JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2005, 53, 2111-2117 2111

Effect of Solvent, Temperature, and Solvent-to-Solid Ratio on
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from Different Components of Grape Pomace
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Grape byproducts were subjected to an extraction process under various different experimental
conditions (namely, solvent type, temperature, solvent-to-solid ratio, time contact, and raw material)
in order to study the effect of these conditions on the yield of phenolic compounds and the
corresponding antiradical activity of extracts. Although the order of decreasing capacity to extract
soluble materials was ethanol > methanol > water, methanol was the most selective for extracting
phenolic compounds. Temperature and solvent-to-solid ratio were found to have a critical role in
extraction efficiency; values of 50 °C (between 25 and 50 °C) and 1:1 (between 1:1 and 5:1) maximized
the antiradical activity of phenolic extracts. In addition, extracts from grape samples previously
subjected to distillation reached higher antiradical values in comparison to those coming directly from
pressing; in both cases, seed extracts showed better results than those of stem when ethanol or
water was employed, whereas the opposite occurred in the case of methanol. These differences
were attributed to the different phenolic compositions of the considered fractions.

KEYWORDS: Grape ( Vitis vinifera ); phenolic compounds; extraction; antiradical activity; solvent;
temperature

INTRODUCTION Europe, the use of such antioxidants is regulated by Directive

| 95/2/EC; 3-tert-butyl-4-hydroxyanisole (BHA) is permitted in
. . . . oils and fats up to 200 mg/kg, whereas 3,5-di-tert-4-butylhy-

resources are consequently limited, studies dealing with the . )

utilization of renewable sources and the design of processesOIroxytOIuene (BHT) is permitted up to only 100 mg/kg)(

based on the integral exploitation of natural products have N light of these considerations, the viability of phenolic
attracted great interest in the past several years. The recovenfOmpounds with antiradical power to be used as food preserva-
of byproducts from agricultural industries to be converted into tves or dietary supplements for disease prevention is ensured.
value-added products is a good example. In Eurogel? Howgver, the t_economlcal feasibility of an industrial process also
million tons of grape was processed by the wine industry in r€duires working in such a way that high values of efficiency
1998. An estimated 13 wt % of this amount corresponded to &€ att_alr_1e_d. Some factors could _contrlbu_te to reach this aim:
the byproduct after pressing, consisting of skins, seeds, and(1) optimizing the values of the vanabl_es with adlrectlnflu_ence
stems, which can be a rich source of phenbis3). The interest 0N the process, (2) correctly choosing the raw materials to
in these compounds is based on their well-known capacity to €xtract, and (3) subjecting these materials to appropriate
scavenge free radicals. The generation of these species plays Rretreatment.
remarkable role in the progression of a wide range of diseases Extraction efficiency is commonly a function of process
such as cancer, atherosclerosis, and inflammation procegses ( conditions. Previous findings have reported the influence of
5). Furthermore, these compounds were found to be responsiblesome variables (e.g., temperature, time contact, solvent-to-solid
for lipid oxidation, which is a major determinant in the ratio, etc.) on the phenolic yields capable of being extracted
deterioration of foods during processing and stor&eSome from diverse natural products such as almond hulls, pine
phenolic compounds present in natural products showed a higheisawdust, or apple byproduct8, ). The positive or negative
antiradical activity than the synthetic antioxidants, the utilization role of each factor in the mass transfer of the process is not
of which in the food industry is common and restricted. In always obvious; the chemical characteristics of the solvent and
the diverse structure and composition of the natural products
* Corresponding author (telephone34.981.563100, ext. 16785; fax ~ €nsure that each materigdolvent system shows different
+34.981.528050; e-mail mpinelo@usc.es). behavior, which cannot be predicted.

