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SUMMARY: In this report, the temperature dependence of the refractive index and electric impedance of veg-
etable oil grape seeds extracted from Vitis vinifera (v. Cabernet) and Vitis labrusca (v. Bordo) are investigated
by means of experimental techniques. The seeds were collected from wineries located in two cities in the south
of Brazil. In both extraction methods, the seeds were dried at 40.0 °C and at 80.0 °C, respectively, before the oil
extraction. From optical microscopy and refractometry results, one can see that the grape seed oil extracted by
mechanical pressing shows a linear dependence between the refractive index and temperature and has no bire-
fringent residues. From the fitting of the EIS (Electrical Impedance Spectroscopy) data, an equivalent electric
circuit composed of a parallel RC in series with a resistor is proposed. The circuit model is in good agreement
with the experimental data and provides the electrical permittivity of the vegetable oils investigated.
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RESUMEN: Indice de refraccién e impedancia eléctrica en funcion de la temperatura de aceites de semillas de uva
(Vitis vinifera, Vitis labrusca) extraidos mediante Soxhlet y prensado mecdnico. Se investiga mediante técnicas
experimentales la dependencia del indice de refraccion y la impedancia eléctrica de aceites vegetales extraidos de
semillas de uva Vitis vinifera (v. Cabernet) y Vitis labrusca (v. Bordo). Las semillas fueron recolectadas de bode-
gas situadas en dos ciudades al sur de Brasil. Antes de la extraccion del aceite, mediante dos métodos de extrac-
cion, las semillas fueron secadas a 40,0 °C y 80,0 °C. De los resultados de refractometria y microscopia optica,
se comprueba que el aceite de semilla de uva extraida por prensado mecanico obedece a una relacion lineal del
indice de refraccion con la temperatura y no presentan residuos birrefringentes. Con los datos de impedancia
eléctrica, se propone un circuito eléctrico equivalente formado por una resistencia y un condensador en paralelo,
a su vez ligado a otra resistencia en serie. El modelo de circuito tiene una alta correlacion con los datos experi-
mentales y permite obtener la constante dieléctrica de los aceites vegetales investigados.
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1. INTRODUCTION

Great quantities of residues are produced by the
wine industry, whose management and disposal
are environmental problems due to their seasonal
character and some polluting characteristics. The
main solid by-products and residues generated
are grape stalk, grape pomace or marc, exhausted
grape marc winery sludge and seeds (Bustamante
et al., 2008; Devesa-Murcia et al., 2011). The pro-
duction of grape seed oil is an alternative to use
the residue of the wine producing industry. Grape
seed oil is rich in linoleic acid (Pardo et al., 2009;
Freitas 2007; Ahmadi and Siahsar, 2011; Cao and
Ito, 2003) and contains great antioxidant power,
due to the presence of vitamin E in its composi-
tion. One important effect associated with grape
and grape-related products is the reduction in bad
cholesterol (LDL) and the increase in good choles-
terol (HDL), decreasing the risk of cardiovascular
disease (Jayaprakasha et al., 2001; Nassiri-Asl and
Hosseinzadeh, 2009; Viagna et al., 2003; Feringa
et al., 2011). A review about the health benefits
associated with grape products including the
grapes Vitis labrusca and Vitis vinifera can be seen
in reference (Vislocky and Fernandez, 2010). In
addition, grape seed oil is one of the carriers of
many essential oils used in various processes of
health (Lavabre, 1993) such as therapeutic massage
(Jager et al., 1992; Hongratanaworakit, 2011). The
percutaneous absorption of the essential oil in the
massage oil is increased due to the low viscosity
of the grape seed oil used as carrier. However, the
absorption of oils through the skin depends on the
type of oil being used, the type of carrier and on
the temperature of the surrounding air and of the
oil itself. In spite of the widespread use of essential
oil, little research about its absorption via the skin
has been described. In this sense, the investigation
of the electrical properties of the grape seed oil
as a function of temperature aims to make a con-
tribution to the understanding of the oil absorp-
tion process through the skin. In this sense, the
Electrical Impedance Spectroscopy (EIS) that has
been used in the investigation of ionic solutions
(Lenzi et al., 2011), can give a good description
of the behavior of the electrical impedance as a
function of temperature, Z (T) of these carrier oils
investigated. Once refractive index n is related to
the electric permittivity € of the studied material
(Born and Wolf, 1980), experimental investiga-
tion of n as a function of temperature, n (T), is of
extreme relevance.

The goal of the present study is to investigate
the behavior of n (T) of grape seed oils extracted
from the seeds of Vitis vinifera (var. Cabernet -
Sauvignon) and Vitis labrusca (var. Bordo) by
mechanical pressing and Soxhlet methods, and to

investigate the behavior of Z (T) in these carrier
oils from 0.01 Hz to 1.0 MHz.

