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ABSTRACT

Ascorbic acid, lycopene and antioxidant activit@stwo varieties of seeded watermelon, red-fleshed yellow-
fleshed watermelon were analyzed in this study. fldsh of red-fleshed watermelon had higher asaodiid
(86.32 mg/kg) and lycopene (9.50 mg/kg) contentgpaned to the ascorbic acid (52.05 mg/kg) and Igoep(0.04
mg/kg) contents of the flesh of yellow-fleshed madton. The whole fruit of red-fleshed watermelai hycopene
content of 2.60 mg/kg which was higher than thattodle fruit of yellow-fleshed watermelon (0.37 kgy/but, both
had similar ascorbic acid contents. The anti-radipawer and ferrous ion chelating activity valuesged from
0.0062-0.0090 and 2.94-27.90%, respectively.
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INTRODUCTION

Watermelon belongs to the Cucurbitaceae family,ctvhéncompasses over 800 species of plants. They are
collectively known as gourds or cucurbits whichluge watermelons, melons, cucumbers, pumpkins anons
Watermelon is under the genera @itrullus, which rank among the top ten in economic impamaamong
vegetable crops globally [1]. According to Gusmamd Wehner [2], watermelon has been bred to impyisiel,
quality, and disease resistance, to diversify fand plant type (for an example, seeded versudeseefiiuit) and to
adapt to various production areas across the glMkaermelon can have fruits with various sizespsbarind
patterns and flesh colors.

Different carotenoid patterns were found in redtfled watermelon and yellow-fleshed watermelon Y3jllow-
fleshed watermelons contain many different cardtenbut they were all in low to trace amounts Réd-fleshed
watermelons contain high levels of lycopene angingramounts off —carotene [3]Epidemiological studies have
demonstrated that high consumption of fruits andeta&bles containing lycopene is associated withuaed
incidence of coronary heart disease and prostateecd5, 6]. The antioxidant components of red-fleshed
watermelons were influenced by genotype and samp@lira [7], fruit ripening stages [8] and differenttivars [9,
10, 11]. Limited similar study has been carried ontyellow-fleshed watermelon. In one study, Dastisal. [4]
described a rapid and reliable light absorptionhmétto assay total carotenoid content for canatpwefleshed
watermelon that does not require organic solverite objective of this study was to determine theogsc acid
content, lycopene content and the antioxidant égtf whole fruit and flesh of red-fleshed and lg&l-fleshed
watermelons.
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MATERIALSAND METHODS

Chemicals and reagents

L-ascorbic acid, butylated hydroxytoluene (BHT) a@¢2-diphenyl-1-picryl hydrazyl (DPPH) radical were
purchased from Sigma-Aldrich (U.S.A.). Potato ctawas purchased from Bendosen Laboratory Chemicals
(Norway). Iron (ll) sulphate 7-hydrate and ferrazimon reagent were purchased from Acros Orgamedg{um).
Ethanol, hexane, acetone and sulfuric acid wesmalfytical grade.

Plant material and sample preparation

Watermelons (seeded), red-fleshed and yellow-figsivere purchased from a local supermarket in Bagdaway,

Selangor, Malaysia. A total of 3 fruits were puasbd randomly for each type of watermelon at thliEerent

times. The red-fleshed watermelon was washed, ellaand wiped-dry. It was cut into a few small pors and then
blended to a paste-like state for approximately i@utes using a Waring blender. During the blendimgcess,
intermittent stops were required to minimize heateffect on the watermelons. The homogenized sampke
centrifuged at 1000 g for 30 minutes and at 4°@iwebeing filtered under suction. The sample warestat -20°C
until use within a week. These procedures wereategewith the skin of the watermelon, and the wpae of the
rind, excluded. Only the red-colored flesh was uséthe same procedures were applied to the yelleshéd

watermelons.

Deter mination of ascorbic acid

The ascorbic acid content in the sample was deteaniising the method of Suntornsuk et al. [12]ccBtandicator
solution was prepared as follows. A gram of stavals weighed and a small amount of distilled watas wdded to
it to form a paste. The paste was added to 200ntloitihg water while stirring and boiled for a fesgconds. It was
removed from heat immediately and allowed to cool.

