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Abstract The conditions for the solid—liquid extraction of
the antioxidant polyphenol compounds from yellow pas-
sion fruit seeds were optimized by response surface
methodology with the following variables as the extraction
parameters: extraction time (12.8-147.2 min), ethanol
concentration (13-97%), and temperature (16.4-83.6 °C).
The polyphenol content and antioxidant capacity, which
were assessed by the 2,2-diphenyl-1-picrylhydrazyl radical
scavenging activity, oxygen radical absorbance capacity,
B-carotene bleaching assay, and ferric reducing antioxidant
power assay, were considered dependent variables. The
association of the dependent variables was effective for
explaining the effect of the independent variables within a
determination coefficient (Rz) range of 0.88-0.96. A
moderate-to-strong correlation for the polyphenol content
and antioxidant capacity by the investigated methods was
established, and optimized conditions were employed to
maximize this response. Extraction was carried out at
80 °C using 70% ethanol concentration for 30 min, which
was the most efficient condition to obtain an extract with
high concentrations of polyphenolic compounds (3.12 g
gallic acid equivalent/100 g seed dry basis) and a strong
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antioxidant capacity. The stilbene piceatannol was the
major compound identified by liquid chromatography-
electrospray ionization-tandem mass spectrometry (3.68 g/
100 g seed dry basis). These results reinforce that agro-
industrial waste demonstrates potential as a source of
bioactive compounds, with implications in human health as
well as in food and chemical industries.

Keywords Passiflora edulis Sims - Agro-industrial waste -
Polyphenol extraction - Piceatannol - Response surface
methodology

Introduction

Yellow passion fruit (Passiflora edulis Sims) is a tropical
fruit, which has attracted considerable interest in interna-
tional markets. Owing to its unique sensory characteristics,
approximately half of the yellow passion fruit produced in
Brazil is utilized for manufacturing juice (Brignani Neto
2002). Nearly 25% of the entire fruit is composed of pulp
(Lopes et al. 2010), and the industrial juicing process
generates a significant amount of by-products (seeds, aryl,
and peel), which are typically considered as waste. To
utilize the entire fruit, there is an increasing tendency to
reuse agro-industrial waste to obtain new products and/or
raw materials for industry.

In this context, the exploration of yellow passion fruits
seeds (YPFS), albeit on a small scale, is an agro-industrial
reality in Brazil. YPFS are rich in polyunsaturated fatty
acids, mainly linoleic acid and other bioactive products,
e.g. phytosterols, tocopherols, carotenoids, and polyphe-
nols (Silva et al. 2015; Silva and Jorge 2014). Defatted
flour obtained from oil extraction is used either in various
industries, such as cosmetics (exfoliates) and food (ice
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cream and yogurts) or incorporated into animal feed. In
addition, other components and antioxidant molecules in
YPFS are of industrial importance (Jorge et al. 2009).

Bioactive compounds from fruits and vegetables have
been attracting considerable attention because these com-
pounds exert health benefits, such as protection against the
development of chronic non-communicable diseases
(Upadhyay and Dixit 2015), probably related to their high
antioxidant content. Interestingly, fruits and vegetable by-
products, compared to edible parts, contain higher con-
centrations of polyphenols and exert strong antioxidant
capacities (Deng et al. 2012).

Bioactive compounds can be recovered by different
extraction techniques, e.g., solvent extraction with or without
ultrasonication or microwaves, the use of supercritical fluid or
gas, and high-pressure techniques (Khoddami et al. 2013).
Conventional solid-liquid solvent extraction is typically
employed because it is simple and cost-effective.

Among the factors that possibly contribute to the high
extraction efficiency, solvent, extraction time, and tem-
perature are the commonly studied factors. It is crucial to
consider that the role of each factor in extraction is not
always evident (Sarkis et al. 2014) and that each food
matrix interacts in a different manner with the solvent (Al
Farsi and Lee 2008). Hence, it is imperative to optimize the
extraction parameters for minimizing the production costs
and maximizing product yields.

Response surface methodology (RSM) is a statistical
modeling technique utilized for the optimization of com-
plex processes, which has been extensively employed as it
permits more efficient data arrangement and result inter-
pretation. RSM is advantageous as it reduces the number of
experimental trials to evaluate an outcome using different
combinations of levels between independent variables and
their interactions (Rodrigues and Iemma 2005).

