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ABSTRACT
Due to their beneficial effects on human health, phenolic compounds are increasingly attracting the attention of scientists and researchers all over the world. The main interest is in the extraction process of those natural plant-originated
compounds from fruits, vegetables and plant wastes, namely grape wastes, in which phenolic compounds are the most
abundant secondary metabolites. This waste exploitation not only re-assimilates those byproducts into the food cycle,
but also avoids major environmental problems. Herein, the optimization of the phenolic compounds concentration and
free radical scavenging activity from Cabernet Sauvignon grape byproducts was conducted, using multi-response surface methodology. A conventional solid-liquid extraction process was performed with pure water as a solvent to study
the effects of both time and temperature on the procedure. The maximal phenolic compounds concentration (878.9
mg/L) was reached at 47˚C after 30 hours while the optimal free radical scavenging activity (41.15%) was obtained at
30˚C after 20 hours. A multi-response surface methodology compromised between the quantity and the quality of the
extracted phenolics, and the parameters maximizing both responses were obtained at 37˚C and 28 hours. This low-cost
and energy saving process provides an excellent tool for further industrial applications.
Keywords: Phenolic Compounds; Grape Byproducts; Extraction Optimization; Free Radical Scavenging Activity;
Response Surface Methodology

1. Introduction
Exceeding 60 million tons of annual production, grape is
one of the major cultivated fruit crops in the world. Viniculture is a significant agricultural activity in a lot of
southern Europe [1] and Mediterranean countries [2].
The Mediterranean diet, rich in fruits and vegetables, explains the increase in life expectancy in this region, as
epidemiological studies have linked this consumption to
the fight against diseases related to oxidative stress [3].
Currently, and with the development in means of analysis,
we can associate this value to the main responsible food
components: bioactive molecules, especially, phenolic
compounds [4]. These are divided into two major classes,
the non-flavonoids include phenolic acids and stilbenes,
*
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while flavonoids, which share the flavone core consisting
of a basic skeleton of 15 carbons [5], include three main
families of compounds (anthocyanins, flavonols and flavan-3-ols) differing in the degree of oxidation of the central pyran ring [6,7]. Besides having many physiological
functions in the plant itself [8], phenolic compounds also
have many biological effects for the plants consumers.
Apart from their antibacterial, antifungal and antiviral
effects [9,10], phenolic compounds regulate the plasma
lipids and oxidative stress [9], they protect against atherosclerosis, brain dysfunction, and cancer [11], also playing a role in several degenerative and aging-related diseases [12,13]. Phenolic compounds inhibit the in vitro
degradation of DNA induced by hydrogen peroxide and
reduce the oxidation of polyunsaturated fatty acids [14].
The importance of those compounds is not limited to
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individual and public health interests; but is highly connected to their industrial application in many fields such
as cosmetics, pharmaceutics, agriculture etc., therefore
the global focus is on the environment friendly phenolic
compounds extraction methods based on the use of green
technology. By reason of their diverse application fields,
the extraction and isolation of phenolic compounds from
fruits and vegetables have been conducted, however the
search for renewable sources attracted scientists towards
waste products. Grape byproducts are a rich source of
phenolic compounds, ethanol [15], tartrates [16], citric
acid [17], malic acid [18] and alimentary fibers [19]. They
have been re-assimilated into the food cycle, avoiding
major environmental problems, especially those of the
phenols increased chemical and biochemical oxygen demands [20]. Consisting of seeds, pulp, skins and stems,
grape wastes, are the rest of the winemaking process, representing 20% of the processed grapes weight [21].
Grape skins and seeds contain flavonoids (catechin, epicatechin, procyanidins and anthocyanins), phenolic acids
(gallic acid and ellagic acid) and stilbenes (resveratrol
and piceid) [22]. Phenolic compounds Industrial extraction from grape pomace is a batch or continuous process,
joining water with other solvents, namely, ethanol, methanol or sulphur dioxide. Moderate temperatures (50˚C 60˚C) and rather long times (3 - 20 hr) are performed in
the conventional extraction process [23]. In this study,
we optimized the solid-liquid extraction of phenolic compounds from grape wastes avoiding the use of organic
solvents, since they represent a non-negligible cost to the
industry and are not recommended for pharmaceutical,
cosmetic and food applications [24]. A response surface
methodology (RSM), with a two-variable central composite design was performed. The aim of the work was to
obtain a significant amount of bioactive molecules, modifying the extraction experimental conditions, compromising thus between quantity and quality. We determined the optimal parameters, time and temperature, which
allow the extraction of the highest phenolic compounds
concentration using water as a solvent. This work meets
the sustainable development concept by the optimization
process itself, since it reduces time and energy consumption, and by the substitution of an organic solvent with
water, which is a cheaper more ecological and available
solvent. Regarding the final target of utilizing the extracted bioactive molecules in many fields related to human consumption, the remaining organic residues in the
extracts are not of a concern, since the extraction process
is held in water, a food safe solvent. The use of no complicated machinery, no pretreatment of the grape byproducts, no extreme heating and no organic solvent, simplified the energy and cost of the process making this method a conventional environment friendly extraction process. This could be easily adapted to several industrial
Copyright © 2013 SciRes.

