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Trans-resveratrol and antioxidant activity of
grape (vitis vinifera sp) byproducts

ABSTRACT

Polyphenols from agroindustry’s byproducts have great potential as a source of
antioxidant compounds. The present study evaluated the antioxidant activity and
polyphenol content of the husks and seeds of grapes obtained from a winery. The
hydroalcoholic extract (HAE) of the husks was obtained through an exhaustive maceration
process. Seeds were extracted in a Soxhlet system, mixed with hydroalcoholic solution and
the dried extract was partitioned into solvents to yield the chloroform fraction (CLF), ethyl
acetate fraction (EAF), and butanol fraction (BUF). The EAF and HAE had phenolic
equivalents of 200.76 and 320.64 mg of gallic acid per gram of extract, respectively. The
HAE showed higher antioxidant activity than the fractions in the phosphomolybdenum
method, the same in DPPH assay, with 1Cso of 16.82 mg/mL, and B-carotene/linoleate
system, with antioxidant activity of 82.09%. High performance liquid chromatography
(HPLC) method was developed and validated for quantifying trans-resveratrol in the HAE.
The method showed linearity (2.5-7.5 ug/mL), coefficient of determination of 0.9907,
precision and accuracy (resveratrol recovery = 101.02%). The HAE had a trans-resveratrol
concentration of 17.33 pg/mg. The results of the validation of the HPLC method were
satisfactory, which allowed analysis of the extract with precision and accuracy.

PALAVRAS-CHAVE: Grape; polyphenols; residue; seeds; husks.
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INTRODUCTION

Interest in discovering natural antioxidants has grown considerably since the
1980s. Many phytochemicals have significant antioxidant capacity and can
ameliorate or prevent chronic and degenerative diseases that are caused by the
accumulation or increased production of free radicals (Aruoma, 1998; Vinson et
al., 2001; Zheng; Wang, 2001). Isolated phenolic compounds have shown high
antioxidant activity in various species (Cho et al., 2003; Kikuzaki et al., 2002;
Oliveira-Junior et al., 2013a; Oliveira-Junior et al., 2013b).

Brazil has expanded its wine production through improvements in grape
cultivar conditions and cultivation equipment. Knowledge of the health benefits
of wine has resulted in increased consumption. The expansion of trade in the
wine industry has increased demand for raw materials and generated a large
amount of byproducts, such as seeds and peels, after the fermentation process
(Santos et al., 2011).

A study of Vitis vinifera grape byproducts in Brazil that was conducted over
two consecutive years reported that high amounts of bioactive and functional
compounds were produced by the action of enzymatic (yeast mediated) and
chemical reactions during winemaking (Barcia et al., 2014). Seeds and peels have
high concentrations of bioactive substances, including phenolic compounds,
especially trans-resveratrol (SANTOS et al., 2011). trans-Resveratrol (trans-3,5,4'-
trihydroxy-trans-stiloene) is a phytoalexin that is found in grape skin of fresh
fruit. Its content is highly affected by grape varieties (ROCKENBACH et al., 2011b).

The search for uses for such residues and byproducts is important and
beneficial to the economy, society, and the environment (DEVESA-REY et al.,
2011; Lavelli et al., 2014; PEDROZA et al., 2012). Residues that are produced in
wineries are rich in polyphenols, substances that demonstrate health benefits
with potential use as antioxidants in food preparations or in the production of
phytochemicals (BULLA et al., 2015; JAYAPRAKASHA; SELVI; SAKARIAH, 2003;
ROCKENBACH et al., 2011a; ROCKENBACH et al., 2011b; SHINAGAWA et al.,
2015). The development of cookies containing grape pomace flour as a
replacement for conventional wheat flour, showed significant increase of the
content of fibers, antioxidant activity and total phenolic content of the cookies
(KARNOPP et al., 2015).

Chromatographic methods for the determination of phenolic compounds
that employ reverse-phase high-performance liquid chromatography (HPLC)
combined with a diode array detector (DAD) or ultraviolet (UV) light detection
have been shown to be robust methods for separating phenolic compounds
(ZHANG et al., 2013).

The objective of the present study was to evaluate grape seed and husk
byproducts with regard to their phenolic content and antioxidant activity. We
developed and validated an analytical HPLC/DAD method for trans-resveratrol
quantification in extracts of the seeds and husks.
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MATERIAL AND METHODS

MATERIALS

Vegetal material (i.e., seeds and husks of Vitis vinifera sp grapes) were
obtained from the Miolo winery located at Vale dos Vinhedos, Rio Grande do Sul,
Brazil, in April 2009.

Standards (trans-resveratrol, gallic acid, ascorbic acid, butylated
hydroxytoluene [BHT], quercetin, and rutin) and reagents (linoleic acid, B-
carotene, 2,2-diphenyl-1-picrylhy-drazyl [DPPH],
polyoxyethylenesorbitanmonooleate [Tween 80], and Folin-Ciocalteu’s phenol
reagent were purchased from Sigma (St. Louis, MO, USA). Methanol (Carlo Erba)
and acetic acid (J.T. Baker) were HPLC-grade. All of the other chemicals and
solvents were of analytical grade.