Because world population is in continuous growth and natura
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It is expected that each component of the grape byproduct taple 1. Extraction Conditions of the Experimental Design (Not
possesses a different phenolic composition. Both the nature ofCoded/Coded Variables)

the occurring species (structure, polymerization degree, etc.) and
their overall quantity could largely vary as a function of the _ €xet t T Ls t T Ls

considered fraction (skin, seed, or stem). Therefore, it seems 1 30 25 5 -1 -1 1
obvious that the properties of related extracts will be a function 2 30 50 5 -1 1 1
of each part of the grape. : gg 2 h O 1 O

Antiradical activity of extracts obtained from different fruits 5 90 25 5 1 -1 1
can be enhanced by subjecting the raw materials to a controlled 6 90 50 5 1 1 1
pretreatment. For instance, abundant literature can be found on 7 90 25 1 1 -1 -1
the effect of a thermal treatment on the values of antiradical g Zg 2(7) 5 é é (1) _(1)
activity. Jeong et al.10) reached a4 times higher antiradical 10 60 375 3 0 0 0
activity of citrus peels aqueous extracts when subjecting them 11 60 375 3 0 0 0
to different heat treatments. During the processing and storage 12 60 375 3 0 0 0

of wine and spirits, grape pomace undergoes some environ-
mental changes (temperature, pressure, aeration, etc.) affectin
the composition of the food matrix and so promoting variations
in the properties of extracts.

She way that their value ranged betweemh and—1, taking, as central
point, the zero value. Therefore

In this work, a study about the effect of temperature, contact t=(t — 60)/30
time, and solvent-to-solid ratio on the phenolic concentration
and antiradical capacity of extracts is undertaken. First, the T=(T —37.5)/125

influence of all these variables on the efficiency of the batch
extraction process will be evaluated; conditions maximizing
antiradical activity of extracts will be considered as optimal and  Table 1 shows the factorial design matrix, with variables in both
thus taken as benchmark conditions for the characterizationcoded/noncoded form, for better comprehension. Data were adjusted
study. Then, because the phenolic content and antiradical activityto a response surfade

depends on both the part of the grape pomace analyzed (stem,

skin, or seed) and its pretreatment, a comparison of the R=2a * &t +aT + ay(L/S)+ apiT + ayf(L/S) + 83T (L/S)+

L/S= (LIS —7.5)/2.5

antiradical activity of the different extracts from the wine- and a;,4T(L/S)
spirit-making processes (pressing and distillation) will also be
carried out. where g is the value of the objective function in the central point

conditions,a;, a;, andas represent the principal effects associated with

h variable, and the other: rr nd to the cr ffects amon
MATERIALS AND METHODS Sgﬁablgsabe,a d the others correspond to the crossed effects among

Samp|e Preparation.The grape pomace studied contained SkinS, Analytical Methods. Total Phenolic Compound§he total phenOIiCS
stems, and seeds of white and red Garnacha grapes, which had beelere assayed colorimetrically by means of the Felliocalteu method,
subjected to two different pretreatments. In the first one, the residues as modified by Singleton et al12). Two and a half milliliters of 10-
of the harvested grapes were pressed to obtain the grape juice and werfold diluted Folin-Ciocalteu reagent, 2 mL of 7.5% sodium carbonate,
named “pressed byproducts”. Pressing was carried out at room and 0.5 mL of phenolic extract were mixed well. The absorbance was
temperature by using a cylinder press with a flexible polyurethane- Mmeasured at 765 nm after 15 min of heating at*@5 A mixture of
coated membrane. The second residues, the “distillated byproducts”,water and reagents was used as a blank. The content of phenolics was
were maintained under anaerobic conditions f@2 months after expresed as gallic acid equivalents.
pressing. Because anaerobic processes are slightly exothermic, a Antiradical Activity. A DPPH radical-scavenging assay was per-
temperature between 25 and 30 was kept during this storage time. ~ formed using the method described by Brand-Williams et E8) to
After this’ grape pomace was Subjected to an acute increase Ofdetermine the hydrogen‘donaﬁng ablllty of the crude extract. A volume
temperature (120—138C) during a distillation process, to obtain the ~ 0f 980uL of 6.1 x 10°> M DPPH methanol solution was used. The
relevant grape spirit. This last step is probably mostly responsible for reaction was started by the addition of 20 of sample. The bleaching
the eventual phenol structure and antiradical activity changes. Both of DPPH was followed at 515 nm (Shimadzu UV-160A) at 25 for
types of byproducts assayed were provided by Bodegas Miguel Torres,16 min. The inhibition percentage (IP) of the DPPiadical was
S.A. (Villafranca del Penedés, Spain), dried by running air at room calculated as follows:
temperature for 48 h, and stored at room temperature until used.