Thus, this study aims to optimize the conditions for the
extraction of the total polyphenolic compounds from
YPFS.

Materials and methods

Raw material

YPES from juice processing industries were provided by
Extrair-Oleos Naturais (Rio de Janeiro, Brazil). Seeds were
sanitized, lyophilized and milled for storage in poly-
ethylene containers at —20 °C until further analysis.

Chemical characterization of raw material

The recommended methods from the Association of Offi-
cial Analytical Chemists (AOAC 1995) were employed to

determine the proximate composition, and the results were
expressed as g/100 g of sample on dry basis (db). Induc-
tively coupled plasma optical emission spectrometry (ICP-
OES, iCAP 6500 Duo ICP model, Thermo Fisher Scien-
tific, Cambridge, UK) was employed to analyze the mineral
content. ICP-OES was operated under the following con-
ditions: plasma gas, auxiliary flow, and nebulizer of 15,
1.50, and 0.68 L/min, respectively. Results were expressed
as mg per 100 g of sample (db). The fatty acid profile was
determined by the extraction and conversion of fatty acids
into their corresponding fatty acid methyl esters (FAMEs)
by acid hydrolysis according to method 996.06 (AOAC
2002). The FAME:s peaks were identified by comparing the
retention times with those obtained from the standard
mixture of FAMEs (C4-C24, Sigma Chemical Co, St.
Louis, MO, USA) and the chromatograms viewed using the
Ce 1h-05 methods (AOAC 1995). Results were expressed
as g/100 g (%) of oil.

Extraction procedure

The antioxidant bioactive compounds were extracted
according to the procedure proposed by Swain and Hillis
(1959) using ethanol-water solutions, temperature, and
time maintained constant as selected in the experimental
design. The solid/liquid ratio was fixed at 1/10 (w/v) for all
experiments, and extraction was carried out in a thermo-
static bath under constant stirring. After the extraction was
completed, the solution was subjected to centrifugation at
700 rpm for 15 min, and the supernatant was filtered under
vacuum through a Whatman filter paper no. 1 and allowed
to swell in a 10 mL flask with the extraction solution. The
extraction yield was gravimetrically determined and
expressed in g/100 g of sample (db).

Total polyphenol content

The total phenol content (TPC) was determined using the
Folin—Ciocalteu’s reagent according to the method repor-
ted by Swain and Hillis (1959). The TPC was expressed as
g of gallic acid equivalents (GAE)/100 g seed (db).

Total flavonoid content

The total flavonoid content (TFC) was estimated according
to the method proposed by Zhishen et al. (1999), and the
TFC was expressed as g of catechin equivalents (CAE) per
100 g of the seed (db).

Antioxidant activity assays

The B-carotene bleaching assay (BCB) was carried out
according to the method reported by Moreira and Mancini-
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Filho (2003). The initial and final absorbance (Abs) was
measured at 470 nm, and the results were expressed as the
percentage of protection against oxidation.

The ferric reducing/antioxidant power (FRAP) assay
was employed to evaluate the reductive capacity of the
extracts according to the method reported by Oyaizu
(1986), with minor modifications. A standard calibration
curve of I-ascorbic acid (0.2-1.25 pg/uL) was prepared for
calculating results.

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activity was evaluated according to the method
proposed by Brand-Williams et al. (1995).

The oxygen radical absorbance capacity (ORAC) assay
was conducted on an automated microplate reader (Syn-
ergy HT, BIOTEK®, Vermont, USA) with 2,2'-azobios(2-
amidinopropane) dihydrochloride (AAPH) used as the
peroxyl radical generator, Trolox as the standard, and flu-
orescein as the fluorescent probe (Prior et al. 2003). Final
ORAC values were calculated using the net area under the
fluorescence decay curves.

In the optimization step, a single concentration of the
extract was tested for antioxidant capacity, and the results
were expressed as % scavenging, pg of acid ascorbic
equivalent (AAE)/80 pg of extract db, % protection against
oxidation, and pM of Trolox equivalent (TE)/80 pg of
extract db for the DPPH, FRAP, BCB, and ORAC assays,
respectively.

