the anti-radical power of
the two species of Hylocereus fruits but the lattemtributed more. By taking into account the
free radical scavenging activity and ferrous iorelgting activity, pulp of H. undatus had the
highest antioxidant properties.
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INTRODUCTION

Hylocereuspolyrhizus(red dragon fruit) anélylocereusundatus(white dragon fruit) are fruits
belong to the vine cacti from the subfamily Cactaid of the tribe Cacteae [1,2]. There are about
16 species ofHylocereusin Central America and Mexico [3]. Varieties défylocereus
guatemalensisHylocereus polyrhizuandHylocereus undatuas well as hybrids of these three
species are grown commercially worldwidd. undatushas white pulp with pink skini.
polyrhizushas red pulp with pink skin whil€elenicereus megalanthias white pulp with
yellow skin [4]. The pulp is delicate and juicydanontains numerous small soft seeds. The
fruits are covered with bracts or “scales’, herfeeriame dragon fruit [5]. These edible fruits are
also mostly known as pitaya or pitahaya, which rsehg “the scaly fruit” in Latin America [1].
Red dragon fruit weighs up to 1 kg and is a rictarse of nutrients and minerals such as vitamin
B1, vitamin B2, vitamin B3 and vitamin C, proteifat, carbohydrate, crude fiber, flavonoid,
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thiamin, niacin, pyridoxine, kobalamin, glucose,ephblic, betacyanins, polyphenol, carotene,
phosphorus, iron and phytoalbumin [6,7]. It is atsdh in phytoalbumins which are highly
valued for their antioxidant properties [8]. Theshimportant fruit pigments in red dragon fruit
are the betalains such as the betacyanins andamtérxs [9,10]. Betalains are used as natural
food colorants in various areas of the food indugtd .

Dragon fruit plants are grown in the open in trapiareas but must be protected from intense
solar radiation and subfreezing temperatures whdtivated under subtropical conditions [12].
This fruit is being cultivated on a large scaleNmalaysia [13] and grown commercially in
Nicaragua, Columbia, Vietnam, Israel, Australia &nh8. [14]. The pulp oH. polyrhizusis used

for the production of red-violet colored ice creamisrael [1]. In Malaysia, the fruit ofl.
polyrhizus(peel and pulp)s sometimes used to produce juice but when eaea fauit, the
consumers usually discard the peel.

H. polyrhizusfetches higher price thdt. undatusn Malaysia due to consumers’ demandHbr
polyrhizusand its perceived higher antioxidant propertidser€ is no report on the comparison
of antioxidant properties df.. polyrhizusandH. undatusgrown in Malaysia. Mahattanatawee et
al. [8] investigated the antioxidant activity oflested tropical fruits grown in South Florida,
U.S.A. and reported that the antioxidant activifyred pitaya was higher than that of white
pitaya. Recently, Kim et al. [15] investigated #gtioxidant and antiproliferative activities of
red and white pitaya grown in Jeju Island, Kored aeported that the peel extract and pulp
extract of white pitaya had higher bioactivity ixdealues that those of red pitaya.

The objective of this study was to investigate @ihéoxidant properties of fruit (peel and pulp)
and pulp ofH. polyrhizusandH. undatus Antioxidant contents of the two speciedffiocereus
fruits were measured using ascorbic acid and pttaholic contentsAntioxidant activities of the
two species oHylocereusfruits were investigated using free radical scaues activity and
ferrous ion chelating activity.

MATERIALSAND METHODS

Samples

H. polyrhizus(red dragon fruit) an#i. undatuswhite dragon fruit) were obtained from the local
markets. All fruits were analyzed within one wedker acquisition. Triplicate analysis from
different fruit samples were carried out.

Chemicals and solvents

Folin-Ciocalteu’s reagent (2N), gallic acid, L-admio acid and 2,2-diphenyl-1-picryl hydrazyl
(DPPH) radical were purchased from Sigma-Aldrich§W.). Ethanol, iodine 0.1N, sulfuric
acid and sodium carbonate were purchased from M&ekmany). Potato starch was purchased
from Bendosen Laboratory Chemicals (Norway). Iriphqulphate 7-hydrate and ferrozine iron
hydrate were purchased from Acros Organics (Beljium

Sample preparation

The sample preparation was based on the methodnofet al. [16] with slight modification.
Sample of fruits (peels and pulpsid pulps forH. polyrhizusandH. undatuswere prepared.
The fruits were washed and wiped dry. All fruitsrereut into a few portions. The portions (20
g) were crushed to a paste-like state for approtdiyp@ min (with intermittent stops to minimize
heating) using a Waring blender. The homogenizedpsa was transferred into a 100-mL
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volumetric flask and 50% ethanol was added up ¢ontlark. The mixture was shaken manually
for 10 min, followed by centrifugation at 1500 xThe extracts were stored at -20°C. All tests
were performed within a week.