2. MATERIALS AND METHODS
2.1. Preparation of samples

The vegetable oil samples were prepared from the
grape seeds of the varieties Vitis vinifera and Vitis
labrusca, at approximately 100 Kg each. The seeds
were collected during the harvest period (November
2010 to March 2011) from wineries located at two
cities in the south of Brazil. The transportation
was done in closed coolers to the Laboratory of
Separation Processes of the Universidade Estadual
de Maringa. Before oil extraction, the seeds were
sieved out from waste, washed in deionized running
water and then in hot water (~100.0 °C) in order to
remove husks, stalks and sugar as cited in Freitas
(2007). After cooling down to room temperature,
the seeds were packed in plastic bags and stored at
—15.0 °C. For both extraction methods, the seeds
were dried, respectively, at 40.0 °C and 80.0 °C.

2.2. Drying process

In order to dry the seeds a convective drying
with transversal flux was used. The seeds were
dried at 40.0 °C and at 80.0 °C with an air flux
speed of 0.8 m/s. The flux was controlled by means
of a digital anemometer (TAVR-650). Before each
oil extraction the seeds were ground in a grinder
(model TE-345) for 10 seconds, homogenized and
milled for another 10 seconds. When the desired
drying was reached the mass of seed was measured
using an analytical balance (GEHAKA-Bg 4000,
0.01 g of precision). The measurements of mass
were made with an interval of one minute during
30 minutes. After this time the interval between
two consecutive measurements of mass was two
minutes. The humidity of the seeds was evaluated
using Equation (1).

M(1)-M,

M, (1)

Xa(t)=

where X () is the humidity as a function of time in
dry base, M(t) is the mass of seeds in the instant ¢,
M, is the mass of drying seeds.

2.3. Extraction processes

In order to extract the oil two methods were
used. One of them was the cold pressing and other
one was the Soxhlet process. In the cold pressing a
Bovenau press (capacity of 30 ton) was used. The
extraction was made using 14 tons of pressure, dur-
ing 12 h, on 100 g of grape seeds previously cleaned,
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dried and milled. The sizes of milled particles were
found between 11.7 um and 83.3 um. The extraction
cell was a stainless steel cell made in the mechanical
laboratory of UEM (University of Brazil). In the
Soxhlet process the solvent was dichloromethane
and the extraction was made, for at least 4 h, at the
melting point. In this method, the extraction was
made with 10 g of seeds previously cleaned, dried
and milled in 300 mL of solvent.

2.4. Moisture content

After extracting the oil from seeds dried at 40.0 °C
and 80.0 °C the moisture content was determined
using the Karl Fisher (Analyser, KF-1000) method.
The relative humidity in oils was found between
0.22% and 0.52% considering both extraction
methods, drying temperatures and types of grape.
The maximum value was found for oil extracted by
pressing V. vinifera seeds dried at 40.0 °C. The mini-
mal value was found for oils extracted by pressing
V. labrusca.

2.5. Composition of fatty acids

In order to determine the composition of fatty
acids of the grape seed oil a gas chromatograph
Varian, CO-3800 was used. To quantify the methyl
ester, the standard methodology used by Visentainer
and Franco (Visentainer and Franco, 2006) was fol-
lowed. The standard methyl ester from tricosanoic
acid (99%) was from Sigma-Aldrich. The fatty acid
compositions of the oils extracted are shown in
Tables 1 and 2.

TABLE 1. Percentage composition of fatty acids of oils
obtained from grape seeds dried at 40.0 °C

V. vinifera (var.
Cabernet Sauvignon)

V. labrusca
(var. Bordo)

Fatty acids Press (%) Soxhlet (%) Press (%) Soxhlet (%)

14:0 0.05 0.08 0.07 0.08
16:0 6.49 6.84 7.25 7.99
16:1n-9 0.04 0.04 0.05 0.05
16:1n-7 0.11 0.15 0.11 0.14
17:0 0.04 0.05 0.05 0.06
18:0 3.07 3.22 3.54 3.79
18:1n-9 16.76 17.68 13.01 13.98
18:1n-7 0.62 0.68 0.55 0.61
18:2n-6 66.06 65.25 68.76 66.81
18:3n-3 0.42 0.49 0.04 0.04
20:0 0.14 0.16 0.16 0.18
20:1n-9 0.15 0.16 0.13 0.14
22:0 0.02 0.03 0.03 0.05

TABLE 2. Percentage composition of fatty acids of oils
obtained from grape seeds dried at 80.0 °C

V. vinifera
V. labrusca (v. Bordo) (v. Cabernet Sauvignon)

Fatty acids Press (%) Soxhlet (%) Press (%) Soxhlet (%)

14:0 0.06 0.06 0.07 0.07
16:0 6.41 6.52 7.49 8.02
16:1n-9 0.04 0.04 0.04 0.06
16:1n-7 0.11 0.12 0.11 0.13
17:0 0.04 0.04 0.03 0.03
18:0 2.97 3.09 3.42 3.86
18:1n-9 16.72 16.44 12.58 13.83
18:1n-7 0.62 0.62 0.57 0.58
18:2n-6 66.06 63.65 69.37 66.57
18:3n-3 0.40 0.41 0.39 0.41
20:0 0.14 0.15 0.15 0.17
20:1n-9 0.13 0.12 0.10 0.11
22:0 0.02 0.03 0.03 0.05

