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Abstract Supercritical fluid extraction (SFE) technique
was applied and optimized for temperature, CO2 pressure
and ethanol (modifier) concentration using orthogonal array
design and response surface methodology for the extract
yield, total phenols and antioxidants from grape (Vitis lab-
rusca B.) seeds. Effects of extraction temperature and pres-
sure were found to be significant for all these response
variables in SFE process. Optimum SFE conditions (44~
46 °C temperature and 153~161 bar CO2 pressure) along
with ethanol (<7 %) as modifier, for the maximum predicted
values of extract yield (12.09 %), total phenols (2.41 mg
GAE/ml) and antioxidants (7.08 mg AAE/ml), were used to
obtain extracts from grape seeds. The predicted values
matched well with the experimental values (12.32 % extract
yield, 2.45 mg GAE/ml total phenols and 7.08 mg AAE/ml
antioxidants) obtained at optimum SFE conditions. The
antiradical assay showed that SFE extracts of grape seeds
can scavenge more than 85 % of 1, 1-diphenyl-2-picrylhy-
drazyl (DPPH) radicals. The grape seeds extracts were also
analyzed for hydroxybenzoic acids which included gallic acid
(1.21~3.84 μg/ml), protocatechuic acid (3.57~11.78 μg/ml)
and p-hydroxybenzoic acid (206.72~688.18 μg/ml).
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Introduction

The trend for investigation of bioactive compounds, espe-
cially polyphenols, from natural sources (fruits, vegetables,
cereals, herbs) has increased in recent years. These natural
antioxidants have proved to be effective for inhibiting differ-
ent human diseases due to their antiradical, antioxidant and
anti-inflammatory properties [1]. Grape is a major fruit crop
and in year 2010 it was cultivated on 7.1 million hectares
around the globe with a total grape production of 67.1
million tones, approximately [2]. Most of the grape vari-
eties, used for manufacturing different food products, con-
tain seeds including Vitis labrusca B. which has 3–4 seeds
per berry. During processing of grapes, high quantities of
waste by-products remain, which can be a good and cheap
source of high quality bioactive compounds having various
health promoting properties. The grape pomace obtained, as
by-product, constitutes around 20 % of the weight of pro-
cessed grapes. Grape seeds constitute about 20 % of pomace
and 60–70 % of total extractible phenolic compounds
present in grapes [3]. These include several flavonoids with
phenolic nature such as monomeric flavanols, dimeric, tri-
meric and polymeric procyanidins, and phenolic acids [4].
Phenolic compounds can be used in different therapeutic
procedures with the purpose of free radical neutralization in
biological systems [5]. The in vitro activity of grape extracts
to inhibit the oxidation of human low-density lipoproteins
correlates significantly to the presence of phenolics [6]. In
addition, various anti-platelet aggregating effects and other
potentially disease preventing cellular actions of phenolic
compounds have been amply documented [7]. Extracts
obtained from grape seeds have also been tested to possess
anticancer and cancer chemopreventive properties during in
vivo and in vitro studies [8].

The extraction of phenolic compounds from plant mate-
rials carries significant importance before their utilization
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and various studies have been carried out using different
techniques [9]. These are usually extracted with methanol:
water mixtures, which enables high gravimetric yields but
fairly non-selective and complex extracts. Supercritical fluid
extraction (SFE) using supercritical CO2 is considered one
of the most suitable methods for producing natural antiox-
idants to be used in the food industry and pharmacological
applications. The new and tougher regulatory requirements
on the use of organic solvents have motivated need for
active research activities on alternate ‘green’ technologies
such as SFE [10]. Among different supercritical fluids, CO2