Watermelon sample (25mL) was transferred into 25@nkenmeyer flask. Then, 25mL of 2N,$0, was added,
followed by 50mL of distilled water and 3mL of sthrindicator. The solution was mixed well prior dorect
titration with 0.001N iodine. A blank titration wasnducted prior to sample titration as well. Onle ofiiodine =
8.806mg ascorbic acid.

Deter mination of lycopene

Lycopene content was determined according to theéhaodeof Davis et al. [4] with some modifications.
Approximately 0.6g of sample was weighed and ade8&mL of 0.05% (w/v) BHT in acetone, 5mL of 95%
ethanol and 10mL of hexane. The homogenate wasifogedd at 400 g for 15 minutes at 4°C. After th@amL of
distilled water was added. The vials were agitdtmd5 minutes and left at room temperature to allplase
separation. The absorbance of upper hexane layemeasured in a 1cm-pathlength quartz cuvette ZirbQusing

a spectrophotometer. Hexane was used as blankyddgene content in the sample was estimated aitgptd the
equation:

Lycopene (mg/kg tissue) = 508X 31.2

mass of tissue (g)
where Az is the absorbance of upper hexane layer

Deter mination of freeradical scavenging activity

Free radical scavenging activity was determinedomting to the method of Suja et al. [13] with some
modifications. Samples (1mL) each with differenhcentrations (30-400 mg/mL) were prepared and #uzted to
2mL DPPH solution (0.05M) in ethanol, respectivelihe reduction of DPPH in the samples was measated
517nm after 30 minutes against a blank assay (gsmgth similar concentrations were added to 2mltbanol,
respectively). The percentage of remaining radiced calculated by dividing the absorbance of tmepda with that

of DPPH control and multiplied by 100. The amouhsample required to decrease the initial DPPH entration
by 50%, EG,, was calculated graphically. The equation for-aadical power is:

Anti-radical power (ARP) = 1/ Ef

Deter mination of ferrousion chelating activity

Ferrous ion chelating activity was determined aditwy to the method of Lim et al. [14] with some rifmdtions.
FeSQ (2mM) and ferrozine (5mM) were prepared and ddu®® times. One mL of samples, each with different
concentrations (600-1500 mg/mL) was mixed with laillted FeSQ@followed by 1mL of diluted ferrozine. All the
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solutions were mixed well and allowed to standf@minutes at room temperature. The absorbanceabf sample
was measured against blank (samples with similarceatrations were added with 2mL of distilled water
respectively) at 562nm. The chelating ability af 8ample was calculated using the equation below:

Chelating abi”ty (%) = ('antrol_ Asamplg / Acontrol x 100

Statistical analysis
Data were interpreted by one-way analysis of vagaANOVA) with Duncan’s multiple-range test usiSf\S
software package (SAS Institute Inc., Cary, NC,. A5 Statistical significance was evaluated at @G5 level.

RESULTSAND DISCUSSION

Ascorbic acid content

The ascorbic acid content of the flesh of red-fiesivatermelon (86.32 mg/kg) was the highest (FigThis value
was lower than the ascorbic acid contents of rpd-stage of red-fleshed watermelon cultivars (1:284.0 mg/kg)
in the study of Tlili et al. [7] and six red-flesth@vatermelon cultivars (98.0-261.8 mg/kg) in thedstof Tlili et al.
[8]. However, the ascorbic acid content of the red-Bestvatermelon in this study was higher than thegented
by Isabelle et al. [15] (39.1 mg/kg), Leong and igh&] (37 mg/kg) and Opara [17] (~30 mg/k@)he ascorbic acid
content of the flesh of yellow-fleshed watermelarthis study (Fig. 1) was significantly lower thémat of the red-
fleshed watermelon but was higher than that ofygw-fleshed watermelon (55.2 mg/kg) in the studysabelle
et al. [15]. Isabelle et al. [15] reported highscarbic acid content for yellow-fleshed watermet@ncompared to
that of red-fleshed watermelon. These differenaes most likely due to the strong influence by dgpe
differences and external factors such as envirotetheonditions, maturity stage, harvest and postd®t practices
[7,9, 10, 11].
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Fig. 1. Ascorbic acid content of red-fleshed and yellow-fleshed water melons.
Results are expressed as means + standard deviation
*3/alues with different superscript letters indicatgnificant difference at p < 0.05.