651

applications.

2. Materials and Methods
2.1. Reagents
All reagents were of analytical grade. The Folin’s phenol
reagent (Sigma Chemical Co., St. Louis, MO, USA) and
sodium carbonate (Fluka, Buchs, Switzerland) were utilized to measure the total phenolic compounds concentrations using the Folin-Ciocalteu method; the calibration
curve was built with gallic acid (Sigma Chemical Co., St.
Louis, MO, USA). The phenolic compounds standards
BHT and resveratrol, Tris-HCL buffer (Sigma Chemical
Co., St. Louis, MO, USA) and DPPH (Merck, Darmstadt,
Germany) were used in the free radical scavenging activity test. The samples dilutions were done by pure ethanol
and methanol (Merck, Darmstadt, Germany).

2.2. Sample Preparation
The Cabernet Sauvignon grape byproducts were provided by château KSARA (Beqaa Valley, Lebanon). On
arrival the raw material was stored at −20˚C until utilization. Defrosted at room temperature, the grape byproducts were milled to a particle size of 2 mm. The aqueous
phenolic compounds extraction process was done with a
solid/liquid ratio of 1:4 (w/v). The fixed particle size and
solid/liquid ratio were chosen based on the work already
done by Spigno et al. 2007 [25]. After the solid-liquid
conventional extraction process was accomplished, the
extracts were filtrated and analyzed.

2.3. Total Phenolic Compounds Determination
According to the Folin-Ciocalteu method previously described by Slinkard and Singleton 1977 [26], an aliquot
of 10 μL of the sample solution was mixed with 100 μL
of commercial Folin-Ciocalteu reagent and 1580 μL of
water. After a brief incubation at room temperature (5
min), 300 μL of saturated sodium carbonate was added.
The color generated was read after 2 hr at room temperature at 760 nm using a UV-Vis spectrophotometer (UV9200, BioTECH Engineering Management, UK). The correlation between the absorbance and gallic acid concentrations creates a calibration standard curve. The Phenolic Compounds Concentration (PCC) of the samples was
expressed as gallic acid equivalent (mg/L). Phenolic Compounds Yield (PCY) derived from these values was given
by transforming milligrams of Gallic Acid Equivalent
(GAE) per liter (mg GAE/L) into grams of GAE per 100
g of grape dry matter (g GAE/100 g DM).