SAMPLE PREPARATION

Samples from industrial winery waste were dried in an circulating air oven at
60°C followed by separation of the seeds and peels and these samples were
triturated in a knife mill (Use-ram). They were stored in a dry place that was
protected from light.

SEEDS

Grape seed powder (440 g) was extracted using the Soxhlet system (PRISTA;
CORREIA; MORGADO, 1991) with 700 mL hexane as the solvent at 70°C for 4 h.
The solvent was evaporated under reduced pressure at 40°C, and the precipitate
was referred to as the hexane extract of the grape seeds, kept in a dark glass flask
at -4°C.

The defatted precipitate was extracted by exhaustive maceration in
ethanol/water (9:1 v/v) in an amber flask at 25°C. The solution was filtered daily,
and a new aliquot of the solvent was added to the flask with occasional stirring
until obtained a limpid supernatant. The obtained filtrate was mixed,
concentrated under vacuum at 40°C and lyophilized to obtain the dried extract of
the seeds (SILVA et al., 2008; SONAGLIO et al. 2007). The dried extract was
partitioned into solvents with increasing polarity to yield the chloroform fraction
(CLF), ethyl acetate fraction (EAF), and butanol fraction (BUF) of the grape seeds.
Experiments of extraction and partitioned were carried out in three repetitions.

The defatted precipitate was mixed with a hydroalcoholic solution (90% v/v,
ethanol: water) at 1:10 (m/v) (SILVA et al., 2008; SONAGLIO et al. 2007).
Extraction occurred in an amber flask at 25°C. The solution was filtered daily, and
a new aliquot of the solvent was added to the flask with occasional stirring. The
obtained filtrate was mixed, and the solvent was eliminated by reduced pressure
at 40°C and lyophilized. The dried extract was partitioned into solvents with
increasing polarity to yield the chloroform fraction (CLF), ethyl acetate fraction
(EAF), and butanol fraction (BUF) of the grape seeds. Experiments of extraction
and partitioned were carried out in three repetitions.

Brazilian Journal of Food Research, Campo Mouréo, v. 7, n. 1, p. 66-81, set./dez. 2016.



FRREBRAPA

Brazilian Journal of Food Research

Péagina | 69

HUSKS

Grape husk powder was extracted at 1:10 (m/v) with a hydroalcoholic
solution (90% v/v) by on exhaustive maceration process. The obtained filtrate
was mixed, and the solvent was eliminated by reduced pressure at 40°C and
lyophilized. The hydroalcoholic extract of the grape husks (HAE) was stored in
polyethylene film bags and frozen. Experiments of extraction were carried out in
three repetitions.

PHENOLIC CONTENT

The amount of total phenolic compounds in the samples was determined
according to the Folin-Ciocalteu procedure, with modifications (IKAWA et al.,
2003). Gallic acid was used as a standard, and the calibration curve was
generated with gallic acid concentrations of 10, 50, 100, 150, 250, and 350 pg/mL
in methanol. The solutions of the HAE, CLF, EAF, and BUF were diluted in
methanol at 1000 pg/mL.

A 100 pl aliquot of the samples was introduced into a volumetric flask (10
mL), and 500 pl of Folin-Ciocalteu reagent and 6 mL of distilled water were added
and mixed for 1 min. Afterward, 2 mL of sodium carbonate (15%) was added and
mixed for 30 s. Water was then added to the flasks to a final volume of 10 mL,
and the samples were allowed to stand for 2 h. Absorption was read at 750 nm
with a spectrophotometer (Spectro Vision Model UV-Vis SB-1810S 46
BioSystems). Total phenolic content is expressed as gallic acid equivalents (GAE)
in milligrams per gram of extract. All of the measurements were performed in
triplicate.

ANTIOXIDANT ACTIVITY

Phosphomolybdenium method

The total antioxidant capacity of the grape byproducts was evaluated
according to the method of Prieto, Pineda and Aguiar (1999). The
phosphomolybdenum complex was prepared by reacting 28 mL of sodium
phosphate solution (NasPOg; 0.1 mol/L), 12 mL of ammonium molybdate solution
(INH4]6M0702424H,0; 0.03 mol/L), 20 mL of sulfuric acid solution (H,SO4; 3
mol/L), and 40 mL of distilled water.

To the vials was added 600 pl of the test samples, HAE, CLF, AEF, and BUF
solutions (200 pg/mL), and 2 mL of phosphomolybdenum complex reagent
solution. The vials were capped and incubated in a water bath at 95 °C for 90 min.
After the samples cooled to room temperature, the absorbance of the mixture
was read at 695 nm against a blank using a spectrophotometer (Spectro Vision
Model UV-Vis SB-1810S 46 BioSystems).

