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Winemaking waste solids (WS, resulting from red grapes after fermentation and distillation to recover
spirits) were subjected to various processing schemes for isolating fractions with antioxidant activity.
The liquors entrapped in WS as received were separated by pressing and freeze-dried to yield a
fraction with antioxidant activity (measured as DPPH radical scavenging capacity) comparable to
those of synthetic antioxidants. A second approach based on the direct processing of raw WS in
sulfuric acid medium under fixed operational conditions and further extraction of hydrolysis liquors
with ethyl acetate enabled the isolation of a fraction with higher antioxidant ability at an improved
yield. The most favorable approach started with a washing stage leading to liquors (which were directly
freeze-dried to yield 1.20 g of extract/100 g of oven-dry WS and presented an ECso of 0.41 g of
extract/L) and washed solids, which were dried and subjected to hydrolytic processing (i) with water
as a reactive in an autocatalyzed reaction (autohydrolysis) or (ii) with sulfuric acid solutions to give
an ethyl acetate-soluble fraction with improved antioxidant properties (ECso in the range of 0.18—
0.40 g/L). Samples from washing liquors and processing of washed solids in aqueous medium were
subjected to chromatographic fractionation and analysis to give isolates with remarkable antioxidant
activity (with ECsp as low as 0.07 g/L) and to identify their major components.

KEYWORDS: Acid hydrolysis; analysis; antioxidant activity; autohydrolysis; ethyl acetate; red grape;
solid wastes; winemaking

INTRODUCTION by catechin and gallic acid’-9), whereas the most abundant
s phenolics in grape peels are epicatechin, epigallocatechin, gallic

gained interest over the past few years in the food industry due acid, and .catectho—13'). The presence .Of pheryohc aC.IdS. such
as caftaric and coutaric, catechin, epicatechin, astilbin, and

to health and safety concerns. In this context, plant-derived leti " cetin. K ferol d "
materials have been tested as sources for active antioxidantsCN9€'€tN as well as myricetin, kaempierol, and quercetin

Residual biomass (from agricultural or industrial activities) is qu005|de§ n stalks hgs been reportid)( )

a favorable raw material for chemical processing due to its low  The antioxidant activity of grape seed extracts against several

cost and the possibility of avoiding environmental problems free radicals (9) has been reporteti4). Other biological

caused by its disposal (1—5). On the other hand, the external@ctivities, such as the _|nh|b|t|on of carcinoma cell§), the .

fibrous and lignified parts of plants (such as peels, hulls, or amelioration of cytotoxllc effects .caused by chemothergpeutlc

seeds) appearing in wastes present higher contents of phenolic@dents (16), vasorelaxing capacity7f, and antiulcer activity

potentially useful as antioxidants than the corresponding inner (7). have been noted. Grape seed extracts also present anti-

parts. microbial and agrochemical propertie®).(On the other hand,
Grape- and wine-derived byproducts are largely available and oral administration of grape seed extracts did not induce toxicity

show high phenolic content. This hinders their direct utilization N rats (), and their utilization in a number of antioxidant

in agriculture, but could be favorable for processes intending formulations has been claimed (19—-21).

the selective separation and recovery of natural compounds with  Although grape seeds are a potential source of different

antioxidant activity. valuable components (including antioxidants), a more practical
Waste solids from winemaking are heterogeneous, and thealternative could be based on the utilization of the whole cake

various materials present in them have different compositions of pressed grape<2) or its ethanolic extractst]. However,

(6). The major phenolic compounds Vfitis vinifera grape seeds ~ Winemaking factories employ pressed grapes for producing

are epicatechin (accounting for 60% of the monomers) followed distilled spirits, and the real solid waste from this kind of process

is the product resulting from the distillation stage, here denoted

* Author to whom correspondence should be addressed (telephone Waste solids (WS). WS are not used currently in Spain and are

+34988387082; fax-988387001; e-mail herminia@uvigo.es). considered as the starting material in the present work.

