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Abstract: Extractions were performed using non-toxic media composed of water/ethanol
mixtures and hydrochloric, acetic or tartaric acid. Recovery efficiency was assessed by
monitoring the antiradical activity (A,z) of extracts and several indices related to their
polyphenolic composition, including total polyphenol, total flavonoid, total flavanol, total
anthocvanin and condensed tannin (proanthocyanidin} content. Extracts with the highest
A,z values were obtained with 57% ethanol, a solvent system that was also favourable in
obtaining high total polyphenol and total flavonoid yields, which amounted 7259 and
7222 mg/100 g drv weight, respectively. The highest anthocyanin yield was however
achieved with 85.5% ethanol (266.2 mg/100 g drv weight). None of the acidification agents
used provided extracts with increased polyphenol levels and A,;. Addition of SO,
(0.01%, w/v) to 57% ethanol, however, resulted in maximisation of A,z (2.9 mM TRE/g dry
weight), although anthocyamin recovery was not maximal (186.9 mg/100 g dry weight). It is
suggested that efficient recovery of antioxidant phenolics and anthocyanins from by-
products of red vinification can be achieved employing simple extracting media composed
of ethanol, but more active, in terms of antioxidant activity, extracts can be obtained with
addition of a low amount of SO,. Ethanol is a bio-solvent that can also be obtained from
wine-industry wastes and thus the implementation of similar techniques may potentially
provide the basis for a sustainable process of integrated exploitation of vinification by-
products.
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INTRODUCTION

The food industry produces large volumes of wastes, both in solid and liquid form, as a result of
production, processing and consumption of food. These wastes pose increasing disposal and
potentially severe pollution problems and represent a loss of valuable biomass and bioactive
substances (Laufenberg ef af., 2003; Torres ef ¢f., 2003). On the other hand, costs of drying, storage
and shipment of by-products are, from an economic point of view, significant shortcomings. Thus
efficient, inexpensive and environmentally rational utilisation of agri-food industry wastes is of
undisputed importance for higher profitability and minimal environmental impact.
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Wine industry wastes, which consist mainly of solid by-products, include marcs, pomace and
stems, may account on average for almost 30% (w/w) of the grapes used for wine production. All these
by-products may bear a considerable burden of phenolic components (Gonzalez-Paramas et af., 2004),
depending on the type of grape (white or red), the part of the tissue {skins, seeds etc.), as well as the
processing conditions (e.g., pomace contact). The last few years, vinification solid wastes have
attracted considerable attention as potential sources of bioactive phenolics, which can be used for
various purposes in the pharmaceutical, cosmetics and food industry. However, in many instances
there is a rather significant lack of approprate feasibility studies on the exploitation of such wastes
and as a result their utilisation is still in its infancy. Studies regarding vinification by-products
are mainly focused on the polyphenolic composition of seeds, which are very rich in flavanols
(Yilmaz and Toledo, 2006, Guendez er al., 2005), but pomace, which is composed of seeds and
skins, has also been evaluated as potential source of antioxidant polyphenols (Alonso e al., 2002,
Louli ef af., 2004; Kammerer et af., 2005; Pinelo ez af., 2005a).

In many instances the methodologies employed for maximal polyphenol recovery may be
detrimental to environment, i.e., the use of sulphuric acid, methanol or acetone {Murthy ef af., 2002,
Cruz et al., 2004; Pinelo ez al., 2005b; Peschel ez af., 2006; Yilmaz and Toledo, 2006); be relatively
expensive, 1.e., the use of enzymes, supercritical fluid extraction and pressurised liquid extraction (Ju
and Howard, 2003; Louli ef of., 2004; Kammerer et af., 2005) and require multi-step processes,
sophisticated equipment and organic solvents, which may further increase processing costs
(Bomlla ef af., 1999; Palenzucla ef af., 2004; Pinelo er af., 2005a). On the other hand, the use of simple
extracting media composed of ethanol, citric acid and sulphur dioxide have been successfully applied
for anthocyanins and other phenolics from fruit wastes (Lee and Wrolstad, 2004).

The scope of the present study was an examination on the possibilities of using non-toxic, cheap
and readily available means of recovering phenolics from red vinification solid by-products. On such
a basis, the solvent systems tested were composed of ethanol, a vinification co-product that can be
obtained after fermentation of the sugar-containing pomace and distillation. Additionally, tartaric acid
can be obtained from must or wine dregs and lees, while acetic acid can be produced through
acetification of ethanol solutions or must/wine dregs. For all these products, there is also the
possibility for recycling. Hydrochloric acid is a cheap, industrial, non-oxidative product. The
implementation of similar techniques may potentially provide the basis for a sustainable process of
integrated exploitation of vinification by-products.