2.6. Polarized optical light microscopy (POLM)

A polarizing microscope (Leica DM 2500) with
a camera (Leica DFC290) attached was used in
order to analyze the birefringence of the oil sam-
ples. The POLM technique consists of observing a
thin film sample between crossed polarizers. This is
one standard technique applied in the investigations
of anisotropic fluids such as liquid crystal (Mukai
et al.,2007). When the light passes through the bire-
fringent sample, it suffers modification in its polar-
ization plane due to the optical anisotropy of the
material, which in turn reveals the typical textures
of each sample. If the sample is optically isotro-
pic no light passes through the sample resulting in
a dark texture. In this work the oils samples were
placed in a capillar glass of 200 um thickness. The
optical analysis of the samples was made by rotat-
ing the platinum of the microscope in three different
angles: 0°, 45° and 90° with respect to the polar-
ization direction of the polarizer. The optical tex-
tures were obtained at room temperature and were
observed by using the software Infanview.

2.7. Refractometry

Refractometry is an experimental technique
widely used in the study of anisotropic fluids such as
liquid crystals (Kimura et al., 2004) and composites
formed by hydrogel doped with liquid crystal (Aouada
et al., 2004). In this work, the refraction index of
the oils was measured using an ABBE refractom-
eter model Atago RX 5000c. The refractometer
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possesses a complete scale, ranging from 1.32700 to
1.58000 with a precision of 0.2% and a BRIX from
0-100.00% with a precision of 0.03%. The refractom-
eter has a thermostat which allows for reading tem-
peratures from 5.0 °C to 60.0 °C. In this work, the
analysis temperature range used was from 16.0 °C
to 50.0 °C. In order to avoid spurious impurities in
the sample, care was taken with cleaning the refrac-
tometer. The cleaning was done with a solution of
water and detergent (50%). This solution was applied
onsite and removed carefully with a cotton swab to
avoid risks of onsite measurements. After this, the
excess solution was removed with a highly absorbant
paper. This cleaning procedure was repeated three
times. After the cleaning procedure, calibration was
made by measuring the refractive index of distilled
water at 20.0 °C. After calibration, 0.01 mL of oil
sample was placed in the base of the refractometer
and the refraction index of the oil was measured as a
function of temperature.

2.8. Electrical impedance spectroscopy (EIS)

A Solartron 1260A impedance-gain phase analyzer
was used in order to measure the real R (f) and imag-
inary Im (f) parts of the electrical impedance Z (f)
of the grape seed oils. The frequency range used was
from 0.01 Hz to 1.0 MHz. The amplitude of the AC
applied voltage was 1.0 V. The sample (V=15 mL) was
placed between two circular plates of stainless steel
with an area of 3.14 cm” and thickness of 0.1 mm. The
thickness was controlled with a digital micrometer
attached to the sample holder 12962 of the Solartron
analyzer. The electrodes were cleaned with the follow-
ing procedure: first, the electrodes were washed with
detergent and deionized water. After that, the elec-
trodes were polished with fine sandpaper. Finally, the
electrodes were placed in an ultrasonic bath at 40 KHz
for 10 min. The temperature sample was controlled
with a thermostatically controlled water bath with a
stability of 0.01 °C. The automated data acquisition
was carried out by means of a computer equipped
with ZPlot software from Solartron Analytical. In
the frequency range from 0.01 Hz to 1 MHz, each
value of impedance in their specific frequency is a
simple mean of five consecutive measurements. In
order to ensure reproducibility, the entire procedure
was repeated three times with twenty minutes between
each one. The reproducibility was obtained with a
maximum deviation of about of 0.01%.

3. RESULTS AND DISCUSSION
3.1. Composition of fatty acids and moisture content

By using grape seeds of Vitis vinifera dried at
40.0 °C and 80.0 °C, the extracted oil content was 6%
and 3% at each respective temperature when apply
the pressing extraction method. When the Soxhlet

TABLE 3.  Moisture content for each kind of grape seed

Drying Moisture
Extraction Method  Variety temperature (°C) content (%)
Soxhlet V. vinifera 40.0 0.300
Soxhlet V. vinifera 80.0 0.260
Soxhlet V. labrusca 40.0 0.346
Soxhlet V. labrusca 80.0 0.204
Press V. vinifera 40.0 0.321
Press V. vinifera 80.0 0.256
Press V. labrusca 40.0 0.235
Press V. labrusca 80.0 0.221

process was applied, the content of extracted oil was
20% and 16% for the same drying temperatures. When
the grape seeds of dried Vitis labrusca at 40.0 °C and
80.0 °C were used, the oil content was, respectively,
8% and 4% after applying the pressing method and
12% and 14% after applying the Soxhlet method.
Each oil sample was analyzed using gas chromatogra-
phy, and the presence of linoleic acid as the principal
compound of the oil was confirmed. The percentage
composition of fatty acids of the oils extracted for
both extraction methods are shown in Tables 1 and
2 for drying temperatures of 40.0 °C and 80.0 °C,
respectively.