is often promoted as environment friendly, safe, non-toxic,
non-carcinogenic, non-flammable, cheap and having modest
critical conditions. Furthermore, it can be applied to a wide
range of chemical and biochemical extraction processes.
The selectivity of the supercritical CO2 can be adjusted by
varying temperature and pressure to obtain fractions con-
sisting of desirable compounds [11]. Above its critical point
(31.1 °C, 7.38 MPa), where the distinction between a liquid
and a gas disappears, the density of CO2 can vary by almost
an order of magnitude with relatively small changes in
temperature or pressure, so its solvating power can be regu-
lated and controlled [12]. The extracts obtained by CO2-
assisted SFE process are of outstanding quality and the
yields are comparable with those obtained by organic sol-
vent extraction methods [13]. In fact, SFE extracts are gen-
erally recognized as safe for use in food products, therefore,
it may serve as a very promising technology in industry.
CO2 is non-polar and may not be efficient alone for polar
(e.g., phenolic) molecules, however, the addition of modi-
fiers such as ethanol, methanol and water improves its polar-
ity and solvent strength while retaining the sensitivity of
solubility with respect to operating pressure and temperature
of SFE [10]. SFE has been applied to extract oil from grape
seeds and the effects of SFE process variables such as
temperature, pressure, particle size of seeds, solvent flow
rate and the direction of solvent flow, on the yield, quality
and antioxidant potential of oil, have been investigated
previously. Normally, SFE pressure of 150–300 bar and
30–60 °C temperature is used for the extraction of bioac-
tives depending on different plant materials [10]. Relatively
higher CO2 pressures (>200 bar) are applied to obtain oil
from seeds [14]. In one such study the temperature was kept
constant at 40 °C, however CO2 pressure varied between
280 and 550 bar to investigate the grape seed oil solubility
and extraction kinetics [15]. In these reported applications of
SFE from grape seeds, the quantities of extracted phenolics
and antioxidants were not optimized. The levels of phenolics
and antioxidants, observed in grape seeds oil, are lower than
those in grape seeds (60–115 μg GAE/g and 0.14–1.166 μg/g
of oil, respectively) [16]. Therefore, we planned SFE process
for enhanced recovery of phenolic and antioxidant com-
pounds from grape seeds. The recovery of oil free bioactive

enriched extracts of grape seed by SFE is important for use in
different food and pharmaceutical applications.

The objectives of our study were to optimize and study the
effects of SFE process variables such as temperature, pressure
and concentration of ethanol as modifier for the extraction of
bioactive compounds from grape seeds by using an orthogo-
nal array design and response surface methodology. We also
aimed at studying the free radical scavenging activities and
hydroxybenzoic acids contents of grape seeds extracts
obtained using different experimental sets of SFE process.

Materials and Methods

Materials

Ripened grapes (Vitis labrusca B.), freshly harvested from a
local farm in Kyungbuk province of Korea were excised from
the stems and washed. Seeds were removed from grape berries
and oven dried at 50 °C until the moisture level was constant
(6.2 % w/w). Dried grape seeds were ground to a powdered
form using an electrical grinder and passed through a 0.5 mm
sieve. All the chemicals used were of analytical grade and they
were purchased from Sigma Chemical Co. (St. Louis, MO)
and Duksan Pure Chemical Co. (Ansan, Korea).

Methods

Supercritical Fluid Extraction

The system for supercritical fluid extraction (SFE) consisted
of column thermostat (CO-1560, JASCO Corporation,
Tokyo, Japan), solvent pumps (PU-1580, JASCO), UV/
VIS detector (UV-1575, JASCO), back pressure regulator
(880-81, JASCO), CO2 cylinder and a coolant circulator. 3 g
powdered sample of grape seeds was kept in the extraction
vessel and placed in the column thermostat set at specific
temperature. Desired pressure was adjusted at the back
pressure regulator and solvent pumps. The flow rates for
CO2 and ethanol were fixed at 2 ml/min. Once the set
temperature and pressure (at solvent pumps and back pres-
sure regulator) were achieved after turning on the injection
valve and the system was in equilibrium, the extraction was
carried out for 30 min in each experimental run. Grape seeds
extract was obtained at a CO2 pressure level where oil
fraction was not extracted from grape seeds and the final
extract was collected in a flask connected to the back pres-
sure regulator. The solvent was evaporated by drying under
vacuum using rotary evaporator; the extract was weighed to
obtain the yield (calculated as percentage of 3 g grape seeds
sample converted into extract by SFE) and it was stored
at −20 °C before further analysis of bioactive compo-
nents and antiradical properties. For chemical analysis
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these extracts were dissolved in ethanol and a total volume
of each extract solution was made (100 ml). These extracts
solutions were further diluted and properly filtered before
carrying out each analytical procedure.

