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ABSTRACT 
The current work concerns the optimization process of phenolic compounds solid liquid extraction from grape 
byproducts at high temperatures and short incubation times. The effect of five experimental parameters (solid- 
liquid ratio, particle size, time, temperature and solvent mixture) mostly believed to affect the extraction process 
was undertaken. A first response surface methodology experimental design was used to optimize the solid-liquid 
ratio and milling time parameters. A second design was used for the optimization of the quantitative and qua- 
litative parameters. The quantitative parameters studied are: total phenolic compounds, flavonoid content, total 
monomeric anthocyanin composition and tannin concentration. The qualitative parameters analyzed are: antira- 
dical activity and antioxidant capacity. The second design was based on the use of time, temperature and solvent 
mixture as optimization parameters. The assays were first conducted separately revealing the best experimental 
conditions for the maximization of each response variable alone. A simultaneous response surface methodology 
of all the responses taken together was then conducted, showing the optimal extraction conditions to be: 93 mi-
nutes at 94˚C and in 66% ethanol/water solvent. The maximal response values obtained for each parameter are: 
Total Phenolic Compounds yield (5.5 g GAE/100g DM), Flavonoid Content (5.4 g GAE/100g DM), Total Mono-
meric Anthocyanin yield (70.3 mg/100g DM), Tannin Concentration (12.3 g/L), Antiradical Activity (67.3%) and 
Total Antioxidant Capacity (393 mgAAE/L). All of the optimal values were acquired at 3 mL/g solid-liquid ratio 
and 6.8 min milling time. The obtained extracts could be used as natural bioactive compounds in several indus-
trial applications. 
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1. Introduction 
The annual production of large waste quantities by the 

food processing industry creates serious environmental 
problems as a consequence of the absence of efficient 
policies regarding their disposal. Many processes are 
being established, targeting the conversion of waste ma-  *Corresponding author. 
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terials into bio-fuels, food ingredients and other added 
value bio-products [1]. Wine wastes, consisting mainly 
of skins, seeds and stems and representing 20% of the 
processed grapes weight, are considered as valuable co- 
products due to their important phenolic compounds con- 
tent [2]. Many studies have been conducted on phenolic 
compounds extraction and purification from grape po-
mace. Pinelo et al. [3] examined the influence of many 
extraction parameters on the phenolic content and anti-
radical activity of grape pomace extracts. As for novel 
electrotechnologies, Bousetta [4] used high pulsed elec-
tric field treatment for phenolic compounds extraction 
from grape pomace. Rajha et al. [5] used accelerated 
solvent extraction to maximize phenolics extraction from 
grape pomace varying the extraction temperature and 
solvent mixture. Divided into two major groups (non- 
flavonoids and flavonoids), phenolic compounds show 
antioxidant and radical scavenging activities possibly 
responsible for many health benefit effects [6]. They also 
appeared to have promising applications in food indus-
tries, pharmaceuticals and cosmetics. The extraction 
process is commonly used in the food industry, mainly 
for the production of several compounds found in differ-
ent food matrixes [4,7]. In general, the optimization of 
the quantity and quality of a certain compound is un-
doubtedly the major target of an extraction process [8]. 
Besides the time consuming procedure of the one-factor- 
at-a-time optimization method, the interactions between 
the extraction parameters might be unnoticed. Hence, it 
is improbable to approximate the true optimal experi-
mental condition [9]. Response surface methodology 
(RSM), firstly described by Box and Wilson [10], per-
mits to overcome the drawback of this design optimiza-
tion. RSM was demonstrated to be a potent tool in opti-
mizing experimental parameters maximizing numerous 
responses [11]. Central composite design, which is one 
of the most common designs, has been widely used to 
optimize phenolic compounds extraction from grapes [12] 
and grape pomace [13]. In classical extraction methods, 
the major parameters believed to affect the effectiveness 
of the procedure and the quality of the extracts are: tem-
perature, contact time, extraction solvent, solid-liquid 
ratio, and particle size [14]. In this study, two experi-
mental designs were proposed to study the effects of the 
five major parameters on the extraction process. The op-
timal particle size and solid-liquid ratio were firstly de-
termined and then applied in the second experimental 
design, which was conducted to analyze the effect of 
time, temperature and solvent mixture on the quality and 
quantity of the extracts. The final target of this study was 
to optimize the experimental parameters capable of re-
ducing the energy cost of phenolic compounds extraction 
from grape pomace, taking into consideration the con-

servation of the diversity as well as the quantity and the 
bioactivity of the obtained extracts. A simultaneous op-
timization of the total phenolic compounds, the flavono-
ids content, the anthocyanins composition, the tannin 
concentration, the free radical scavenging activity and 
the total antioxidant capacity was realized in order to 
produce highly bioactive compounds which could be 
used in several industrial application. 