Substitution of synthetic antioxidants by natural ones ha
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100.0 T I . temperature and acid concentration (see below). After the hydrolytic
stage, solid—liquid separation was accomplished by vacuum filtration,
90.0 1 and the resulting liquors were extracted with ethyl acetate under
previously reported condition24, 32). The organic phase was vacuum
80.0 - ;
evaporated to recover the solvent, and the extract was freeze-dried to
70.0 1 recover extract Il. Extract Ill was obtained from WS washing liquors
g (in multistep washing carried out with tap water at a liquid-to-solid
= 0.0 ratio of 25 g/g durig 1 h at 60°C) by direct freeze-drying according
2 to process c irFigure 2. Extract IV was obtained from washed and
; 50.0 | dried WS (denoted WDWS) and autoclave treatment with water or with
o sulfuric acid solutions at a liquid/solid ratio of 8 kg/kg under a variety
40.0 7 of operational conditions and further extraction with ethyl acetate, as
indicated for process c ifrigure 2. In autoclave treatments, the
W0 processing time was measured as the duration of the isothermal reaction
20.0 - stage. As the heating and cooling periods are not considered in the
reaction time, the joint effects caused by them can be measured in the
10.0 : samples collected at= 0.
Chromatography Fractionation. Extracts (0.2 g) were redissolved
0.0 e et e = in methanol (5 mL) and loaded onto a 40 cm 3.5 cm column
containing Sephadex LH-20 (from Amersham Biosciences, Uppsala,
@ Acid soluble lignin 4.6 27 22 4.4 Sweden), which was eluted with methanol at a flow rate of 3 mL/min.
O Acid insoluble residue | 56.4 67.7 34.5 56.7 Fractions were collected using a Gilson FC 203B fraction collector
E Hemicellulose 7.2 9.6 14.5 8.0 with 3 mL test tubes. Absorbances (280 nm) were recorded on-line
E Cellulose (as glucan) 18.6 6.7 34.6 18.2 using an Agilent 8453 spectrophotometer.
I Others 13.2 13.3 14.2 12.6 Analysis of Extracts. The yields in solids recovered in extractslY/

of Figure 2 were determined gravimetrically and expressed as
percentages of the initial oven-dry weight of WS. The phenolic content

Mild hydrolytic processing of plant biomass solubilizes of the various extracts was determined with the FelDenis method
extractives, hemicelluloses (as hemicellulosic sugars) and(33) using gallic acid as a standard, and the corresponding concentra-

. L g tions were used to calculate the yield in phenolics (expressed as grams
phenolic compounds. The phenolics linked to the hemicelluloses of gallic acid equivalents per gram of substrate). The reported data are

and to the acid-soluble lignin fraction are active antioxidants, ,yerage values of three replicates.

as reported for the liquors from acid hydrolysis of corn bran , _piphenyl-4-picrylhydrazyl (DPPH) Radical Scavenging Ac-
(23), Eucalyptuswood, corn cob and leaves, barley brav ( tivity. A minor modification of the method described by von Gadow
25), and barley grain6). The release of phenolic compounds et al. (34), consisting of adding 2 mL of a 3:610°5 M methanolic
with antioxidant activity has been reported for hydrolytic solution of DPPH to 5@iL of a methanolic solution of the antioxidant
processes such as steam explosion 287,or treatments with instead of the amounts proposed in the original method, was used in
hot, compressed wateg). To our knowledge, no data are this work. The decrease in absorbance at 515 nm was recorded for 16
available on the acid hydrolysis of winemaking waste solids. min. The volumetric activity of isolates was measured in terms of the
Because this material has a significant content of lig@jrad parameter EB, which was calculated as the volume rafgV (where

. . . S V' is the volume of the methanolic solution employed in the assay
tannins (30), the release of phenolic compounds with antioxidant

ivity duri heir hvdrolvii LU d containing the desired amount of extracts ahi the volume of the
activity during their hydrolytic processing is expected. original aqueous solution before extraction containing the same amount