Experimental Design

The experiments, carried out to optimize SFE process for
bioactive compounds from grape seeds, were based on an
orthogonal array design (OAD). The effects of extraction
temperature, extraction pressure and modifier concentration
on the bioactive components of extracts were investigated.
An orthogonal matrix with three factors, each factor con-
taining four levels was selected to arrange the experiments.
Extraction temperatures were 37, 40, 43 and 46 °C, pres-
sures were 137, 147, 157 and 167 bar and modifiers were 5,
6, 7 and 8 % ethanol. These ranges of process variables were
based on the results of our preliminary trials (data not
presented) and available reports [14]. Much higher ranges
of pressures are needed to extract oil from grape seed [15];
however, we kept pressure low enough to avoid extraction of
oil. CO2 + 2–8 % ethanol was also previously used by other
researchers while carrying out SFE from plant seeds [10],
hence we kept the concentration of ethanol at lower level to
study the effects of major SFE parameters. Regression analy-
sis was performed on the data from triplicate measurements of
each dependent variable. Response surface analysis was
applied on the experimental data from orthogonal array design
for calculations and prediction of optimum conditions for SFE
of total phenols, antioxidants and extract yields from grape
seeds. The prediction of the optimum aqueous extraction
condition was done according to the following equation:

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b11X
2
1 þ b22X

2
2

þ b33X
2
3 þ b12X1X2 þþb13X1X3 þþb23X2X3 ð1Þ

where Y is the predicted response and β0 is the offset term. β1,
β2 and β3 are the regression coefficients for linear; β11, β22 and
β33 are quadratic and β12, β13 and β23 are the interaction
terms. X1, X2 and X3 are the independent variables i.e., SFE
temperature, pressure and ethanol concentration, respectively.

Analysis for Total Phenolic Compounds

The total phenolic compounds were analyzed using the
Folin Ciocalteau method with some modifications [17]. A
200 μl properly diluted sample of grape seeds extract was
mixed with 400 μl Folin Ciocalteu reagent. The solution
was diluted to a total volume of 4.6 ml using deionized
water then thoroughly mixed. After incubation for 10 min
at room temperature, 1 ml of 20 % Na2CO3 solution was
mixed followed by incubation for 2 h at room temperature.
The absorbance was read at 765 nm on a spectrophotometer

(TU-1800; Human Corporation, Seoul, Korea). The calibra-
tion curve was obtained by using gallic acid and the total
phenolic compounds of the samples were expressed in milli-
gram gallic acid equivalent per ml of extract (mg GAE/ml).

Determination of Total Antioxidants

Total antioxidants in grape seeds extracts were evaluated by
the phosphomolybdenum complex method [18]. In brief,
0.4 ml of sample solution (100 μl/ml methanol) was com-
bined with 4 ml of reagent solution containing 0.6 M sul-
phuric aicd, 2 mM sodium phosphate and 4 mM ammonium
molybdate. The blank solution contained 4 ml of reagent
solution and 1 mL of methanol. Test tubes were caped and
placed in hot water (95 °C) for 90 min. Absorbance was
measured at 695 nm against blank. Ascorbic acid was used
for preparing calibration curve and total antioxidants were
expressed as milligram ascorbic acid equivalent per ml of
extract (mg AAE/ml).

1, 1-Diphenyl-2-Picrylhydrazyl Antiradical Activity

The free radical activity of the grape seeds extract was
determined by using 1, 1-diphenyl-2-picrylhydrazyl
(DPPH) [19]. Briefly, 1 ml of grape seeds extract was mixed
with 2 ml of 10 mg/l solution of DPPH in methanol. The
mixture was shaken vigorously, allowed to stand at room
temperature for 5 min and a decline in absorbance was
recorded at 517 nm using methanol as control. The antirad-
ical activity (%) of the grape seeds extract on DPPH radicals
was calculated as follows:

Antiradical activity

¼ 1� Absorbance of sample Absorbance of control=ð Þ � 100

Analysis of Phenolic Acids using High Performance Liquid
Chromatography

The HPLC system consisted of a Hewlett Packard 1100
series system with pump, UV detector, auto sampler and
degasser. Data processing was performed by using the soft-
ware HPcore chemstation (Hewlett Packard, Germany).
Separation was performed on an YMC pack pro C18 RS
column (250, 4.6 mm ID, S-5 μm, 8 nm, YMC Inc., USA) at
room temperature. Injection volume was 10 μl filtered
(using 0.45 μm filter) sample solution (100 μl of grape
seeds extract dissolved in 1 ml of methanol) and flow rate
was set at 1 ml/min. Solvent used were 5 % acetic acid (A)
and 50 % acetonitrile (B). 1 ml of extract was diluted with
5 ml of methanol and filtered through 0.45 μm filter before
injection into the HPLC. The columnwas eluted under a linear
gradient from 5 % mobile phase B to 75 % over 20 min, to
100 % over 5 min, isocratic for 5 min, to 25 % over 5 min and
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to 5 % over 5 min. Compounds were detected at 290 nm with
UV detector. Analytical standards of gallic, protocatechuic
and p-hydroxybenzoic acids were used for preparing calibra-
tion curves and the quantities of detected compounds which
were expressed as μg/ml of grape seeds extract.

Statistical Analysis

All the analysis were carried out in triplicate and the exper-
imental results obtained were expressed as means ± SD.
Statistical analysis was performed by using the statistical
analysis system (SAS, version 9.1). Data were analyzed
by the analysis of variance and the mean values were
considered significantly different when p<0.05. The opti-
mal extraction conditions were estimated through regres-
sion analysis and three dimensional response surface
plots of the independent variables and each dependent
variable.

Results and Discussion

Extraction Process Model

Table 1 presents the orthogonal array design (OAD) for
different sets of process variables (temperature, CO2

pressure and ethanol concentration) used in supercritical
fluid extraction (SFE) along with the experimental values
of extract yields, total phenols and antioxidants from grape
seeds. The results of analysis of variance and goodness of fit
of the models are summarized in Table 2. The data showed a
good fit with p<0.05. The model was used for the construc-
tion of three dimensional response surface plots to predict

Table 1 Orthogonal array design for supercritical fluid (CO2) extraction of total phenols and antioxidants from grape seeds

No. Supercritical fluid extraction conditions Analytical resultsa

Temperature (°C) CO2 Pressure (bar) Modifier
(% ethanol)

Yield (%) Total phenols Antioxidants

(mg GAE/ml
of extract)

(mg GAE/g
grape seeds)

(mg AAE/ml
of extract)

(mg AAE/g
grape seeds)

1 37 137 5 5.66±0.39 0.77±0.08 25.65±2.66 5.09±0.04 169.67±1.33

2 37 147 6 6.38±0.26 0.92±0.04 30.67±1.33 5.16±0.15 172.00±5.01

3 37 157 7 6.83±0.29 1.09±0.01 36.33±0.32 5.27±0.02 175.67±0.67

4 37 167 8 7.92±0.33 1.35±0.02 45.00±0.66 5.72±0.31 190.67±10.3

5 40 137 6 7.22±0.22 1.27±0.18 42.34±5.65 6.09±0.01 203.00±0.32

6 40 147 5 7.58±0.41 1.43±0.09 47.67±2.68 6.17±0.10 205.67±3.34

7 40 157 8 9.26±0.09 1.51±0.04 50.33±1.33 6.21±0.04 207.00±1.35

8 40 167 7 10.27±0.43 1.81±0.27 60.34±6.45 6.42±0.09 214.00±3.00

9 43 137 7 8.62±0.56 1.57±0.17 52.33±4.82 6.57±0.08 219.00±2.67

10 43 147 8 9.39±0.82 1.89±0.12 63.00±3.52 6.55±0.03 218.33±1.02

11 43 157 5 10.29±1.02 2.02±0.01 67.33±0.32 6.87±0.13 229.00±4.33

12 43 167 6 11.28±0.75 2.14±0.05 71.32±1.45 6.95±0.07 231.67±2.32

13 46 137 8 9.83±0.09 2.22±0.04 74.00±1.33 6.83±0.04 227.67±1.29

14 46 147 7 11.38±0.44 2.27±0.05 75.67±1.44 7.01±0.06 233.67±2.03

15 46 157 6 11.29±1.28 2.46±0.04 82.00±1.32 7.06±0.05 235.33±1.67

16 46 167 5 12.32±0.89 2.52±0.04 85.00±1.33 7.27±0.04 242.33±1.33

a Analytical results represented by means (n03)±SD. Extract yield is represented as percent dry extract obtained from 3 g grape seeds sample by
SFE. Total phenols and antioxidants are expressed as ml of grape seeds SFE extract and/or per g of grape seeds