2. Materials and Methods 
2.1. Reagents 
All reagents were of analytical grade. The Folin’s phenol 
reagent (SCOTT SCIENCE UK) 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).  

2.2. Sample Preparation 
The Cabernet Sauvignon grape byproducts were pro-
vided by château KSARA (Beqaa Valley, Lebanon). On 
arrival the raw material was stored at −20˚C. Defrosted at 
room temperature, the grape byproducts were milled to 
fit the required particle size. After the solid-liquid extrac-
tion process with the heated solvent and under agitation, 
solids were separated by filtration [3]. The dry matter 
content in the grape pomace was 67 ± 0.9%. 

2.3. Total Phenolic Compounds Determination 
(TPC) 

According to the Folin-Ciocalteu method previously de- 
scribed by Slinkard and Singleton [15], an aliquot of 10 
μL of the sample solution was mixed with 100 μL of 
commercial Folin-Ciocalteu reagent and 1580 μL of wa- 
ter. After a brief incubation at room temperature (5 min), 
300 μL of saturated sodium carbonate was added. The 
color generated was read after 2 h at room temperature at 
760 nm using a UV-Vis spectrophotometer (UV-9200, 
BioTECH Engineering Management, UK). The correla- 
tion between the absorbance and gallic acid concentra- 
tions creates a calibration standard curve. The phenolic 
compounds concentration of the samples was expressed 
as gallic acid equivalents in mg/L, then the Total Phe- 
nolic Compounds yields (TPC) were calculated by trans- 
forming milligrams of Gallic Acid Equivalent (GAE) per 
liter (mg GAE/L) into grams of GAE per 100 g of grape 
dry matter (g GAE/100g DM). 

2.4. Flavonoid Content (FC) 
The indirect method of flavonoid determination was per-
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formed as described by Ough and Amerine [16], through 
the precipitation of those compounds by formaldehyde. 
Five milliliters of aqueous solution of hydrochloric acid 
1:4, and 5 mL of formaldehyde 37% were added to 10 
mL of the sample. The sample was filtered after a 24 
hour standstill period, and used for the non-flavonoid 
content determination by Folin-Ciocalteu method. The 
difference between the total phenolic and the non-fla- 
vonoid contents results in the calculation of the flavonoid 
content expressed as gallic acid equivalents (mg/L). Then, 
the Flavonoid Content yield (FC) was calculated 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/100g DM). 

2.5. Total Monomeric Anthocyanin 
Determination (TMA) 

Monomeric anthocyanins were measured by the pH-dif- 
ferential method, which relies on the structural transfor-
mation of the anthocyanin chromophore as a function of 
pH, which can be measured using optical spectroscopy 
[17]. The appropriate dilutions of each sample were pre-
pared, once with potassium chloride buffer at 0.025 M 
(pH 1.0) and the other with sodium acetate buffer at 0.4 
M (pH 4.5). The dilutions were equilibrated for 15 min. 
The absorbance of each dilution was measured at the 
λvis-max and at 700 nm against a blank cell filled with dis-
tilled water. The absorbance (A) of the diluted sample 
was calculated as follows:  

A = (Aλvis-max − A700)pH1 − (Aλvis-max − A700)pH4.5   (1) 
The monomeric anthocyanin pigment (MAP) concen-

tration in the original sample was calculated using the 
following formula:  

MAP(mg/L) = (A × MW × DF × 1000)/(molA × L)  (2) 
MW and molA are the molecular weight and the molar 

absorptivity, respectively of the pigment cyanidin-3-glu- 
coside used as reference; MW = 449.2 g/mole, molA = 
26,900 mg−1·L−1·cm−1 and DF is the dilution factor. Mil-
ligrams of Monomeric Anthocyanin per liter of extract 
(mg/L) were then transformed into Total Monomeric 
Anthocyanin yield (TMA) which is milligrams per 100 
grams of grape dry matter (mg/100g DM). 