For the characterization of the optimized extract, the
half maximal effective concentration (ECsy) values were
calculated to express the results obtained by DPPH (the
concentration of extract required to scavenge 50% of the
DPPH radical) and BCB (the concentration of extract
required to prevent 50% of the total oxidation) assays. For
ORAC and FRAP assays, the results were expressed as
pmol of TE/g of the dry extract and pg of AAE/g of the dry
extract, respectively.

HPLC-DAD and LC-ESI-MS/MS analysis
of piceatannol

First, 10 mL of the extract was purified by solid-phase
extraction in a column (Hypersep C18, Thermo Scientific)
preconditioned with methanol (Arabbi et al. 2004).
Quantification was carried out by HPLC chromatogra-
phy (Hewlett Packard 1100) equipped with an autosampler
and a quaternary pump coupled to a diode array detector.
Separation was performed on a C18 column (Luna, Phe-
nomenex, Torrance, CA, USA). The mobile phase was
composed of solvent A (98% water, 2% tetrahydrofuran,
0.1% trifluoroacetic acid) and solvent B (acetonitrile), and
the following gradient was applied: 10% B (10 min), 15%
B (2 min), 25% B (2 min), 80% B (3 min), and 10% B
(3 min) at a flow rate of 1 mL/min at 25 °C. The runs were
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monitored at 270 and 370 nm. Quantification was per-
formed using calibration curves of standard piceatannol
(Sigma Chemicals Co., St. Louis, MO, USA), and the
results were expressed as g of piceatannol/100 g of sample
db.

Identification was conducted using a liquid chromatog-
raphy (LC) apparatus (CBM 20A, Shimadzu, Japan) linked
to an ion-trap mass spectrophotometer (Bruker Daltonics,
Amazon speed, ETD, Germany) and an electrospray ion-
ization interface (ESI). The separation conditions were the
same as those employed for quantification (Arabbi et al.
2004). The mass detector was programmed to perform a
full scan between m/z 100 and 1000, operated in the pos-
itive and negative ionization modes (4500 V). The
piceatannol identification was carried out by comparing the
mass spectrum and retention times obtained by the
standard.

Experimental design and statistical analysis

The extraction conditions were optimized by RSM. A
central composite design with three factors (2*) was carried
out, including eight experiments at factorial points (com-
bination of —1 and +1 levels), six experiments at axial
points (combination of levels —oa and +o), and four
experiments at the center point (0), totaling 18 tests.
Temperature, time, and ethanol concentration were the
independent variables. Table 1 summarizes the established
levels, coded, and real values for each variable.

The total content of extracted dry matter (EDM), TPC,
and antioxidant capacity, determined by DPPH, FRAP,
BCB, and ORAC, were used as dependent variables.

The factorial composite design generated mathematical
models, which were adjusted to second-order polynomial
equations. For each response variable, the predicted
response function (Y) was divided into the quadratic and
linear components of interaction, as described in the fol-
lowing equation:

Y = By + ZBX: + ZBX] + TP, XX,

Table 1 Independent variable levels in a complete 2° factorial
experimental design for the optimization of extraction conditions

Independent Unit Code Level of coding variables
variables
—a -1 0 41 4o
Ethanol % viv X, 13 30 55 80 97
concentration
Temperature °C Xz 164 30 50 70 83.6
Time min X3 128 40 80 120 1472
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where P is the constant, f; is the linear coefficient, B;; is
the quadratic quotient, B;; is the coefficient of variable
interaction of i and j, and X; and Xj are independent
variables.

The adequacy of the quadratic model generated by the
interaction of independent variables was determined by
assessing the lack of fit, Fisher test (F value), analysis of
variance, and t test of the coefficients relating to its stan-
dard errors. The statistical significance of the model was
determined at the 5% probability level (o0 = 0.05).

Response surface graphs were obtained using the pre-
dicted values for the adjusted models. To confirm the
prediction of the mathematical model for all dependent
variables, experiments were performed using the optimized
parameters via RSM. The measurements were performed in
triplicate, and the results were expressed as mean =+ stan-
dard deviation. The Pearson correlation was used to assess
the degree of association between variable responses.

All analyses were carried out in triplicate using Statis-
tica 7.0 (Statsoft Inc., Tulsa, OK, USA).

