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Phenolic compounds of 14 pomace samples originating from red and white winemaking were
characterized by HPLC-MS. Up to 13 anthocyanins, 11 hydroxybenzoic and hydroxycinnamic acids,
and 13 catechins and flavonols as well as 2 stilbenes were identified and quantified in the skins and
seeds by HPLC-DAD. Large variabilities comprising all individual phenolic compounds were observed,
depending on cultivar and vintage. Grape skins proved to be rich sources of anthocyanins,
hydroxycinnamic acids, flavanols, and flavonol glycosides, whereas flavanols were mainly present in
the seeds. However, besides the lack of anthocyanins in white grape pomace, no principal differences
between red and white grape varieties were observed. This is the first study presenting comprehensive
data on the contents of individual phenolic compounds comprising all polyphenolic subclasses of
grapes including a comparison of several red and white pomaces from nine cultivars. The results
obtained in the present study confirm that both skins and seeds of most grape cultivars constitute a
promising source of polyphenolics.
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INTRODUCTION tartrates and malate®<11), citric acid 12), grape seed oil

Grapes and products obtained therefrom, such as wine, grape(ls’ 14), hydrocolloids (15), an_d dietary flk?er (16__18)' )
juice, jams, and raisins, constitute an economically important  Furthermore, grape pomace is characterized by high phenolic
factor. As can be seen from the annual world production of 61 COntents because of poor extraction during winemaking. Their
million tons in 2002, grapes are the world's largest fruit crop €xtractability mainly depends on the technological parameters
apart from oranges, with Italy, France, Spain, and the United applle(_j during V|n|f_|cat|(_)n. Anthocyanins, catechlns, flavonol
States being among the most important producg)sAbout gly00_5|des, pher_lollc amds and alcohols, and stilbenes are the
80% is used in winemaking?}. Because~20% of the weight ~ Principal phenolic constituents of grape pomagg @Antho-
of grapes processed remains as pomace, some 10 million ton&§Yanins from these byproducts have long been used as natural
of byproducts annually result from wineries. However, no food colorar!ts. Thus, severgl method.s'for their extractlon .h'ave
statistical data are available concerning grape pomace resulting?®en described using sulfite-containing water or acidified
from winemaking, the data reported in the literature being @/cohols (19—21).
inconsistent, ranging from 5—7 million ton8)(to 14.5 million Beginning with the “French paradox” observatiorz2),
tons solely in Europed]. Grape pomace composition and water numerous studies have been initiated dealing with the antioxi-
contents may considerably vary, depending on grape variety dative and health-promoting effects of plant secondary metabo-
and technology of vinification (5). lites in grapes and wine, revealing the inhibition of human low-

Owing to disposal problems evolving from large amounts of density lipoprotein oxidation by grape and wine phenol3, (
winery byproducts arising within a few weeks, alternatives to 24)- AS a consequence, grape pomace is considered to be a
their utilization as soil conditioner or to make fertilizers are Valuable source of phenolic compounds, which could be
required because problems concerning germination properties’ecovered as functional food ingredients.
due to high levels of phenolic compounds have been reported Despite detailed studies on the phenolic profile of grape
(6). Additionally, grape pomace is poorly digested when used pomace (2526), quantitative data were mostly expressed as
as a feed 7). On the other hand, grape pomace represents atotal phenolic contents and often correlated with the antioxidant
rich source of various high-value products such as etha@)opl (  activity of grape pomace extracts @& —30). Such extracts have

also been shown to exert free radical scavenging activity;
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individual substances were quantified, only limited data con- water. Phenolic acids were subsequently eluted with 10 mL of deionized
cerning some compounds or substance groups were reportedvater and 10 mL of 0.01% HCI (fraction I); anthoxanthins and stilbenes
(32-37). were eluted with 20 mL of ethyl acetate. Fraction Il containing the
However, a systematic comparison of the phenolic contents 2nthocyanins, which was eluted with methanol/0.01% HCI (v/v), was
of the pomace derived from different grape varieties has not discarded. The eluates were concentrated in vacuo, and the residues
. .. btained were dissolved in 2% acetic acid (fraction I) and in methanol
yet been presented. T_herefore, the main Ob.JeC.tl\./e of the pres_en fraction 1), respectively, membrane-filtered (0.4m), and used for
study was to determine the amounts of individual phenolic | analyses.
compounds in the skins and seeds of 14 different press residues ppC analysis. Polyphenol analyses were carried out using an
originating from winemaking. Such studies are of particular Agilent HPLC series 1100 (Agilent, Waldbronn, Germany) equipped
importance because polyphenols have been shown to differwith ChemStation software, a model G1322A degasser, a model
considerably in their bioavailability and to exert different G1312A binary gradient pump, a model G1329/G1330A thermo-
biological activities in vivo. Thus, these data may contribute to autosampler, a model G1316A column oven, and a model G1315A
the selection of suitable plant materials for the extraction of diode array detector. The separation was performed with a Phenomenex

