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ABSTRACT

Ultrasound-assisted extraction of piceatannol from Passiflora edulis seeds was studied. Effects of ethanol
concentration, temperature, and ultrasonic time were investigated. The best extraction conditions were as follows:
ethanol concentration, 80% (v/v); temperature, 70°C; and extraction time, 30 min. Under the optimal conditions, the
yield of piceatannol content was 4.5 + 0.17 mg per gram of seed dry matter. The freeze-dried piceatannol extract
powder exhibited anticancer activity against two cancer cell lines, HeLa and MCF7. This study should be considered
as a first step for the production of piceatannol-rich products to be used as nutraceuticals from passion fruit seeds, a
by-product of passion fruit juice production.

Keywords: Anticancer activity, Passiflora edulis seed, piceatannol, ultrasound-assisted extraction.

Tach chiét c6 hé tro cta siéu am va hoat dong khang ung thw
cua piceatannol ttr hat chanh leo (Passiflora edulis)
TOM TAT

Qua trinh tach chiét piceatannol tlr hat chanh leo - Passiflora edulis cé hd trg ctia siéu am dwoc nghién ctru.
Anh hwéng ctia ndng do ethanol, nhiét do va thoi gian siéu am dén ham lwong picetannol tach chiét dwoc khao sat.
Diéu kién tét nhat cho sy tach chiét nhw sau: néng do ethanol, 80% (v/v); nhiét dd 70°C; thoi gian tach chiét, 30 phut.
V6i didu kién nay, hiéu suét thu hdi piceatannol 1a 4.5 + 0.17 mg tlr 1 g chét khd hat. Bot dong khé dich chiét
piceatannol thé hién khd ning khang hai dong té bao ung thu bao gdm HelLa va MCF7. Nghién ctvu nay cé thé coi
nhw bwéc dau cho viéc san xuét san phdm giau piceatannol st dung nhw san phadm hd tro' strc khoe tlr hat chanh
leo, mot phu phdm cia qua trinh ché bién nwéc qua.

Tt khéa: Chiét ¢6 hé trg clia siéu am, hat Passiflora edulis, hoat déng khang ung thw, piceatannol.

(https://mdb.nal.usda.gov/ndb/foods/show/2308?

manu=&fgecd=), one serving portion of passion
fruit (236 g) provided 98%, 118%, 60%, 23%, and
21%
humans of dietary fiber, vitamin C, vitamin A,

1. INTRODUCTION

Passion fruit (Passiflora edulis Sims)

belongs to the Passifloraceae family and is of the recommended daily intake for

native to South America from southern Brazil

through Paraguay to mnorthern Argentina potassium, and iron, respectively. Besides,

(Morton, 1987). The fruit has appealing flavor
and presents many health benefits. According to

the USDA National Nutrient Database
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passion fruit contains many phytochemicals,
such as cyanidin 3-glucoside, cyanidin 3-(6"-
malonylglucoside), and pelargonidin 3-glucoside
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in the rind (Kidoy et al., 1997), and piceatannol
in the seed (Matsui et al., 2010), which are
known as being beneficial for human health.
For example, piceatannol has been shown to
have potent Dbiological activities, including
antioxidant (Ovesna et al., 2006), anti-cancer
(Vo et al, 2010; Kita et al, 2012),
inflammatory (Son et al, 2010), and anti-
2012).

Interestingly, passion fruit seeds have a very

anti-

obesity properties (Kwon et al,
high piceatannol concentration of 2.2 mg/g dry
weight (DW), which is 4,000 times higher than
the concentration in red grapes (Guerrero et al.,
2010), a major source of piceatannol in the
human diet.

Cultivation of passion fruit is increasing in
Vietnam. The fruits are used to make both fresh
juice and concentrated juice. These processes
generate rinds and seeds as by-products, and
make up approximately 40% and 12% of the
starting materials, respectively (Matsui et al.,
2010). Hence, thousands of tons of passion fruit
seeds will be discharged each year by food
factories. This by-product may be used to
and then to
picetannol-rich products that can be further

extract piceatannol produce

used in food and drug technologies.

Bioactive compounds, in general, and
piceatannol, in particular, can be extracted by
methods.