L ycopene content

The lycopene content of the flesh of yellow-flesheatermelon in this study was much lower than thfated-
fleshed watermelon (Fig. 2). These results indith#t lycopene is present abundantly in the flelshed-fleshed
watermelon whereas yellow-fleshed watermelon ldg&spene. This agrees with the study of Tadmoli.gB8hand
Isabelle et al. [15] where no lycopene was founthayellow-fleshed watermelons studied. Accordimdpavis et
al. [4], there is not one predominant carotenoid found lloyefleshed watermelon.
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Fig. 2. Lycopene content of red-fleshed and yellow-fleshed water melons.
Results are expressed as means + standard deviation
*3/alues with different superscript letters indicatgnificant difference at p < 0.05.

The lycopene content of the whole fruit of red4fled watermelon was approximately four times highan that of
the flesh (Fig. 2). Since the same amount of wagéym(both for whole fruit and flesh) was usedhe tycopene
content analysis, this indicates that the flesheaf-fleshed watermelon contribute mostly to thehhigntent of
lycopene. As there was no significant differentdycopene content between the whole fruit andhfleyellow-

fleshed watermelon, this indicates that there wa®mtrace amount of lycopene present in the skigetlow-

fleshed watermelon in this study.

The lycopene content of the flesh of red-fleshetewaelon in this study (Fig. 2) was lower than thosported by
Isabelle et al. [15] (10.95 mg/kg), Tadmor et 8]. (42.6 mg/kg), Tilli et al. [7] (42.7-102.4 mg/kgnd Tilli et al.
[8] (44.5-64.5 mg/kg). This difference was due tm-fleshed watermelons varied in their lycopeneten
depending on genotype and environmental conditishsAnother study by Perkins-Veazie et al. [LObpsled that
different cultivars varied greatly in lycopene camtf ranging from 33-100mg/kg in watermelon pur&erother
study by Fish et al. [18] showed that lycopene enhbf red-fleshed watermelon puree was betweed03hg/kg
fresh weight.

Free radical scavenging activity

DPPH radical was used in the evaluation of freeiceddscavenging activity of watermelons. There wes
significant difference between the whole fruitsredl-fleshed watermelon and yellow-fleshed waterméfoterms
of the EGy and ARP values (Table 1). However, the flesh dffteshed watermelon showed lower s@an that
of yellow-fleshed watermelon. Thus, lower conceitraof red-fleshed watermelon was required to ease the
initial DPPH solution by 50%. This corresponds tigher ARP value, which reflects higher efficiency o
antioxidants in the fruits [19]. Higher ARP was ebsd in the flesh of red-fleshed watermelon comgao that of
yellow-fleshed watermelon. This was most likely doghe higher contents of ascorbic acid and lyoepa the red-
fleshed watermelon (Figs. 1 and 2). One ascorhit eculd reduce nearly two DPPH radicfl9]. Hence, the
antioxidant capacity in the flesh of red-fleshedemmelon was more than that of yellow-fleshed watdon.

Table 1: ECs, and ARP of red-fleshed and yellow-fleshed water melons

Samples ECso(mg/mL) ARP
Red-fleshed watermelon, whole fruit 149.8 + 3.8 0.0067 + 0.0002
Red-fleshed watermelon, flesh 112.2 +16.¥ 0.0090 + 0.0013
Yellow-fleshed watermelon, whole fruit 121.8+32.% 0.0086 + 0.002%
Yellow-fleshed watermelon, flesh 165.1 + 30.2 0.0062+ 0.0010

Values are means * standard deviation.
a Different superscript letters within a column icdlie significant difference at p < 0.05.

There was no significant difference in thegg@nd ARP values between the whole fruit and fleShed-fleshed
watermelon. These results were unexpected as tloeds acid and lycopene contents in the flesh wsageificantly
higher (Figs. 1 and 2). This was most likely dughe presence of other antioxidants such as éiteylphenolics
and other forms of carotenoids that were not measim this study. Citrulline, a non-protein aminashbeen
detected in watermelon and the rind of watermelas veported to contain more citrulline than theHl¢20, 21].
Citrulline is an efficient hydroxyl radical scavesrg[22, 23]. As for yellow-fleshed watermelon, thervas no
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significant difference in E§ and ARP values between the whole fruit and fl83tis was most likely due to the
similar ascorbic acid and lycopene contents invthele fruit and flesh of yellow-fleshed watermelffigs. 1 and
2). This indicates that yellow-fleshed watermegpoabably lacks of citrulline or phenolics.