Considering the deviation measurements in the
chromatography technique there are no significant
differences among fatty acids for both extraction
methods. This shows that the temperature of seed
drying and extraction method did not significantly
influence the quality of the extract oil. All oils had
high fatty acid contents (>81%). The chemical com-
position of the extracted oil contains essentially
oleic, linoleic, palmitic and stearic fatty acids. This
composition is in agreement with the mean com-
position of grape seed oil (Freitas, 2007). Table 3
shows the moisture contents of the grape seed oils
extracted with pressing and Soxhlet methods at
40.0 °C and 80.0 °C drying temperatures. The values
for moisture content in Table 3 confirm the expected
results: increasing the drying temperature causes a
decrease in the moisture content in the oil. For com-
parison, the moisture content in soybean oil, for
example, is limited to up to 0.5% which is the maxi-
mum amount recommended so as not to harm the
transesterification process.

3.2. Polarized optical light microscopy (POLM)

In order to study the effective birefringence of the
extracted oils by means of two different methods of
extraction, the Polarized Optical Light Microscopy
(POLM) technique was applied. Figures 1, 2, 3
and 4 show typical POM micrographs from the
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A B C
FIGURE 1. Optical textures of grape seed oil from Vitis labrusca (v. Bordo) extracted by mechanical press after drying at 80.0 °C;
Optical measurements made at 27.4 °C; (A) 6=0°; (B) 6=90°; (C) 6=45°; Figure scale: 1 cm=200 um.

A B ¢}
FIGURE 2. Optical textures of grape seed oil from Vitis labrusca (v. Bordo) extracted by Soxhlet after drying at 80.0 °C;
Optical measurements made at 27.4 °C; (A) 6=0°; (B) 6=90°; (C) 6=45°; Figure scale: 1 cm=200 um.

A B C
FIGURE 3. Optical textures of grape seed oil from Vitis vinifera (v. Cabernet) extracted by mechanical press after drying at 80.0 °C;
Optical measurements made at 27.4 °C; (A) 6=0°; (B) 6=90°; (C) 6=45°; Figure scale: 1 cm=200 um.

A B (o}
FIGURE 4. Optical textures of grape seed oil from Vitis vinifera (v. Cabernet) extracted by Soxhlet after drying at 80.0 °C;
Optical measurements made at 27.4 °C; (A) 6=0°; (B) 6=90°; (C) 6=45°; Figure scale: 1 cm=200 um.
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grape seeds oils of Vitis labrusca and Vitis vinifera
when dried at 80.0 °C and extracted by pressing and
Soxhlet methods. The optical textures, magnified by
100x, were obtained by placing the sample between
crossed polarizers. The micro slide containing the
sample was rotated in three different angles, 0°, 45°
and 90°, with respect to polarization direction of
the polarizer. It can be observed that the textures
obtained for the oils extracted by pressing are typi-
cal of isotropic systems (Figures 1b and 1c) whose
optical anisotropy (birefringence) is null. On the
other hand, the optical textures of the grape seed oils
extracted by the Soxhlet method show birefringent
dots (identified by bright spots in Figures 2b and 2c).
These birefringent regions are associated with the
existence of anisometric particles in the oil. These
particles are probably some few remains of the sol-
vent used in the extraction by Soxhlet. In order to
reduce the birefringent dots when using the Soxhlet
method two ways are possible: increasing the drying
temperature for both kinds of grape seeds or using
Vitis vinifera grape seeds (see Figures 3 and 4) at any
drying temperature used in this work. In this way, it is
shown that the oils extracted from Vitis vinifera grape
seeds are not influenced by the extraction method.
Furthermore, a high drying temperature reduces the
moisture in the seeds, thus contributing to the reduc-
tion in the amount of waste in the extracted oils.

3.3. Refractometry
The effective refractive indexes of the oils stud-

ied in this work were measured in an ABBE refrac-
tometer. Figures 5 and 6 show refractive index as a

function of temperature, n (T), of the oils extracted
from the seeds of Vitis labrusca (Figure 5) and Vitis
vinifera (Figure 6) by means of Soxhlet (circles) and
mechanical pressing (triangles) for seeds dried at
40.0 °C (black symbols) and 80.0 °C (gray symbols).
The range of temperature used in these measure-
ments was from 16.0 °C to 50.0 °C. As can be seen,
n (T) decreases linearly with respect to temperature
for both types of grape and for different drying tem-
peratures of seeds. However, only with the pressing
method is the linear behavior of n (T) reversible
with temperature. By using the Soxhlet extraction
method with Vitis labrusca grape seeds, a non-
reversible behavior with respect to temperature and
non-linearity of n (T) is observed (Figure 7). This
non-linearity in n (T) can be associated with the
presence of anisotropic particles in shape observed
by the POLM technique. Anisotropic particles were
not observed in the oils extracted by pressing. In
general, one can see that the values of the refrac-
tive index for all the oils studied in this work are
between 1.46200 and 1.47800. This value range of
n (T) is higher than that obtained with grape seed
oil extracted from the main Turkish wine grape cul-
tivars (Baydar ez al., 2007). In this work, the repro-
ducibility of the measurements of n (T) was checked
and deviations were less than 0.1%.