Separation of the samples into their different components was done by P = (absorbange,y,, — absorbange; ) « 100
hand. (absorbangegmi)
Batch Extraction. The samples (10 g) were subjected to extraction
in a rotary shaker G24 New Brunswick Scientific Co. Inc. (New Statistical Analysis. The results reported in this work are the average

Brunswick, NJ) at a constant stirring rate of 140 rpm. Solvents used of at least three measurements, and the coefficients of variation,
were methanol, 96% ethanol (Drogas Vigo, S.L., Porrifio, Spain), and expressed as the percentage ratio between standard deviations (SD)
distilled water. Mixtures of alcoholic solvents and water are commonly and the mean values, were found to H&0 in all cases. Significant
employed by researchers to extract phenolics from natural sources.variables were calculated, subjecting results to a linear regression, using
However, to study the extreme behavior of each solvent, no mixtures SPSS statistical program version 10.0 (SPSS Inc., Chicago, IL). Only
were used in this work. The behavior of mixtures may perhaps be variables with a confidence level superior to 95p6< 0.05) were
inferred from the data for each “pure” solvent. Solids were separated considered to be significant.
by filtration, and the corresponding extracts were analyzed.

Experimental Design.A full factorial 2° experimental design was ~ RESULTS AND DISCUSSION
developed to evaluate the effect of the temperature (T), contact time . o )
(t), and solvent-to-solid ratiol{S) (11). Temperature values varied Influence of Extraction Conditions on the Properties of
between 25 and 50C, contact time between 30 and 90 min, and EXxtracts: Total Soluble Solids, Total Phenols, and Antiradi-
solvent-to-solid ratio between 1:1 and 5:1. Variables were coded in cal Activity. Figure 1 shows the maximum yield of total soluble
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" Table 2. Percentage of Total Extractable Compounds from Red
E_ :ﬁ T T Distilled Grape Byproducts Subjected to the Extraction Conditions of
g_é_ a5 the Experimental Design (Highest Values in Bold)
8 8 30 T -
o> | T + expt ethanol methanol water
s ® 20 | 1 8.62+0.61 7.06+0.26 8.04 £0.42
£S 5| 2 12.07 +0.09 11.24 +0.05 13.04 +0.40
52 4 | 3 4.25+0.24 3841021 512 +0.36
3 4 7.46 £0.22 6.07 £ 0.37 5.99 +0.03
< L 5 11.03+0.43 9.86+0.57 8.42 +0.56
' 6 15.07 + 0.56 14.96 + 0.24 1321+1.02
Ethanol Methanol Water 7 703021 6.22+0.19 820+0.17
Figure 1. Maximum total soluble solids from red distilled grape byproducts 8 13.40 £ 0.09 12.33+0.12 9.77£0.17
after 8 h in a Soxhlet extractor. 9 10.32 9.29 11.89
10 1021 10.03 12.02
11 10.88 9.87 1211
solids extracted with the three solvents in a Soxhlet after 8 h. 12 10.86 9.34 1207

It is noteworthy that the highest results were attained when
ethanol was used~44%), whereas similar values near 30%
were found for methanol and water. The major capacity of
ethanol to extract soluble solids can be also deduced from the
data shown inTable 2, where its results were almost always
higher than those detected for the other solvents for any  expt methanol ethanol water