Ferrousion chelating activity

Chelating power measures the effectiveness of cang®in extract to compete with ferrozine for felgaon. A
high chelating power extract reduces the free texiion concentration by forming a stable iron ¢higlate and thus
decreasing the extent of Fenton reaction whichmiglicated in many diseases [24]. The chelatingitgbdf the
whole fruit of yellow-fleshed watermelon was highikan that of red-fleshed watermelon (Table 2)this study,
the ascorbic acid content in the whole fruit oflgetfleshed watermelon was similar with that of ffeeshed
watermelon (Fig. 1)vhereas the lycopene content in the whole frujedfow-fleshed watermelon was significantly
lower than that of red-fleshed watermelon (Fig. Phis indicates that lycopene did not contributecmtio the
chelating ability of the whole fruit of yellow-flagd watermelon. The higher chelating ability in thiole fruit of
yellow-fleshed watermelon was most likely due te fliesence of phenolics or other forms of carottnthiat were
not measured in this study.

Table 2: Chelating ability of red-fleshed and yellow-fleshed water melons

Mean concentration Chelating ability (%)

(mg/mL)
Red-fleshed watermelon, whole fruit
FIC1 710.76 2.94 +0.27
FIC 2 1066.41 8.40 +1.58
FIC 3 1421.88 10.26 + 2.07
Red-fleshed watermelon, flesh
FIC1 619.34 6.94+1.15
FIC 2 928.85 8.21+1.34
FIC 3 1238.68 8.42 +2.70
Yellow-fleshed watermelon, whole fruit
FIC1 646.18 20.79 £1.73
FIC 2 969.27 25.68 £ 7.76
FIC 3 1292.36 27.90 + 8.82
Yellow-fleshed watermelon, flesh
FIC1 619.34 10.99 + 1.75
FIC 2 928.85 13.71+1.81
FIC 3 1238.68 14.73 + 4.54

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

There was no significant difference between thdatimg ability of the flesh of yellow-fleshed wateelon and red-
fleshed watermelon except for FIC 1 (Table 2) whheechelating ability of the flesh of yellow-flesdh watermelon
for FIC 1 was higher than that of the red-fleshetesmelon. The ascorbic acid and lycopene contartse flesh
of yellow-fleshed watermelon were lower than tho$eed-fleshed watermelon (Figs. 1 and 2). Thers alao no
significant difference between the chelating apitif the whole fruit and flesh of red-fleshed wateton except for
FIC 1 where the chelating ability of the flesh efiffleshed watermelon in FIC 1 was higher than ¢iidbhe whole
fruit of red-fleshed watermelon (Table 2). Theab@ acid and lycopene contents of the flesh offleshed
watermelon were higher than those of yellow-flestvatermelon (Figs. 1 and 2). In addition, the ctietpability of

the whole fruit of yellow-fleshed watermelon waglnér than that of the flesh of yellow-fleshed wateion.

However, there was no significant difference in a&iseorbic acid and lycopene contents between tledewiuit and

flesh of yellow-fleshed watermelon. These indiddiat ascorbic acid and lycopene did not contriboteeh to the
ferrous ion chelating ability of the watermelong tmas most likely influenced by the presence ofnalies or other
forms of carotenoids that were not measured inghidy. This is in accordance with the study ob€land Yong
[25] where ferrous ion chelating activity did natrelate with the ascorbic acid content.

CONCLUSION

The flesh of red-fleshed watermelon had higher dcacid and lycopene contents compared to théselmw-
fleshed watermelon. The whole fruit of red-flesheatermelon had higher lycopene content than thatetbw-
fleshed watermelon but with similar ascorbic acidntent. Both varieties of watermelon showed diffiere
antioxidant activity. Flesh of red-fleshed wateramelhad the highest primary antioxidant propertedfradical
scavenging activity) whereas the whole fruit oflgetfleshed watermelon had the highest secondatipxadant
property (ferrous ion chelating activity). This dyualso demonstrates that besides ascorbic aciddyanpene,
other bioactive compounds contribute to the antdiart activity of the two varieties of watermelon.
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