3.4. Electrical impedance spectroscopy (EIS)

The real R (f) and imaginary Im (f) parts of the
electrical impedance, Z (f), of the grape seed oils
were performed using the EIS technique. Figure §
shows the di-log plot of R (f) at 20.0 °C of the
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FIGURE 5.

Refractive index as a function of temperature; Vitis labrusca grape seed oil extracted by Soxhlet (circle) and

pressing methods (triangle); Black symbols indicate drying temperatures at 80.0 °C and gray symbols at 40.0 °C.
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Non-reversible (triangles down) and non-linear (triangles up) behavior of refractive index as a function of temperature

of Vitis labrusca grape seed oil extracted by Soxhlet; Filled triangles indicate heating and empty triangles indicate cooling;
Triangles up indicate drying seeds at 80.0 °C and tringles down indicate drying seeds at 40.0 °C.

Vitis labrusca (v. Bordo) grape seed oil extracted
by the mechanical pressing (open triangle) and
Soxhlet methods (filled circle). Figure 9 shows the
di-log plot of Im (f) at 20 °C of the Vitis labrusca
grape seed oil extracted by the mechanical pressing
(open triangle) and Soxhlet methods (filled circle).

The seeds were dried at 40.0 °C. In both Figures 8
and 9 the continuous line is the best fit for the electri-
cal circuit model of Figure 10 that will be discussed
in section 3.4.1.

As expected in the frequency range from 10 mHz
to 500 KHz, R (f) presents typically two plateaus
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FIGURE 9. Di-log plot of the imaginary part of the electrical impedance of grape seed oils extracted by mechanical pressing and Soxhlet
methods. The seeds were dried at 40.0 °C. Experimental data obtained at 20.0 °C. Continuous line is the fit of the electrical circuit model.

connected with a linear decreasing between them.
Some great differences have been observed between
the Soxhlet and mechanical pressing extraction
methods. The first one was the reduction of two
orders of magnitude in the value of R (f) at a low

frequency range when the Soxhlet method was used
in comparison with mechanical pressing using the
same grape. Another one is the shift in frequency
of the maximum of Im (f) of one order of mag-
nitude when the Soxhlet process is used. By fixing
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—N\N—
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|_

FIGURE 10. Sketch of equivalent electrical circuit used
to fit the electrical impedance of oils extracted by
Soxhlet and press extraction methods; R1 and R2

are electrical resistors; C1 is a capacitor.

the Soxhlet method one can see that the kind of
grape can produce a shift in the maximum Im (f)
ranging from 200 Hz using Vitis labrusca (v. Bordo)
to 400 Hz with Vitis vinifera grapes. The mechani-
cal pressing does not produce significant shifts in
the maximum of /m (f) when the type of grape is
changed. As another difference between extraction
methods is the width of first plateau of R (f) of
two orders of magnitude lower when the Soxhlet
is used. And, finally, as the last difference, a great
reduction in the gap of the real part of impedance
was observed when the Soxhlet method was used in
the frequency region higher than 600 KHz.

Figures 11 and 12 show Nyquist diagrams for the
oils (at 20.0 °C) extracted by Soxhlet (filled symbol)
and mechanical pressing (open symbol) for both
kinds of grapes (Vitis vinifera and Vitis labrusca)
and for different drying temperatures. Continuum
lines are the best fits obtained from the electrical
circuit model (Figure 10). Figures 11 and 12 show
clearly that, for both kinds of grapes, the real part

of impedance decreases when the drying tempera-
ture is increased, and the oils extracted by mechani-
cal pressing cannot be described by the simple RC
circuit. This circuit model is in good agreement with
the experimental data only for the oils extracted by
Soxhlet. Table 4 show the best fit parameters for
the circuit model applied in this paper. By using the
dimensions of capacitor and capacitance from the
best fit of model the electrical permittivity & was
evaluated. As can be seen in Table 4, only the values
for the oils from V. labrusca seeds € change drasti-
cally when the temperature for drying the seeds is
changed. The ¢ of the oils from V. vinifera seeds have
practically the same value when they are extracted
by mechanical pressing.