The antioxidant capacity of the extract and each fraction is expressed as
relative antioxidant activity (RAA) to ascorbic acid, which was used as a standard
(200 pg/mL), and RAA to rutin prepared in methanol (200 pg/mL). The reference
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antioxidant activity was considered as 1. The assays were performed in triplicate
and the results are expressed according to equations (1) and (2):

RAA% (aSCOFbIC aCid) = [(AbSSamp|e - Absblank) / (AbSascorbic acid — Absb|ank)] X 100 (l)

RAA% (rutin) = [(AbsSample - Absblank) / (AbSrutin_ Absb|ank)] X 100 (2)

DPPH Method

This method is based on DPPH (2,2-diphenyl-1-picryl-hidrazil) radical
scavenging activity (RSA) of the extract and fractions (BLOIS, 1958; BRAND-
WILLIAMS; CUVELIER; BERSET and 1995). The extract and fractions were diluted
in methanol. From each stock solution (1000 pg/mL), dilutions in methanol were
made to obtain concentrations in the linear range of each sample. The linear
ranges of the HAE, CLF, AEF, and BUF were 5-30, 62.5-250, 7.5-32, and 15-62.5
ug/mL, respectively.

To evaluate antioxidant activity, 375 ul of 1 mM DPPH solution was added to
3 mL of each solution of HAE, CLF, AEF, and BUF. As the positive control, 3 mL of a
methanolic solution of butylated hydroxytoluene (BHT) (0.5 mg/mL) was added
to 375 ul of DPPH solution. A solution that contained 3 mL of methanol and 375
pl of 1 mM DPPH solution was used as the negative control. After 30 min, the
absorbance of the solutions was read at 517 nm using a spectrophotometer
(Spectro Vision Model UV-Vis SB-1810S 46 BioSystems). All of the measurements
were performed in triplicate. The RSA was calculated as the following (3):

%RSA = [(Abso-Abs;) / Abso] x 100 (3)

Abs is the absorbance of the negative control. Abs; is absorbance in the
presence of the test sample at different concentrations. The ICso (i.e., the
concentration that provided 50% inhibition) was calculated graphically using a
calibration curve in the linear range by plotting the extract concentration vs. the
corresponding scavenging activity.

B-carotene/linoleate model system

The B-carotene/linoleic acid system was designed according to Barros et al.
(2007). Antioxidant activity (AA%) was determined based on the oxidation of 8-
carotene induced by the oxidative degradation of linoleic acid. To prepare the
emulsion, 0.4 mg of B-carotene was dissolved in 2.0 mL of chloroform. The
chloroform was evaporated at 40°C under vacuum, and 40 mg linoleic acid and
400 mg Tween 80 were added. To this solution was added 100 mL of hydrogen
peroxide (distilled water treated with O,), with vigorous stirring.

A 4.8 mL emulsion of B-carotene/linoleate was added to 0.2 mL of the
samples, extract and fractions, at concentrations of 500 and 1000 pg/mL in
methanol. The same procedure was performed for the rutin, quercetin, and
ascorbic acid standards at concentrations of 500 and 1000 pg/mL in methanol.
The BHT standard was used at 1000 pg/mL in methanol. The samples were then
placed in a water bath at 50°C for 2 h, and absorbance was read at 470 nm using
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a spectrophotometer (Spectro Vision Model UV-Vis SB-1810S 46 BioSystems).
Analyses were carried out in triplicate.

The percentage of inhibition of oxidation was calculated using the following
equation (4):

AA% = (content of 8-carotene after 2 h / initial content of 8-carotene) x 100 (4)

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

Trans-Resveratrol analysis

HPLC analysis was carried out according to Chafer et al. (2005) with
modifications described as follows.

HPLC was performed using a Shimadzu system (SCL-20A) with a UV DAD
(SPD-M20AVP; 220-600 nm), automatic sampler (SIL-20ADVP), and quaternary
pump (LC-20ADvp) coupled to LC solution software for data acquisition.
Components were separated using a C18 column (Phenomenex Luna C18, 250 x
4.6 mm inner diameter, 5 um particle size) held at 40°C. The samples were
filtered using a Millex filter, and a 20 ul aliquot was injected.

The mobile phase consisted of 0.30% glacial acetic acid and methanol at a
flow rate of 1.0 mL/min. The gradient elution mode was prepared as the
following: 0.30% acid water and methanol at proportions of 80:20 v/v (0-15 min),
55:45 v/v (15-30 min), and 80:20 v/v (30-35 min). trans-Resveratrol was detected
at 306 nm, and the identification was based on the comparison of the retention
time and UV-visible light spectral data of the detected peak with the reference
standard compound. Quantification was performed using external calibration
curves with a pure standard, and the results are expressed as mg/g. The retention
time of trans-resveratrol in the samples was 24 min, with a total run time of 35
min. Analyses were carried out in triplicate.

Validation study

To study the HPLC system’s suitability, the theoretical plate number, peak
asymmetry factor, and peak resolution were analyzed before starting the
sampling injection according to Cass e Degani (2001).

A validation study was performed with the HAE of the husks (200 pug/mL) and
the trans-resveratrol standard (5 pg/mL), both prepared in methanol. The
following parameters were determined: linearity, precision, limit of detection
(LOD), limit of quantification (LOQ), and accuracy, according to Brazilian
legislation requirements (BRASIL, 2003) and the Center for Drug Evaluation and
Research (1994).

Linearity was evaluated according to an analytical curve using the external
trans-resveratrol standard from three replicates. In addition to the parameters
evaluated by linear regression, the linearity of the residues was determined using
the F test.
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Precision was determined by considering repeatability and intermediate
precision. Three solutions at distinct concentrations (2.50, 5.00, and 7.50 mg/mL)
were analyzed in three replicates on the same day. A similar procedure was
applied on two different days and on two separate occasions to evaluate
intermediate precision. The results are expressed as relative standard deviation
(RSD %).