Conventional extraction is usually performed

conventional or non-conventional

using maceration, reflux, soxhlet, or

hydrodistillation. These methods are very time
consuming and require relatively large
quantities of solvents. Extraction using non-
methods,

assisted extraction, can result in a yield increase

conventional such as ultrasound
in a shorter amount of time (a few minutes
compared to several hours in conventional
methods) using less solvent (Bandar et al., 2013).
Indeed,

extraction are attributed to the formation and

the Dbeneficial effects of ultrasonic
asymmetrical collapse of microcavities in the
vicinity of cell walls leading to the generation of
microjets rupturing the cells in plant tissues
(Zhou et al., 2011), and to the enhancement of
compound diffusion from the matrix into the

solvent (Chen et al, 2014). This technique has
successfully been used to extract phenolic
compounds from areca husks (Wang et al., 2013;
Chen et al., 2014), antioxidant compounds from
Morus alba L. (Thong et al, 2014), and
flavonoids from Eriobotrya japonica Lindl.
flowers (Zhou et al., 2011).

The present study had two purposes: the
first was to optimize the ultrasound-assisted
extraction parameters of piceatannol from
passion fruit seeds, and the second was to
investigate the anticancer activity of the freeze-
dried piceatannol extract powder against three

cancer cell lines.

2. MATERIALS AND METHODS

2.1. Sample collection and preparation

The passion fruit seeds (Passiflora edulis)
were collected from Nafoods Group (Nghe An,
Vietnam) in September 2013. They were by-
products of the production of passion fruit
concentrated juice. Approximately 20 kg of fresh
seeds were collected and transported to the
laboratory on the day of production. The seeds
were first washed with tap water to remove the
membranes around the seeds. The seeds were
then rinsed in distilled water three times and
dried under sunlight. The dried seeds were
ground using a TecatorCyclotec 1093 sample
mill (Sweden), kept in a sealed plastic bag, and
stored at -53°C until extraction.

For the production of piceatannol extract
powder used in the anticancer tests, piceatannol
in the passion fruit seeds was extracted using
80% ethanol (v/v) at 70°C for 30 minutes and
with the assistance of ultrasound of 37
kHz/600W. The extracted solution was then
centrifuged at 6,000 rpm for 10 min at 4°C
(Mikro 220R, Hettichzentrifugen, Germany).
The supernatant was concentrated in a rotatory
(Buchilabortechnik AG,
Switzerland) under reduced pressure at a

evaporator

temperature of 40°C, and dried in a lyophilizer
MA). The
lyophilized extract powder was stored at 4°C for

(FR-Drying Digital unit-Thermo,

further anticancer tests.
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2.2. Chemicals and reagents

The piceatannol standard,
ethylenediaminetetraacetic acid (EDTA),
dihydroethidium (DHE), and propidium iodide
were purchased from Sigma-Aldrich (St. Louis,
MO). Analytical grade ethanol, and HPLC grade
acetonitrile and acetic acid were obtained from
Merck (Darmstadt, Germany).

2.3. Ultrasound-assisted extraction of

piceatannol from Passiflora edulis seed

Ultrasound-assisted extraction was
performed in an ultrasonic cleaning bath (Elma
S60H, Germany) with a useful volume of 6 L.
Working frequency and power were fixed at 37
kHz and 600 W, respectively. Approximately
0.25 g of powdered, dried sample was mixed
with 5 mL of solvent (ethanol at different
concentrations) in a 15 mL Falcon conical
centrifuge tube. The tube then was placed in the
bath and sonicated for different times at the
required temperatures. After centrifugation at
3,642 g (6,000 rpm) for 10 min at 4°C, the

supernatant was collected. The solution was

filtered through a 0.42 m syringe filter
(Phenex™-NY, Utrecht, The Netherlands)
before analysis by HPLC-UV/VIS. Each

extraction was done in triplicate.

2.3.1. Effect of ethanol concentration on

extraction of piceatannol

Ethanol in water was used as the extraction
solvent. Piceatannol from the passion fruit
seeds was extracted using various ethanol
concentrations, ranging from 20 to 99.5%
(absolute) (v/v). Dried passion fruit seed powder
(0.25 g) was steeped in the extracting solvent (5
mL), and sonicated for 30 min at 50°C. The
extract was centrifuged at 3,642 g (6,000 rpm)
for 10 min at 4°C. The supernatant was

collected and the piceatannol content analyzed.

