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Abstract

Geuk (Momordica cochinchinensis spreng) tropical fruits, which are produced in Jeju Island, Korea, well known
for containing high levels of carotenoids and a-tocopherol. In this study, geuk fruits were separated two parts
(pulp; yellow-orange and seed aril; red). The extracts of geuk fruits were simultaneously analyzed for
carotenoids and a-tocopherol contents using HPLC. The results showed that lycopene contained as the highest
content in both seed aril and pulp and seed aril (846.84 ug/g) had lycopene two times more than pulp (390.15
ug/g). On the other hand, g-carotene of pulp (29.43 ug/g) was seven times more than seed aril (211.32 ug/g). o-
Tocopherol was contained higher in seed aril (252.15 ug/g) than pulp (201.60 ug/g). The extracts and major
components of geuk fruits (f-carotene, lycopene and a-tocopherol) were evaluated antioxidant activity using
DPPH and ABTS assay. In both tested antioxidant assay, the seed aril extract showed stronger activity than the
pulp extract. Lycopene, was more efficient than S-carotene, was active similar with a-tocopherol. Owing to the
geuk fruits have powerful antioxidants, such as lycopene, S-carotene and a-tocopherol, which suggest that geuk
fruits in the diet or in functional food products might provide greater health beneficial effects.
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INTODUCTION

In Asia, tropical areas are restricted mainly to the Southeast region, however, because of continuous climate
change, tropical areas are expanding northward. Therefore, many scientists of Korea are studying for cultivation
techniques and utilizations of tropical fruits the preparation against global warming. Several tropical fruits and
vegetables were introduced to Korea and recently, the cultivation of tropical fruit, geuk had been to succeed in
Jeju Island, Korea.

Geuk (Gac, Momordica cochinchinensis Spreng) is called a fruit from heaven and belongs to the Cucurbitaceae
(melon) family and is an indigenous fruit of Vietnam. The red seed arils (membrane) of the ripe geuk fruits are
mainly used in cooking “Xoi gac’ (traditional dish when ceremonial occasions), as a colorant and many parts of
geuk are being used, such as the seeds, and the oil or root as a component of traditional medicine in Vietnam
(Dang et al., 2010).

Geuk fruits are extraordinary sources of carotenoids (B-carotene and lycopene), mainly in the red seed aril.
Moreover, Geuk fruits comparatively contain high concentrations of vitamin E (Muong et al., 2006). Carotenoids
and tocopherols are very well known to be beneficial to the human health. Several carotenoids (a-carotene, j3-
carotene and lycopene) and tocopherols (vitamin E) are two important groups of a natural source of antioxidants
(Kim et al., 2007). Epidemiological studies have shown that high intakes of fruits and vegetables are associated
with a lower incidence of chronic diseases, including cardiovascular disease (Bazzano et al., 2002). Also, a-
carotene, B-carotene, and B-cryptoxanthin have been suggested as precursor vitamin A, which is important to
maintain healthy skin, bone, gastrointestinal, and respiratory systems (de Pee and West, 1996). Tocopherols are
vitamin E analogues, they function as the main antioxidants in biological lipid cell membranes, protecting
against various free radicals and reactive oxide species, as well as preventing oxidative damage to tissues
(Hosomi et al., 1997).

There has been limited research has been carried out on the geuk fruits produced in the native tropical regions,
even there is no study on geuk fruits introduced and cultivated in Korea. Biosynthesis of carotenoids is affected
by the result of photosynthesis, because, even if same botanical, The contents of carotenoids may also differ
depending on local environment (Crozier et al., 2006). Thus, in the food science field, many researches on
nutrient contents and biological effects of nonnative tropical geuk fruits of Korea are necessary. Many previous
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studies have reported that major compounds from geuk fruit which is lycopene, a-carotene, B-carotene and
tocopherols. However, there is not many health benefits in geuk fruits, in particular, the information on the
contribution of carotenoids and tocopherols in ripe fruits of geuk fruit to antioxidant effect is limited. In the
present study, fresh ripe geuk fruits were separated into two parts (pulp; yellow-orange and seed aril; red) and we
simultaneous determined nutrient contents (carotenoids and tocopherol) of different parts of the geuk fruit, using
HPLC and evaluated the antioxidant effect by using ABTS, DPPH and FRAP assay.