The LOD was evaluated using diluted solutions of the standard at decreasing
concentrations, until a signal-to-noise ratio of 3:1 was reached. The LOQ was
calculated according to analytical curve data, based on a concentration that
produced a signal-to-noise ratio greater than 10:1 relative to baseline. The areas
were calculated using LC Solution software based on the analytical curves.

After the linearity parameters were set, accuracy was evaluated at three
levels for the HAE (80%, 100%, and 120% of the label claim). The analysis was
performed in triplicate at each level, and the recovery mean indicates the
accuracy of the method.

Stability assays were performed using a trans-resveratrol standard solution
and HAE, which were stored at 4°C and protected from light. The samples were
stored at 25°C for 72 h and analyzed every 24 h.

STATISTICAL ANALYSIS

The results were analyzed using analysis of variance (ANOVA), and mean
values were compared using Tukey’s test. Values of p < 0.05 were considered
statistically significant. The data were analyzed using Statistica 5.1 software
(StatSoft, 1996).

RESULTS AND DISCUSSION

ANTIOXIDANT ACTIVITY

Table 1 shows the antioxidant activity, and phenolic content using the
phosphomolybdenum method of the HAE of the husks, CLF, EAF, and BUF of the
seeds. Significant differences (p < 0.05) were observed between samples in all of
the analyses. The highest phenolic content was 320.64 mg GAE/g in the EAF.
Santos et al. (2011) also found higher amounts of phenolic compounds in seeds,
compared with peels.

Antioxidant activity, showed that the HAE had a higher RAA, relative to both
rutin and ascorbic acid, followed by the EAF, BUF, and CLF (Table 1). A similar
antioxidant activity profile was observed in the DPPH analysis. The HAE had a
smaller 1Cso value than the other fractions. The EAF of seeds presented the best
results in the DPPH test, similar to Santos et al. (2011). The ICs values of grape
byproducts using the DPPH method reported by Ruberto et al. (2007) ranged
from 14 to 39 pg/mL in samples provided by different wineries in Italy.
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Table 1 — Antioxidant activity and phenolic content using the phosphomolybdenum
method of extracts produced from grape seeds and husks.

sample Phenolic compounds RAA'%3 : RAA'%3 DPPH

(mg GAE/g)? (ascorbic acid) (rutin) (1Cs0)
HAE 200.76¢ + 8.99 29.19d + 1,65 86.15d + 4.88 16.82a £ 0.67
CLF 25.17a+1.09 7.36a+0.64 21.71a+1.88 242.62c£7.57
EAF 320.64d £ 2.86 19.94c +1.26 58.85c £ 3.73 25.58a +0.95
BUF 46.36b £ 1.43 8.79b + 0.61 25.95b +1.79 110.71b+ 3.13
HAE 200.76¢ + 8.99 29.19d + 1,65 86.15d + 4.88 16.82a £ 0.67
CLF 25.17a+1.09 7.36a+0.64 21.71a+1.88 242.62c£7.57

1HAE, hydroalcoholic extract of the husks of the seeds of grapes; CLF, chloroform fraction of the
seeds of grapes; EAF, ethyl acetate fraction of the seeds of grapes; BUF, butanol fraction of the
seeds of grapes.

2Milligrams of gallic acid equivalents per gram of extract (mg GAE/g).

3Relative antioxidant activity to ascorbic acid and rutin.

The results are expressed as the mean + standard deviation of three replicates. Means followed by
different letters in the same column are significantly different by Tukey's test (p < 0.05).

The HAE sample had a smaller phenolic content than EAF but higher
antioxidant activity based on all of the evaluation methods (Table 1). Phenolic
compounds are described as being responsible for the antioxidant properties of
grapes, as well as other species (Ferreira et al., 2010; Gris et al., 2013; Oliveira-
Junior et al., 2013a).

To study antioxidant properties in an oil model, the samples were evaluated
using the 8-carotene/linoleate model system. The extracts were evaluated at two
concentrations (500 and 1000 pg/mL; Table 2). This method considers the
quenching power of the extract to avoid free radical formation that occurs during
lipid oxidation, which may attack the B-carotene structure and cause a loss of
color at 415 nm (JAYAPRAKASHA; SINGH; SAKARIAH, 2001). The rutin (RTN),
quercetin (QRC), and ascorbic acid (ASC) standards were also evaluated. The HAE
had higher values of inhibition of linoleate peroxide radical-induced B8-carotene
degradation, similar to quercetin. All of the fractions studied exhibited powerful
antioxidant ability against the emulsion system compared with ascorbic acid,
indicating that these chemicals are prone to act as radical scavengers in oil/water
systems.
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Table 2 — Antioxidant activity (%AA) of extracts produced from grape seeds and husks in
the B-carotene/linoleate model system.