Table 2 Analysis of the model for response variables and p values of
regression coefficients

Coefficient P values of estimated coefficients

Yield Total phenols Antioxidants

β0 0.9098 0.4526 0.0013

β 1 0.0404 0.0300 <.0001

β 2 0.0200 0.0244 0.0478

β 3 0.3625 0.1513 0.3018

β 11 0.1640 0.9312 <.0001

β 22 0.6373 0.7385 0.0157

β 33 0.5083 0.6745 0.4119

β 12 0.4926 0.2978 0.0209

β 13 0.3364 0.2082 0.0569

β 23 0.3388 0.4062 0.0712

probability of F value <0.0001 <0.0001 <0.0001
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the relationships between independent variables and the
dependent variables.

Effect of SFE Variables on the Yield of Grape Seeds Extract

The regression analysis (modeling and analyzing several
variables, when the focus is on the relationship between a
dependent variable and one or more independent variables) of
the data (extract yield) obtained by SFE from grape seeds
revealed that the yield was significantly (p<0.05) affected
by SFE temperature and pressure. The relationship of the
extract yield and that of extraction temperature and pressure
is depicted in Fig. 1 and it was linear with R2 value of 0.987.
By increasing either temperature or pressure, while the modi-
fier concentration remains constant, results in enhancement of
the extract yield. The relationship between significant process
variables and the extract yield is presented in Eq. 2.

Y1 ¼ 1:12009X1 � 0:24834X2 ð2Þ
Y1 is the yield (%) of grape seeds extract, X1 is the extraction
temperature (°C) and X2 the extraction pressure (bar). The
equation was based on the data of regression coefficients
using the values of significant linear terms only (Table 2).

Effect of SFE Variables on Total Phenolics in Grape Seeds
Extract

The regression analysis of total phenolics from grape seeds
showed that the effect of SFE temperature was highly signifi-
cant (p<0.001) on the extraction of phenolic compounds. The
effect of CO2 pressure was also significant (p<0.05) while
that of ethanol was non-significant. This is because high
pressure and temperature increase the solvating power of the

CO2 [20]. The relationship between total phenols of grape
seeds extract and significant process variables is depicted in
Fig. 2. Response surface analysis of data in Table 1 demon-
strates that the relationship between total phenols and the
operating parameters was linear with a good regression coef-
ficient (R200.993). The relationship between temperature and
pressure during extraction of total phenolic compounds from
grape seeds is presented as

Y2 ¼ 0:20566X1 þ 0:02400X2 ð3Þ
where Y2 represents total phenols in grape seeds extract. The
equation was based on the values of significant regression
terms (p values presented in Table 2). Although an increase in
temperature can favor extraction of phenolic compounds from
plant materials, it cannot be increased indefinitely; since the
structural deformation of phenolic compounds may take place
at temperatures above 50 °C [21]. Gong et al. [22] observed a
decline in the total phenolic compounds analyzed in the
extract of marigold when the temperature increased above
60 °C in a conventional solvent extraction system. SFE
allowed the extraction of phenolic compounds at lower
temperatures (46 °C), hence it is also believed to preserve the
quality of the extracted phenolic compounds.

Effect of SFE Variables on Antioxidants in Grape Seeds
Extract

The analytical results of antioxidant compounds in grape
seeds extract obtained by SFE were also evaluated by
regression analysis. The main SFE parameters for antioxi-
dant compounds from grape seeds were temperature and
pressure, former being highly significant (p<0.001). The
effect of ethanol concentration was not significant. SFE of
bioactive compounds and antioxidants is believed to be
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affected mainly by temperature, pressure and dynamic
extraction time [23]. The relationship between the extraction
of antioxidant components, temperature and pressure is
depicted in Fig. 3. Passos et al. [14] observed during extrac-
tion of oil from grape seeds that the antioxidant activity was
mainly affected by temperature and pressure of SFE. Antiox-
idant activities of the grape seeds extracts in our study were
affected by the linear, quadratic and interaction terms of SFE
temperature and pressure and R2 value was 0.998. The rela-
tionship between significant extraction variables and antiox-
idants is represented in Eq. 4 where non-significant regression
terms involving X3 (ethanol concentration) were neglected.