2.6. Determination of Tannin Concentration 
(TC) 

Total tannin content (g/L) was determined according to 
Ribérau-Gayon et al. [18]. 2 mL of 1:50 diluted sample 
and 6 mL of 12 N HCl were mixed and heated in a water 
bath for 30 min. Following the rapid cooling, 1 mL of 
ethanol was added to the mixture, and the resulting ab-

sorbance at 550 nm was measured. 

2.7. Antioxidant and Antiradical Assays 

2.7.1. Total Antioxidant Capacity (AC) 
The total antioxidant activity of the extracts was deter-
mined by the phosphomolybdenum reduction assay [19]. 
The basic principle of the method is the formation of a 
green phosphate Mo (V) complex at acidic pH. The ex-
tracts reduce Mo (VI) to Mo (V). Diluted extracts (500 
mg/L) were mixed with the reagent solution (0.6 M sul-
furic acid, 28 mM sodium phosphate and 4 mM ammo-
nium molybdate). The samples were incubated at 90˚C 
for 90 minutes and the absorbance of the solution was 
measured at 695 nm. The antioxidant activity is ex-
pressed as mg of Ascorbic Acid Equivalent per Liter 
(mgAAE/L). 

2.7.2. Antiradical Activity (AA) 
According to Kallithraka et al. [20], the free radical sca-
venging 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 antiradical activity of extracts was examined by 
comparing to those of known antioxidants such as butyl-
hydroxytoluene (BHT) (a synthetic antioxidant) and res-
veratrol (a natural antioxidant) by DPPH. 50 µL of di-
luted extracts or positive control (BHT and resveratrol) 
(50 µg/mL) were added to 450 µL 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 tem-
perature using pure Methanol as a blank. The inhibition 
percentage of the DPPH free radical is calculated as fol-
lows: Inhibition Percentage = [(absorbance of negative 
control − absorbance of sample)/absorbance of negative 
control] × 100. The free radical scavenging activity of 
Cabernet Sauvignon grape byproducts extracts was eva-
luated by the decrease in the peak area of the DPPH rad-
ical which exhibits a deep purple color with maximum 
absorption at 517 nm. Antioxidant molecules can quench 
DPPH free radicals, resulting in the discoloration of the 
DPPH because of their conversion into a colorless prod-
uct. 

2.8. Experimental Design 

The quantity and quality of the phenolic compounds ex-
tracts are affected by several factors. Regarding the in-
capacity of identifying all parameters effects at the same 
time, it was necessary to group the parameters into two 
experimental designs. 
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2.9. Optimization of Particle Size and 
Solid-Liquid Ratio (L/S) 

A central composite design (22 + star) was established to 
assess the main effect of two factors in 12 runs. The in-
fluence of particle size and solid-liquid ratio on the phe-
nolic compounds extraction from grape pomace was stu-
died. Particle size was estimated by the duration of the 
milling process going from 2 to 6 minutes. Solid-liquid 
ratio (L/S) varied from 2.31 mL/g to 8.69 mL/g. Time, 
temperature and solvent mixture were fixed to 24 hours, 
room temperature, and 70% ethanol/water solvent. The 
two independent variables were coded at five levels (−α1, 
−1, 0, 1, α1) resulting in an experimental design of twelve 
experimental points including four repetitions at the cen-
tral points. The optimization process by response surface 
methodology, took into consideration particle size and 
solid-liquid ratio as two independent variables. Consi-
dering two parameters and a response, experimental data 
were fitted to obtain a second-degree regression equation 
of the form: 

Y = β0 + β1T + β2R + β12T·R + β11T2 + β22R2   (3) 
where Y is the predicted response parameter, T is the 
time of the milling process representing the particle size, 
R is the solid-liquid ratio, β0 is the mean value of re-
sponse at the central point of the experiment; β1 and β2 
are the linear coefficients, β11 and β22 the quadratic coef-
ficients and β12 the interaction coefficient. The values of 
independent variables where the response TPC is the 
highest enables the identification of the optimal extrac-
tion conditions for the maximization of the response. 
Experimental design and statistical treatment of the re-
sults were performed using STATGRAPHICS Plus 4.0 
for Windows. 