MATERIALS AND METHODS

Chemicals

Folin-Ciocalteu reagent and ascorbic acid were from Fluka (Steinheim, Germany). Trolox®, gallic
acid, 2,2-diphenyl-picrylhydrazyl (DPPH) stable radical, p-(dimethylamino)-cinnamaldehyde
(DMACA) and catechin were from Sigma Chemical Co (St. Louis, MO, U.S.A.). Sodium nitrite and
aluminium chloride hexahydrate were from Merck (Darmstad, Germany).

Red grape pomace was from Agiorgitiko cultivar (Vizis vinifere sp.), obtained from Gaia Winery
(Nemea, prefecture of Korinthia, Peloponnese) in September 2005. The pomace was left in contact
with the fermenting must for 7 days. The material was transferred to the laboratory within a few hours
and stored at -40°C until used.

Extraction Procedure

A suitable quantity of tissue (approx. 4.5 g) was chopped into small pieces with a sharp, stainless
steel cutter to facilitate extraction. The chopped tissue was ground with sea sand and a small portion
of the extraction solvent, with a pestle and a mortar and then left to macerate for 30 min in the dark.
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The paste formed was placed in a 100 mL conical flask with 25 mL of solvent (solvent-to-solid
ratio = 5.5) and extraction was performed under stirring at 700 rpm on a magnetic stirrer for 15 min.
The extract was filtered through paper filter and this procedure was repeated twice more. The extracts
were then combined ina 100 mL volumetric flask and made to the volume. All extracts were cenfrifuged
at 4500 rpm prior to analyses. For control extractions, a solvent system consisted of 0.1% HCI in
MeOH/acetone/water (6/3/1, v/v/v) was used. All other procedures were as aforementioned.

Determinations
Moisture content
Moisture was determined after drying pomace in an air current-heated oven at 95°C for 48 h

Total Polyphenols
Analysis was carried out employing the Folin-Ciocalteu methodology (Arnous ef af., 2002).
Results were expressed as mg Gallic Acid Equivalents (GAE) per 100 g dry weight.

Total Flavonoids

A modified protocol of that described by Kim et af., 2003, was used. A 0.1 mL aliquot of extract
appropriately diluted was mixed with 0.4 mL distilled water in a 2 mL microcentrifuge tube, added
0.03 mL 5% NaNO, and allowed to react for 5 min. Following this, 0.03 mL 10% AICI, was added and
the mixture stood for further 5 min. Finally, to the reaction mixture 0.2 mL 1 M Na,CO, and 0.24 mL
distilled water were added and the absorbance at 510 nm was obtained against blank prepared similarly,
by replacing extract with distilled water. Total flavonoid content was calculated from a calibration
curve using catechin as standard and expressed as mg Catechin Equivalents (CTE) per 100 g dry
weight.

Total Flavanols

Flavanols were determined after derivatisaion with p-(dimethylamino)-cinnamaldehyde
(DMACA), using the optimised protocol established by Nigel and Glories, 1991, Extract (0.2 mL)
suitably diluted with MeOH was introduced into a 2-mL microcentrifuge tube and added 0.5 mL HCI
(0.24 N in MeOH) and 0.5 mL DMACA solution (0.2% in MeOH). The mixture was allowed to react
for 5 min at room temperature and the absorbance was obtained at 640 nm. Control sample was
prepared by replacing sample with MeOH. Results were expressed as mg Catechin Equivalents (CTE)
per 100 g dry weight.

Proanthocyanidins

The method described by Waterman and Mole, 1994, was used. Butanol reagent was prepared
by mixing 70 mg farrous sulphate (FS0,) with 5 mL conc. HCI and made to 100 mL with n-butanol.
An aliquot of 0.05 mL sample was mixed thoroughly in a 2 mL, screw-cup vial with 0.7 mL butanol
reagent and heated at 95°C in a water bath for 45 min. Following this the sample was cooled, added
0.25 mL n-butanof and the absorbance at 550 nm (A. ;) was obtained. Results were expressed as mg
cyanmiding equivalents (CyE) per 100 g dry weight, using as & = 26900 and MW = 449.2.