Results and discussion
Chemical composition of YPFS

Carbohydrates and polyunsaturated fatty acids are the
major components of the YPFS, with linoleic acid being its
main type (Table 2). Our results are comparable to similar
findings reported (67.4-77.2%) by other authors (Leao
et al. 2014). Owing to the high concentrations of lipids and
types of fatty acids, YPFS are commercially explored for
the extraction of oil, which can be applied in the cosmetic,
chemical, and pharmaceutical industries (Malacrida and
Jorge 2012; Lopes et al. 2010).

With respect to the mineral content, YPFS comprise
significant concentrations of phosphorus, calcium, and
iron. Hence, YPFS can significantly contribute to the rec-
ommended daily intake (Institute of Medicine 2001) of
these minerals. The daily consumption of 10 g of dried
seed flour by an adult man (19-70 years) equates to 9.1,
9.9, and 80% of Fe, Co, and Cr, respectively.

Extraction optimization

Statistical methods, such as factorial design associated with
RSM, have been extensively used as a tool to optimize the
extraction of various chemical compounds in food matri-
ces, with a high antioxidant capacity (Lai et al. 2014). The
experimental and predicted results obtained for the
extraction of YPFS according to the 2° factorial designs
can be found in the supplementary material.

Table 2 Chemical characterization of Passiflora edulis Sims seeds

Proximate composition (g/100 g seeds db)

Moisture 7.37 £ 0.57
Lipids 28.87 £ 0.29
Ash 1.69 + 0.04
Protein 16.28 £ 0.29
Carbohydrates 45.80 = 1.07
Fatty acid profile (g/100 g oil)

Myristic acid (C:14) 0.10 &+ 0.00
Palmitic acid (C:16) 11.00 + 0.17
Palmitoleic acid (C16:1) 0.22 £+ 0.01
Stearic acid (C18:0) 3.29 + 0.31
Oleic acid (C18:1, n-9) 16.84 £+ 0.36
Vaccenic acid (C18:1, n-11) 0.17 & 0.00
Linoleic acid (C18:2, n-6) 67.39 £+ 0.54
a-Linolenic acid (C18:3, n-3) 0.56 £+ 0.03
v-Linolenic acid (C18:3) 0.18 + 0.02
Docosanoic acid (C22:0) 0.10 £ 0.00
Unidentified 0.20 £ 0.00
Total saturated 14.69 £ 0.12
Total monounsaturated 17.18 £ 0.47
Total polyunsaturated 68.12 £ 0.58
Mineral profile (mg/100 g seeds db)

Calcium (Ca) 27.46 + 2.66
Iron (Fe) 7.27 £ 0.27
Barium (Ba) 0.17 £ 0.01
Cadmium (Cd) 0.004 £ 0.00
Chromium (Cr) 0.28 £+ 0.02
Copper (Cu) 0.89 £ 0.04
Lithium (Li) 0.25 £+ 0.01
Manganese (Mn) 1.16 £ 0.02
Molybdenum (Mo) 0.03 £ 0.00
Phosphorus (P) 240.05 £+ 7.78
Lead (Pb) 0.01 £ 0.00
Vanadium (V) 0.60 £+ 0.01
Zinc (Zn) 372 +0.13

Data expressed as mean =+ standard deviation (n = 3), n-3: omega 3,
n-6: omega 6, n-9: omega 9, n-11: omega 11

The experimentally determined values for the variables
were analyzed by multiple regression to fit a second-order
polynomial equation. The quality of this fit was verified by
the coefficient of determination (R*) (Table 3). The
obtained experimental data reveal a good fit for equations
that are statistically acceptable at the 95% significance
level (p < 0.05). This result indicated that the observed and
predicted responses are in good agreement and that equa-
tions can adequately predict the experimental results. The
use of predictive models permits the calculation of the
theoretical optimal conditions, under which maximum
values can be achieved.
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Table 3 Polynomial equations and statistical parameters describing the effect of independent variables

Response variable Regression equation (second-order polynomial) R? p value

EDM 2.9154 + 0.0005X3 — 0.1160X, + 0.0016X3 — 0.0001X; X, 0.86 <0.001

TPC 59.9718 + 50.5873X; — 0.6550X? — 54.6679X, 0.96 <0.001
4 0.4860X3 + 0.6497X, X, + 0.1558X, X5

DPPH —90.4328 + 4.2235X; — 0.0306X> + 1.5945X, 0.88 <0.001
—0.0019X2 4 0.0022X3 — 0.0112X; X, — 0.0017X; X5 — 0.0045X, X3