Table 3. Percentage of Total Phenolic Compounds from Red Distilled
Grape Byproducts Subjected to the Extraction Conditions of the
Experimental Design (Highest Values in Bold)

extraction condition of the experimental design. Even so, from 1 0.082 + 0.007 0.041 + 0.003 0.022 + 0.001
a comparison offable 2 with Figure 1, it can be noted that 2 0.134 + 0.006 0.083 + 0.004 0.063 + 0.003
the yield is far enough from maximum, although this ratio is 3 0.041 +0.003 0.025 +0.001 0.016 +0.002
higher for methanol and water than for ethanol. This suggests ‘5" gm : 8881 8'822 : gggi 8852 N gggg
that the conditions of the eXperimental design do not allow one 6 0:163 ; 0:012 0:128 ; 0:011 0093 ; 0006
to develop the overall capacity of solvents to extract soluble 7 0.061 + 0.001 0.044 +0.003 0.023 + 0.001
solids. On the whole, the highest values of extracted solids were 8 0.143 +0.003 0.105 + 0.006 0.052 +0.001
reached when extraction was carried out under the conditions 2 0.114 0.059 0.022

of experiment 6 (higher temperature, higher time contact, and ﬂ g:ggg 8:82(5) 8:822

higher solvent-to-solid ratio). Statistical analysis of these values 1 0.100 0.053 0.030

showed in the resulting response function models a dependence
of these values on the three variables assayed for alcohol
extractions, whereas time was not significant for agueous phenolic compounds were also reported for milled berries by

extraction. Cacace et al.14), who also found a linear relationship of
0 ) _ temperature and solvent-to-solid ratio with solid yields. Time
% total soluble solidgano= contact was also detected as a significant variable in ethanol

10.1+ 1.766t+ 2.134T+ 1.831(L/S) and methanol cases, suggesting a progressive release of solute
_ . 2 from solid matrix to solvent during the extraction time interval
Fimoger = 31.465:p < 0.002;R = 0.925 considered. In contrast, no influence of this parameter was found
. . in agueous extraction, indicating that there is no benefit in using
% total soluble solid,ano™ contact times>30 min for this solvent.

9.176+ 1.895t+ 2.203T+ 1.833(L/S) Table 3 shows the yields of phenolic compounds from
Froge = 33.921;p < 0.002:R? = 0.968 distilled red grape pomace extracts using ethanol, methanol, and
water as solvents. As can be noted, methanol extracts contained
% total soluble solidg,,, = 9.407+ 1.529T+ 1.704(L/S) a higher quantity of phenolic compounds, fol!owed by ethanol
and water. Furthermore, because the phenolic compounds/total
Frnoger = 6.916;p < 0.040;R* = 0.981 soluble solids ratio in methanol was30% higher than in the
other solvents, a higher selectivity of methanol to extract

Increasing temperature favored extraction by enhancing bothPhenolics can be inferred. In general, values of phenolic
the solubility of solute and the diffusion coefficient. As a compounds yields were between 0.016 and 0.163 g/g of residue,
consequence, an increase of extracted solids was observed avhich were similar to those detected for other agricultural
higher values of this variable. Despite the positive effects of Mmaterials. As an example, oat hulls and apple byproducts were
higher temperatures on the extraction yields, this cannot bereported to contain 0.056 g/100 g of solid and 0.11 g/100 g,
increased indefinitely; the stability of phenolic compounds and respectively (8,16). Likewise, Pastrana-Bonilla et all?)
the denaturation of membranes can happen at temperatfifes ~ reported values of 0.169 and 0.195 g of total phenols/100 g of
°C (14, 15). The solvent-to-solid ratio has also a positive effect; residue for extracts of bronze (Early Fry) and purple (Paulk)
in fact, the higher the solvent-to-solid ratio, the higher the total Muscadine grapes, respectively. Even so, abundant literature
amount of solids obtained, despite the solvent used. This is supports the fact that the total phenols capable of being extracted
consistent with mass transfer principles; the driving force during with polar solvents (water, methanol, and ethanol) can vary
mass transfer is the concentration gradient between the solidlargely as a function of the employed material, from values of
and the bulk of the liquid, which is greater when a higher 1.03x 102 g/100 g of solid forGewvuina avellanzhulls to 3.9
solvent-to-solid ratio is used. Similar results about the effect of g/100 g of solid found in buckwheat extraci(19). Response
temperature and solvent-to-solid ratio on the extraction of surfaces that fit values ifiable 3 are written below, showing
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ratio). Different from that observed in previous tables, higher
values were obtained when lower solvent-to-solid ratios were
employed. It seems obvious, because the lower the amount of