The aim of the present work was to assess the potential of o exiracts) necessary to cause 50% inhibition of the DPPH radical.
WS for the production of antioxidants. Operational schemes aAccording to this definition, higher antioxidant activity results in
involving pressing, washing, and acid hydrolysis or auto- increased values of Epand in decreased values of &C
hydrolysis followed by ethyl acetate extraction for obtaining All tests and analyses were run in duplicate or in triplicate, and the
compounds with antioxidant activity have been considered. average values are presented. Butylated hydroxyanisole (BHA) and
Chromatographic fractionation and identification of the major butylated hydroxytoluene (BHT) were used as reference antioxidants.
compounds obtained from selected processing schemes are also Analysis of Phenolic Acids by HPLC.Extracts from 25 mL of the
considered in this work. considered solution were dissolved in 10 mL of methanol and analyzed
by high-performance liquid chromatography (HPLC) using an Agilent
1050 instrument fitted with a 1050 DA detector. Separation was
MATERIALS AND METHODS performed at room temperature with a Supelcosil LC-18rt§ using

Material. Waste solids (WS) leaving the spirit distillation stage in  a 4.6 mmx 25 cm column (Supelco). Gradient elution was performed
winemaking manufacture from red grapes were kindly supplied by at a flow rate of 1.0 mL/min by mixing 0.01 M sodium citrate buffer
Cooperativa Vitivinicola do Ribeiro (Ourense, Spain). WS samples were (A) (at pH 5.4, adjusted with 50% acetic acid) and methanol (B). The
stored in sealed plastic bags and kept-&0 °C. The composition of gradient was programmed as follows: from 0 to 12 min, B increased
the feedstock was determined by quantitative acid hydrohy&i§ (  from 2 to 4%; from 12 to 20 min, B increased from 4 to 13%; from 20
followed by UV and HPLC analyses of the liquors (to quantify the to 22 min, B was kept constant at 13%; from 22 to 26 min, B decreased
acid-soluble lignin and polysaccharide fractions, respectively) and by from 13 to 2%; from 26 to 30 min, B was kept constant at 2%.
gravimetric analysis of the residual solid after oven-drying (to determine ~ GC-MS analysis.Samples were derivatized as reported by Quesada
the acid-insoluble residue). The compositions of the different WS et al. 35): ~50 mg of standard reagents or extracts was weighed into
fractions are summarized Figure 1. a 25 mL round-bottom flask and trimethylsilylated by adding 200

Processing of WS. Figure Zhows the processing of WS according  of pyridine, 1 mL of BSTFA, and 5@L of TMCS. The round-bottom
to three different alternatives (processes a—c), which led to extracts flask was sealed, shaken vigorously, kept at’@0under stirring for
I—1V with antioxidant activity. Extract | was obtained from the liguors 30 min in a water bath, and cooled to room temperature before GC-
released by pressing WS at 20 bar as indicated for procesBigure MS analysis (injection volume= 1.5 uL). Derivatized samples were
2. Extract Il was obtained according to process Figure 2: WS as analyzed using a Hewlett-Packard 5989 chromatograph fitted with a
received were subjected to a hydrolytic stage with sulfuric acid at a Hewlett-Packard 5972 mass spectrometer. A capillary silica column
liquid/solid ratio of 8 kg/kg (oven-dry basis) under fixed conditions of (60 mx 0.25 mm) packed with HP-5MS was employed for separation,

Figure 1. Composition of the feedstock (denoted waste solids, WS).
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Figure 2. Flow diagram of the processes used to produce and recover extracts with antioxidant activity from the feedstock.

and helium was used as a carrier gas (flow raté mL/min). Other extract | according to process akiigure 2. This operational
features of the method are as follows: injector temperature,’€50 procedure led to a yield of 0.468 g of extract 1/100 g of oven-

detector temperature, 28C; temperature gradient, isothermal operation dry WS, and the isolate showed a moderate specific antioxidant
at 90°C from 0 to 10 min, heating at 5C/min to 205°C, heating at activity ,(EQ:;O = 0.719 /L)