2.10. Optimization of Temperature, Time and  
Solvent Mixture 

The choice of the time and temperature intervals was the 
result of a preliminary study in which phenolic com-
pounds extraction from milled grape pomace was con-
ducted at high temperatures and short periods of time. 
The total phenolic content and the free radical scaveng-
ing activity were determined after 30, 60, and 90 minutes. 
Based on the results, the lower and upper levels of both 
variables were chosen for the Response Surface Metho-
dology. For the optimization process of time, temperature 
and solvent mixture, a Central composite design (23 + 
star) was created to study the effects of 3 factors in 20 
runs. Time varied from 40 to 99 minutes, temperature 
from 40˚C to 80˚C and solvent mixture from 30% to 80% 
ethanol/water (v/v). The three independent variables 
were coded at five levels (−α2, −1, 0, 1, α2) resulting in 

an experimental design of twenty experimental points 
including six central points. Six responses where studied: 
Total phenolic compounds yield (TPC), flavonoid con-
tent (FC), total monomeric anthocyanin content (TMA), 
tannin concentration (TC), antiradical activity (AA), and 
total antioxidant capacity (AC). The values of indepen-
dent variables where the response variables are the high-
est enables the identification of the optimal extraction 
conditions for the maximization of the responses. Consi-
dering two parameters and six responses, experimental 
data were fitted to obtain a second-degree regression 
equation of the form: 

3 3 2 3
2

0
1 1 1 1

n n nn n nm n m
n n n m n

Y b b X b X b X X
= = = = +

= + + +∑ ∑ ∑ ∑   (4) 

where Y is the predicted response Xn and Xm are the 
coded values for the factors, b0 is the mean value of the 
responses at the central point of the experiment; bn, bnn, 
and bnm are respectively the linear, quadratic, and inte-
raction coefficients. A multi-response surface optimiza-
tion was effected to maximize all the responses at the 
same time. Experimental design and statistical treatment 
of the results were performed using STATGRAPHICS 
Plus 4.0 for Windows. 

3. Results and Discussion 
3.1. Experimental Design for Solid-Liquid Ratio 

and Particle Size 

A first response surface methodology study was conduc- 
ted in the aim of determining the adequate solid-liquid 
ratio and particle size for the optimization of phenolic 
compounds extraction from grape pomace. The response 
values (TPC) at different variable combinations and sta-
tistical analyses showed that all response values fitted 
best the second order polynomial model, which the cor-
respondent equation is shown as follows: 

2 2

TPC 0 783771 0 0532768R 0 0885779T

0 0066455R 0 0154688T 0 00164577RT

. . .
. . .

= + −

− + −
(5) 

where T is the milling time and R the solid-liquid ratio. 
The model had a satisfactory level of adequacy (R2 = 

84%), indicating a reasonable agreement of the corres-
ponding model with the experimental results. Statistically 
considered as significant, the solid-liquid ratio has a neg-
ative linear and quadratic effect on the PCY. Pinelo et al. 
[3] obtained the highest phenolic concentration and anti-
radical activity by lowering the solvent-to-solid ratio. On 
an industrial scale, the solid-liquid ratio of phenolic com- 
pounds extraction from the winemaking wastes was 
shown to be 5 mL/g [4], while in this work it was shown 
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to be 3 mL/g. From an economic perspective, our opti-
mization process leads to the reduction of solvent volume, 
consequently diminishing the overall cost of the process. 
As can be seen in Figure 1, TPC values increase when 
the milling time increases, while they decrease when the 
solid-liquid ratio increases. Particle size reduction is ex-
pected to increase the extraction yield, since it enhances 
the accessible superficial area for mass transfer [21]. 

Meyer [22] improved phenolic extraction efficiency by 
reducing the particle size. The extraction rate is increased 
since the diffusion distance of the solute within the solid 
is decreased when particle size is smaller; therefore a 
shorter time is required for the solute to reach the surface 
[23]. The optimal parameters found in this study were a 
solid-liquid ratio of 3 mL/g and a 6.8 minutes milling 
time. These parameters gave a maximal TPC of 0.966 g 
GAE/100g DM. 