16 -

15 + i solvent used, the higher the concentration of extract attained.
3 141 [a= Also in this case, the order of decreasing inhibition percentage
w13 | 14 & was found to be methanel ethanol> water. Several authors
g 12 138 showed the higher DPPH inhibition percentage for alcoholic
x '1'; L 12 '{;; extracts from diverse natural products in comparison to those
= F11 g reached with water. In particular, Oki et &0f detected a value
:E H10 = of this variable 3 times higher when extracts of red-hulled rice
N 938 were obtained using methanol rather than water. Likewise, the

8 x lower power of water versus ethanol for extracting DPPH
“ . ;,\,«50 .Q,,_' i inhibitors fromLycium chinesenill fruits was also reported by
%"'e.« 253 w9 Quian et al. (21).
I onarato Analyzing the results of inhibition percentage, significant
solqet\t‘w's models for all solvents were obtained:
Figure 2. Respgqse surface plot for total soluble solids in methanol % I, cane= 31.1+ 12.36T— 19.13(L/S)
extracts of red distilled grape byproducts.
Frmoger= 15.13;p < 0.006;R? = 0.950
% INhyano= 18.98+ 7.72t+ 7.41T— 12.18(L/S)
s . R
E o Fmoger= 16.02;p < 0.007;R" = 0.946
& =
s £ % Inh, o, = 11.15+ 5.84T— 6.00(L/S)
g i
= T Froger= 3.90;p < 0.062;R? = 0.992
= Contact time has no influence on inhibition percentage of
methanol and ethanol extracts, and this was the only difference
in comparison to equations reported for phenol yield$:iture
4 the behavior of the inhibition percentage of methanol extracts
. i ] is plotted versus temperature and solvent-to-solid ratio. As can
Figure 3. Respopsg surface plot for total phenolic compounds in methanol be observed, variations in solvent-to-solid ratio have always (for
extracts of red distiled grape byproducts. all three solvents used) a higher effect on the extracts’ inhibition

percentage than the temperature changes. A correlation between
the phenolic concentration and the inhibition percentage was
% total phenolSganex 100= found to occur Figure 5). This is in agreement with other

10.429+ 1.546t+ 3.016T+ 1.859(L/S) previous findings regarding the relationships of phenolic content
’ ’ ' ' and inhibition percentage of extracts from natural products.

tendencies similar to those noted for total solids.

Finoder= 40.938;p < 0.001;R = 0.917 Mello et al. 2) and Ninfali et al. 23) also reported a good
correlation between both variables when working with tea
% total phenolg; .o < 100= extracts and vegetable juices, respectively.
6.471+ 1.865t+2.290T+ 1.263(L/S) Table 4 show the results of phenol concentration and
inhibition percentage of distilled red grape pomace extracts for
Fmoger= 19.265;p < 0.006;R? = 0.930 all conditions of the experimental design. Although the extrac-

tions were carried out under conditions of the experimental
% total phenolg,,., x 100= 3.898+ 1.812T+ 1.113(L/S) design using all four sample types (pressed red, distilled red,
pressed white, and distilled white) and all grape pomace
Fnode = 6.509;p < 0.045;R* = 0.983 components (seed, skin, and stem), higher values of phenolic
concentration and inhibition percentage always corresponded
Figures 2and3 show the response surface plots for the total to the same experiment (data not shown by being redundant).
soluble solids and phenolic content as a function of extraction Thus, conditions of experiment 8 were considered to be optimal
temperature and solvent-to-solid ratio. The data presentedand used for the characterization of the various components of
correspond to values found for maximum values of contact time grape byproducts.
when methanol was used as a solvent. As can be observed, an Characterization of the Different Components of Grape
analogous qualitative trend was detected for both functions, Pomace.In Tables 5—10, phenolic concentration as well as
indicating a similar behavior toward variations of temperature inhibition percentage of the extracts obtained from various parts
and contact time.Table 4 shows the values of phenol of grape pomace with all three solvents is presented. The
concentration and inhibition percentage of the extracts corre- methanol extracts were the most concentrated, followed by
sponding to the different conditions of the experimental design. ethanol and, finally, by water. The similarity of data corre-
The highest values were reached at conditions of experiment 8sponding to skin with those of the total byproduct indicates the
(higher temperature and contact time and lower solvent-to-solid predominant contribution of this fraction to the total concentra-
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Table 4. Phenol Concentration and Inhibition Percentage from Red Distilled Grape Byproducts Subjected to the Extraction Conditions of the
Experimental Design (Highest Values in Bold)