8 °C/min to 250°C, isothermal operation at 25@ for 15 min. The : . . . . .
identity of the compounds was confirmed by comparing both the ~ Solids leaving the winemaking fermentation step contain cell
retention time and the mass spectral data with those of pure compoundswall-linked phenols, proteins, and condensed tannins linked
together in an insoluble lignin—protein—tannin complex (30,
36). As hemicelluloses and lignin present in WS are partially
depolymerized by acid hydrolysis, the release of soluble
Production of Antioxidants by Processes a and bAs WS compounds and their antioxidant activity was assessed. Fol-
are expected to contain soluble phenolics with antioxidant lowing this philosophy, the WS (as received) were subjected
activity, a simple approach consisting of pressing WS and to acid hydrolysis under fixed, medium-severity conditions
freeze-drying the pressing liquors was first employed to obtain (treatment with 5% sulfuric acid concentration at 1°I% for

RESULTS AND DISCUSSION
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20 min using a liquor/solid ratio of 8 g/g), and the hydrolysis

liquors were extracted with ethyl acetate to recover extract || ®YieldinExtlV. ~ ®WEC50  AEDS0

according to process b igure 2. In comparison with process

a, the hydrolytic treatment enabled higher extract yield (0.92 g 1.8 35

of extract 11/100 g of oven-dry WS) and better specific . o

antioxidant activity of the isolate (shown by the decreased value ~ ° 1.5 7 a r 3.0

determined for the parameter EfC 0.417 g/L). However, 5 g L 25

parallel experiments carried out following process ¢igure =72 ~ 1.2 1

2 proved that the implementation of washing stages before the & @ B r20 ¢

hydrolytic processing enabled better yields and improved & % vsgo'g' 15 g

antioxidant activity. Because of this, no further investigaton 2 = @ i w—a_= ’

on process b was carried out. =2 081 1.0
Production of Antioxidants by Process c.Process c in 2 03

Figure 2, involving stages of washing, drying, and hydrolytic 2 0.5

processing, allows the recovery of active extracts from both 0.0 . . . : 0.0

washing liquors (extract Ill) and washed solids (extract IV, the 0 2 4 5 8 10

ethyl acetate soluble solids present in liquors coming from the Sulfuric acid (%

hydrolytic processing of washed and dried WS). _ o uric act . (%) o
Freeze-drying WS washing liquors resulted in a favorable Figure 3. Eﬁect.of sulfurlc acid conpentraﬂon on trle yield in extract 1V,

yield in extract Il (1.206 g of extract/100 g of oven-dry Ws), ~ECso: and EDso in experiments carried out at 130 °C for 1 h.

which presented a good specific antioxidant activity {E€

0.409 g/L). The facts that the recovery yield and antioxidant

o ) tions at up to 8%, and experimental results were determined
activity were higher for extract Il than for extract Il suggest b > P

for the yield in extract 1V, volumetric antioxidant activity of

] - S %iquors (measured by Efg), and specific antioxidant activity
present in the original WS liquid phase and that the compounds of extracts (measured by B¢ The experimental data Figure

9 : 9 P 9 presented a closely related dependence on the sulfuric acid

of proces_s c over process. b for the purpos.es of this wor_k. concentration, with a marked increase when the sulfuric acid

According to process c ifiigure 2, the solid phase leaving  cqncentration increased from 2.5 to 4% and variations of minor
the washing step was dried (in order to facilitate its handling, jmportance when the sulfuric acid concentration increased from
to improve the reproducibility of data, and to extend its 45 gos As expected from this relationship, &@as almost
conservation) and employed for obtaining extract IV by jndependent of the acid concentration. Because the maximum
hydrolytic processing and solvent extraction. yield in extract IV (1.6 g of extract/100 g of oven-dry WDWS)