Total Anthocyanins

The pH-differential methodology was used (Wrolstad ez of., 2006). An aliquot of sample was
mixed with an appropriate volume of potassium chloride buffer (pH = 1) and the absorbance was read
at 520 (A, and 700 nm (A,,,). Extracts were also combined similarly with sodium acetate buffer
(pH = 4.5) and the absorbance was obtained at the same wavelengths. Total anthocyanin content was
determined as malvin {malvidin 3-O-glucoside) equivalents (MVE) using as € = 28000 and MW = 529,
as follows:
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AxMWxF, x10°

€

TA(mgL ™=

where:

A= (Aszn - A’mn)pm - (Aszn - A‘mn)pms
Fp, = The dilution factor.

Antiradical Activity (A,g)

A procedure previously reported (Arnous et al., 2002) was employed. Each extract was diluted
1:20 with methanol immediately before the analysis. Sample (0.025 mL) was added to 0.975 mL
DPPH- solution (73 uM in MeOH} and the absorbance was read at t=0 (AZ)) and t=30 min (AZ").

Results were expressed as Trolox® equivalents (mM TRE) per g weight using the following equation:

0,
AAR:(O.OISX A)téVA+ 0.017)><FD (1

as determined from linear regression, after plotting %AA,,; of known solutions of Trolox® against

concentration;
where:

AL =30
%AA, =22 = 355100

515
tw = The dry weight (g)
Fp = The dilution factor (20).

Statistical Analyses

All determinations were carried out at least in triplicate and values were averaged and given along
the standard deviation (+ SD). Correlations were established using regression analysis at a 95, 99 and
99.9% significance level. Differences among polyphenol indices and antiradical activity values were
calculated using one-sample t-test at 95, 99 and 99.9% significance level. For all statistics, SPSS™ was
used.

RESULTS

Previous studies on grape pomace extraction showed that a solvent system composed of
acetone/MeOH/water and acidified with 0.1% HCl was the most favourable over several other
systems, in extracting polyphenols from grape pomace (Ju and Howard, 2003). Such a solution was
employed for extraction of the pomace (Table 1) and the extracts obtained served as control samples.

The first step in the optimisation of an efficient solvent system was the examination of the effect
of ethanol content (Fig. 1). Ethanol percentage in the solvent systems used varied from 28.5 to 85.5,
a region that has been previously shown to provide high yield for grape seed extraction (Shi ef al.,
2003; Yilmaz and Toledo, 2006). A hydroalcoholic solution of 57% was found to be the most effective
for high polyphenol recovery, as this was manifested by estimating TP (p<0.001), TFd (p<0.05), TF
(p=<0.001) and PC (p<0.001) viclds (Table 1), giving also extracts with the highest A,; (Fig. 2).
However, the efficiency in extracting TF was not significantly high (p<0.05). Thus solutions composed
of 57% ethanol were chosen for further testing the effect of the acidifying agent and SO,.
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Table 1: Polyphenclic indices of the red grape pomace extracts cbtained by employing various extracting media Values are expressed as mg per
100 g dry weight (dw) and represent means of triplicate determmation & 8D)

Extracting rmedia Polyphenclic indices
% EtOH Yo 80, Tfd/TP PC/TF
EM W Acidification i) TP TFd" TF TA joles [CO] (V)
Centrof 5402£266° 5289£334F  1510£32°  1897£122 156 625" 919 104
1 285 - o] 2546424 2455307 106221 114.244.5¢ 8712 4 6.4 8.2
2 570 - o] 7259+221° T222£517 1148£17 18544121 11464417 995 10.0
3 855 - o] 4817409 4159+20 959£39 266.2+£14.6°  Fo.0x27 86.3 1.9
4 570 0.1% HCI o] 3424147 2348153 9015 2196464 gree2 7 63.6 °7
(pH 1.50)
5 570 1% acetic o] 3434229 2022138 g70x19 1895627 o131 589 10,5
acid (pH 3.28)
& 570 1% tartaric o] 3841+153 15614357 828+21 197 C£33 6. 1+41 40.6 10.4
acid (pH 2.69)
7 570 - 0.01 4541284 42724349 1298+16" 1865403 92.5%1.6 941 557
(PHE.21)
g 570 - 0.02 3710£131 3573298 88524 192,175 T21£31 96.3 422
(PH7.07)
9 570 - 0.04 2320+138" 14432271%  36627° 1786102 37.444 2¢ 62.2 236
(pH7.37)