phenol concentration (mg/L) inhibition percentage
expt methanol ethanol water methanol ethanol water
1 56.9+4.8 284+24 152+28 9.63+0.63 5.23+043 28+0.17
2 925+04 57.5+3.0 435+28 15.62 +0.00 10.36 + 0.47 8.56 + 0.44
3 141.8 £10.7 88.3+338 55.2+6.9 26.30 £ 0.14 16.08 £ 0.26 10.23£0.23
4 3457+9.3 156.6 + 10.7 100.1 £ 10.4 68.32 +1.34 26.39 + 1.66 2032121
5 79.0+£1.0 469+ 1.0 214+01 18.24 +0.38 8.74+0.39 456 £0.24
6 1125+4.38 88.4+22 64.2+58 23.65 £ 0.00 15.87 £ 0.10 12.39+0.36
7 2105+8.6 150.8 £7.6 79403 40.06 + 2.69 29.27 £0.43 11.37£0.18
8 4934+93 361.9+45 179.4 £ 14.1 93.52 + 4.42 65.96 + 0.42 34.41+2.88
9 1311 67.4 25.6 25.00 12.20 4.64
10 112.8 68.5 49.6 22.13 12.45 9.63
11 115.0 74.8 49.7 18.63 13.88 8.74
12 115.1 61.1 34.7 20.11 11.36 6.22

Table 5. Phenolic Concentration (Milligrams per Liter) of the Diverse
Fractions of Different Grape Pomace Extracts in Methanol?

70 -
o 60 ] total
- ?’n .
2 50 grape sample stem seed skin byproduct
T - 60 ,
E 40 50 % white pressed  196.7+395 307.0+122 2845%72 254.3+6.8
g 130 - ol T white distilled 1828 +51.6 4084+154 357.1+13.9 3404+135
= 540 8 redpressed 1276121 4321+156 5502+338 500.7+12.1
o 30 ¢ red distilled 2188+148 4475+266 4929+16 4934 +93
;E 10 1 20 g
E -10 % 2Values obtained by using the optimal extraction conditions (90 min, 50 °C,
=1 - 11).
. c
L0 =
C 28 Table 6. Phenolic Concentration (Milligrams per Liter) of the Diverse
’%@ Fractions of Different Grape Pomace Extracts in Ethanol?
v1o-59
olve total
Figure 4. Response surface plot for inhibition percentage in methanol grape sample stem seed skin byproduct
extracts of red distilled grape byproducts. white pressed  122.4+9.5  251.3+122 1824+72  162.6+6.8
white distilled ~ 118.7 £5.6 302495 200.2+13.3 199.7+135
600 - red pressed 89.6+21 326.6+115 4524+38 422.2+5.1
5 red distilled 1343+114 3492+246 3689%6.1 361.90 4.5
;g =y 500 *
:,5,' S 400 | @Values obtained by using the optimal extraction conditions (90 min, 50 °C,
2o . 1:1).
S = 300
<
a3 O
§ g 200 Table 7. Phenol Concentration (Milligrams per Liter) of the Diverse
'§ 2 00 Fractions of Different Grape Pomace Extracts in Water?
° - d
e 0 total
0 20 40 60 80 100 grape sample stem seed skin byproduct
inhibition percentage white pressed ~ 421+39  1139+22 899+72  87.2+68
) ) j ) o white distilled 532+41 1524+95 90.3+33 1075+35
Figure 5. Correlation between phenolic concentration and inhibition red pressed 321+12 1693+115 1704+38 157.1%51
percentage (R? = 0.992). red distilled 549+18 177.2+4.6 1702+6.1 1794+141