BCB —76.2142 + 2.5895X; — 0.0225X7 + 1.6861X; 0.94 <0.001
—0.0121X3 + 0.1760X5 — 0.0021X; X3

FRAP —118.987 + 4.11X; — 0.040X? +2.012X, — 0.018X3 + 0.010X; X 0.94 <0.001

ORAC — 529534 + 1.8412X; — 0.0189X? + 0.9352X, 0.93 <0.001

— 0.0086X2 + 0.0052X, X, + 0.0022X,X;

R?: coefficient of determination

EDM extracted dry matter, TPC total polyphenol content, DPPH 1,1-diphenyl-2-picryl-hydrazyl, FRAP ferric reducing antioxidant power, BCB

B-carotene bleaching assay, ORAC oxygen radical absorbance capacity

Models are significant (p < 0.001) for all dependent
variables analyzed with coefficients ranging between 0.86
and 0.96. These coefficients are positive, implying that the
closer the maximum design level of each independent
variable, the greater the observed values for the response
variables.

The maximum and minimum values used for the inde-
pendent variables were determined after conducting
experimental pre-tests by applying the one-factor-at-a-time
methodology according to the study reported by Liyana-
Pathirana and Shahidi (2005). The effect of the three
investigated independent variables on the total polyphenol
content gave a regression model with good significance
level (p < 0.01) and a high R? of 0.96). In addition, the
first-order linear effect for variables X; and X,, the second-
order quadratic effect for variables X; and X,, and the
interaction for X;X, and X,X; were significant
(p < 0.001).

According to the results shown in the graph generated
by RMS (Fig. 1a), ethanol concentrations between 40 and
90% are more efficient at temperatures greater than 70 °C.
In this range of ethanol concentration, regardless of the
amount of time employed for extraction, the optimal TPC
is observed. However, this value increases after extraction
for 30 min.

At temperatures greater than 70 °C, associated with
extraction times greater than 80 min, a high extraction of
TPC is observed (Fig. 1c). In combination with tempera-
ture, time exerts a greater effect on extraction.

Prasad et al. (2011) have postulated that solvent mix-
tures are more efficient for the extraction of polyphenols as
this class of compounds includes several components with
different polarities; therefore, a single solvent may not be
effective for complete extraction. Notably, ethanol is used
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as it is a “generally recognized as a safe” solvent; there-
fore, it can be effectively used for applications in the food
industry.

The use of high temperatures for extraction is consid-
ered contradictory. Some authors have reported that high
temperatures might degrade the polyphenols that are
mobilized at high temperatures; therefore, the antioxidant
capacity of the final extract is possibly decreased. How-
ever, the opposite was observed for agro-industrial residues
and by-products (Lai et al. 2014; Vazquez et al. 2012).

Increasing the temperature may benefit the extraction of
phenols by reducing viscosity, thereby increasing the dif-
fusion coefficient and solubility of phenols (Cacace and
Mazza 2003). In addition, Al Farsi and Lee (2008) have
suggested that heating could also lyse the cell wall of plants
and facilitate the removal of conjugated phenolic com-
pounds by the solvent.

Time is a crucial variable for the extraction of bioactive
compounds as it regulates the equilibrium concentration
during extraction (Spigno et al. 2007). Therefore, addi-
tional time used for extraction did not necessarily equate to
higher efficiency. In this study, time did not affect the
extraction of TPC. However, when combined with tem-
perature, this parameter can be used for process
optimization.

The contribution of phenolic compounds to the antiox-
idant activity of the extracts was demonstrated by the
relationship between the TPC and antioxidant activity of
each method, considering all 18 experiments. Generally,
the phenolic compound content and antioxidant activity
exhibit  significant = moderate-to-strong  correlation
(»p < 0.05). TPC also exhibits moderate correlation with
EDM (Table 4).
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Fig. 1 Response surface showing the combined effects of a temperature and solvent concentration, b time and solvent concentration, and ¢ time
and temperature on the total phenolic compounds in the extracts of the yellow passion fruit (Passiflora edulis Sims) seed

This result is of importance as it permits the simplifi-
cation of the extraction and the subsequent choice of the
independent variables using only one response variable. It
is of practical and biological interest to optimize the
extraction of a substance with high polyphenolic com-
pound concentrations without, however, compromising on
the related antioxidant activity.