Sample! 500 pg/mL 1000 pg/mL
ASC 51.39° +1.53 55.35%+1.91
RTN 75.88°+1.76 79.25° +3.28
QRC 89.438 +2.61 92.388+3.04
HAE 82.097+3.01 88.94 + 2,90
CLF 60.04° +1.39 83.05°+1.31
EAF 69.00¢ + 3.08 88.18° +2.47
BUF 62.32°+2.08 84.389+0.71

1HAE, hydroalcoholic extract of the husks of the seeds of grapes; CLF, chloroform fraction of the
seeds of grapes; EAF, ethyl acetate fraction of the seeds of grapes; BUF, butanol fraction of the
seeds of grapes. The results are expressed as the mean +* standard deviation of three replicates.
Means followed by different letters in the same column are significantly different by Tukey's test (p
<0.05).

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY ANALYSIS

Trans-Resveratrol analysis

A method for determining resveratrol (trans-3,5,4’-trihydroxy-trans-stilbene)
was performed using the HAE of the husks, which presented the highest
antioxidant properties among the tested samples.

The proposed method was developed to detect and quantify trans-
resveratrol, it has been shown beneficial to health, with antioxidant, anticancer
and anticoagulant properties (OLAS and Wachowicz, 2005; Olas et al., 2001; Surh
et al., 1999). Rockenbach et al. (2011b) identified individual phenolic compounds
in grape pomace, including anthocyanins, quercetin, rutin, kaempferol
derivatives, catechin, epicatechin, gallic acid, and trans-resveratrol in Vitis
vinifera L. residue.

Validation study

The analytical method for quantifying trans-resveratrol in grape byproducts
was validated using standards by considering linearity, precision, LOD, LOQ,
specificity, accuracy, and robustness (data not shown). The linearity range of 2.5-
7.5 pug/mL was obtained using the trans-resveratrol standard, and the coefficient
of determination achieved was of 0.9907. Other parameters that are related to
the analytical curve are presented in Table 3. The linearity evaluated using the F
test compared the F value (-49.67) with the critical F value (3.7083), with 3 and
10 degrees of freedom and a 95% confidence level. Because the condition F <
critical F was met, linearity was confirmed.
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Table 3 — Validation parameters for HPLC method using trans-resveratrol as a standard.

Parameter Value

Intercept (a) 214126
Slope (b) -79948
Linear regression coefficient (R) 0.9907
Standard error 57448.7
Repeatability (RSD %) 0.83
Intermediate precision (RSD %) 0.24
LOD (pg/mL) 0.000364
LOQ (pg/mL) 0.001214
Accuracy (%) 101.02

Precision was evaluated at three concentrations (2.5, 5.0, and 7.5 pg/mL),
with RSD values < 5% (Table 3) when considering both repeatability and
intermediate precision. These were acceptable values according to validation
guidance (BRASIL, 2003). The limit of detection (LOD) and limit of quantification
(LOQ) for trans-resveratrol were 0.000364 and 0.001214 pg/mL, respectively.
Accuracy was evaluated by recovering the trans-resveratrol standard at three
concentrations (160, 200, and 240 pg/mL), delimited by the linear range of the
HAE (Table 3). The mean value of 99.88% + 1.01% (RSD 1.01%) (Table 4) indicates
that the proposed method presents accuracy at acceptable levels.

Table 4 — Validation parameters for HPLC method using trans-resveratrol as a standard.

Concentration (ug/mL) Accuracy (%) mean = SD

160 98.78 +0.38
200 99.89+0.30
240 100.98 £ 0.47

Stability assays were performed during solution preparation to ensure that
trans-resveratrol remained stable and monitor possible side reactions. The
standard solution and HAE presented variations in the trans-resveratrol
concentration of 4.08% and 1.33%, respectively, over 24 h. Higher trans-
resveratrol losses in standard solutions compared to phenolic extract (HAE)
allowed to infer that other compounds are present and can act as antioxidant.
The results are in agreement with Sautter et al. (2005), which showed trans-
resveratrol might be converted in cis-resveratrol in presence of light.

Trans-Resveratrol in extracts

trans-Resveratrol was quantified in the HAE of the husks, with 17.33 mg of
resveratrol/g of extract. Santos et al. (2011) reported the largest amounts of
trans-resveratrol in peels compared with seeds, whereas no trans-resveratrol was
detected in grape pulp. lacopini et al. (2008) detected trans-resveratrol in small
quantities in Sangiovese and Foglia Tonda skin (0.8 + 0.18 mg/100 g) and higher
values in Cabernet Sauvignon (25.5 + 1.16 mg/ 100 g) and Merlot (10.5 + 1.84
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mg/100 g). Studies appoint that the number of stilbenes present in grapes is
dependent on the amount of resveratrol, considered the precursor of these
phenolic compounds (Coutos-Thévenot et al., 2001; FERNANDEZ-MARIN et al.,
2013).

CONCLUSIONS

The EAF of the seeds and the HAE of the husks of grapes showed the greatest
antioxidant activity. The HAE sample had a smaller phenolic content than EAF but
higher antioxidant activity based on all of the evaluation methods. The stronger
antioxidant activity might be associated with its ability to scavenge free radicals
and participate in reactions that involve hydrogen donation and electron transfer.
The proposed method was fully validated and allowed the detection of trans-
resveratrol and quantification in real samples. Identifying vegetal extracts that
are rich in bioactive trans-resveratrol and have potential antioxidant properties
using this method may be useful in the pharmaceutical industry. This method
may also bring value to winery byproducts.