3.2. Experimental Design for Time, Temperature 
and Solvent Mixture 

In the purpose of determining the experimental condi-
tions for the optimization of TPC, FC, TMA and TC so 
as for the maximization of the bioactivity represented by 
the Antiradical Activity (AA) and the Antioxidant Ca-
pacity (AC), a response surface methodology study was 
performed using a rotatable central composite design. 
Using ethanol/water mixtures, the TPC ranged from 2.1 
to 5.8 g GAE/100g DM, the FC from 2.1 to 5.8 g 
GAE/100g DM, the TMA from 28.6 to 72.5 mg/100g 
DM, the TC from 4.8 to 13.7 g/L, the AA from 47.9 to 
67.3%, and the AC from 310.7 to 404.5 mg AAE/L. 
Considering the variability of the extraction parameters 
(time, temperature, solvent mixture), the starting material 
(seeds, skins, pomace) and its pre-treatment, a compari-
son of our study with all other published results could not 
be entirely done. Nevertheless a general evaluation with 
 

 
Figure 1. Phenolic compounds concentration surface plots. 
Three-dimensional expressions by surface plots of Phenolic 
Compounds Yield. The three-dimensional graphs were 
plotted between two independent variables (particle size 
and solid liquid ratio). 

other extraction processes from grapes, grape parts and 
byproducts could give a clear idea about the extraction 
efficiency. Concerning the TPC extracted from grape 
pomace, Spigno and De Faveri [8] obtained 0.27% GAE, 
Lapornik et al. [24] 0.035% - 1.36% GAE, and Rajha et 
al. [13] 0.2% - 0.7% GAE. Antolovich [25] reported that 
the upper total phenolic compounds limit could reach 6 g 
GAE/100g DM in aqueous methanol extraction. In this 
study phenolic compounds extraction from grape pomace 
using aqueous ethanol mixtures had higher yields than 
the majority of the reported studies and seems to be very 
close to the upper limit [25]. TC of the extracts was 
higher than that obtained by El Darra et al. [26] for ex-
tracts obtained from Cabernet Franc grapes following 
pulsed ohmic heating. The TMA range was close to the 
one obtained by El Hajj et al. [12] (69.16 mg/100g from 
fresh weight) but lower than Revilla et al. [27] who ob-
tained 111 mg/100g from entire fresh grapes. The TMA 
quantity obtained in this study is acceptable especially 
that the optimization of this individual class was not the 
main goal of our work and no specific solvent, such as 
acidified methanol [28] or water + sulfur dioxide [4], was 
used for favoring their extraction process. The highest 
AA found in this study (67.3%) was higher than that ob-
tained by El Darra et al. [29] on some grape varieties 
extracts (Syrah (65%) and Cabernet Franc (52%)) while 
it was lower than some others (Merlot (71%) and Caber-
net Sauvignon (75%)) [29]. The maximal AC found in 
this study was similar to that obtained by Ghafoor et al. 
[30] when applying Supercritical Fluid extraction at 37˚C, 
140 kg·cm−2 and 5% ethanol as modifier, for the extrac-
tion of phenolic compounds from grape (Vitis labrusca 
B.) peel. Thus, our results taken all together were found 
to be in agreement with several previous published 
works. 

3.3. Experimental Modeling and Statistics 

All response values were demonstrated by statistical 
analyses to fit best the second order polynomial equa-
tions expressing the relation between the experimental 
parameters and the response variables (Data not shown). 
The regression models permitted the calculation of the 
predicted values, analyzed for the calculation of the coef-
ficients of determination (R2). The models had high and 
satisfactory levels of adequacy shown by the closeness to 
1 of the (R2) values (0.918, 0.92, 0.813, 0.863, 0.86 and 
0.866 for TPC, FC, TMA, TC, AA and AC, respectively), 
indicating a high degree of correlation between all ob-
served and predicted values. This means that a reasona-
ble agreement of the corresponding model with the expe-
rimental results was found. 
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3.4. Effect of Extraction Parameters on TPC 
The response surface plots shown in Figures 2, 3 and 4 
give by their shapes, information about the significance 
of each experimental parameter. It can be noticed from 
Figures 2(a) and (b) that temperature had a positive li-
near effect on TPC since it increased with temperature 
increase to reach an optimum of 94˚C. The enhancing 
capacity of the temperature parameter on the extraction 
efficiency of phenolic compounds was reported by many 
authors [5,8,21]. It ameliorates the mass transfer, im-
proves the solubilization of the solutes in the solvent and 
reduces the surface tension and viscosity [31]. Neverthe-
less, and beyond a certain value the denaturation of the  