Figures 13 and 14 show complex-plane plots of
electrical impedance for temperatures from 16.0 °C
to 50.0 °C of the grape seed oils extracted from
Vitis labrusca (var. bordo) by mechanical pressing
with seeds dried at 40.0 °C and 80.0 °C, respectively.
Figures 15 and 16 show complex-plane plots for the
oil extracted from Vitis vinifera (var. Cabernet) in
the same conditions of preceding figures. With the
exception of Figure 13, in which the oil was extracted
by pressing from the seeds of Vitis labrusca dried at
40.0 °C, Nyquist diagrams for the mechanical press-
ing method has shown no semi-circle. An interesting
result was noted in the complex-plane plots for both
kinds of grapes for the oils extracted by mechani-
cal pressing. All curves show a tendency toward the
right side for seeds dried at 80.0 °C while for seeds
dried at 40.0 °C this tendency goes to left side (see
inset of Figure 15). This unexpected behavior can be

T T T T T T T
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2,4x108 |- B
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a 1.5x1 08 15 Fit - Vitis labrusca (Bordo) - Press - Drying Temp=40°C

= 1 —— Fit - Vitis labrusca (Bordo) - Soxhlet - Drying Temp=40°C

> L ® V. labrusca - Soxhlet - Drying Temp = 80°C
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g 4
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FIGURE 11.  Nyquist diagram for oils (at 20.0 °C) extracted by Soxhlet (filled symbol) and mechanical pressing
(open symbol) with grape seeds of Vitis labrusca ( Bordo) dried at 40.0 and 80.0 °C. Continuous lines are the
best fits obtained from the electrical circuit (Figure 9). The inset line indicates the region from which the
circuit model diverges from the experimental data of oils extracted by mechanical pressing.
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FIGURE 12. Nyquist diagram for oils (at 20.0 °C) extracted by Soxhlet (filled symbols) and mechanical
pressing (open symbols) with grape seeds of Vitis vinifera (Cabernet) dried at 40.0 °C and 80.0 °C.

Continuous lines are the best fits obtained from the electrical circuit model (Figure 9).

TABLE 4. Best fit parameters of the electrical circuit applied to electrical impedance of oils (at 20.0 °C)
extracted by the Soxhlet and mechanical pressing methods with grape seeds (Vitis vinifera and Vitis labrusca)
dried at 40.0 and 80.0 °C . The last column shows the electrical permittivity obtained from fit parameters

Fitting parameters obtained with Electrical
equivalent electrical circuit fitted to Permittivity

Extraction Kind of Drying experimental data at 20 °C = G d
Method grape seed Temperature (°C) R,(Q) C(F) R,(Q) A

Soxhlet Vitis labrusca 40 8.98x10’ 4.18x107" 56.99 1.50419

(Bordo) 80 117107 2.42x107° 4.02 8.70848

Vitis vinifera 40 3.78%10’ 3.46x107" 91.62 1.24510

(Cabernet) 80 19x107  8.09x107"  50.69 291122

Mechanical  Vitis labrusca 40 2.34x10° 1.70x107"° 5.96 6.11753

Pressing  (Bordo) 80 1.95x10°  482x107" 5595 1.73450

Vitis vinifera 40 2.76x10° 3.95x107" 110.4 1.42143

(Cabernet) 80 196x10°  435x107"  90.32 1.56537

associated with higher moisture content (see Table 3)
in all the oils extracted by mechanical pressing. By
using the Soxhlet extraction method the Nyquist
diagrams show a semi-circle for both drying tem-
peratures. For both extraction methods electrical
resistance decreases with increasing temperature
(see Figures 16 and 17).

3.4.1. Analysis of the experimental data by means of
equivalent electrical circuit

The electrical behavior of the vegetable oils
was investigated by means of an equivalent elec-
trical circuit formed by one parallel R,C; in series

with a resistance R, (see Figure 10). In this model
R,C, is assumed as the resistance and the capac-
ity of the bulk of the sample and R, is assumed
as a series resistance proper to the surfaces of
the capacitor and to the sample near the surfaces
of the plates of the capacitor. The values of R,
and C, were obtained from the best fit of the
circuit model adjusted to the experimental data.
Electrical permittivity of vegetable oils was evalu-
ated from C, values and from the characteristics
of the cell (A=3.14x10"* m* and d=1.0x10"" m).
In order to fit the electrical impedance of the
oils used in this work an RC electrical circuit
model (Figure 10) was used. The total electrical
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Nyquist diagram as a function of temperature. Oil extracted from

Vitis labrusca (v. Bordo) by mechanical pressing with seeds dried at 40.0 °C.
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FIGURE 14. Nyquist diagram as a function of temperature. Oil extracted from
Vitis labrusca (v. Bordo) by pressing with seeds dried at 80.0 °C.

impedance of the circuit model can be written as:

Z=7Z,+7Z,, where
R RiwC,
Z, = 7 1 2
1+(R1(0C1) 1+ (R]CDC])

with i =+/~1 and w=2nf

Z, is associated with the electrical impedance of
the bulk and Z,=R, is a resistance due to electri-
cal contacts and the region of sample near them.
Table 4 shows the values of the parameter for the
best electrical impedance fitting by using the elec-
trical circuit shown in Figure 10. Only for the oils
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FIGURE 15. Nyquist diagram as a function of temperature. Oil extracted from

Vitis vinifera (v. Cabernet) by pressing with seeds dried at 40.0 °C.

extracted by Soxhlet process with Vitis labrusca
grape seeds dried at 80.0 °C was it not possible to
obtain reproducibility of measurements or a good
fit with one of them. This implies that the Soxhlet
method somehow affects the electrical behavior of
the oil extracted from Vitis labrusca when the seeds
are dried at a high temperature. This was one limita-
tion of the Soxhlet method when comparing the two
methods of extraction used in this work.