Brazilian Journal of Food Research, Campo Mouréo, v. 7, n. 1, p. 66-81, set./dez. 2016.



FRREBRAPA

Brazilian Journal of Food Research

Pégina | 77

ACKNOWLEDGMENTS

The authors are grateful to CNPq, CAPES, FINEP, and Fundag¢do Araucdria for
financially supporting this work.

REFERENCES

ARUOMA, O. |. Free radicals, oxidative stress, and antioxidants in human health
and disease. Journal of the American Oil Chemists Society, v. 75, n.2, 199-212,
1998.

BARCIA, M. T.; PERTUZATTI, P. B.; RODRIGUES, D.; GOMEZ-ALONSO, S.;
HERMOSIN-GUTIERREZ, I.; GODOY, H. T. Occurrence of low molecular weight
phenolics in Vitis vinifera red grape cultivars and their winemaking by-products
from S3do Paulo (Brazil). Food Research International, v. 62, 500-513, 2014.

BARRQS, L.; FERREIRA, M.; QUEIROS, B.; FERREIRA, I. C. F. R.; BAPTISTA, P. Total
phenols, ascorbic acid, B-carotene and lycopene in Portuguese wild edible
mushrooms and their antioxidant activities. Food Chemistry, v. 103, 413-419,
2007.

BLOIS, M. S. Antioxidant determination by the use of a stable free radical. Nature,
v. 181, 1199-1200, 1958.

BRAND-WILLIAMS, W.; CUVELIER, M. E.; BERSET, C. Use of a free radical method
to evaluate antioxidant activity. Lebensmittel Wissenschaft Und Technologie, v.
28, 25-30, 1995.

BRASIL. Ministério da Saude. RE n° 899, de 29 de maio de 2003. Determina a
publicacdo do “Guia para validacdao de métodos analiticos e bioanaliticos”
anexo. Didrio Oficial da Republica Federativa do Brasil, Brasilia, DF, 02 jun. 2003.

BULLA, M. K.; HERNANDES, L.; BAESSO, M. L.; NOGUEIRA, A. C.; BENTO, A. C,;
BORTOLUZZI, B. B.; SERRA, L. Z.; CORTEZ, D. A. G. Evaluation of photoprotective
potential and percutaneous penetration by photoacoustic spectroscopy of the
Schinus terebinthifolius Raddi extract. Photochemistry and Photobiology, v. 91,
558-566, 2015.

CASS, Q. B.; DEGANI, A. L. G. Desenvolvimento de métodos por HPLC:
fundamentos, estratégias e validagdo. Sdo Carlos, SP, Brasil: Editora da UFSCAR,
2001.

Brazilian Journal of Food Research, Campo Mouréo, v. 7, n. 1, p. 66-81, set./dez. 2016.



FRREBRAPA

Brazilian Journal of Food Research

Péagina | 78

Center for Drug Evaluation and Research. Reviewer guidance: validation of
chromatographic methods. Rockville, MD: Center for Drug Evaluation and
Research, 1994.

CHAFER, A.; PASCUAL-MARTI, M.C.; SALVADOR, A.; BERNA A. Supercritical fluid
extraction and HPLC determination of relevant polyphenolic compounds in grape
skin. Journal Separation Science. v. 28, n. 16, 2050-2056, 2005.

Cho, E. J.; Yokozawa, T.; Rhyu, D. Y.; Kim, S. C.; Shibahara, N.; Park, J. C. Study on
the inhibitory effects of Korean medicinal plants and their main compounds on
the 1,1-diphenyl-2-picrylhydrazyl radical. Phytomedicine, v. 10, 544-551, 2003.

COUTOS-THEVENOT, P.; POINSSOT, B.; BONOMELLI, A.; YEAN, H.; BREDA, C.;
BUFFARD, D.; ESNAULT, R.; HAIN, R.; BOULAY, M. In vitro tolerance to Botrytis
cinerea of grapevine 41B rootstock in transgenic plants expressing the stilbene
synthase Vstl gene under the control of a pathogen-inducible PR10 promoter.
Journal of Experimental Botany, v. 52, 901-910, 2001.

Devesa-Rey, R.; Vecino, X.; Varela-Alende, J. L.; Barral, M. T.; Cruz, J. M.; Moldes,
A. B. Valorization of winery waste vs. the costs of not recycling. Waste
Management, v. 31, 2327-2335, 2011.

FERNANDEZ-MARIN, M. I.; GUERRERO, R. F.; GARCIA-PARRILLA, M. C.; PUERTAS,
B.; RAMIREZ, P.; CANTOS-VILLAR, E. Terroir and variety: Two key factors for
obtaining stilbene-enriched grapes. Journal of Food Composition and Analysis, v.
31, 191-198, 2013.

FERREIRA, E. A.; GRIS, E. F.; FELIPE, K. B.; CORREIA, J. F. G.; CARGNIN-FERREIRA,
E.; WILHELM FILHO, D.; PEDROSA, R. C. Potent hepatoprotective effect in CCl4-
induced hepatic injury in mice of phloroacetophenone from Myrcia multiflora.
Libyan Journal of Medicine, v. 5, 4891-4901, 2010.