In a first set of experiments, the effects caused by oven-drying was achieved in the experiment with 4% sulfuric acid, and that
at 50°C for 2 days on the yield and antioxidant activity of  considering higher acid concentrations did not result in improved
phenolic compounds released upon acid hydrolysis of washedantioxidant activity, 4% sulfuric acid can be considered a
WS were assessed. For this purpose, dried and nondried samplegractical upper limit for catalyst concentration. HPLC chro-
of washed WS were subjected to acid hydrolysis under matograms of extracts produced at 28showed a major peak
operational conditions (5% sulfuric acid, 116, 20 min, 8kg  at 5.0 min (accounting for 30% of total area) with retention
of liquid/kg of solid) selected on the basis of previous results time and spectral data (recorded with the DA detector)
(24), and the liquors from the hydrolysis stage were extracted coincident with those of gallic acid. The variation pattern of
in ethyl acetate. The yields in extracts and the antioxidant the peak area with the catalyst concentration was closely related
activity of isolates were not affected by the drying stage, to the one determined for ER
reaching average values of 0.54 g of extract/100 g of oven-dry  according to the above findings, 4% sulfuric acid concentra-
substrate for the yield and 0.662 g/L for the parametesoEC  tion was selected for assessing the effect of the reaction time
This finding confirmed that the mild drying conditions employed (yp to 120 min) in treatments at 13G. The experimental results
avoided thermal decomposition. Similar behavior was reported iy Figure 4 show that the maximum yields in both extract IV
by Larre_luri et al. (37) on the antioxidant activity of red grape zngd phenolics (1.61 g/100 g of WDWS and 0.21 g of gallic
marc dried at 60C, whereas drying at 100 and 130 reduced  acid equiv/100 g of WDWS, respectively) were achieved in the
the antioxidant activity by 28 and 50%, respectively. On the treatment lasting 90 min. The volumetric antioxidant activity
basis of these results, the rest of the experiments were performegep,, also showed a maximum under these conditions (4.63),
with washed, dried WS (denoted WDWS, d&gure 2). and the specific activity (E§ = 0.43 g/L) was satisfactory,

Effect of Operational Conditions in Hydrolytic Processing particularly when compared with the results achieved at shorter
with Sulfuric Acid Solutions. New experiments were carried  processing times.
out to assess the effects of the hydrolytic stage conditions on  Effect of Operational Conditions in Hydrolytic Processing
the yield and properties of antioxidant extracts. Treatments with Using Aqueous Media.Recovery of extract IV from aqueous
sulfuric acid solutions or water were carried out at a fixed liquid/ media (autohydrolysis treatments, performed without external
solid ratio (8 kg/kg), and the effects caused by the rest of the acid addition, where the organic acids generated in the medium
variables affecting the process severity (temperature, time, andact as catalysts) was assessed in a preliminary experiment carried
sulfuric acid concentration in the case of experiments with out at 100°C for 5 h using 8 kg of water/kg of oven-dry
externally added catalyst) were considered as operationalWDWS. The yield in extract IV was 0.8 g/100 g of WDWS,
variables. and the isolate presented a high antioxidant activity, with a

The effect of the sulfuric acid concentration was assessed atreduced Eg (0.2 g/L). As these results were promising, and
130°C in experiments lasting 1 h using sulfuric acid concentra- in order to get further insight into the process, additional
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Figure 4. Time course of the yield in extract 1V, yield in phenolics, ECsy,
and EDs in extract IV obtained in hydrolysis experiments carried out
with 4% sulfuric acid at 130 °C.
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Figure 5. Time course of the yield in extract 1V, yield in phenolics, ECsy,
and EDsp in extract IV obtained in autohydrolysis experiments performed
at 100 °C.
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Figure 6. Time course of the yield in extract IV, yield in phenolics, ECsy,
and EDs in extract |V obtained in autohydrolysis experiments performed
at 130 °C.

and increased by 20% during the last 2 h. A relationship between
the extract yield and the yield in phenolics was observed. The
increase in the extraction yield resulted in highersgWhereas

the specific antioxidant activity also increased with time, as is
shown by the slightly decreasing trend observed forsgEC
(Figure 5b). Even though the specific activity of the extracts
was comparable to or higher than those of synthetic antioxidants
(for example, BHA and BHT presented Efalues of 0.241
and 2.795 g/L, respectively), the extraction yields were lower
than in the previous cases (segures 3and4), and harsher
operational conditions were explored to improve the experi-
mental results.

Autohydrolysis experiments were carried out at £80for
reaction times up to 120 min (séggure 6). The maximum
yield in extract IV (1.2 g of extract/100 g of WDWS) was
reached after 90 min and remained almost constant for longer
treatments. The yield in phenolics increased with the duration
of treatments to reach a maximum value of 0.22 g/100 g of
WDWS after 120 min Figure 6a). The specific antioxidant
activity showed only minor variation, with Egof ~0.2 g of
extract/L, whereas Efg increased during the first 90 min of
treatment and then decreased, with a variation pattern related
to the one of the extract yield={gure 6b).