*. Total polyphenols (mg GAE per 100 g dw), " Total flavonoids (mg CTE per 100 g dw), © Total flavanols (mg CTE per 100 g dw); * Total
anthocyanins (mg MvE per 100 g dw}, *: roanthocyanidins (mg CyE per 100 g dw). 1, extracting mediurm; 2, confrol extraction performed employing
0.1% HCl in MeOH/acetonefwater (6/3/1, virfv). Superscripted Greek letters o, P and y dencte statistical difference at a $2.9, 99 and 95% sigmificance

level, respectively

I 28.5%IEtOH I [ 57%;3t0H I l ss.S%I EtOH |—> High anthoeyanin yield

Effect of acidifying — » High antoxidant activity
3

:IP Increased antoxidant activity

Non-favorable system 1% AA

Non-favorable system

Fig. 1. Overview of the procedurss carried out for obtaining extracts with optimal antioxidant
properties from red grape pomace, employing water/ethanol mixtures. Assignments: AA:
Acetic Acid; EtOH: Ethanol; TA: Tartaric acid

Addition of any of the agents tested, including 0.1% HCI, 1% acetic acid and 1% tartaric acid,
resulted in decreased polyphenol vield compared with the non-acidified 57% ethanol (Table 1). As can
be seen, TP yields were almost 50% reduced compared with that obtained with 57% ethanol. The
decrease was even higher on the basis of TFd, but less so with regard to TF and PC. By contrast, TA
vields obtained were increased. In addition, all extracts exhibited lower A, compared with both the
control extract and that obtained with 57% ethanol (Fig. 2).

Incorporation of 0.01% SO, in 57% ethanol resulted in less polyphenol recovery in relation with
the control and the 57% ethanolic extract, respectively, but it was also observed that this combination
recovered high TF amounts (p<0.01), 55.7% of which were polymersed. In cases where SO,
was added at levels 0.02 and 0.04%, decreases in TP, TFd and PC were even more pronounced.
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0.04% -
- [ L]}
Effect of SO, 0.02% =
0.01% }—
1% TA -
Effect of the acid 1% AA| —
0.1% HCl H
85.5% ,
| ok
Effect of EtOH 57.0% =
28.5% ~
C —
0.0 0.5 1.0 15 20 25 30 15
A, (mM TREfg dw)

Fig. 2. Effect of ethanol content, acidifying agent (0.1% HCL, 1% acetic acid and 1% tartaric acid) and
S0, concentration on the antiradical activity (A,p) of extracts from the red grape pomace.
Values are expressed as trolox™ equivalents (TRE) per g of dry weight. Marks *, ** and ***
denote statistical difference at a 99.9, 99 and 95% significance level. Assignments: C: Control;
AA: Acetic Acid; A, p Antiradical Activity; EtOH: Ethanol; TA: Tartaric Acid

Table 2: Statistical parameters calculated after linear regression between polyphenol groups and antiradical activity
Anatyses were performed at a 5% significance level

Polyphenolic groups R? p-value Slope

TP 0.1388 0.2890 1x1074
TFd 0.2999 0.1013 1x1074
TF 0.1175 0.3322 4x1074
TA 0.0991 0.3757 -3.2x1073
PC 0.0165 0.7237 1.6x107°

Furthermore, the extract obtained was the most active in scavenging radicals (p<0.001). Simple linear
regression analysis gave no significant correlation between any of the polyphenolic classes and A,
(Table 2), suggesting that the antioxidant potency of extracts does not depend on particular substances.
Solutions with ethanol content of 85.5% were proven ideal in extracting anthocyamns, providing
the highest yields (Table 1). A 57% ethanolic solution acidified with 0.1% HCI extracted almost 1.2
times more anthocyanins than the non-acidified one, but it was equally less efficient than the 85.5%
ethanolic solution in this regard. No improve in anthogyanin yield was seen upon addition of SO,.

DISCUSSION

Grape and wine by-products are exceptionally rich in polyphenolic substances and therefore
secking for environmentally friendly and cost-cffective processes of recovery is imminent. The results
of this study permitted a deeper insight into this direction, by providing data on the efficiency of
water/ethanol mixtures for obtaining extracts from red grape pomace.