GRIS, E. F.; MATTIVI, F. FERREIRA, E. A.; VRHOVSEK, U.; FILHO, D. W.; PEDROSA, R.
C.; BORDIGNON-LUIZ, M. T. Phenolic profile and effect of regular consumption of
Brazilian red wines on in vivo antioxidant activity. Journal of Food Composition
and Analysis, v. 31, 31-40, 2013.

IACOPINI, P., BALDI, M., STORCHI, P., SEBASTIANI, L. Catechin, epicatechin,
quercetin, rutin and resveratrol in red grape: content, in vitro antioxidant activity
and interactions. Journal of Food Composition and Analysis, v. 21, 589-598,
2008.

Brazilian Journal of Food Research, Campo Mouréo, v. 7, n. 1, p. 66-81, set./dez. 2016.



FRREBRAPA

Brazilian Journal of Food Research

Péagina | 79

IKAWA, M.; SCHAPER, T. D.; DOLLARD, C. A.; SASNER, J. J. Utilization of Folin-
Ciocalteu phenol reagent for the detection of certain nitrogen compounds.
Journal of Agricultural and Food Chemistry, v. 51, 1811-1815, 2003.

JAYAPRAKASHA, G. K., SELVI, T., SAKARIAH, K. K. Antibacterial and antioxidant
activities of grape (Vitis vinifera) seed extracts. Food Research International, v.
36, 117-122, 2003.

JAYAPRAKASHA, G. K.; SINGH, R. P.; SAKARIAH, K. K. Antioxidant of grape seed
(Vitis vinifera) extracts on peroxidation models in vitro. Food Chemistry, v. 73,
285-290, 2001.

KARNOPP, A. R.; FIGUEROA, A. M.; LOS, P. R.; TELES, J. C.; SIMOES, D. R. S.;
BARANA, A. C.; KUBIAKI, F. T.; OLIVEIRA, J. G. B. DE; GRANATO, D. Effects of
whole-wheat flour and bordeaux grape pomace (Vitis labrusca L.) on the sensory,
physicochemical and functional properties of cookies. Food Science Technology,
v. 35, n. 4, 750-756, 2015.

KIKUZAKI, L.; HISAMOTO, M.; HIROSE, K.; AKIYAMA, K.; TANIGUCHI, H.
Antioxidant properties of ferulic acid and its related compounds. Journal of
Agricultural and Food Chemistry, v. 50, 2161-2168, 2002.

LAVELLI, V.; SRIHARSHA, P. S.; TORRI, L.; ZEPPA, G. Use of winemaking by-
products as an ingredient for tomato puree: the effect of particle size on product
quality. Food Chemistry, v. 152, 162-168, 2014.

OLAS, B., WACHOWICZ, B., 2005. Resveratrol, a phenolic antioxidant with effects
on blood platelet functions. Platelets, 16 (5), 251-260, 2005.

OLAS, B., WACHOWICZ, B., SALUK-JUSZCZAK, J., ZIELINSKI, T., KACA, W.,
BUCZYNSKI, A., 2001. Antioxidant activity of resveratrol in endotoxin-stimulated
blood platelets. Cell Biology and Toxicology, 17 (2), 117-125, 2001.

OLIVEIRA-JUNIOR, R. G.; de SOUZA ARAUJO, C.; SOUZA, G. R.; GUIMARAES, A. L.;

de OLIVEIRA, A. P.; de LIMA-SARAIVA, S. R. G.; MORAIS, A. C. S.; dos SANTQOS, J. S.
R.; da SILVA ALMEIDA, J. R. G. In vitro antioxidant and photoprotective activities

of dried extracts from Neoglaziovia variegata (Bromeliaceae). Journal of Applied
Pharmaceutical Science, v. 3, 122-127, 2013a.

OLIVEIRA-JUNIOR, R. G.; SOUZA, G. R.; GUIMARAES, A. L.; DE OLIVEIRA, A. P.;
MORAIS, A. C.S.; DE CRUZ ARAUJO, E. C.; NUNES, X. P.; da SILVA ALMEIDA, J. R. G.
Dried extracts of Encholiriumspectabile (Bromeliaceae) present antioxidant and

Brazilian Journal of Food Research, Campo Mouréo, v. 7, n. 1, p. 66-81, set./dez. 2016.



FRREBRAPA

Brazilian Journal of Food Research

Pégina | 80

photoprotective activities in vitro. Journal of Young Pharmacists, v. 5, 102-105,
2013b.

PEDROZA, M. A.; CARMONA, M.; PARDO, F.; SALINAS, M. R.; ZALACAIN, A. Waste
grape skins thermal dehydration: potential release of colour, phenolic and aroma
compounds into wine. CyTA-Journal of Food, v. 10, 225-234, 2012.

PRIETO, P.; PINEDA, M.; AGUIAR, M. Spectrophotometric quantitation of
antioxidant capacity through the formation of a phosphomolybidenum complex:
specific application to the determination of vitamin E. Analytic Biochemistry, v.
269, n. 2, 337-341, 1999.

PRISTA, L. N., CORREIA, A. A.,, MORGADO, R. Técnica Farmacéutica e Farmacia
Galénica. (4th ed). Lisboa: Fundagdo Calouste Gulbenkian, 1991.