For further studies extract Il from washing liquors and extract
IV from autohydrolysis during 90 min at 13@ were selected.

Chromatographic Separation and Composition of Ex-
tracts Il and IV. Figure 7a shows the spectrophotometric
elution profile of extract Il (obtained by freeze-drying of
washing liquors) in Sephadex LH-20. Five fractions {fFb)

autohydrolysis treatments lasting up to 9 h were carried out at were separated from the crude solution, and the eluates before
the same temperature. The experimental resultBigure 5
show that the yield in extract IV increased with time to reach discarded. The crude solids from washing liquors were colored
a stable value after 4 h, whereas the yield in phenolics was stableand powdered, whereas +E5 were manageable and presented
between 4 and 7 h (0.1 g of gallic acid equiv/100 g of WDWS) a wide range of colors.

F1, between F1 and F2, between F2 and F3, and after F5 were
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Table 1. Properties of Extract Ill: Mass Fraction of Phenolics and ECsy and Properties of Fractions Obtained by Sephadex LH-20 Isolated from
Extract IIl; Recovery Yield, Mass Fraction of Phenolics, and ECs, (See Figure 2 for Nomenclature)

extract discarded
1] F1 F2 F3 F4 F5 fraction
recovery yield (g/100 g of extract Ill) 19.36 10.00 5.50 5.78 5.40 53.96
mass fraction of phenolics (g of gallic 0.15 0.02 0.08 0.17 0.23 0.25 0.12
acid equiv/g of each fraction)
ECso (g/L) 0.41 0.6 1.06 0.31 0.28 0.16 0.71
a) 0.65 Table 2. Compounds Identified by GC-MS and HPLC in Fractions
F1-F5
0.55 1 compound fraction
phenolic compounds
gallic acid F1; F2; F3; F4; F5
0.45 protocatechuic acid F4; F5
3,4-dihydroxybenzaldehyde F4; F5
vanillic acid F2; F3
0.35 A ' syringic acid F2; F3; F4
= : p-coumaric acid F3
« ; aliphatic fatty acids
0.25 : propanoic acid F1;F3
: dodecanoic acid F3
butadecanoic acid F2; F3
0.15 - H dodecanoic acid F2
H tetradecanoic acid F2; F4
: nonadecanoic acid F1
0.05 - hexadecanoic acid F1; F2; F3; F4; F5
: H 9,12-octadecadienoic acid F1; F2; F3; F4; F5
: i . oleic acid F1; F2; F3; F4; F5
I octadecanoic acid F2; F3; F4; F5
i j ' ' i i j other compounds
0 1000 2000 3000 4000 5000 6000 7000 glycerol ether F1; F3
Time (sec) decane F5
xylitol F1
b) Extr.III ----F1 - F2 mannose F1
""" F3 — F4 —F5 p-ribose F1
1.20 arabitol F1
glucose F1
Dp-galactose F1
nonadecane F2; F3; F4; F5
pentacosane F5

Absorbance

absorption maximum at 280 nm (characteristic of soluble lignin)

slightly more intense than in the crude extract or F1. Interest-
ingly, the fact that F2 also absorbs at 320 nm suggests its ability
to act as a screen for UV-B radiation in cosmetics and

sunscreens.

The compounds identified by GC-MS and HPLC in fractions
F1—F5 are classified iTable 2 as phenolics, aliphatic fatty
acids, and other compounds. The main phenolic compounds
were gallic acid, protocatechuic acid, 3,4-dihydroxybenzalde-