2.4. Free Radical Scavenging Activity
According to several published results [27,28], the free
FNS
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radical scavenging activity was measured by the capacity
of the phenolic compounds contained in the samples to
reduce DPPH (2,2-Diphenyl-picrylhydrazyl), a stable free
radical. The free radical scavenging of extracts were examined by comparing to those of known antioxidants such
as butylhydroxytoluene (BHT) (a synthetic antioxidant)
and resveratrol (a natural antioxidant) by DPPH. 50 L
of various sample extracts concentrations (50 - 10 - 5 and
1 g/mL) or positive control (BHT and resveratrol) diluted in pure ethanol were added to 450 L of Tris-HCl
buffer solution (50 mM, pH 7.4). 1.5 mL of DPPH Solution (0.1 mM) was added to the mixture. Absorbance at
517 nm was measured after 30 min of incubation at room
temperature using pure methanol as a blank. All samples
were analyzed in duplicate. The inhibition percentage of
the DPPH free radical is calculated as follows: Inhibition
Percentage = [(absorbance of control − absorbance of
sample)/absorbance of control] × 100. The free radical
scavenging activity of Cabernet Sauvignon grape byproducts extracts was evaluated by the decrease in the
peak area of the DPPH radical which exhibits a deep purple color with maximum absorption at 517 nm.

2.5. Selection of the Appropriate Extraction
Parameters
The target of an extraction process is, no doubt, the maximization of a certain substance’s yield and quality [20].
Focusing on this aim many variables have been investigated such as solvent/sample ratio, particle size, type of
solvent, time, temperature of extraction, etc. In the present paper, the added objective to the main goals is the
development of a low-cost environment friendly extraction process applicable on industrial scale avoiding the
use of organic solvents. Particle size reduction enhances
the extraction process by increasing the superficial area
of mass transfer [20] like reported for crushed than uncrushed grape marc [29]. A particle size of 2 mm was
adopted in this study based on some of the literature’s
work [20,25]. As for the choice of the solvent, pure water,
a food safe solvent was selected mainly due to its accessibility, low cost and environment friendly advantages,
especially on industrial-scale applicability. Time and Temperature are important parameters to study not only to
maximize phenolic compounds concentration and bioactivity in the extracts but also to minimize the energy cost
of the process. The determination of the extraction time
and temperature intervals was the result of a preliminary
study in which phenolic compounds extraction from milled grape pomace was conducted at room temperature,
40˚C, 50˚C and 60˚C quantifying the total phenolic content by Folin-Ciocalteu method after 12, 24, 36, 48, 60
and 72 hours. Based on the results, the lower and upper
levels of both variables were chosen for the Response
Copyright © 2013 SciRes.

Surface Methodology study.

2.6. Experimental Design
Optimization of phenolic compounds extraction from Cabernet Sauvignon grape byproducts in water was carried out using RSM. A rotatable central composite design
was developed to assess the main impact of two factors:
extraction time (t), extraction temperature (T), and their
interaction on total Phenolic Compounds Concentration
(PCC) and free Radical Scavenging Activity (RSA). Temperature values varied between 30˚C and 50˚C and time
between 20 and 40 hours. The two independent variables
were coded at five levels (−α, −1, 0, 1, α) resulting in an
experimental design of twelve experimental points including four central points, i.e. the repeatability of the measurements at the center of the experimental design. All
the factor levels are reported in Table 1. Considering two
parameters and two responses, experimental data were
fitted to obtain a second-degree regression equation of the
form:
Y   0  1T   2 t  12 T.t  11T 2   22 t 2

where Y is the predicted response parameter, β0 is the
mean value of responses at the central point of the experiment; β1 and β2 are the linear coefficients, β11 and β22
the quadratic coefficients and β12 the interaction coefficient. The optimization process by Response Surface Methodology (RSM), took into consideration t and T as two
independent variables. Experimental design and statistical treatment of the results were performed using
STATGRAPHICS Plus for Windows 4.0. The software
was used to generate response surfaces and contour plots.