ROCKENBACH, I. I.; GONZAGA, L. V.; RIZELIO, V. M.; GONCALVES, A.; GENOVESE,
M. I.; FETT, R. Phenolic compounds and antioxidant activity of seed and skin
extracts of red grape (Vitis vinifera and Vitis labrusca) pomace from Brazilian
winemaking. Food Research International, v. 44, 897-901, 2011a.

ROCKENBACH, I. I.; RODRIGUES, E.; GONZAGA, L. V.; CALIARI, V.; GENOVESE, M.
I.; GONCALVES, A. E. S. S.; FETT, R. Phenolic compounds content and antioxidant
activity in pomace from selected red grapes (Vitis vinifera L. and Vitis labrusca L.)
widely produced in Brazil. Food Chemistry, v. 127, 174-179, 2011b.

RUBERTO, G.; RENDA, A.; DAQUINO, C.; AMICO, V.; SPATAFORA, C.; TRINGALI, C;
TOMMASI, N. Polyphenol constituents and antioxidant activity of grape pomace
extracts from five Sicilian red grape cultivars. Food Chemistry, v. 100, 203-210,
2007.

SANTOS, L. P.; MORAIS, D. R.; SOUZA, N. E.; COTTICA, S. M.; BOROSKI, M.;
VISENTAINER, J. V. Phenolic compounds and fatty acids in different parts of Vitis
labrusca and V. vinifera grapes. Food Research International, v. 44, 1414-1418,
2011.

SAUTTER, C. K.; DENARDIN, S.; ALVES, A. O.; MALLMANN, C. A.; PENNA, N. G.;
HECKTHEUER, L. H. Determinagdo de resveratrol em sucos de uva no Brasil.
Ciéncia e Tecnologia de Alimentos, v. 25, n. 3, 437-442, 2005.

SHINAGAWA, F. B.; SANTANA, F. C.; TORRES, L. R. O.; MANCINI-FILHO, J. Grape
seed oil: a potential functional food? Food Science and Technology, v. 35, n. 3,
399-406, 2015.

Brazilian Journal of Food Research, Campo Mouréo, v. 7, n. 1, p. 66-81, set./dez. 2016.



FRREBRAPA

Brazilian Journal of Food Research

Péagina | 81

SILVA, D. R.; BARONI, S.; SVIDZINSKI, A. E.; BERSANI-AMADO, C. A.; CORTEZ, D. A.
G. Anti-inflammatory activity of the extract, fractions and amides from the leaves
of Piper ovatum Vahl (Piperaceae). Journal of Ethnopharmacology, v. 116, 569—
573, 2008.

SONAGLIO, D; ORTEGA, G. G.; PETROVICK, P.R.; BASSANI, V.L. Desenvolvimento
tecnoldgico e producdo de fitoterapicos. In: SIMOES, C.M.O.; SCHENKEL, E.P.;
GOSMANN, G.; MELLO, J.C.P.; MENTZ, L.A.; PETROVICK, P.R. (org.)
Farmacognosia: da planta ao medicamento. 6a. ed. Floriandépolis (SC): UFSC,
223-259, 2007.

SURH, Y. J.; HURH, Y. J.; KANG, J. Y.; LEE, E. KONG, G., LEE, S. J. Resveratrol, an
antioxidant present in red wine, induces apoptosis in human promyelocytic
leukemia (HL-60) cells. Cancer Letters, v. 140, n. 1-2, 1999.

VINSON, J. A,; SU, X.; ZUBIK, L.; BOSE, P. Phenol antioxidant quantity and quality
in foods: fruits. Journal of Agricultural and Food Chemistry, v. 49, 5315-5321,
2001.

ZHANG, A.; WAN, L.; WU, C.; FANG, Y.; HAN, G.; LI, H.; ZHANG, Z.; WANG, H.
Simultaneous determination of 14 phenolic compounds in grape canes by HPLC-
DAD-UV using wavelength switching detection. Molecules, v. 18, 14241-14257,
2013.

ZHENG, W.; WANG, S.Y. Antioxidant activity and phenolic compounds in selected
herbs. Journal of Agricultural and Food Chemistry, v. 49, 5165-5170, 2001.

Recebido: 01 mar. 2016.
Aprovado: 24 mai. 2016.

DOI: 10.14685/rebrapa.v7n3.3781
Como citar:

BOROSKI, M. et al. Trans-Resveratrol and antioxidant activity of grape (Vitis Vinifera sp) byproducts.
Brazilian Journal of Food Research, Campo Mouréo, v. 7, n.3, p. 66-81, set./dez. 2016. Disponivel em:
https://periodicos. utfpr.edu.br/rebrapa

Correspondéncia:
Marcela Boroski
Universidade Federal da Integracéo Latino Americana — Foz do Iguagu - PR, Brasil.

Direito autoral: Este artigo esta licenciado sob os termos da Licenga Creative Commons-Atribui¢ao 4.0
Internacional.

Brazilian Journal of Food Research, Campo Mouréo, v. 7, n. 1, p. 66-81, set./dez. 2016.


https://periodicos.utfpr.edu.br/rebrapa