phytochemicals as ingredients of functional foods (38). (Torrance, CA) Aqua C18 column (250 4.6 mm i.d.; Sum particle
size), with a C18 ODS guard column (403.0 mm i.d.), operated at

a temperature of 25C. The diode array detector was set to an
EXPERIMENTAL PROCEDURES acquisition range of 200600 nm at a spectral acquisition rate of 1.25

Materials. All reagents and solvents of analytical or HPLC grade Scans/s (peak widtk 0.2 min).

were purchased from VWR (Darmstadt, Germany) réversed-phase System | (Anthocyaninsjhe mobile phase consisted of water/formic
cartridges (Chromabond, 1000 mg) were obtained from Macherey-Nagel acid/acetonitrile (87:10:3, v/v/v; eluent A) and water/formic acid/
(Duren, Germany). acetonitrile (40:10:50, v/vlv; eluent B) using a gradient program as

Standards used for identification and quantification purposes with follows: from 10 to 25% B (10 min), from 25 to 31% B (5 min), from
HPLC-MS and HPLC-DAD, respectively, were as follows: cyanidin 31 to 40% B (5 min), from 40 to 50% B (10 min), from 50 to 100%
3-O-glucoside, delphinidin 3-O-glucoside, malvidin 3-O-glucoside, B (10 min), from 100 to 10% B (5 min). Total run time was 50 min.
peonidin 30-glucoside, petunidin &-glucoside (Polyphenols, Sandnes, The injection volume for all samples ranged from 1 to 2b.

Norway); (+)_Catechinp_coumaric acidy-‘)_epicatechin‘ ferulic acidl Monitoring was performed at 520 nm at a flow rate of 0.8 mL/min.
gallic acid, p-hydroxybenzoic acid, caffeic acid, kaempferol (K), System Il (Phenolic AcidsThe mobile phase consisted of 2% (v/v)

protocatechuic acid, quercetin (Q), sinapic acid (Roth, Karlsruhe, acetic acid in water (eluent A) and 0.5% acetic acid in water and
Germany); K 30-glucoside, isorhamnetin G-glucoside, Q 3o- acetonitrile (50:50, v/v; eluent B) using a gradient program as