phenolic compounds can occur. This limit temperature is 
different amongst extraction studies; it is 50˚C for some 
[11] or 60˚C for others [21]. Regarding the duration of 
the extraction process, short [3,32,33] and long extrac-
tion periods can be found in the literature [34,35]. In this 
study the temperature was elevated and the time was re-
duced. The latter showed a negative quadratic effect on 
the TPC (Figure 2(c)) contrarily to that obtained by El 
Hajj et al. [12] who noticed an increase in total phenolics 
with the increase of time. This contradiction is probably 
due to the high temperatures employed in this study, 
which require short periods of time to avoid the degrada-
tion of the phenolic compounds. At short periods of time 

 

  
(a)                                                         (b) 

  
(c)                                                         (d) 

  
(e)                                                         (f) 

Figure 2. Total phenolic content and flavonoid content surface plots. Three-dimensional expressions by surface plots of TPC 
and FC. The three-dimensional graphs were plotted between two independent variables while the remaining independent 
variable was kept at its zero level. 
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(a)                                                         (b) 

    
(c)                                                         (d) 

     
(e)                                                         (f) 

Figure 3. Total monomeric anthocyanin and tannin content surface plots. Three-dimensional expressions by surface plots of 
TMA and TC. The three-dimensional graphs were plotted between two independent variables while the remaining indepen-
dent variable was kept at its zero level. 
 
the temperature enhanced the extraction process but with 
relatively long periods the effect is inverted, and the 
phenolic compounds are threatened by oxidation or de-
gradation [33]. A competition can thus be noticed be-
tween the positive and negative effects of temperature. 
Numerous solvents were tested for the extraction of phe- 
nolic compounds from grape pomace and skins, amongst 
which, methanol, ethanol, and water are the most com-
monly used. In terms of extraction rate, methanol seems 
to be the most effective, followed by ethanol then water 
[3]. Nevertheless, for food application, ethanol and water 
are preferred because of hygiene, low cost, and health 

compatibility [36]. Ethanol concentration has been re-
ported to affect the phenolic compounds extraction since 
it diminishes the boiling point and influences the polarity 
of the mixed solvent [37]. Herein, solvent mixture showed 
a negative quadratic effect on the TPC, who increased 
when ethanol percentage in water increased up to a cer- 
tain value, and then decreased when moving towards 
pure ethanol. This effect was expected since the use of 
alcohol-water mixtures improves the extraction rates 
more than the mono-component solvent system [33]. 
Ethanol improves the solubility of the solute and water 
contributes in its desorption from the matrix [38]. The   
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(a)                                                         (b) 

    
(c)                                                         (d) 

    
(e)                                                         (f) 

Figure 4. Antiradical activity and antioxidant capacity surface plots. Three-dimensional expressions by surface plots of AA 
and AC. The three-dimensional graphs were plotted between two independent variables while the remaining independent 
variable was kept at its zero level. 
 
optimal solvent mixture was found to be 63% ethanol/ 
water. Spigno et al. [21] showed that grape pomace phe-
nolics extraction increased for a water ethanol mixture 
content from 10% to 30%. 

3.4.1. Effect of Extraction Parameters on FC 
Flavonoids extraction was reported to be affected by 
many parameters such as time, temperature, ethanol con- 
centration, solid-liquid ratio and extraction cycles [39- 
41]. Herein, temperature had a positive linear effect on 