4. CONCLUSIONS

In this work the refractive index and electric imped-
ance of grape seed oils from Vitis vinifera and Vitis
labrusca when extracted by mechanical pressing and
Soxhlet methods were investigated. For the mechani-
cal pressing extraction method the refractive index of
oils from Vitis vinifera (var. Cabernet) and Vitis labr-
usca (var. Bordo) grape seeds showed a typical linear-
ity. However, when the Soxhlet method was applied
with V. labrusca grape seeds a non-linear behavior

in the refraction index is clearly noted. By using the
Soxhlet extraction methods a large amount of resid-
ual particles was observed due to the solvent used for
the extraction. However, we found that these particles
can be reduced by increasing the drying temperature
of seeds. At a high temperature the moisture of the
seeds is reduced and the process of solvent evapora-
tion is favored. Therefore, a consequence of increas-
ing the drying temperature of seeds is the reduction in
the amount of waste in the extracted oils by Soxhlet.
So, in order to produce oil without residual particles
the mechanical pressing method is the best one.
Electrical impedance show good reproducibility
for all the extraction processes except when using
the V. labrusca (var. Bordo) seeds with the Soxhlet
method. This implies a disadvantage to using the
Soxhlet extraction method to obtain carrier oils.
For practical purposes, an equivalent circuit model
composed by a parallel RC in series with a resistor
was proposed. The electrical impedance of the model
is in good agreement with the experimental data.
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FIGURE 16. Nyquist diagram as a function of temperature. Oil extracted from
Vitis vinifera (Cabernet) by pressing with seeds dried at 80 °C.
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FIGURE 17. Nyquist diagram as a function of temperature. Oil extracted from
Vitis vinifera (Cabernet) by Soxhlet with seeds dried at 80 °C.

Values of € of the oils investigated were obtained. To sum up, the experimental results obtained
This parameter shows no significant differences, from experimental techniques such as EIS, POLM
only for the oils extracted by mechanical pressing. and refractometry indicate that carrier oils extracted
The values of n obtained from € have no great dis- from Vitis vinifera grape seeds by mechanical pressing
crepancies from those obtained from refractometry, can be more appropriate for therapeutic massage in
indicating the validity of the circuit model. comparison to oils extracted by Soxhlet.

Grasas Aceites 66 (3), July—September 2015, e083. ISSN-L: 0017-3495 doi: doi: http://dx.doi.org/10.3989/gya.0954142



14 « D.S. Vieira, M. Menezes, G. Gongalves, H. Mukai, E.K. Lenzi, N.C. Pereira and P.R.G. Fernandes

ACKNOWLEDGMENTS

This work was supported by the National Institute
of Science and Technology of Complex Fluids
(INCT-FCx/CNPq). We also thank Fundagao
Araucaria (Brazilian Agency). Special thanks are
dedicated to A.C. Hablitzel for the suggestions and
warm discussions.

REFERENCES

Ahmadi SM, Siahsar BA. 2011. Analogy of physicochemical
attributes of two grape seeds cultivars. Food Technol. 38,
291-301.

Aouada FA, de Moura MR, Fernandes PRG, Rubira AF, Muniz
EC. 2005. Optical and morphological characterization
of polyacrylamide hydrogel and liquid crystal systems.
Eur. Polym. J. 41, 2134-2141. http://dx.doi.org/10.1016/j.
eurpolym;j.2005.03.020.

Baydar NG, Ozkan G, Cetin ES. 2007. Characterization of grape
seed and pomace oil extracts. Grasas Aceites 58, 29-33.

Born M, Wolf E. 1980. Principles of Optics. Sixth (Corrected)
Edition, Cambridge University Press, Cambridge, UK.

Bustamante MA, Moral R, Paredes C, Pérez-Espinosa A, Moreno-
Caselles J, Pérez-Murcia MD. 2008. Agrochemical charac-
terisation of the solid by-products and residues from the
winery and distillery industry. Waste Manage 28, 372-380.
http://dx.doi.org/10.1016/j.wasman.2007.01.013.

Cao X, Ito Y. 2003. Supercritical fluid extraction of grape seed
oil and subsequent separation of free fatty acids by high-
speed counter-current chromatography. J. Chromatogr. A
1021, 117-124. http://dx.doi.org/10.1016/j.chroma.2003.
09.001.

Devesa-Rey R, Vecino X, Varela-Alende JL, Barral MT, Cruz
JM, Moldes AB. 2011. Valorization of winery waste vs.
the costs of not recycling. Waste Manage 31, 2327-2335.
http://dx.doi.org/10.1016/j.wasman.2011.06.001.

Feringa HHH, Laskey DA, Dickson JE, Coleman CI. 2011. The
effect of grape seed extract on cardiovascular risk markers:
A meta-analysis of randomized controlled trials. Am. Diet.
Assoc. 111, 1173-1181. http://dx.doi.org/10.1016/j.jada.
2011.05.015.