galactoside, Q 3-O-glucoside, Q Grhamnoside, procyanidin B1,  follows: from 10 to 15% B (10 min), 15% B isocratic (3 min), from
procyanidin B2 (Extrasynthése, Lyon, France); epicatechin gallate, 15 to 25% B (7 min), from 25 to 55% B (30 min), from 55 to 100%
trans-resveratrol (Sigma, St. Louis, MO); 5-(hydroxymethyl)furfural, B (1 min), 100% B isocratic (5 min), from 100 to 10% B (0.1 min).
Syringic acid (F|uka’ Buchs, Switzeﬂand)[ans.resveratr0| 3-0- Total run time was 60 min. The injection volume for all samples ranged
glucoside {rans-polydatin) (Sequoia Research Products, Oxford, U.K.). from 5 to 10uL. Simultaneous monitoring was performed at 280 nm
Grape pomace was obtained from Felsengartenkellerei Besigheim (hydroxybenzoic acids) and at 320 nm (hydroxycinnamic acids) at a
e.G. (Hessigheim, Germany). Nine different samples from red wine flow rate of 1.0 mL/min.
production (vintages 2001 and 2002) were used for polyphenol analyses ~ System 1l (Anthoxanthins and Stilbené)e mobile phase consisted
(cultivars Cabernet Mitos, Lemberger, Spatburgunder, and Trollinger). of the same eluents as described for system Il using a gradient program
The red wines were produced using high-temperatshert-time as follows: from 10 to 24% B (20 min), from 24 to 30% B (20 min),
treatment of the mash followed by enzymatic degradation of grape from 30 to 55% B (20 min), from 55 to 100% B (15 min), 100% B
pectins. Musts were obtained by use of a hose press. Additionally, isocratic (8 min), from 100 to 10% B (2 min). Total run time was 90
Schwarzriesling pomace (rosé wine production) and four pomace Min. The injection volume for all samples was A0. Simultaneous
samples from white wine production (cultivars Kerner, Miiller-Thurgau, Mmonitoring was performed at 280 nm (flavanols), at 320 nm (stilbenes),
and Weisser Riesling; vintages 2001 and 2002), originating from the and at 370 nm (flavonols) at a flow rate of 1.0 mL/min.
same process but without mash heating, were included in the study. LC-MS Analysis. LC-MS analyses were performed with the HPLC
One white wine pomace (cultivar Merzling; vintage 2002) was supplied System described above coupled on-line to a Bruker (Bremen, Germany)
by the Institute for Special Crop Cultivation and Crop Physiology, Mmodel Esquire 3000-on trap mass spectrometer fitted with an ESI
Hohenheim University. Pomace samples were sealed in polyethylenesource. Data acquisition and processing were performed using Esquire
bags after pressing and kept-a20 °C until analyzed. Control software. Negative ion (phenolic acids, stilbenes, anthoxanthins)
Sample Preparation.Frozen grape pomace samples were manually and positive ion (anthocyanins) mass spectra of the column eluate were
separated into skins and seeds using a sieve, lyophilized, and finelyrecorded in the rangen/z50—1000 at a scan speed of 13000z/s.
ground using an S 1/2 ball mill (Retsch, Haan, Germany). Aliquots of Nitrogen was used both as drying gas at flow rates of 11.0 (system I)
5 g of the pulverized skins and seeds, respectively, were weighed intoand 12.0 L/min (systems Il and IIl) and as nebulizing gas at pressures
Erlenmeyer flasks and extracted with 100 mL of methanol/0.1% HC| ©Of 65.0 (system I) and 70.0 psi (systems Il and lll). The nebulizer
(v/v) for 2 h under stirring after flushing with nitrogen in order to ~ temperature was set at 366. Helium was used as collision gas for
prevent oxidation during extraction. The extracts were centrifuged (10 collision-induced dissociation (CID) at a pressure of 4.00"° mbar.
min, 4000 rpm), and the material was re-extracted with 100 mL of the Quantification of Individual Compounds. Individual compounds
organic solvent (15 min). The combined supernatants were evaporatedVere quantified using a calibration curve of the corresponding standard
to dryness in vacuo at 3, and the residue was dissolved in 20 mL compound. When reference compounds were not available, the calibra-
of acidified water (pH 3.0). Anthocyanins were analyzed by direct tion of structurally related substances was used, including a molecular
injection of the solutions. Non-anthocyanin phenolics in red grape skin Weight correction factor39). All determinations were performed in
extracts were extracted with ethyl acetate before fractionation via solid duplicate.
phase extraction (SPE). For this purpose, aliquots of 5 mL of the skin
extracts were made up to 20 mL. After the pH had been adjusted to RESULTS AND DISCUSSION
1.5, the solution was extracted four times with 50 mL of ethyl acetate . . . .
each. The combined extracts were evaporated to dryness, dissolved in .Fractlonatlon of Grape Pomace PolyphenolicsFraction- L
water, and applied to the SPE cartridges after the pH had been adjusted!ion Of the phenolic compounds proved to be a prerequisite
to 7.0. All other extracts were directly used for SPE. Aliquots of 5 mL  for their unambiguous identification and quantification. Due to
were adjusted to pH 7.0 and applied to the cartridges, which were the complex profile of grape polyphenolics, which include
activated with 3 mL of methanol and rinsed with 10 mL of deionized phenolic acids, anthoxanthins, stilbenes, and anthocyanins, SPE
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Table 1. LC-MS Data of Phenolic Compounds? Extracted from Grape amounts of phenolics may escape from extraction due to
Pomace (V. vinifera L.) interaction with dietary fibers, proteins, and other polymerized
structures.
M]* : i .
retention [M[_]H]f MSIMS Anthocyar_nns. T_he separation of anth_ocyanlns from a
no. compound time (min) ~ miz  fragments miz® Cabernet Mitos skin extract is presentedFigure 1. As can
Anthocyanins be seen, baseline separation of 13 anthocyanins was achieved
1 delphinidin 3-O-glucoside 9.7 465 303 within 33 min, 5 of them being identified as the G-
2 cyanidin 3-O-glucoside 118 449 287 monoglucosides of delphinidin, cyanidin, petunidin, peonidin,
3 petunidin 3-O-glucoside 13.2 479 317 d vidi the basis of their UV—Vi d t
4 peonidin 3-0-glucoside 156 463 301 and malvidin, on the basis of their is and mass spectra
5 malvidin 3-O-glucoside 16.8 493 331 and_k_)y comparison with reference compounds (peaks)l_
6 delphinidin 3-O-acetylglucoside 18.2 507 303 Additionally, 8 further compounds were detected, all of which
; Pe‘“Ug",'”33§'acetyl'9|'ucoééde 54212 ggé 331 represented acylated anthocyanins (peak$3). Four of them
o fnegci'di':B:O:aag::%glﬂgg;'d: P o o (peaks 6—9) were identified as @-acetylglucosides of del-
10 cyanidin 3-O-p-coumaroylglucoside 21.0 595 287 phinidin, petpnidin, peonidin, and malvidin, Whereas peaKS.lO
11 petunidin 3-O-p-coumaroylglucoside ~ 28.1 625 317 13 were assigned to the@p-coumaroylglucosides of cyanidin,
12 peonidin 3-O-p-coumaroylglucoside ~ 31.4 609 301 petunidin, peonidin, and malvidin, on the basis of their molecular
13 malvidin 3-O-p-coumaroylglucoside  32.3 639 331 ions and the corresponding anthocyanidin fragments produced
o Phenolic Acids® in the MS experiment Table 1) (46). In contrast to the complex
1‘5‘ g"“('r':; dizlfymethyl)furfural ?3 169 125 anthocyanin pattern of Cabernet Mitos peel extracts, the skins
16 protocatechuic acid 127 153 109 of all other cultivars were devoid of the @-acetylglucosides
17 caftaric acid 138 311 179 of delphinidin and petunidin and the@-coumaroylglucosides
18 p-hydroxybenzoic acid 18.0 137 93 of cyanidin and petunidin. Moreover, the peels of Spatburgunder
18 coutaric acid 208 295 163 and Schwarzriesling were characterized by the complete absence
20 caffeic acid 234 179 135 £ lated th . Table 2). A dinaly. this lack of
21 fertaric acid 24.3 35 103 of acylated anthocyanins (Table 2). ccoraingly, this lack o
22 syringic acid 257 197 153/182 spe_cmc pigments in some grape _cgltlvars has been used for
23 p-coumaric acid 310 163 119 their classification and for authenticity control (467—48).
24 sinapic acid 321 223 164/208