MATERIALS AND METHODS
Geuk Fruits Collection and Preparation

Geuk fruits were harvested in Agricultural Research Center for Climate Change (National Institute of
Horticultural and Herbal Science, Rural Development Administraion, Jeju, Korea) in February, 2011 and were
transported to the laboratory within 24 h. Among the fully ripe fruits, three fruits were selected to be used in this
experiment, which were randomly selected. All fruits were separated two parts (Fig. 1, pulp and seed aril) and
then lyophilized. All dry geuk fruits were ground into powder and stored at -20°C until analysis.

Seed aril (red)

Pulp (vellow-orange)

Figure 1. Ripe geuk fruit

Chemicals and Standards

Acetonitrile (ACN), tetra hydro furan (THF), methanol (MeOH) and Hexane (all HPLC grad) were purchased
from Millipore (Bedford, MA, USA). Butylated hydroxyl toluene (BHT), Vitamin C (ascorbic acids),
carotenoids (a-carotene, B-carotene, P-cryptoxanthin and lycopene) and tocopherols (a-tocopherol and y-
tocopherol) standards, pyrogallol, 2, 2-diphenyl-1-picrylhydrazyl (DPPH), 2, 2-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS), ferric chloride and 4,6-tripryridyls-triazine (TPTZ) were
obtained from Sigma Aldrich Co. (St. Louis, MO). Stock solutions of all carotenoids and tocopherols standards
were prepared in HPLC-grade water, at a concentration of 1000 pg/mL and stored at -70 °C. The working
solutions that were used to establish calibration curves were prepared by diluting the stock solutions with HPLC-
grade water to the concentrations of 0, 50, 125, 250 and 500 ug/mL. Theses curves, constructed with five
different concentrations for each carotenoid, each concentration in triplicate should pass through or very near the
origin, and be linear with a correlation coefficient > 0.99.

Extraction of lipophilic fractions

The extraction of carotenoids must be carried out very quickly, avoiding exposure to light, oxygen and high
temperatures. Moreover, to prevent carotenoid losses, during the extraction procedure, the addition of
antioxidants, such as ascorbic acid, pyrogallol and BHT, has been recommended (van Breemen et al. 2002,
Rodriguez-Bernaldo de Quirds and Costa 2006). In this study, carotenoids and tocopherol were extracted using a
method modified (van Breemen et al., 2002; Teow et al., 2007). A total of 200 milligrams of lyophilized samples
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were homogenized in 2 mL of 80% ethanol containing 2% pyrogallol. Hexane (2 mL) containing BHT (100
mg/L) was added to the mixture, followed by vortex mixing for 1 min, until the carotenoids upper hexane layer
was visibly yellow. Each sample was centrifuged at 2000 rpm for 5 min. The upper hexane layer and lower
ethanol layer were separated to each different glass tube. The extraction was repeated five times until the last
fraction of hexane was devoid of color. To confirm the complete extraction, carotenoids and tocopherols
contents of the lower ethanol layer were analyzed and were not detected. The sample evaporation to dryness was
carried out using evaporator (EYELA, Tokyo Rikakikai Co., Japan) under 40°C. Then the lipophilic extract of
pulp and seed aril were dissolved in methanol and used for analysis antioxidant property. The lipophilic extracts
were reconstituted with 2 mL of methanol:acetonitril:tetranydrofuran (50:45:5, v/v/v) and this mixture of
solvents was used as a mobile phase in an isocratic high-performance liquid chromatography (HPLC) system to
separate the carotenoids. The reconstituted samples were placed in autosampler vials, and then analyzed by
HPLC.