The concept underlying the monitoring of the procedure by estimating the antiradical activity was
based on the fact that the potential of a complex matrix, such as a red grape pomace extract, in
expressing antioxidant effects is not simply attributed to the totality of polyphenols (Ou et al., 2002,
Hassimoto et «f., 2005; Kallithraka et af., 2005). Indesd, simple linear regression analysis clearly
showed that the activity of the extracts obtained did not correlate with any particular polyphenol
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group to a significant level (Table 2). These findings are consistent with observations reported for red
wines, where in spite of examinations supporting the high antioxidant efficiency of purified fractions
rich in specific phenolics (Ghiselli ef of., 1998; Saint-Cricq de Gaulejac ef /., 1999), other studies
showed that the contribution of individual classes may be less pronounced (Burns ef /., 2000,
Rigo ef af. 2000; Landrault ef of., 2001; Amous ef al., 2001). This hypothesis may be more clearly
illustrated taking into consideration that grape pomace also contains other flavonoid polyphenols,
principally flavonols, which have been demonstrated powerful radical quenchers in various systems
(Rice-Evans er al., 1995; Rice-Evans and Miller, 1996; Fukumoto and Mazza, 2000).

Large amounts of polyphenols were recovered at an ethanol level of 57%, while the means of
acidification was also an important parameter in this regard. Similar ethanol levels were also ideal for
the extraction of polyphenols from other tissues, including purple sunflower hulls (Cacace and Mazza
2003), grape seeds (Shi er @f. 2003; Yilmaz and Toledo, 2006) and star fruit residues (Shui and Leong,
2006). Contrary to that, anthocyanin extraction was more efficient with higher ethanol levels, but
acidification by any means resulted in significantly reduced vields. This is somewhat paradox, because
in general acidic solvents are maore efficient for anthocyanin extraction compared with neutral ones
(Revilla et al., 1998). On the other hand, solvent composition affects profoundly its physical
properties, such as density and dynamic viscosity, which affect diffusion and rate of extraction. Also
composition influences the dielectric constant. It has been proposed that reduction of dielectric
constant of a protic solvent such as water (€ H,O = 78.5) into the range of intermediate-behavior
solvents such as methanol (€ MeOH = 32.6) or ethanol (€ EtOH = 24.3) by modifying pressure or
temperature, can improve extraction of anthocyanins (Cacace and Mazza, 2002).

On the other hand, the addition of relatively low amounts (0.01%) of SO, in 57% ethanolic
solutions had a positive impact, in that it gave extracts with significantly increased A,z (p<0.001,
Fig. 2). Although sulphured water has been proposed as an efficient means of extracting anthocyanins
from black currants (Cacace and Mazza, 2002), in this case the amount of pigments recovered did not
differ substantially (p=0.05, Table 1). However, the amounts of SO, used were 10 to 12-fold lower
than those employed for anthocyanin recovery from black currants. Gao and Mazza (1996) reported
that 200 mg L' of an aqueous SO, solution was the optimum concentration for anthocyarin extraction
from purple sunflower hulls. Tt was stressed that higher concentrations increase pH and consecquently
the instability of anthocyanins, leading in losses presumably through degradation.

It should be emphasised that the selection of a solvent system that favours obtaining extracts with
high scavenging potential was the primary objective, but the efficiency of anthocyanin recovery was
considered as an additional, critical criterion for assessing the procedure. Thus deploying the solvents
that were shown to be suitable for preparing highly potent extracts may consist a compromise with
regard to anthocyanin extraction and vice versa. As a future prospect, it can be supported that the
utilization of ethanol, a bio-solvent that is relatively cheap, reusable and non-toxic, could be an
environmentally friendly manner for low-cost, low-tech preparation of potentially bioactive extracts
from vinification and presumably other agri-food by-products. The last option is contingent on the
quality and characteristics of the food processing residual. To the extent similar procedures can be
developed on an industrial scale, benefits for industry and environment could be maximized.

CONCLUSIONS
The outcome of this study can be summarised as follows:
« A solvent system consisting of 57% aqueous ethanol was found to be very efficient for red grape

pomace extraction, with regard to total polyphenol, total flavonoid and proanthocyanidin
TECOVery.
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«  Optimal results assessed on the basis of antiradical activity were obtained after addition of 0.01%
S0, to 57% cthanolic solution. Acidification with either HCI, tartaric or acetic acid was not
favourable.

+ A simple systemn consisting of 85.5% ethanol was found ideal for increased anthoeyanin yield.

+ A solvent system based on water/ethanol mixtures, efficient for preparation of extracts with both
high antioxidant potency and high anthocyanin concentration from red grape pomace cannot be
proposed. The systems that appear to be suitable for preparing extracts with high antiradical
potency may consist a compromise with regard to anthocyanin extraction and vice versa.
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