2.3.2. Effect of extraction temperature on
extraction of piceatannol

Dried passion fruit seed powder (0.25 g)
was mixed with 5 mL of optimal extraction

ethanol concentration and sonicated for 30 min
at different temperatures (30 to 70°C). The
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mixture was then centrifuged at 3,642 g (6,000
rpm) for 10 min at 4°C. The piceatannol content
of the supernatant was analyzed.

2.3.3. Effect

extraction of piceatannol

of extraction time on

Dried passion fruit seed powder (0.25 g)
was mixed with 5 mL of optimal extraction
ethanol concentration and sonicated for various
times ranging from 5 to 120 min at the optimal
extraction temperature. The mixture was
centrifuged at 3,642 g (6,000 rpm) for 10 min at
4°C. The supernatant was collected and the
piceatannol content analyzed.

2.4. Determination of piceatannol by HPLC

Quantification of picetananol in the extract
was performed by HPLC using a Shimadzu
system (Japan) equipped with a LC-10Ai pump,
a DGU-20A3 degasser, a SPD-20A UV/VIS
detector, and a CBM-20A interface. A 20 L
aliquot of the piceatannol extract was manually
injected into a reversed-phase C18 column
(ODS) (100 x 3 mm i.d.; 5 um particle size)
equipped with a guard column of the same type
(Agilent, CA). The mobile phases were A (20
ug/mL EDTA, 2% acid acetic, 9% acetonitrile)
and B (20 pg/mL EDTA, 2% acid acetic, 80%
acetonitrile). The flow rate was 1 mL/min, and
the column temperature was set at 35°C. The 32
min gradient was as follows: 0 - 4 min, 0% B; 4 -
8 min, 0 - 35% B; 8 - 18 min, 35 - 80% B; 18 - 20
min, 80 - 100% B; 20 - 25 min, 100% B; 25 - 30
min, 100 - 0% B; and 30 - 32 min, 0% B. The
monitoring system was set at 320 nm for
quantification of piceatannol. Piceatannol in the
extract was identified by its retention time as
compared to the authentic standard, and was
quantified using five-point calibration curves (y
=10,034x - 807.9; R? = 0.999).

2.5. Anticancer activity analyses

2.5.1. Analysis of reactive oxygen species
(ROS), cell cycle arrest, and apoptosis
Analyses of reactive oxygen species (ROS),

cell cycle arrest, and apoptosis were done as
described by Kitanovic et al. (2009). Three
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human Pancl (pancreatic carcinoma), MCF7
(breast adenocarcinoma) and HeLa (cervical
carcinoma) cell lines were purchased from
Sigma-Aldrich (Germany). Cancer cells were
plated in 12-well plates at a density of 200,000
cells/'well and cultivated wunder standard
conditions for 24 h before cells were treated with
piceatannol extract as described in the text. Cells
collected by

centrifugation at 200 g (1500 rpm), and

were trypsinization  and
resuspended in 2 mL of FACS (fluorescence
activated cell sorting) buffer (1% BSA in
phosphate buffered saline (PBS)). For ROS
determination, the cell suspension was
supplemented with 5 pM dihydroethidium. After
15 min of incubation at room temperature in the
dark, cells were washed with FACS buffer. For
the cell cycle arrest analysis, the cell suspension
was incubated with RNase A (50 ug/mL) for 30
min at 37°C, and sequentially stained with
propidium iodide (PI, 50 pg/mL) for 1 h and
analysed by FACS (fluorescence activated cell
sorting). At least two independent experiments
were performed. After staining with specific
chemicals and incubation, all aliquots of cell
suspensions were immediately analysed using a
FACSCalibur flow-cytometer (Becton Dickinson)
and CellQuest Pro (BD) analysis software.

2.5.2. Cell cytotoxicity assay

The effects of the piceatannol extract
powder (0.02 mg/mL) on cell growth were
determined using the 3-(4,5-dimethylthiazolyl-
2)-2,5-diphenyltetrazolium bromide assay (MTT
assay, ATCC company, Germany) at an initial
cell density of 5,000 cells/well in a 96-well plate.
The protocol was performed according to the
instructions of the manufacture (ATCC).

2.5.3. Wound healing assay

The wound healing assay was done
according to protocol of Cheng et al (2014).
Cancer cell lines (Pancl, MCF7, and HeLa)
were plated at high density (200,000 cells/well)
into 12-well plates and grown to confluence.
The scratch was made by a sterile P-200

micropipette in the middle of each well. Cell

suspensions were then washed three times with
PBS buffer and treated with 0.02 mg/mL of the
piceatannol extract powder. Photographs were
taken after two days of incubation at 37°C.