FC (Figures 2(d) and (e)). Temperature increase leads to 
FC increase to reach an optimum of 94˚C, identically to 
the TPC. Many authors showed the effect of temperature 
on flavonoids extraction. Sheng et al. [42], optimized the 
solid-liquid extraction of flavonoids from Flos Populi, 
the maximal yield was obtained at 94.66˚C. The authors ex- 
plained this better liberation of bioactive compounds from 
plant cells by the decrease of solvent viscidity and the 
increase of molecular movement with temperature eleva- 
tion. Time had a negative quadratic effect (Figure 2(f)), 
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the FC yield increased for the first 76 minutes then de-
creased, probably due to the decomposition phenomenon 
observed with relatively extended extraction time [42]. 
Flavonoids and their glycosides [43] are thought to be 
efficiently extracted from plant materials by ethanol [44]. 
As shown in Figure 2(f), solvent mixture had a negative 
quadratic effect on FC extraction. These increased with 
ethanol concentration up to 64%, then decreased as get-
ting close to pure ethanol. Similarly, Bimakr et al. [45] 
conducted the extraction of flavonoids from spearmint 
(Mentha spicata L.) leaves using a 70% ethanol soxhlet 
extraction. 

3.4.2. Effect of Extraction Parameters on TMA 
Time was shown in this study to have linear and qua-
dratic positive effects on TMA (Figure 3(a)). Similarly, 
Lapornik et al. [24], showed an increase in the anthocya-
nin content with time increase. For their part, El Hajj et 
al. [12] showed a negative effect of time on TMA which 
decreased after 97 hours; this might be due to their pro-
longed extraction time. In our study, the optimal extrac-
tion time for TMA was 119 minutes. Although tempera-
ture was reported to be one of the major anthocyanins 
degradation factors [46], in this study it had linear and 
quadratic positive effects on TMA extraction (Figure 
3(a)). This observation is probably due to the short time 
of exposure to high temperatures, which was not enough 
to start the degradation kinetics. The increase of extrac-
tion temperature was reported to reduce times of extrac-
tion of total phenolics and anthocyanins [28]. This work 
showed a quadratic negative effect for solvent mixture on 
the extraction process (Figures 3(b) and (c)) with an 
optimum of 69% ethanol/water mixture. Lapornik et al. 
[24], extracted anthocyanins from grape pomace using 70% 
ethanol/water solvent; which is very identical to our con-
ditions. 

3.4.3. Effect of Extraction Parameters on TC 
As shown in Figures 3(d), (e) and (f), time, temperature 
and solvent mixtures have negative quadratic effects on 
the tannin content. TC increases with time increase to 
reach its optimal value after 77 minutes, after which a 
decrease was obtained.  

The same tendency of tannin augmentation was ob-
served with temperature and ethanol concentration in-
crease, until they reached 94˚C and 67% ethanol/water 
mixture, respectively. Tannin extraction from bark was 
patented to be preferably conducted at high temperatures, 
between 90˚C and 100˚C [47]. Ethanol was demonstrated 
to effectually extract tannins from plant materials [44], 
more specifically. The efficiency of catechin and procya-
nidins extraction was stated to be ameliorated when 

ethanol concentration and operation time were extended 
[48].  

In this study a medium polarity of the solvent was 
found to be the most appropriate (64% ethanol/water) for 
tannin content maximization. This comes in agreement 
with the diverse solubilities of the components; procya-
nidins were shown to be soluble in the aqueous phase 
and catechins in the organic part of the solvent [49]. 

3.4.4. Effect of the Extraction Parameters on the 
Bioactivity of the Phenolic Compounds 

In order to emphasize on the biological properties of the 
extracts, the optimal extraction parameters for the max-
imization of the AA and the AC were defined.  

Temperature had a quadratic positive effect on both 
properties (Figures 4(a), (b), (d) and (e)) and the optimal 
temperature for the maximization of the bioactivity was 
94˚C. Chamorro et al. [50] showed that a 100˚C furnace 
thermal treatment did not affect the AC of phenolic 
compounds extracted from grape pomace and grape 
seeds. 

Wijngaard and Brunton [51] optimized the AC of 
phenolic compounds from apple pomace at 80˚C. Solvent 
mixture and time had quadratic positive effects on the 
AA (Figures 4(a), (b) and (c)) and the optimal values for 
the maximization of the response were 97% ethanol/wa- 
ter after 119 minutes. 