3. Results and Discussion
3.1. Phenolic Compounds Concentration and
Free Radical Scavenging Activity
The response surface methodology study was conducted
in the aim of determining the experimental conditions for
optimal phenolic compounds concentration (PCC) and
free radical scavenging activity (RSA). In Table 1, the
two independent variables, which are the experimental
parameters (time (t) and temperature (T)), are shown,
with their lower, middle and upper design points for
RSM in coded and uncoded (natural) values. The latter
Table 1. Independent variables and their levels used for
central composite rotatable design.
Variables

Symbol

Coded variables levels
−α

−1

0

1

α

Time (hr)

t

20

23

30

37

40

Temperature (˚C)

T

30

33

40

47

50
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are modified into dimensionless coded variables with a
mean zero and the same standard deviation [30].
In Table 2, are presented the employed experimental
design and the data of the responses, which are the PCC
and the RSA represented by the inhibition percentage, at
different experimental combinations for the coded variables, using pure water as the extraction solvent. The
PCC ranged from 288 to 852 mg/L and the resulting
PCY equivalent to g GAE/100 g DM (Table 3), ranged
from 0.23 to 0.68 g GAE/100 g DM. In general, and
compared to other agricultural materials such as oat hulls
(0.056 g/100 g of solid) and apple byproducts (0.11
g/100 g) [31,32], phenolic compounds extraction from
grape pomace using water, gave higher yields than those
obtained when extracted with organic solvents. Robards
et al. 2000 [33] described that the total phenolics in grape
extracts vary in the range of 0.2 to 2 g GAE/100 g and
that the upper total phenolic compounds limit can reach 6
g GAE/100 g DM in aqueous methanol extraction. Results found in this study are within the mentioned range
although pomace and not grape is the starting material;
therefore the efficiency of the solid-liquid water extraction process adopted in this paper is highlighted. The
utilized raw material and solvent are probably the explanation for the relatively low yield as compared to the
upper limit of 6 g GAE/100 g. As compared to grape pomace, Escarpa and Gonzáles 2001 [34] found a 0.8 g
GAE/100 g phenolic compound yield when using red
wine pomace. The free radical scavenging activity ranged from 11% to 33% giving analogous values to the RSA
obtained for aqueous extraction of phenolic compounds
from red distilled Garnacha grapes byproducts, ranging
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from 2.8% to 34.41% [35], but giving superior activity to
those given from Pinot Noir grape byproducts ranging
from 1.2% to 6.2% [36]. In comparison with phenolic
compounds extracts from Cabernet Franc grapes, El Darra et al. 2012 [37] showed a 52% inhibition percentage.
Regarding the difference of the raw material, the extraction solvent and therefore the diversity of the resulting
extracts in phenolic compounds, a highest free radical
scavenging activity could be expected for grape extracts
as compared to grape pomace extracts, especially that a
phenolic quantity is partially transferred from grapes to
wine during the winemaking process [38]. The PCY and
RSA ranges come in agreement with other previous findings implying that solid-liquid extraction process of phenolic compounds from grape pomace with pure water is
quite efficient.

3.2. Experimental Modelization and Statistics
All response values were shown by statistical analyses to
fit best the second order polynomial model (Table 4).
The latter expresses the relation between the response
variable (PCC and RSA) and the test variables (t and T)
obtained by the application of a multiple regression
analysis on the experimental data. The regression equations allow the calculation of the predicted values of PCC
and RSA in order to be compared with experimental
values (Table 2). The predicted values are analyzed for
the calculation of the coefficients of determination (R2),
which, generated by the software can demonstrate the
significance of each experimental variable. The coefficients of determination values (R2) were 93.7% and
99.5% for the experimental design of PCC and RSA,

Table 2. Central composite arrangement for independent variables and their responses for water extraction process.
Variables levels coded/(uncoded)

Response parameters

Run

Temperature
coded/(˚C)
T

t

Experimental

Predicted

Experimental

Predicted

1

−1/(33)

−1/(23)

303

282

33

33

2

1/(47)

−1/(23)

852

751.9

15

16.8

3

−1/(33)

1/(37)

288

369.8

24

24.8

Time coded/(hr)