The correlation between the polyphenol content and
different antioxidant activity assays is in agreement
with the results obtained from similar studies using
fruit pulp and by-products (Souza et al. 2012; Almeida
et al. 2011).

It is important to emphasize that food matrices are
complex, and the antioxidant activity quantified herein is
the result of synergistic or antagonistic interactions
between different chemical components. Babbar et al.
(2011) have suggested that the other constituents, e.g.,
ascorbates, reducing carbohydrates, tocopherols, car-
otenoids, terpenes, and pigments, as well as the synergistic
effect between these components, can contribute to

antioxidant activity. With respect to the crude extracts,
these claims should be carefully considered.

Finally, utilizing the results obtained from the response
surface analysis, the combination of a temperature of 80 °C,
an ethanol concentration of 70%, and an extraction time of
30 min is considered as the optimal experimental condition.
To confirm the model’s predictive power, an experiment was
carried out with the obtained optimized conditions to
simultaneously maximize the polyphenols and antioxidant
capacity. Because of the low absolute error values obtained
by the comparison between the observed and predicted val-
ues for the variable TPC response, the proposed model could
be used to predict the response value.

The analysis of response surfaces obtained for the
dependent variable TPC permitted the selection of the best
extraction conditions for obtaining YPFS extracts with high
yield and antioxidant activity, as well as high concentration
of phenolic compounds. This methodology has proven to
be a useful tool to optimize experimental conditions
(Liyana-Pathirana and Shahidi 2005).

@ Springer



3558

J Food Sci Technol (October 2017) 54(11):3552-3561

Table 4 Pearson’s correlation coefficient between the total phenolic compounds, extracted dry matter, and antioxidant capacity

EDM

TPC DPPH

ORAC FRAP
FRAP r=0.964 (p <0.01)
EDM r=0.247 (p = 0.071) r=0.285 (p < 0.05)
TPC r=0.802 (p <0.01) r=0.818 (p <0.01)
DPPH r=0.782 (p < 0.01) r=0.836 (p <0.01)
BCB r = 0.955 (p < 0.01) r=0.950 (p <0.01)

r=0.704 (p <0.01)
r = 0.055 (p = 0.691)
r = 0.088 (p = 0.525)

r=0.563 (p < 0.01)

r=0.699 (p <0.01) R = 0.856 (p < 0.01)

Correlation data (p value) = 1(p)

EDM extracted dry matter, TPC total polyphenol content, DPPH 1,1-diphenyl-2-picryl-hydrazyl, FRAP ferric reducing antioxidant power, BCB

B-carotene bleaching assay, ORAC oxygen radical absorbance capacity

Antioxidant capacity and the major component
of the optimized extract

The amount of EDM utilizing the optimized experi-
mental conditions (Table 5) was approximately 4.5 times
greater (1.26 g/100 g seed) than that obtained by Jorge
et al. (2009) for seeds of P. edulis (yellow passion fruit)
subjected to extraction at room temperature with 95:5
ethanol:water. The value obtained by these authors for
TPC (42.93 mg GAE/g extract) was also less than the
quantified value for the optimized extract (549.61 mg
GAE/g extract) obtained in this study. de Oliveira et al.
(2009) have determined the concentration of phenolic
compounds in methanol extracts from passion fruit waste
(pulp, skin, and seeds) and found 41.2 mg GAE/g of the
dry extract.

Figure 2a shows the polyphenol profile for the opti-
mized YPFS extract. The major peak, with an approximate
retention time of 13.4 min and a molecular ion m/z of
245.09, was identified as a stilbene compound known as
piceatannol (3,4,3',5'-tetrahydroxy-trans-stilbene) (Fig. 2b,
c¢). Previously, this compound was identified by Matsui
et al. (2010) as the major polyphenol component in purple

Table 5 Extracted dry matter, total polyphenol and flavonoid com-
pounds, and antioxidant capacity of the optimized extract