HPLC Simultaneous Determination of Carotenoids and Tocopherol

Identification and quantification of carotenoids and tocopherols in Gauk fruits in and out part extracts were
carried out using an HPLC (Dionex, Sunnyvale, CA, USA) on a Nova-Pak C18 (3.9 x 150 mm, 4 pm) column
(Waters Corp., Milford, MA). Wavelengths of 450 and 290 nm were used for the determination of carotenoids
and tocopherols, respectively. The mobile phase for separations of both carotenoids and tocopherols consisted of
methanol:acetonitril:tetrahydrofuran (50:45:5, v/v/v) and a 20 pL volume was injected and eluted with the
mobile phase described above at a flow rate of 1 mL/min.

MEASUREMENT OF ANTIOXIDANT ACTIVITY
DPPH assay

Antioxidant activities of the samples were also analyzed by investigating their ability to scavenge the DPPH*®
free radical (modified from Kilani et al., 2005; Chen et al., 2007). DPPH* has an intense violet color with a
maximum absorbance at 517 nm, but turns colorless as unpaired electrons are scavenged by antioxidants. Using
96-well micro plate, reaction mixtures containing 100 pL of sample and 100 uL of 0.2 mM DPPH® (prepared in
methanol) were placed for 30 min at room temperature. The reacted mixtures were recorded at 540 nm. When
geuk fruit extract and carotenoids were mixed with DPPH solution, a dark brown color was produced, which
interfered with the absorbance readings at 515 nm (optimum wavelength using DPPH assay). To reduce this
interference, the wavelength was changed to 540nm where DPPH still had significant absorbance but the brown
color did not show up. The scavenging activity was calculated, according to following formula: (Acontror-
Asample/Acontrol) x 100.

ABTS assay

Antioxidant activity was measured by improved Azinobis (ethylbenzothiazoline 6-sulphonic acid) radical
scavenging (ABTS) method (Re et al., 1996), with minor modifications. Briefly, 7.0 mM ABTS (in 20 mM
sodium acetate buffer, pH 4.5) and 2.45 mM potassium persulphate mixed for the production of ABTS cation
(ABTS®") and kept in dark for 16-24 h at room temperature. ABTS*" solution (dark blue-green radical) was
diluted to an absorbance of 0.7 £ 0.01 at 734 nm with PBS. For sample analysis of 950 uL of the diluted
ABTS*" solution was added to 50 uL of ethanolic extracts and was mixed thoroughly. Reaction mixture was
allowed to stand (10 min) in a dark at room temperature, after reaction, the mixture was then transferred to a 96-
well micro plate and then absorbance was recorded at 734 nm. As unpaired electrons are sequestered by
antioxidants in the sample, the test solution turns colorless and the absorbance at 734 nm is reduced. As DPPH
assay, the scavenging activity was calculated, according to following formula: (A control=Asamplte/ Acontrol) * 100.

Statistical analyses

Statistical analyses about HPLC data were conducted using t-tests and about Antioxidant properties data were
conducted, using ANOVA, followed by Duncan’s test with SPSS ver. 19.0 statistical analysis software (SPSS,
Chicago, IL, USA). All results are expressed as the mean of triplicate determinations + standard deviation (SD).
The confidence limits used in this study were based on 95% (p<0.05).
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RESULTS AND DISCUSSION

Carotenoids and Tocopherol Contents

A representation of the carotenoids and tocopherols profiles of geuk fruit were shown in Fig. 2 and Fig. 3. Under
the HPLC conditions adopted, carotenoids and tocopherols were well separated and the peak eluted in the
following order; lycopene, a-carotene and B-carotene at 450 nm and a-tocopherol at 290 nm. Two different parts
of geuk fruits were analyzed, and the quantitative results are shown in Table 1. The major carotenoids were
lycopene and B-carotene. Seed aril contained the highest concentration of lycopene was 846.84 ug/g. a-Carotene
and PB-carotene concentrations were 30.93 pg/g and 29.43 pg/g, respectively. Among tocopherols, a-tocopherol
was only detected, with the mean concentration of 252.15 pg/g. Pulp also was found to contain the highest
amount of lycopene (390.15 pg/g) and contained relative amounts B-carotene (211.32 pg/g) and a-Carotene