) _ o @ Values obtained by using the optimal extraction conditions (90 min, 50 °C,
tion of extract. On the whole, samples subjected to distillation 1:1).

showed both higher phenolic concentration and inhibition

percentage than those directly from pressing. During the catechin, and resveratrol after storage at6q25). Variations
distillation process, samples can reach temperatures betweenvere justified by the well-known tendency of phenols to
120 and 130C. Chemical transformations affecting the phenolic combine themselves through polymerization reactions; due to
composition and, as a consequence, antiradical capacity ofthe more significant area of charge delocalization, oligomers
extracts will therefore be expected to happ24) (Other works exerted a higher antiradical activity than the original monomers
showed the positive effects of thermal treatment on DPPH (25, 26).

radical scavenging activity of some extracts from various  When the antiradical activities of extracts obtained from
agricultural byproducts. Jeong et al0j, for instance, reported  different grape fractions were compared, seed extracts showed
a~4 times higher inhibition percentage in aqueous extracts of the highest values in all three solvents. In white grape samples,
citrus peels when those were subjected at 160during 60 the differences in inhibition percentage could be attributed to
min. Likewise, remarkable enhancements of inhibition percent- the higher phenolic concentration of seed extracts with regard
age were detected in phenol model systems of quercetin,to the other fractions. However, a higher phenolic concentration
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Table 8. Inhibition Percentage of the Diverse Fractions of Different
Grape Pomace Extracts in Methanol?

total

grape sample stem seed skin byproduct

white pressed  60.66 £2.26 88.74+4.76 64.09+198 67.77+4.32
white distiled ~ 97.70+556  99.80+£5.98 89.64+1.34  95.00 +2.26
red pressed 87.15+£6.65 9213+446 54.06+3.21 58.08+357
red distilled 9412 +551 96.67+343 8223+6.31 93.52+4.42

@Values obtained by using the optimal extraction conditions (90 min, 50 °C,
1:1).

Table 9. Inhibition Percentage of the Diverse Fractions of Different
Grape Pomace Extracts in Ethanol?

total

grape sample stem seed skin byproduct

white pressed  79.37£4.87 96.12+194 7021+384 7413+4.92
white distilled ~ 96.76 £4.86  99.13+2.85 76.42+8.11 86.76+2.84
red pressed 89.06 +3.88 9587+4.92 6049+583 58.73+183
red distilled 89.11+368 91.77+7.00 7276+3.92 6596+0.42

@Values obtained by using the optimal extraction conditions (90 min, 50 °C,
1:1).

Table 10. Inhibition Percentage of the Diverse Fractions of Different
Grape Pomace Extracts in Water?

total

grape sample stem seed skin byproduct

white pressed  5.86+0.23 13.99+0.83  450+0.08  6.67+0.11
white distiled ~ 14.84+1.85 2487+199 19.76+154 21.80+1.16
red pressed 1056+0.72 17.09+121 12.86+1.21 15.78+0.73
red distilled 1285+£0.72 26.98+0.73 36.00+299 34.41+288

@Values obtained by using the optimal extraction conditions (90 min, 50 °C,
1:1).

was detected in skin extracts of red grape samples with respect

Pinelo et al.

To sum up, grape byproducts are a good and cheap source
of phenolic compounds, the applications of which as active
substances in cosmetic and pharmaceutical compositions steadily
increase.

Industrially, the economical feasibility of the extraction
process involves the search for the optimal extraction conditions,
to maximize the efficiency of the process. In this study, both
the higher phenolic concentration and the antiradical activity
of extracts were obtained by increasing the temperature and
lowering the solvent-to-solid ratio.

These results could mean the first step for the implementation
of the process on a large scale, being an adequate starting point
for further studies regarding the optimization of the continuous
process, of major interest from an industrial point of view.

Finally, the viability of the project might also consider other
factors such as the adequate choice of the raw materials and
the convenience of subjecting them to a pretreatment. The
economic implications of each choice must be evaluated on the
basis of the possible value of the final product, which can be
presented separately or as a potential additive in food fortifica-
tion.
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