Table 1lists the recovery yields determined for each fraction, hyde, vanillic acid, syringic acid, angcoumaric acid. Phenolic
their phenolic contents (expressed as mass fractions), and theiand cinnamic acids have been identified in solids from grape
antioxidant activities (expressed in terms of the parametgg)EC  pressing, together with catechins, monomeric and oligomeric
The major fraction in terms of recovery was F1 (which contained flavanols, and glycosylated flavonol83§—40). When the solids
20% of the solids contained in the crude washing liquors) from grape pressing are subjected to distillation, new compounds
followed by F2, whereas similar amounts were recovered in can appear by thermal decomposition of the original odé}. (
F3—F5. The mass fraction of phenolic compounds in the Gallic acid, found in fractions F1F5, is a potent antioxidant
separated fractions increased with the elution time. The variouswith the ability to scavenge alkyl radical (42) and DPPH radical
fractions showed different Egvalues, F5 being the most active  (43—45). The activity of gallic acid in emulsion is lower than
and F2 the least. The antioxidant activities of F3, F4, and F5 those of synthetic antioxidantgl®) but higher than those of
were comparable to or higher than that of BHA @& 0.241 chlorogenic acid, ferulic acid, and caffeic acidbj, and it is
g/L) and higher than that of BHT (Bg= 2.794 g/L). Extract suitable for protecting a variety of molecules against oxidation
Il and the various fractions presented similar UV spectra (see (43, 47—49) and for inhibiting the formation of reactive oxygen
Figure 7b), suggesting that their respective components had aspecies (ROS) in human and rat liver microson. (Vanillic
related chemical nature. All of the fractions showed an absorp- acid, with characteristic absorption maxima at 220, 260, and
tion maximum at 210 nm, whereas F3, F4, and F5 showed an290 nm, was detected in F2 and F3. The absorbance peaks at

200 250 300 350 400

Wavelength, nm

Figure 7. (a) Chromatographic profile of extract Ill and (b) UV spectra of
extract Ill and fractions F1-Fb5.
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Table 3. Properties of Extract IV: Mass Fraction of Phenolics and ECs, and Properties of Fractions Obtained by Sephadex LH-20 Isolated from
Extract IV; Recovery Yield, Mass Fraction of Phenolics, and ECs (See Figure 2 for Nomenclature)

extract discarded
\% F1 F2 F3 F4 F5 fraction
recovery yield (g/100 g of extract IV) 24.48 4.01 9.74 5.62 9.37 46.78
mass fraction of phenolics (g of gallic 0.16 0.01 0.21 0.15 0.31 0.28 0.09
acid equiv/g of each fraction)
ECso (g/L) 0.18 16.82 0.65 0.35 0.07 0.08 0.12
0.85 e N and F5). The same table presents data on the DPPH radical
a) P g | f scavenging capacity of the crude extract IV, fractiotisH'5,
0.75 - P ' : and the discarded fraction. The crude extract and the discarded
fraction showed similar activity, whereas F'1 showed a low
0.65 - proportion of phenolics and presented 90 times lower antioxidant
activity than the crude extract. Because of this, removal df F
0.55 from the extract IV is a suitable method for enhancing the
antioxidant activity of the resulting isolate. Fraction® and
0.45 1 F'3 showed antioxidant activities lower than that of the crude
= extract, but within the range reported for ethyl acetate extracts
0.35 A of liquors from Eucalyptuswood hydrolysis (24)Eucalyptus
wood autohydrolysis (29), or corn cob autohydrolys29)(
0.25 - Fractions F'4 and F'5 showed low Efowith higher radical
scavenging activity than other commercial synthetic antioxidants
0.15 such as BHA. Even though the recovery yields for both fractions
are limited, their EGp values suggest that4and F'5 could be
0.05 A of special interest for applications requiring a limited dosage
I ; of antioxidants.
L ‘ ' ' ‘ Figure 8b shows the UV spectra recorded for extract IV and
0 1000 2000 3000 4000 5000 6000 7000 8000 fractions obtained by Sephadex LH-20 fractionation. Extract IV
Time (sec) and F'1 showed maxima at 210 nm and at 270 nm, whereas the
compounds in 22 did not absorb at wavelengths300 nm. The
b) spectral features of & (which absorbed at wavelengths between

210 and 220 nm and presented absorption maxima at 260, 290,
and 310 nm) suggest its possible application as sunscréén. F
showed maxima at 210—220 and 270 nm and a shoulder near
330 nm, the latter not appearing in F'5. The discarded fraction
did not absorb at 270 nm, in the typical range for soluble lignin
fragments.