2.6. Statistical analysis

All extractions were performed in triplicate.
The apparent contents of piceatannol obtained
under different conditions were analysed by the
SAS 9.0 software (SAS Institute, Cary, NC) and
expressed as mean + standard deviation. One
way analysis (ANOVA) and
Duncan’s test were used to determine the
differences amongst the means. P-values < 0.05
were considered to be significantly different.

of wvariance

3. RESULTS AND DISCUSSION

3.1. Ultrasound-assisted extraction of

piceatannol from Passiflora edulis seed

3.1.1. Effect of ethanol concentration on

extraction of piceatannol

Water-ethanol mixtures were used as the
extraction solvents in this study. The selection of
ethanol as the extraction solvent was justified by
the fact that ethanol 1s a food grade solvent, is
less toxic, and is more abundant as compared to
acetone, methanol, and other organic solvents
(Kiassos et al., 2009; Chew et al., 2011). The use
of ethanol at different concentrations in water
was chosen because binary-solvent systems have
demonstrated higher yields of phenolic
compounds when compared to mono-solvent
systems (Zhou et al., 2011; Wang et al., 2013; Lai
et al., 2014). In this study, ethanol concentration
showed significant effects on apparent
piceatannol content (p < 0.0001). Indeed, the
apparent piceatannol content mounted up with
an increase in ethanol concentration, reached its
highest value (2.26 + 0.01 mg/g DW) at 80%
ethanol, and then began to decrease (Figure 1).
This result is in accordance with the results of
Matsui et al (2012), who reported that
extractions with 80% aqueous ethanol provided
the highest efficiency for piceatannol extraction
from passion fruit seeds (about 50 mg/100 g of
freeze-dried seed powder).
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Figure 1. Effect of ethanol extraction concentration

on the apparent piceatannol content of passion fruit seeds

Note: Values marked by the same letter are not significantly different (p < 0.05). Ultrasound-assisted extraction conditions:
extraction temperature, 50°C; extraction time, 30 min; ultrasound frequency and power, 37 kHz and 600 W.

The effects of ethanol concentration in the
extraction medium on phenolic compounds (in
general) and on piceatannol (in particular)
yields have been observed in various studies.
Lai et al (2014) found that the ethanol
concentration was the most affecting factor in
the extraction of piceatannol from sim seeds
(Rhodomyrtus tomentosa) with 79% as the
optimal value. The best ethanol concentrations
for the wultrasound-assisted extraction of
phenolic compounds from areca husks (Areca
catechu L.) and from loquat (Eriobotrya
japonica Lindl.) flowers were 41% and 60%,
respectively (Zhou et al, 2011; Chen et al.,
2014). The impact of ethanol concentration is
due to its effect on the polarity of the extraction
solvent and the resulting solubility of the
phenolic compounds. The general principle is
“like dissolves like,” which means that solvents
only extract those phytochemicals that have a
similar polarity to that of the solvent (Lai et al.,
2014). Since the highest apparent picetannol
content reached a maximum when ethanol
concentration was of 80%, this concentration
was chosen and used in further extractions.

3.1.2. Effect of extraction temperature on
extraction of piceatannol

Figure 2 shows the effect of extraction
temperature under sonication on the apparent
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content of piceatannol. Temperature had a
significant effect on piceatannol extraction from
passion fruit seeds (p < 0.0001). An increase in
the apparent piceatannol content was observed
over the extraction temperature range (30 -
70°C).
accordance

This effect of temperature was in
with studies on piceatannol
extraction from Rhodomyrtus tomentosa seeds
(Lai et al., 2014), and on phenolic extraction
2012). An
increase in the extraction temperature may

from areca husks (Chen et al.,

increase the solubility of piceatannol in the
solvent and decrease the viscosity of the solvent.
The combination of these two phenomena
enhanced the overall extraction efficiency (Chen
et al., 2012). However, the phenolic yield, after
having a high value, decreased when the
extraction temperature increased due a possible
concurrent decomposition of phenolic
compounds. In the work of Lai et al. (2014),
piceatannol yield from sim seeds reached a
maximum at 85°C and then decreased. Zhou et
al. (2011) had highest phenolic and flavonoid
contents at 50°C, while Chen et al. (2012) had a
maximum phenolic concentration at 75°C
during the ultrasound-assisted extraction from
loquat flowers and areca husks, respectively. In
this study, because of the low capacity of the
cleaning bath, the extraction
temperature could not be higher than 70°C. As

ultrasonic
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the highest apparent piceatannol content of the
passion seed was obtained at 70°C, this
temperature was chosen for the piceatannol
extraction with the assistance of ultrasound.