Water extracts were reported by many authors to have 
lower DPPH inhibition percentages than alcoholic ex-
tracts from several natural products [3]. Red-hulled rice 
methanol extracts showed 3 times higher inhibition per-
centages than those obtained with water [52]. Unlike for 
AA, time and solvent mixture had quadratic negative 
effects on the AC (Figures 4(d), (e) and (f)) that reached 
its highest value at 26% ethanol/water mixture after 86 
minutes incubation time. The phenolic compounds ex-
tracted under our conditions showed hydrophilic proper-
ties since they are favorably extracted at high water per-
centage. In this study no correlation of a certain class of 
phenolic compounds with the AA and AC was demon-
strated. Nevertheless, literature review connects the bio-
activity to many compounds. Flavonoids have been asso-
ciated to various biological activities amongst which an-
tiviral and antioxidant effects [53]. Kulisic-Bilusic et al. 
[54] reported antioxidant activities for procyanidins and 
anthocyanins. As for free radical scavenging activity it 
was stated for resveratrol [55], catechin [56,57], flavonol 
[58,59], procyanidin [59], anthocyanin [60], and gallic 
acid [55]. Regarding the diversity of the phenolic com-
pounds and its association with the bioactive properties 
and taking into consideration a possible synergistic effect 
between the molecules [29], it seemed to us very impor-  
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tant to maximize the quantity and diversity of all sub-
types of phenolic compounds. Therefore a simultaneous 
response optimization was conducted.  

3.5. Multiple Response Optimization 
The simultaneous optimization of multiple responses is a 
main concern for industrial applications [61] especially 
that the energy cost of the process is significantly dimi-
nished when extraction parameters are optimized [21]. 
The response variables TPC, FC, TMA, TC, AC, and AA 
were optimized separately, allowing therefore the target-
ing of a certain class of compounds only by varying the 
extraction parameters. Yet, the desirability function in 
the RSM was utilized to reveal the combination of the 
extraction parameters (time, temperature, and solvent 
mixture) capable of simultaneously maximizing all the 
responses (TPC, FC, TMA, TC, AC, and AA). The over-
lay plot (Figure 5) shows the outlines superposition of 
all the studied responses and the simultaneous optimum 
for all responses is showed by the black spot. A com-
promise between the quantity of the extracted phenolics 
(TPC, FC, TMA, TC) and their bioactivity (AC, AA) was 
the main objective of this simultaneous response optimi-
zation. The optimal conditions maximizing TPC, FC, 
TMA, TC, AC, and AA are 93˚C, 93 minutes, and 66% 
ethanol/water mixture. For instance, on an industrial 
scale, phenolic compounds extraction from grape pomace 
is conducted at 50˚C for 20 hours with a 70% ethanol/ 
water mixture [4]. Bearing in mind a possible industrial 
application, the optimization process in this study tar-
geted the reduction of the overall process cost. Therefore, 
we suggested reducing the extraction time and increasing 
the temperature, which will certainly lower the cost of 
the process. We have demonstrated that the quality of the 
extracts was not affected by the heightened temperature 
 

 
Figure 5. Desirability analysis. Superposition plots, showing 
the best experimental parameters that maximize all the re- 
sponses. The black spot shows the optimum for all the re-
sponses. 

if short periods of times were adopted. Moreover, rela-
tively high quantities of phenolics were extracted with 
important bioactive properties. Respecting these optimal 
conditions, we could save several hours, up to 18.5, for 
each extraction process. Nevertheless, an accurate eco-
nomical evaluation of the extraction energy cost on the 
overall production fee is required to confirm the choice 
of the parameters. Furthermore, a semi-pilot followed by 
a pilot scale studies are necessary for the scaling up of 
our results on an industrial level. 

4. Conclusion 
RSM was revealed accurate in predicting models and 
optimizing several extraction conditions for the simulta-
neous maximization of many parameters such as temper-
ature, thus minimizing the degradation process. A poten-
tial alternative was proposed for an industrial solid-liquid 
extraction process of phenolic compounds from grape 
pomace. We increased the incubation temperature up to 
93˚C, reduced the time of the process to 93 minutes, and 
used 66% ethanol/water as solvent mixture. These ex-
traction conditions reduce the energy cost and maximize 
simultaneously the extraction of total phenolic com-
pounds (5.5 g GAE/100g DM), flavonoids (5.4 g GAE/ 
100 g DM), anthocyanins (70.3 mg/100g DM) and tan-
nins (12.3 g/L), retaining both the antiradical (67%) and 
antioxidant activities (393 mgAAE/L). 
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