Deter mination of ascor bic acid content

The ascorbic acid content was determined usingidtime titration method [17] with slight
modification. Starch indicator solution was preplat®y mixing 1g of starch with 200mL of
boiling water. The solution must immediately remd¥y®m heat and left for cool.

Each 25mL of fresh juice sample was transferred a250mL Erlenmeyer flask. Twenty-five
milliliter of 2N sulfuric acid was added, mixed Juted with water (50 mL) and starch indicator
solution (3 mL) was added. The solution was diyetitrated with 0.001N standardized iodine
solution. A blank titration was performed prior titration of each sample. One mL of 0.001N
iodine was equivalent to 88.06 g ascorbic acid.

Deter mination of total phenolic content

Total phenolic content was determined accordinthéomethod of Lim et al. [16]. Samples (0.3
mL) were measured into test tubes followed by 1l0ahFolin-Ciocalteu’s reagent (diluted 10
times with water) and 1.2mL of sodium carbonaté%s w/v). The tubes were vortexed, covered
with parafilm and allowed to stand for 30 min. Aldsance at 765 nm was measured against a
reagent blank. If the sample absorbance exceedbeé $ample was appropriately diluted to give
reading less than 1. A standard calibration curas prepared using gallic acid. Total phenolic
contents were expressed in gallic acid equivale@&E, in mg per 100 g fresh fruit. Since
ascorbic acid was responsible to the formatiorheftilue molybdenum — tungsten complex, the
absorbance originating from it was corrected byparig ascorbic calibration curve. An
ascorbic calibration curve was therefore prepardte total phenolic content reported was
corrected for ascorbic acid.

Freeradical scavenging activity assay

Free radical scavenging activity was determinedmliog to the method of Suja et al. [18] with
slight modification. Fruit extract (1 mL) was addexd2 mL DPPH solution (2mL of 0.02g/L
DPPH) in ethanol. The reduction of DPPH was meakaté&s17 nm against a blank assay at 30
min. The percentage of remaining radical in medigntalculated as the absorbance of the
sample divided by that of DPPH control at the sdimme multiplied by 100. The amount of
sample needed to decrease the initial DPPH coratemtr by 50%, E, was calculated
graphically. The anti-radical power (ARP) of extra@s calculated as

ARP =1/ EG

Ferrousion chelating activity

Ferrous ion chelating activity was determined adicwy to the method of Lim et al. [19]. Iron
sulphate (2 mM) and ferrozine (5 mM) were prepaed diluted 20 times. Fruit extract (1mL)
were mixed with diluted FeSQ1 mL), followed by diluted ferrozine (1 mL). Thabes were
mixed well and allowed to stand for 10 min at rommperature. Absorbance of each extract
was measured against blank at 562 nm. The abilithe® sample to chelate ferrous ions was
calculated and expressed as:

Chelating effect (%) = (Acontrol — Asample) / Acasitx 100
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Statistical analysis

Results were expressed as the means * standardtidevbf three replicates. Data were
interpreted by one-way analysis of variance (ANOWA Duncan’s multiple-range test using
SAS software package (SAS Institute Inc., Cary, NUSA). The statistical significant was
evaluated at p < 0.05 level.

RESULTSAND DISCUSSION

Ascor bic acid content

The two species dflylocereudruits showed higher ascorbic acid contents ipguhan in fruits
(peels and pulps) [Table 1]. This indicates thaterascorbic acids were found in the pulps than
in the peels of the two specieshflocereus There were no significant differences (p < 0.05)
the ascorbic acid contents of the pulpHofpolyrhizusand H. undatus However, the ascorbic
acid contents of fruits (peels and pulps)Hofpolyrhizuswere higher than those bf. undatus
These results are not in accordance with the sbfdilahattanatawee et al. [8] where the
ascorbic acid content of pulp bf. undatus(55.8 + 2.0 mg/100g puree) was found to be higher
than that ofH. polyrhizus(13.0 £ 1.5 mg/100g puree). This difference wastnli@ely due to
different sample preparation method and differeqieeimental method to determine ascorbic
acid content. Mahattanatawee et al. [8] extractesl ftuit puree using 100% methanol and
concentrated it under partial vacuum at 40°C. dditeon, Mahattanatawee et al. [8] determined
the ascorbic acid content of the fruit puree usiiiRy-C.

Table 1: Ascorbic acid contents of fruits (peels and pulps) and pulps of H. polyrhizusand H. undatus.

. . Ascorbic acid content
Dragon fruit | Fruit part (mg/100g)
. Fruit (peel and pulp) 18.94 + 2,51
H. polyrhizus =5 1) 32.65+ 1.50
Fruit (peel and pulp) 11.56 + 1.25
H. undatus g 1 3105+ 1.2

Values are means * standard deviations.
¢ pifferent superscript letters within a column ioaie significant difference at p < 0.05.