Table 4 summarizes the compounds identified with GC-MS
and HPLC in fractions B—F'5. Gallic acid, protocatechuic acid,
3,4-dihydroxybenzaldehyde, vanillic acid, syringic acijat,
coumaric acid, 3-hydroxybenzoic acid, isovanillic acid, and
cinnamic acid were identified. Cinnamic acid, an efficient
antioxidant for protecting lipids5(1) and an active agent against
microbial contamination (52), has been also found in poplar
260 and 294 nm found in fractions F4 and F5 are ascribed to W00d hydrolysatessg). Isovanillic acid has been detected in
the presence of protocatechuic acid. Syringic acid, identified GInkgo biloba(54). Some phenolic acids, particularly cinnamic
in fractions 2—4, presented absorption maxima at 220 and at@cids, p-coumaric, caffeic, ferulic, gentisic, protocatechuic,
275 nm. Among fatty acids, hexadecanoic, nonadecanoic,SY"ngic, and isovanillic, show cytostatic activity against car-
octadecanoic, and oleic acid were abundant in the various ¢inoma celis§5) and antiinflamatory activitysg). F2 absorbed
fractions. Palma et algf reported their presence in the extracts at 275 nm, a feature characteristic of syringic acld.dentained

produced by supercritical G@xtraction of grape seeds, coming ~Protocatechuic and cinnamic acids, with absorbance peaks at
from the seed oil. 220 and 260 nm characteristic of protocatechuic acid. The

Figure 8a shows the spectrophotometric elution profile antioxidant potency of protocatechuic acid as a DPPH radical
obtained in the Sephadex fractionation of extract IV (obtained Scavenger (34) and that of cinnamic acid as an antioxidgint (
as the ethyl acetate-soluble fraction of autohydrolysis of WDWS 57) could explain the high antioxidant activity of this fraction.
carried out under optimal conditions). The separated fractions In F'3 p-coumaric acid (showing a maximum at 244 nm and
(F1—F'5) showed darker color than those obtained from another at 323 nm) was identified. The presence of syringic
washing liquors and presented analogous texture and manageacid in F2, F'3, F'4, and 5 was also confirmed by GC-MS.

200 250 300 350 400

Wavelength, nm

Figure 8. Data concerning extract IV obtained in autohydrolysis treatments
at 130 °C during 90 min: (a) chromatographic elution profile; (b) UV
spectra of extract IV fractionation and fractions F'1-F'5.

ability. The peak at 275 nm (characteristic of syringic acid) ia Was
Table 3 lists data on the extract yield (which varied in the also found in F'3, F'4, and F'S.
order discarded fractior F'1> F'3> F'5> F4> F'2) and In conclusion, the winemaking waste solids can be subjected

on the mass fractions of phenolics (which were higher for F4 to alternative processing schemes for isolating fractions with
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Table 4. Compounds Identified by GC-MS and HPLC in Fractions
F'1-F'5

compound fraction

phenolic compounds

gallic acid F1,F2;F3;F4

protocatechuic acid F2;F3;F4

3,4-dihydroxybenzaldehyde F2;F5

vanillic acid F2;F3

syringic acid F2,F'3;F4, F5

p-coumaric acid F'1, F3; F4

3-hydroxybenzoic acid F3

isovanillic acid F2; F'3

cinnamic acid F'3; F4
aliphatic fatty acids

propanoic acid F1; F2

propanodioic acid F2

tetradecanoic acid F2; F3

hexadecanoic acid F1;F2;F3;F4, F5

9,12-octadecadienoic acid F1,F2;F3

oleic acid F'1, F2; F'3 F4

octadecanoic acid
other compounds

F1,F2;F3;F4, F5

eicosane F3;F5
nonadecane F2;F3;F5
pentacosane F'3; F'5
octadecane F'5

antioxidant activity. The liquors entrapped in the solids contain

radical scavengers as potent as synthetic antioxidants. The

application of a hydrolytic step, either with water or with sulfuric
acid solutions, produced an ethyl acetate-soluble fraction with
antioxidant activity. Further fractionation of the crude extracts
from the ethyl acetate solubles allowed concentration of the
antioxidant activity in some fractions.
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