Phenolic compounds concentration
(mg/L)

Free radical scavenging activity
(inhibition percentage)

4

1/(47)

1/(37)

757

759.7

11

12.2

5

−α/(30)

0/(30)

299

252.2

35

36.8

6

α/(50)

0/(30)

795

860.1

14

15.3

7

0/(40)

−α/(20)

410

491.8

22

23

8

0/(40)

α/(40)

623

559.4

11

13

9

0/(40)

0/(30)

770

771.75

19

19.3

10

0/(40)

0/(30)

783

771.75

18.3

19.3

11

0/(40)

0/(30)

775

771.75

19.02

19.3

12

0/(40)

0/(30)

759

771.75

17.2

19.3
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Table 3. Phenolic compounds yield (g of GAE/100 g of DM).
Extracts

Phenolic compounds yield
(g of GAE/100 g of dry matter)

1

0.24

2

0.68

3

0.23

4

0.61

5

0.24

6

0.64

7

0.33

8

0.5

9

0.62

10

0.63

11

0.62

12

0.61

Table 4. Second order polynomial equations relating response variables (PCC and RSA), to test variables (Temperature: T, and Time: t).

perature, time contact, solvent-to-solid ratio etc.) on the
mass transfer of the extraction process is not always obvious. Each system consisting of a material-solvent combination shows an unpredicted different behavior, probably due to the solvent’s chemical characteristics and the
various composition and structure of the natural products
[35]. The Pareto charts interpretation shows the threshold
of significance at 95% obtained after using the ANOVA
test for the analysis of the coefficients of regression
models. When the histograms, representing the parameters, cross the vertical line they are statistically considered as significant. According to Figure 1(a), the PCC is
positively affected by the temperature, which had a significant linear (T) effect, but negatively affected by the
quadratic effect of both time (t2) and temperature (T2). As
for the RSA (Figure 1(b)), time (t) and temperature (T)
have a significant negative linear effect; the quadratic
effect of time (t2) is also negative. On the other hand, the
quadratic effect of temperature (T2) and the time temperature (t. T) interaction have positive significant effects
on the inhibition percentage. The reported positive and

Extraction mixture
Water
Phenolic
compounds
concentration

Concentration = −6829.4 + 218.97*Temperature +
170.43*Time – 2.20025*Temperature^2 –
0.408163*Temperature*Time – 2.51148*Time^2

Free radical
scavenging
activity

Inhibition percentage = 193.488 –
6.94716*Temperature – 0.455855*Time +
0.0637244*Temperature^2 +
0.0255102*Temperature*Time –
0.0179081*Time^2

respectively. The closeness to 1 of the R2 Values for PCC
and RSA indicates a high degree of correlation between
the observed and predicted values, which means that a
reasonable agreement of the corresponding models with
the experimental results is found. Using ANOVA table,
the coefficients of regression analysis was carried out,
enabling the determination of the Lack of fit significance
of each extraction model avoiding hence poor and misleading results [30]. The model representing the free
radical scavenging activity is of a high adequacy to reality conditions (P value = 0.69), nevertheless, the significance of the lack of fit (P < 0.05) found for the model
representing the phenolic compounds concentration (P
value = 0.0014) doesn’t mean that the model is not valid,
but that the manipulator’s error calculated from the repetitions at the field centre is lower than the error induced
by the model.