The ascorbic acid content of the pulphHbf polyrhizusin this study was relatively higher than
that (8.0 + 1.6 mg/100g) of Lim et al. [16]. Thigference in ascorbic acid content was most
likely due to the differences in the maturationgst@nd environmental growth variation of the
fruits. The ascorbic acid contents of the two speafHylocereusfruits in this study were
higher than those of star fruit (5.2 £ 1.9 mg/108gyd banana (4.9 £ 0.6 mg/100g) but were
lower than those of orange (67 = 9 mg/100g), guavd + 60 mg/100g) and papaya (108 + 16
mg/100g) [16]. To the authors’ best knowledge, ¢hierno literature reporting on the ascorbic
acid content of fruits (peels and pulps}bfpolyrhizusandH. undatus

Total phenolic content

The two species dflylocereudruits showed higher total phenolic contents itppuhan in fruits
(peels and pulps) [Table 2]. This indicates that fulps of the two species éfylocereus
contained higher phenolic compounds than the peglss result is not in accordance with the
study of Wu et al. (2006) where it was reportedahmunt of total phenolics per 100g of pulp or
peel ofH. polyrhizusgrown in Taiwan was similar. The total phenolantent of pulp ofH.
undatus was significantly higher (p < 0.05) than that éf. polyrhizus However,
Mahattanatawee et al. [8] reported that the tdtahplic content oH. undatus(523.4 + 33.6ug
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gallic acid/g puree) was almost double the amodint.opolyrhizus(1075.8+ 71.7 ug gallic
acid/g puree) This difference was most likely due to differeatgple preparation method (fruit
puree was extracted using 100% methanol and caatedtunder partial vacuum at 40°C),
environmental growth variation and/or different aration stage of the fruits.

Table2: Total phenoalic contents of fruits (peels and pulps) and pulps of H. polyrhizus and H. undatus

Total phenolic content
(mg gallic acid equivalent/100d
Fruit (peel and pulp) 15.92 + 1.28

Dragon fruit | Fruit part

~

H. polyrhizus

Pulp 24.22+0.95
Fruit (peel and pulp) 20.14 +1.45
H. undatus g 10 28.65 + 1.79

Values are means * standard deviations.
abed pifferent superscript letters within a column ioalie significant difference at p < 0.05.

According to Lim et al. [16], the total phenolicntent in pulp oH. polyrhizuswas found at 21

+ 6 mg gallic acid equivalent/100g, which is relaty lower than the results obtained in this
study. Wu et al. [7] reported higher phenolic cobntat 42.4 + 0.04 mg gallic acid
equivalent/100g for pulp dfl. polyrhizus This difference in total phenolic content was tnhos
likely due to environmental growth variation andftifference in the maturation stage of the
fruits. The total phenolic contents of the two spsaof Hylocereusfruits in this study were
found to be lower than orange (75 = 10 mg gallicl ajuivalent/100g) and tropical fruits such
as guava (seeded) (138 + 31 mg gallic acid equiwdl@0g), star fruit (131 £ 54 mg gallic acid
equivalent/100g) and banana (51 £ 7 mg gallic aqdivalent/100g) [16]. To the authors’ best
knowledge, there is no literature reporting onttital phenolic content of fruits (peels and pulps)
of H. polyrhizusandH. undatus

Freeradical scavenging activity

The main mechanism of antioxidant action in fooslgadical scavenging activity. Therefore
many methods had been developed in which the ad#ok activity was evaluated by the
scavenging of synthetic radicals in polar orgaoivents such as ethanol [20]. In this study, the
antioxidant activities of fruits (peels and pulps)d pulps oH. polyrhizusandH. undatuswere
determined using free radical scavenging activiy ferrous ion chelating activity.

Table 3: Efficient concentration, ECsg and anti-radical power of fruits (peelsand pulps) and pulpsof H.
polyrhizus and H. undatus

Dragon fruit | Fruit part E€ (mg/mL) | Anti-radical power

Fruit (peel and pulp) 11.34+0.22 | 0.0882+0.0017

Pulp 9.93+0.47 0.1008+0.0048

Fruit (peel and pulp) 14.61+0.82 | 0.0686+0.0039

Pulp 9.91+0.42 0.1011+0.0042
Values are means = standard deviations.

¢ pifferent superscript letters within a column ioaie significant difference at p < 0.05.

H. polyrhizus

H. undatus

DPPH radical scavenging activity assay is a widebed method to evaluate antioxidant
activities in a relatively short time compared watiher methods. This assay measures the ability
of a sample to donate hydrogen to DPPH radical.iitreased amount of antioxidant in a given
volume of fruit extract is responsible for the ieased reduction of the DPPH solution. The
efficient concentration of fruit required to scagen50% of DPPH, E&, is shown in Table 3.
The lower the E€p, the better it is able to scavenge radicals, paeity peroxy radicals which
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are propagators of the oxidation of lipid molecudesl thus halt the free radical chain reaction
[16].