Y3 ¼ �31:09548þ 1:91677X1 � 0:07538X2

� 0:01649X 2
1 þ 0:00040X 2

2 � 0:00169X1X2 ð4Þ
Y3 represents the antioxidant compounds in grape seeds

extract. X1
2, X2

2 and X1X2 represent the quadratic and inter-
action relation of SFE temperature and pressure.

Optimization of SFE Process

Process optimization has been the key issue in biochemical
processes to increase product yield and to ensure product
quality. Different statistical approaches are usually applied
to achieve this objective. The optimum SFE conditions for
the extract yields, total phenols and total antioxidants from
grape seeds obtained by using OAD and response surface
methodology (RSM) are presented in the Table 3. SFE
temperature (44–46 °C), pressure (153–161 bar) and lower
concentrations (5.8–6.8 %) of ethanol as modifier, can result
in optimal extract yield (12.09 %), total phenols (2.41 mg
GAE/ml) and total antioxidants (7.08 mg AAE/ml) from
grape seeds. The experimental results (12.32 % extract
yield, 2.45 mg GAE/ml total phenols and 7.08 mg/mL
antioxidants) obtained using optimum SFE conditions
matched with predicted results. Therefore, the RSM model
was validated with a good correlation (R2 and R2–adjusted
values are presented in Table 3).

Antiradical Activities of Grape Seeds Extracts

The antiradical activities of the 16 grape seeds extracts
obtained by SFE were assessed using DPPH (1, 1-
diphenyl-2-picrylhydrazyl) radical scavenging assay and
they are presented in Fig. 4. All the extracts showed high
DPPH radical scavenging activities and the maximum anti-
radical activity of 92.3 (Fig. 4a) or 32.2 % (as a function of
total phenolics, Fig. 4b) was observed for the extract obtained
using 46 °C temperature and 167 bar CO2 pressure. Growing
evidence suggests that phytochemicals such as phenolics,
thiols and carotenoids, present in most plant species, can
protect the human body against oxidative damage from free
radicals through a variety of mechanisms. Plant-derived anti-
oxidants could function as singlet and triplet oxygen quench-
ers, peroxide decomposers, enzyme inhibitors or synergists
[24]. We also observed that there was a close relation between
total phenols, antioxidants and antiradical activities of grape
seeds extracts obtained by SFE. Similar correlations between
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Table 3 Estimated optimum conditions, and predicted and experimental values of responses

Response variables R2 R2-adjusted
value

F-value P-value Optimum SFE conditions Maximum value

Temp (°C) CO2-Pressure (bar) Ethanol
(%)

Estimate Actuala

Extract yield (%) 0.987 0.961 50.37 <0.001 44.85 161 6.80 12.09 12.32±1.32

Total phenols
(mg GAE/ml)

0.993 0.979 108.03 <0.0001 45.71 157 6.66 2.41 2.45±0.32

Antioxidant activities
(mg AAE/ml)

0.998 0.994 367.88 <0.0001 45.56 153 5.87 7.08 7.08±0.75

a Analytical results represented by means (n03)±SD
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phenolic compounds and bioactivities of medicinal plant
extracts have been reported previously by others [25].

Hydroxybenzoic Acids in Grape Seeds Extracts

The phenolic acids are categorized as hydroxybenzoic and
hydroxycinnamic acids due to difference in molecular struc-
tures. Grape seeds extracts obtained by SFE were analyzed
for gallic acid, protocatechuic acid and p-hydroxybenzoic
acid and the analytical results for 16 extracts, obtained
according to OAD (Table 1), are presented in Table 4. The