(71.58 ug/g). a-Tocopherol value of pulp was 204.60 pg/g.
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Figure 2. HPLC profile of carotenoids extracted from geuk fruits (A; Seed aril and B; Pulp)
100

Figure 3. HPLC profile of a-tocopherol extracted from geuk fruits (A; Seed aril and B; Pulp)
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Table 1. Carotenoids and tocopherol contents of geuk (ng/g of dry weight)

Geuk fruits
Carotenoids and tocopherol
Seed aril Pulp
a-Carotene 30.93 +0.09" 71.58 + 3.87
B-Carotene 29.43 £0.30 211.32 £ 60.94
Lycopene 846.84 £2.61 390.15+7.08
a-Tocopherol (vitamin E) 252.15+0.12 204.60 £1.02
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1) Data are presented as the mean + SD of triplicate determinations

Carotenoids of pulp, which contained significantly lower than seed aril and the a-tocopherol concentration was
also significantly lower in the pulp than in the seed aril (Aoki et al., 2002; Ishida et al., 2004). Consistent with
these observations, lycopene that was contained in the seed aril showed two folds more than that of the pulp.
However, contrastively, other carotenoids more were contained in the pulp than in the seed aril. In particular, -
carotene was contained sevenfold more than the seed aril. Carotenoid content in fruits and vegetables depends on
several factors, such as genetic variety, maturity, post-harvest storage, processing and preparation. The
difference of carotenoids contents from geuk fruits could also be due to the ripening stage, since lycopene
appears earlier than that of the B-carotene in the carotenogenesis pathway (Dang et al., 2010; Rodriguez-
Bernaldo de Quirds A and Costa, 2006; Kubolola and Siriamornpun, 2011). Therefore, it is conceivable that less
mature fruits contain higher lycopene and lower B-carotene concentrations than the more mature fruits. In
addition, the discrepancies carotenoid levels might be due to a degradation of carotenoids, during extraction,
analysis, transport, and storage as most are sensitive to light and heat (Bauernfield, 1971).

Several assays have been presented for the measurement of the antioxidant activity of single compound and/or
complex mixture. The antioxidant effect of geuk fruits demonstrated by Kubola and Siriamornpun (2011) and
Kha et al. (2010). And the major components of geuk fruits; lycopene, B-carotene, a-tocopherol and their
mixture play a crucial role in determining the antioxidant properties (Liu et al., 2008; Chen et al., 2009). The
carotenoids and a-tocopherol are important for human health because of their high pharmacological activities as
radical scavengers.

Antioxidant activity
DPPH?* radical scavenging activities

The DPPH* radical has been used as a stable free radical to determine the antioxidant capacity of natural
compounds (Tayade et al., 2013). Antioxidant activities of geuk fruits extract and their single compounds were
evaluated based on scavenging of DPPH® radical (Fig. 4). DPPH® radical scavenging activity was quantified in
terms of percentage inhibition of a free radical by antioxidants in each sample. There was a significant variation
in the percentage of inhibition of geuk fruits and seed aril extracts (38.14-69.35% inhibition) have stronger
antioxidant activity than pulp extract (34.47-60.33% inhibition). Lycopene (92.05-93.09%) and tocopherol
(92.57-92.59%) were shown more potent activity than B-carotene (70.66-85.15%), significaltly. Geuk fruits and
B-carotene extract obtained from each part effectively extinguished DPPH* radical in a dose-dependent manner,
significantly. But the reaction of lycopene and tocopherol does not appear to be dose-dependant. Lycopene
(92.05%) and tocopherol (92.57%) at the lowest concentration (0.5 ug/mL) reached a scavenging capacity of
maximum. These findings support the result previously reported in a study where the antioxidant activity was
dependent on the actual composition of seed and pulp extracts (Kubolola and Siriamornpun, 2011). Seed extract
have shown more potent antioxidant effect than pulp because seed aril have more lycopene and a-tocopherol
which are very strong antioxidants than pulp.