For fruits (peels and pulps) and pulps of the sapecies oHylocereus the higher the total
phenolic content, the higher the anti-radical powgiTable 3). This is in accordance with Wu
& Ng [21] who reported that the scavenging abitifyantioxidants was proportional theoretically
to polyphenolic compounds. There was no significhffierence in anti-radical power of pulps of
the two species oHylocereusspecies. This result is not in accordance with shely of
Mahattanatawee et al. [8] and Kim et al. [15] whigve@ DPPH radical scavenging activitytf
polyrhizuswas found to be higher than that l8f undatus These differences may be due to
environmental growth variation and/or differencethe maturation stage of the fruits. The anti-
radical power of pulps of the two speciesHyllocereusspecies was not proportional to the total
phenolic content. The total phenolic content ofppaf H. undatuswas higher than that df.
polyrhizus(Table 2) but there was no significant differenoehe ascorbic acid content of the
two species ofHylocereus(Table 1). These results indicate that ascorbic acntributed
significantly to anti-radical power and ascorbiedamay act synergistically with the phenolics in
the radical scavenging activity.

The anti-radical power of fruits (peels and pulp§H. polyrhizuswas higher than those éf.
undatus(Table 3) but the total phenolic content of frufeels and pulps) [Table 2] ¢i.
polyrhizuswas lower than that di. undatugTable 1). The ascorbic acid content of fruits (pee
leand pulps) ofH. polyrhizuswas, however, higher than that df undatus. These results
indicate that ascorbic acids played important mol&ee radical scavenging activity of the fruits.
According to Zhang and Hamauzu [22] and Scalzo,[2a3Forbic acid acts as a free radical
scavenger and its reaction was faster comparedther cscavenging molecules such as
polyphenols.

Ferrousion chelating activity

Free ferrous iron is quite sensitive to oxygen giks rise to ferric iron and superoxide and
generates hydrogen peroxide [24]. Reaction of €erion with hydrogen peroxide generates the
hydroxyl radical, which oxidizes the surrounding4pnolecules. In this process, known as the
Fenton reaction, hydroxyl radical production isedity related to the concentration of copper or
iron [25,26]. Chelating power measures the effectess of compounds to compete with
ferrozine for ferrous ion. A high chelating powektract reduces the free ferrous ion
concentration by forming a stable iron (Il) chelated thus decreasing the extent of Fenton
reaction which is implicated in many diseases [ZFi pulp ofH. undatusdisplayed the highest
ferrous ion chelating activity at all concentrasa(frig. 1), followed by the fruit (peel and pulp)
of H. polyrhizus fruit (peel and pulp) oH. polyrhizusand pulp ofH. polyrhizus It was
observed that a gradual increment of chelatingsié#gtas the concentration of the fruit extract
increased. The chelating activity of pulptdf polyrhizusin this study was almost similar to that
of Lim et al. [16]. So far, there are no studiesferrous ion chelating activity of fruits (peels
and pulps) of the two specieskylocereusand the pulps dfl. undatus

Ascorbic acid is known for its complex multi-funmtial effects, as an antioxidant, a prooxidant,
a metal chelator, reducing agent or an oxygen saparg28]. There was no correlation between
ferrous ion chelating activity and ascorbic acidtemt of the fruits in this study. There was no
correlation between ferrous ion chelating activatd total phenolic content of the fruits in this
study as well. This is in accordance with the gtofdLim et al. [19] where ferrous ion chelating

activity did not correlate with the total phenationtent.
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Fig. 1. Ferrousion chelating activity of fruits (peelsand pulps) and pulpsof H. polyrhizus and H. undatus.
CONCLUSION

The free radical scavenging activity exists in tireer of pulp ofH. undatus= pulp of H.
polyrhizus > fruit (peel and pulp) oH. polyrhizus> fruit (peel and pulp) oH. undatus
Similarly, the same trend was also observed forotiger of ascorbic acid content. In terms of
function as a primary antioxidant or chain-breakargioxidant, the pulps of the two species
Hylocereusshowed equal anti-radical power. By taking thecfiom as secondary antioxidant or
metal chelator, the pulp ¢f. undatuswas much better than the pulptf polyrhizusand may
offer benefit as inhibitor of the Fenton reactionvivo. The contribution of phenolics and
ascorbic acids to each sample’s antioxidant agtiviiried markedly from one to another,
depending on their levels in each sample. Thisysaldo showed that the peel of bdth
polyrhizusandH. undatushave antioxidant potential.
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