3.3. Parameters Significance
The positive or negative impact of many variables (temCopyright © 2013 SciRes.

(a)

(b)

Figure 1. (a) Standardized Pareto chart. Analysis shown for
phenolic compounds concentration. The variables are time
and temperature. It shows the columns/parameters exceeding the vertical bar, which are statistically significant with
more than 95% of confidence. (b) Standardized Pareto
chart. Analysis shown for the inhibition percentage, representing the radical scavenging activity. The variables are
time and temperature. It shows the columns/parameters exceeding the vertical bar, which are statistically significant
with more than 95% of confidence.
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negative effects of the studied parameters on the phenolic
yield and free radical scavenging activity were expected,
despite the significant positive effect of temperature elevation on the extraction yield, its augmentation should be
limited; the membranes denaturation and phenolic compounds stability are threatened above 50˚C [39,40]. Moreover, subjecting grape pomace to high temperatures might
liberate certain phenolic compounds while concurrently
promoting possible thermal decomposition of others,
which were already released at lower temperatures [41].
Effect of the Extraction Time and Temperature
Treatment
The extraction efficiency was proven to be significantly
affected by many factors such as temperature, solvent,
time [40] and many others. This effect can be either independent or interactive [42]. Besides Pareto charts, the
response surface plots, in their three dimensional illustration, and considering their shape, give valuable data about
the significance of each parameter (Figures 2(a) and (b)).
It is clearly obvious that the temperature parameter significantly affects the concentration positively since obvious ascent steepness reflects the increase of PCC with
the increase of temperature. The total phenolic content
reached its peak at 50˚C, which is the highest temperature tested. Similarly the increase in time led to a gradual
increase in the total phenolic content, which attained its
maximum after 30 hours. Nevertheless this rise with time
is followed by a decline since the steepness in the inclination of the plot descents beyond this period (Figure
2(a)). Time has therefore a quadratic significant negative
effect. The above results were expected, since the temperature’s augmentation increases the mass transfer and the
solubilization of the solutes reducing the surface tension
and viscosity [43,44]. The higher the temperature is, the
more the solvent is efficient, but with high temperatures
and long periods of time, the effect is reversed and the
phenolic compounds risk heat oxidation or degradation
[22,35]. Spigno and De Faveri 2007 [20] showed higher
PCY at 60˚C than at 45˚C accompanied with thermal degradation beyond 20 hours. As for the extraction period
many authors chose long extraction times [20,36]. From
a recovery point of view, it is more convenient to work
with moderate temperatures and long periods of times
[25]. In this work, a decrease of the PCY was observed
after a 30 hours extraction time.
Further investigations are necessary to associate this
reduction to a real degradation phenomenon or polymerization reactions creating new compounds that responds differently to analytical measurements [35]. As
for the inhibition percentage representing the free radical
scavenging activity of the phenolic compounds, both
temperature and time have negative effects, showed by
Copyright © 2013 SciRes.
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(a)

(b)

Figure 2. (a) Phenolic compounds concentration surface
plots. Three-dimensional expressions by surface plots of phenolic compounds concentration. The three-dimensional graphs
were plotted between two independent variables (time and
temperature). (b) Inhibition percentage surface plots. Threedimensional expressions by surface plots of phenolic compounds concentration. The three-dimensional graphs were
plotted between two independent variables (time and tem-perature).

the descending plots for both parameters (Figure 2(b)).
The highest free radical scavenging capacity of those
compounds is observed when extracted at low time and
temperature since the competition between the extraction
and the oxidation phenomena is manifested at high temperatures and long periods of time. Considering the solvent choice, literature review shows several solvent mixtures for phenolic compound extraction from grape materials, like acetone, methanol and ethanol [20,35,45-50].
Despite the capacity of these solvents to elevate the
PCY, we found that phenolic compounds aqueous extraction is cheaper and more environment friendly, since no
recycling of the organic solvent is of a concern, nor its
removal from the final extracts. The benefit of this study
is highlighted when considering an industrial-scale extraction process; regarding the enormous decrease in the
cost and energy consumption. The optimal conditions for
maximizing the phenolic compounds yield were shown
by this model to be a 30 hours extraction time at a 47˚C
temperature, while the optimal RSA was reached after 20
hours at 30˚C, as shown in Table 5. In order to seek the
extraction of increased phenolic compounds yields enhancing simultaneously the quality of the extracts, a simultaneous response optimization is necessary to compromise between both response variables.