data revealed that p-hydroxybenzoic acid contents (206.72–
688.18 μg/ml) were highest followed by those of protoca-
techuic acid (3.57–11.78 μg/ml) and gallic acid (1.21–
3.84 μg/ml) among different SFE extracts of grape seeds.
These hydroxybenzoic acids are important bioactive com-
pounds having antimicrobial and biological properties. They
have been previously detected in seeds of four red grape
varieties (Cencibel, Cabernet Sauvignon, Merlot and Shiraz)
and their quantities ranged from 3.3 to 7.3 mg/kg of fresh
grapes [26]. We also observed that seeds of a red grape variety
(Vitis labrusca B.) are good source of these important non-
anthocyanic polyphenols and SFE is an effective method to
recover considerable quantities of these polyphenols. Gallic
acid and protocatechuic acid are phenolic compounds often
detected in grape wines and also have reported pharmacolog-
ical activities [27]. Alkyl esters of p-hydroxybenzoic are
widely used as antimicrobial agents in foodstuffs, cosmetics,
toiletries and pharmaceuticals. They are reported to have
broad spectrum of antimicrobial activity including fungicidal
activity [28].

We obtained extracts of grape seeds by using SFE (137–
167 bar, 37–46 °C and 5–8 % ethanol) with the aim
to maximize the recovery of phenolic and antioxidant com-
pounds. The quantities of total phenolics and antioxidants
recovered from grape seeds using SFE (Table 1) are com-
parable with those obtained by organic solvent extraction
methods using higher temperatures. We obtained 85 mg
GAE/g of phenolic compounds and 242.33 mg AAE/g of
antioxidants (extract # 16) from grape seeds using modest
SFE conditions (167 bar, 46 °C and 5 % ethanol). In a study
carried out by Bucic-Kojic et al. [3], 94 mg GAE/g of total
phenolics were extracted from grape seeds using 96 % etha-
nol and extraction temperature was 80 °C in a conventional
system. Another study [29] reported antiradical activities of
grape seeds extracts in the range of 74–83 %, when they
were obtained by heating at 100 °C for 10–120 min in 70 %
ethanol. Grape seed extracts, obtained using SFE in our
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1 ml extract (a) and activity as a function of total phenols (mg GAE/ml) in extract (b)

Table 4 Hydroxybenzoic acid contents of grape seed extracts obtained
by SFE

Extracts Gallic acid
(μg/ml)

Protocatechuic
acid (μg/ml)

P-hydroxybenzoic
acid (μg/ml)

1 1.21±0.05 4.22±0.23 267.70±5.21

2 1.44±0.08 3.63±0.12 221.49±7.32

3 1.44±0.03 3.63±0.20 221.49±8.14

4 1.37±0.12 3.57±0.16 206.72±5.97

5 2.70±0.15 7.86±0.31 464.96±6.71

6 2.55±0.06 7.81±0.26 468.95±4.98

7 1.89±0.05 5.21±0.28 316.62±8.43

8 2.19±0.11 6.44±0.33 404.37±9.87

9 2.17±0.04 6.08±0.31 372.62±7.34

10 2.46±0.12 6.42±0.22 392.59±6.59

11 3.01±0.13 7.14±0.41 452.55±6.67

12 2.91±0.11 8.49±0.49 495.47±5.89

13 2.88±0.14 7.27±0.58 433.55±9.35

14 2.92±0.11 8.13±0.61 562.02±8.31

15 3.55±0.15 8.72±0.59 520.77±10.26

16 3.84±0.21 11.78±0.81 688.18±8.92

Analytical results represented by means (n03)±SD. Quantities of
phenolic acids are expressed as μg per ml of grape seeds extract
obtained by SFE
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designed experiments, showed 86–92.3 % antiradical activ-
ities. This shows that extracts of grape seeds obtained by
SFE have better functional quality which is due to high
quality phenolic and compounds.

Conclusion

Phenolic compounds and antioxidants can be effectively
extracted from grape seeds using green SFE technology by
employing modest conditions of CO2 pressure, temperature
and modifier. Optimization of SFE process parameters can
enhance the recovery of these compounds from grape seeds.
Pressure and temperature were found to be the main variables
for SFE from grape seeds. These extracts were found to be
excellent scavengers of DPPH radicals and good sources of
phenolic acids such as gallic acid, protocatechuic acid and p-
hydroxybenzoic acid. Our findings and further studies for
recovery of individual bioactives from grapes using SFE can
be valuable for producing high quality health products.
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