In this free radical scavenging assay, it was previously recognized that the scavenging of DPPH*® depended in
past on the number of available hydroxyl groups on the antioxidant (Mensor et al., 2001). a-Tocopherol contains
one hydroxyl group in its structure and where a hydrogen atom can be donated to the DPPH* free radical are
useful antioxidants; whereas, lycopene and B-carotene not contain any hydroxyl groups. Liu et al. (2008) and
Muller et al. (2011) could detect very low antioxidant activity of carotenoid compared with a-tocopherol.
However, Chen et al. (2009) found higher antioxidant effect of lycopene than a-tocopherol. The activity of
carotenoids increased with increasing the number of conjugated double bonds. Lycopene and B-carotene have
eleven conjugated double bonds (Muller et al., 2011). Above all, lycopene has unique structural and chemical
features that will contribute to its specific biological properties (Clinton, 1998; Liu et al., 2008). Lycopene is an
acyclic hydrocarbon carotene with eleven double bonds in its structure, and is considered to be higher efficient
quencher of singlet oxygen (O, ") with B-carotene (Paiva and Russell 1999; Chen et al., 2009).

ABTS®* radical scavenging activities

Using ABTS assay, geuk fruits extract obtained from each part effectively extinguished radical in a dose-
dependent manner, significantly (Fig. 5). ABTS*" radical scavenging activity was quantified in terms of
percentage inhibition of the ABTS®* radical cation by antioxidants in each sample. In the ABTS result, in
common with the DPPH result, there was a significant variation in the percentage of inhibition of geuk fruits and
seed aril extracts (64.22-92.90% inhibition) have stronger antioxidant activity than pulp extract (50.39-91.64%
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inhibition). The extracts of two parts from geuk at 5 mg/mL have shown similar and/or higher activity than three
single bioactive compounds, significantly. For ABTS*®" radical scavenging activity, the rank order of extracts and
single bioactive compounds were similar to the DPPH results. In the antioxidant activity of major component, a-
tocopherol (93.75-95.41%) have shown the best activity, and followed by lycopene (89.21-93.11%) and B-
carotene (76.06-90.49%). Teow et al. (2007) reported that there is a poor correlation between B-carotene content
and the antioxidant activities. B-Carotene content in the lipophilic extracts of geuk fruits correlated poorly with
ABTS and DPPH assays and these results are similar.
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Figure 4. DPPH radical scavenging activities. The result are presented as mean + S.D. of three determinations.
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The ABTS activities of all the clones studied were significantly higher than their DPPH values. The ABTS
method can be used over a wide pH range (Prior et al., 2005), whereas the DPPH method is limited to neutral
and higher pH applications. Additionally, the ABTS assay is much faster than the DPPH assay and was not
affected by color interference, as mentioned above.
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Figure 5. ABTS radical scavenging activities. The result are presented as mean + S.D. of three determinations.
Small letters a to g: values denoted by different capital letters are significantly different at P < 0.05.

CONCLUSION

In Korea, against global warming, tropical fruits of geuk cultivation techniques have been studied. Geuks are
nutritious fruits which have high concentration of fat-soluble antioxidative compounds such as carotenoids and
tocopherol. In particular, a lot of a-tocopherol, lycopene and B-carotene are found in seed aril and pulp of geuk
fruits. Geuk fruits have shown strong antioxidant activities from DPPH and ABTS methods. The seed aril extract
have more potent antioxidant activities than pulp extract because seed aril have more lycopene and a-tocopherol,
strong antioxidants. Pulp extract was contained more fB-carotene but, the activity of p-carotene was more weak
than lycopene and a-tocopherol. These properties and the potential use of geuk fruits as health functional food
will be explored in future studies.
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