Freitas LS. 2007. Desenvolvimento de Procedimentos de Extragdo
do Oleo de Semente de Uva e Caracterizagao Quimica dos

Compostos Extraidos, PhD Thesis, Instituto de Quimica,
Universidade Federal do Rio Grande do Sul, Brazil.

Hongratanaworakit T. 2011. Aroma-therapeutic effect of mas-
sage blended essential oils on humans. Natural Product
Communications 6, 1199-1204.

Jager W, Buchbauer G, Jirovetz L, Fritzer M. 1992. Percutaneous
absortion of lavander oil from a massage oil. J Soc.
Cosmect. Chem. 43, 49-54.

Jayaprakasha GK, Singh RP, Sakaruah KK. 2001. Antioxidant
activity of grape seed (Vitis vinifera) extracts on peroxi-
dation models in vitro. Food Chem. 73, 285-290. http:/
dx.doi.org/10.1016/S0308-8146(00)00298-3.

Kimura NM, Santoro PA, Fernandes PRG, Palangana AlJ.
2004. Reentrant isotropic-discoticnematiclyotropic phase
transition: a refractive index study. Lig. Cryst. 31, 1-4.
http://dx.doi.org/10.1080/02678290310001655221.

Lavabre M. 1990. Aromatherapy Workbook, Inner Traditions
International, Rochester, Vermont, USA.

Lenzi EK, Fernandes PRG, Petrucci T, Mukai H, Ribeiro HV.
2011. Anomalous-diffusion approach applied to the elec-
trical response of water. Physic. Rev. E 84, 041128. http://
dx.doi.org/10.1103/PhysRevE.84.041128.

Mukai H, Fernandes PRG, de Oliveira BF, Dias GS. 2007.
Defect-antidefect correlations in a lyotropic liquid crys-
tal from a cosmological point of view. Physic. Rev. E 75,
061704. http://dx.doi.org/10.1103/PhysRevE.75.061704.

Nassiri-Asl M, Hosseinzadeh H. 2009. Review of the pharma-
cological effects of Vitis vinifera (Grape) and its bioactive
compounds. Phytother. Res. 23, 1197-1204. http://dx.doi.
org/10.1002/ptr.2761.

Pardo JE, Fernandez E, Rubio M, Alvarruiz A, Alonso GL.
2009. Characterization of grape seed oil from different
grape varieties (Vitis vinifera). Eur. J. Lipid Sci. Technol.
111, 188-193. http://dx.doi.org/10.1002/ej1t.200800052.

Vigna GB, Constantini F, Aldini G, Carini M, Catapano
A, Schena F, Tangerini A, Zanca R, Bambardelli E,
Marazzoni P, Mezzetti A, Fellin R, Facino RM. 2003.
Effect of a standardized grape seed extract on low-density
lipoprotein susceptibility to oxidation in heavy smokers.
Metabolism 52, 1250-1257. http://dx.doi.org/10.1016/S0026-
0495(03)00192-6. . )

Visentainer JV, Franco MRB. 2006. Acidos Graxos em Oleos e
Gorduras: Identificagao ¢ Quantificagao, Ed. Varela, Sao
Paulo, Brazil.

Vislocky LM, Fernandez ML. 2010. Biomedical effects of grape
products. Nutrition Review 68, 656-670. http://dx.do1.org/
10.1111/5.1753-4887.2010.00335.x.

Grasas Aceites 66 (3), July—September 2015, ¢083. ISSN-L: 0017-3495 doi: doi: http://dx.doi.org/10.3989/gya.0954142


http://dx.doi.org/10.3989/gya.0954142
http://dx.doi.org/10.1016/j.eurpolymj.2005.03.020
http://dx.doi.org/10.1016/j.eurpolymj.2005.03.020
http://dx.doi.org/10.1016/j.wasman.2007.01.013
http://dx.doi.org/10.1016/j.chroma.2003.09.001
http://dx.doi.org/10.1016/j.chroma.2003.09.001
http://dx.doi.org/10.1016/j.wasman.2011.06.001
http://dx.doi.org/10.1016/j.jada.2011.05.015
http://dx.doi.org/10.1016/j.jada.2011.05.015
http://dx.doi.org/10.1016/S0308-8146(00)00298-3
http://dx.doi.org/10.1016/S0308-8146(00)00298-3
http://dx.doi.org/10.1080/02678290310001655221
http://dx.doi.org/10.1103/PhysRevE.84.041128
http://dx.doi.org/10.1103/PhysRevE.84.041128
http://dx.doi.org/10.1103/PhysRevE.75.061704
http://dx.doi.org/10.1002/ptr.2761
http://dx.doi.org/10.1002/ptr.2761
http://dx.doi.org/10.1002/ejlt.200800052
http://dx.doi.org/10.1016/S0026-0495(03)00192-6
http://dx.doi.org/10.1016/S0026-0495(03)00192-6
http://dx.doi.org/10.1111/j.1753-4887.2010.00335.x
http://dx.doi.org/10.1111/j.1753-4887.2010.00335.x