3.4. Simultaneous Response Optimization
Response Surface Methodology has proven to be an efficient tool in the maximization of several responses,
FNS
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Table 5. Optimum experimental conditions for maximal extraction concentrations and free radical scavenging activities.
Optimum condition
Water
Phenolic compounds
concentration
Free radical
scavenging activity

Time (hr)

Temperature (˚C)

30

47

20

30

optimizing thus experimental conditions [39,41,51,52]
that cannot be generalized regarding the diverse nature of
plant material antioxidants [35]. The optimization of the
PCC and the RSA were effected separately, and the parameters giving the highest quantity, and free radical scavenging activity were revealed. Nevertheless, the final
goal is the compromise between the concentration and
the bioactivity; this is why desirability function in the
response surface methodology was used, to show simultaneously the two responses (PCC and RSA) affected by
the combination of the experimental parameters (t and T).
In this study, the desirability was set to show the best
conditions that maximize the PCC and RSA at the same
time (Figure 3). The graphic of the outlines superposetion shows that the concentric circles of the PCC and
RSA are convergent towards opposite localization, which
is expected, since the temperature is known to increase
the coefficient of diffusion and solubility of the solvent
[20,35,53,54], while the heating process negatively affects the quality of the phenolic compounds, vulnerable
to oxidation and degradation, thus their RSA decreases.
Nevertheless, a compromise between the experimental
parameters should be made, enabling the extraction of a
significant quantity of bioactive molecules, hence, the
optimal conditions maximizing both the PCC and RSA
of grape byproducts extracts through conventional heated
water extraction were found to be: 37˚C and 28 hours, for
the obtainment of 645 mg/L phenolic compounds with an
RSA of 23%. Regarding the method’s simplicity, cost
and accessibility, the obtained phenolic compounds quantity and activity are valuable. Finally, it is worth mentioning that the interpretation of the simultaneous response optimization is relative to the necessity. For instance, on an industrial scale, the extraction time reduction is more beneficial in terms of energy even with a
slight loss of quantity; whereas for pharmaceutical or nutraceutical applications, the main focus is on the bioactive properties of phenolic compounds and not their
quantity, therefore the results of this study can be adapted to fit different necessities. An accurate economical
evaluation of the extraction process energy cost v/s the
overall production cost will allow the confirmation of our
choice of parameters and solvent.
Copyright © 2013 SciRes.

Figure 3. Desirability analysis. Superposition plots, showing
the best experimental parameters (time and temperature)
that maximize both phenolic compounds concentration and
radical scavenging activity in water extraction solvent. The
green spot shows the parameters that compromise between
the phenolic compounds concentration and the inhibition
percentage. The black spot shows the optimal parameters
for the phenolic compounds concentration while the red is
for the free radical scavenging activity.

4. Conclusion
Cabernet Sauvignon grape byproducts are a rich source
of phenolic compounds. The application of these active
molecules in many industries steadily increases. Therefore, the economical applicability of a large-scale extraction process involves the maximization of its efficiency,
searching for optimal extraction conditions. This study
targeted the low-cost, environment friendly valorization
of grape byproduct; thus, both the phenolic content and
free radical scavenging activity were maximized, varying
the extraction time and temperature. The optimization of
the experimental parameters permitted the obtainment of
high quality and quantity phenolic compounds extracts.
The response surface methodology showed that the highest PCC (878.9 mg/L) is obtained by a conventional extraction with water at 47˚C after 30 hours, while the
highest RSA (41%) is obtained at 30˚C after 20 hours. In
order to compromise between both responses, a multiresponse optimization was performed, showing that the
maximal PCC (645.2 mg/L) and RSA (23%) were obtained when extracting at 37˚C for 28 hours. The results
of this study confirm the efficiency of solid-liquid extraction with no use of organic solvent. They could be a
leading step towards a large-scale implementation process from several industrial applications, considering not
only the quantity and quality of the desired substances
but also the facility of implementation of such a low-cost
environment friendly method.
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