3.1.3. Effect
extraction of piceatannol

of extraction time on

The amount of piceatannol extracted from
passion fruit seeds as a function of sonication
time are presented in Figure 3. Apparent
piceatannol content of the seeds increased
markedly during the first 30 min with a rate of
0.10 - 0.15 mg/g DW per minute and then
seemed stablize. This result agreed with other
research on phenolic extractions from plant
materials. Indeed, Chen et al. (2012) found that
total phenolics extracted from areca husks
then
Ultrasonic

increased markedly up to 30 min,
remained constant at 40 min.
extraction of flavonoids and phenolics from
loquat flowers showed that the extraction rate
became slow after 80 min (Zhou et al., 2011).
Alternately, a high concentration of piceatannol
(5.82 mg/DW) from Rhodomyrtus tomentosa
seeds was observed when the time of extraction
was only 4.6 min. When the extraction time
increased from 4.6 to 55 min, the apparent
piceatannol content increased very slightly from
5.82 to 6.27 mg/g DW (Lai et al., 2014). In this
study, an extraction time of 30 minutes was
chosen for the sake of saving time and energy.

Based on our results, optimal piceatannol
extraction conditions from passion fruit seeds
with assisted sonication were as follows: ethanol
(v/v);
temperature, 70°C; ultrasound frequency and

concentration, 80% extraction
power, 37 kHz and 600W; and extraction time,
30 minutes. Under these conditions, 4.5 + 0.17
mg of piceatannol was obtained from one gram
of dried passion fruit seeds. In comparison to
the results of Matsui et al. (2012), who did not
use the ultrasound, our piceatannol yield was 2
-9 Ultrasound
mechanical effect, effecting greater penetration

times higher. exerts a

of solvent into the sample matrix, and

increasing the contact surface area between the
solid and liquid phases; as a result, the solute
quickly diffuses from the solid phase to the
solvent. This is a really good technique in the
exploitation of bioactive compounds.

3.2. Anticancer activity of the piceatannol

extract powder

3.2.1. ROS formation, cell cycle arrest, and
cell cytotoxicity assays

High
significant threat to cellular integrity, and can
lead to DNA damage and
subsequent induction of cell cycle arrest for

intracellular ROS levels pose a

mitochondrial

DNA repair and for programmed cell death
(apoptosis). Apoptosis plays a crucial role in the
in the
inhibition of tumor growth and development
(Kim et al., 2011). Apoptosis can be induced by
a variety of agents. Of which, there are various

normal development of cells and

cytotoxic substances. The results, summarized
in Table 1, showed that the piceatannol extract
powder induced high intracellular ROS levels in
two cancer cell lines, MCF7 and HeLa. The ROS
levels generated by MCF7 and HeLa cells upon
treatment with piceatannol extract powder were
4.0 £ 0.32 and 4.5 + 0.28 times higher than that
formed by untreated cancer cells, respectively.
To cope with the damage of high ROS levels,
cell cycle arrest was triggered at the G2/M
phase before cell division, thereby inhibiting
cancer cells from developing. Moreover, the
effect  of
piceatannol extract powder on MCF7 and Hela
was also indicated by IC;, values of 6.2 = 0.01
and 5.4 + 0.02 pg/mL in the respective cell lines.

anti-proliferative  or  cytotoxic

In contrast, the cytotoxic effect of piceatannol
extract powder was not detected in the Pancl
cell line, even at 50 ug/mL. This could be that
Pancl was insensitive or less sensitive to
piceatannol extract powder when compared to
MCF7 and HeLa. Thus, piceatannol extract
powder did not induce a significantly high ROS
level to induce cell cycle arrest (Table 1).
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Figure 2. Effect of extraction temperature
on the piceatannol content of passion fruit seeds

Note: Values marked by the same letter are not significantly different (p < 0.05). Ultrasound-assisted extraction conditions:
ethanol concentration, 80% (v/v); extraction time, 30 min; ultrasound frequency and power, 37 kHz and 600 W.
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Figure 3. Effect of extraction time on the piceatannol content of passion fruit seeds

Note: Values marked by the same letter are not significantly different (p < 0.05). Ultrasound-assisted extraction conditions:
ethanol concentration, 80% (v/v); extraction temperature, 70°C; ultrasound frequency and power, 37 kHz and 600 W.