Parameters Optimized extract
Extracted dry matter (g/100 g seed db) 5.67 £ 0.17
Total polyphenols (g GAE/100 g seed db) 3.11 £ 0.07
Piceatannol (g/100 g seed db) 3.68 £ 0.09
Total flavonoids (g CAE/100 g seed db) 1.03 £ 0.02
DPPH ECs; (pug/mL) 26.96 £+ 0.34
BCB ECs, (mg/mL) 1.26 &+ 0.06
FRAP (ug EAA/g dry extract) 3.6 £ 0.29

ORAC (pumol TE/g dry extract) 6.2 £+ 0.53 (10%

Data expressed as medium =+ standard deviation (n = 3)

FRAP ferric reducing antioxidant power, BCB B-carotene bleaching
assay, ORAC oxygen radical absorbance capacity
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passion fruit seed extracts (P. edulis), but to the best of our
knowledge, this is the first report of this compound from
the YPFS produced and marketed in Brazil.

Piceatannol exhibits various biological activities,
including antioxidant, anticarcinogenic, antiatherogenic,
and anti-inflammatory activities (Piotrowska et al. 2012).
Recently, Lai et al. (2014) have reported an optimization
study for the extraction of piceatannol from rose myrtle
seeds (Rhodomyrtus tomentosa) and found that the opti-
mum conditions for extraction are similar to those
employed herein (78.8% ethanol, 85.3 °C, and 78.8 min).
Considering previous studies and the results obtained
herein, the extraction of piceatannol is thought to require
high temperatures.

With respect to the complexity of interactions and
diversity of action mechanisms between various com-
pounds and antioxidant activity, this determination has
been widely accepted to be carried out using two or more
analytical methods (Moulehi et al. 2012). Thus, the
antioxidant capacity of the optimized extract was evaluated
by the methods employed during the optimization of
extraction conditions (Table 5).

The ability of polyphenols to donate electrons or
hydroxyl radicals to the DPPH radical was evaluated;
hence, its ability to become a stable diamagnetic molecule
was evaluated. The ECs( value observed for the optimized
extract is lower, reflecting a higher antioxidant capacity,
than those determined by Jorge et al. (2009) and Silva et al.
(2015) for the ethanolic (113.41 g/mL) and methanolic
(108 pg/mL) extracts of YPFES, respectively. Lourith and
Kanlayavattanakul (2013) have reported that the DPPH
radical scavenging potential of passion fruit seeds might be
greater after the liquid—liquid partition with ethyl acetate of
the crude extract.

The ability of the optimized extract to inhibit the per-
oxidation of linoleic acid and subsequent bleaching of B-
carotene in the presence of oxidizing factors is superior
(ECs0 1.26 mg/mL) to those detected for other fruit seed
extracts, e.g., mandarin (Citrus reticulata Blanco) (ECsg
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3.65 mg/ml) and bitter orange (C. aurantium L.) (ECsq
1.80 mg/ml) (Moulehi et al. 2012).

With respect to the reducing capacity, a smaller amount
of reducing agents are observed in the optimized extract
(20.41 pg AAE/100 g seed db) compared to those reported
by Chougui et al. (2013) for different varieties of Opuntia

ficus-indica fruit seed extracts (2.3-51.3 mg AAE/100 g
seed db). However, the optimized extract exhibits a higher
capacity to absorb oxygen radicals than Rubus occidentalis
(95.8 umol TE/g) (Luther et al. 2007) and some fruit
seed flour extracts (110.5-1076 pmol TE/g) (Parry et al.
2006).
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Conclusion AOAC (1995) Official methods of analysis of the association of

Owing to high content of lipids, proteins, minerals, and
phenolic compounds, yellow passion fruit seeds demon-
strate immense potential for commercial exploitation. The
extraction conditions to obtain crude extract include a high
extraction yield for the total polyphenols achieved using
70% ethanol at 80 °C for 30 min, which was statistically
correlated with the antioxidant capacity by most of the
investigated methods. Under optimal conditions, stilbene
piceatannol is the major polyphenol compound identified.
In addition, the results suggested that the optimization of
the extraction conditions is critical for accurately quanti-
fying phenolic compounds and their antioxidant proprieties
in YPFS in terms of yield and cost-effectiveness; therefore,
this process can be scaled up to an industrial extraction
procedure so as to harness the maximum potential of this
fruit, including the use of the by-products by food, phar-
maceutical, and chemical industries.
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