Table 1. Anticancer activity of piceatannol in three human cancer cell lines

Cell line Cytotoxicity* (ICso, pg/ml) ROS** (Fold) Cell cycle arrest*** (Phase)
Pancl >50.0 1.2+0.21 Not determined
MCF7 6.2 +£0.01 4.0+0.32 G2/M
HelLa 5.4 +£0.02 45+0.28 G2/M

Note: *Half maximal inhibitory concentration (IC5,) of compound in inhibiting cell growth was calculated from dose-response
curves in three independent experiments.

**ROS, expressed by fluoresence intensity, was calculated by normalization of ROS level of treated cells to that of untreated
cells (control) giving folds or times.

***Cell cycle at which certain phases are arrested in the specific point of cell division cycle.
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Pancl

MCF7 Hela

Figure 4. Inhibition of cell migration in untreated cells (control, above - A)

and cells treated with piceatannol extract powder (below - B)

3.2.2. Wound healing assay

In addition, the anticancer activity of
piceatannol extract powder was tested and
confirmed by inhibition of migration (Figure 4).
Indeed, treatment of MCF7 and HeLa cell lines
with piceatannol extract powder led to very low
cell proliferation. Only a few cells were able to
enter the gap generated from a scratch in the
cell layer, indicating reduced cell mobility in the
presence of piceatannol extract powder.
Nevertheless, migration of Pancl cells seemed
not to be affected in the presence of piceatannol
extract powder (Figure 4).

In comparing the results from this study to
those from other studies, the piceatannol
extract was not effective in showing anticancer
activity against Pancl as compared to the
gold()NHC complex (MC3) (Ewton et al., 2011;
Cheng et al, 2014). The MC3 efficiently
suppressed cell growth, and induced cell cycle
arrest and apoptosis in Pancl since it caused a
substantial alteration of the cellular redox
homeostasis leading to increased ROS levels
and a decrease in the mitochondrial membrane
potential (Cheng et al., 2014).

Regarding the results of the piceatannol
extract against MCF7, the findings obtained in

this study agreed with those found in recently
published reports stating that many compounds,
including sythetic and natural compounds, such
as flavopiridol, piperine, tetrahydrocurcumin,
and phenolic compounds, were also effective in
exhibiting anticancer activity against MCF7 (de
Souza Grinevicius et al., 2016; Han et al., 2016;
Kwan et al., 2016; Li et al., 2013; Shao et al,
2016). Similar to these reports, the same effects,
cytotoxicity, cell cycle arrest, high ROS level, and
apoptosis,

exposed to

were observed when Hela was

a range of concentrations of
ruthenium(Il) complexes, quinolones, and
daidzein (Han et al, 2015; Kumar et al., 2015;

Jantova et al,, 2016; Zeng et al., 2016).

However, to understand and evaluate the
overall anticancer activity of piceatannol, this
compound or its derivative will need to be tested
with other main human cancer cell lines (UM-
UC-10 (bladder), SVCT (breast), MDSTS8 (colon),
etc.), thereby helping to elucidate the action
mechanism of piceatannol. Additionally, in order
to use piceatannol in functional food products or
to develop pharmaceutical materials, further
studies, such as bioavailability, bioequivalence,
safety, tolerability, and clinical trials should
be investigated.

1023



Ultrasound-assisted extraction and anticancer activity of piceatannol from Passiflora edulis seed

4. CONCLUSIONS

Ultrasound enhanced piceatannol

extraction from passion fruit seeds. Ultrasound-
assisted extraction conditions were determined
and were as follows: ethanol concentration, 80%
(v/v); extraction temperature, 70°C; ultrasound
frequency and power, 37 kHz and 600 W; and
extraction time, 30 minutes. The freeze-dried
piceatannol extract powder showed anticancer
activity in two cancer cell lines, HelLa and
MCEF7. This study provided the first bases for
the production of piceatannol-rich products to
be used as nutraceuticals from one of the by-
products of passion fruit food technology.
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