The presence of minute amounts of anthocyanins detected
in the peels of some white cultivars (data not shown) cannot be
ascribed to an admixture of red grapes during mashing because

25  ferulic acid 325 193 134

Anthoxanthins and Stilbenes

26 procyanidin B1 137 577 407/425 . . S
27 catechin 175 289 245 the pomace samples were visually controlled during sieving to
28 procyanidin B2 214 577 4071425 separate the skins from the seeds. This observation is not
29 epicatechin 254 289 245 surprising because white grape cultivars have also been shown
gg ggﬁi‘gﬁf‘y‘gﬁ;"me j‘ég ggé ;g;’ to synthesize anthocyanins during the final period of ripening
32 quercetin 3-O-galactoside 195 463 301 (49). Furthermore, the seeds of the red cultivars, especially of
33 quercetin 3-O-glucoside 50.4 463 301 the two samples from Cabernet Mitos, contained minor amounts
34 quercetin 3-O-glucuronide 50.9 477 301 of anthocyanins. Because seed anthocyanins generally comprised
;’2 E:;fgeftg‘rj%hamggggs gg-j ﬁ; 321/285 all of those compounds detected in the skins, artifact formation
37 isorh;’mnetin 3_g_g|ucoside 574 pp 314/315 during extraction apd concentration due to the hlgh_contents _of
38 trans-resveratrol 59.2 297 185 proanthocyanidins in the seeds can be excluded. This conclusion
39 quercetin 66.2 301 151179 is supported by the lack of anthocyanins in the seeds of white
40 kaempferol 7.1 285 257 cultivars and the red shade of seeds from red grapes. Thus, the
presence of pigments in the seeds must be ascribed to diffusion
2 And 5-(hydroxymethyl)furfural. © Positive ion mode, anthocyanins; negative ion of the anthocyanins from the skins into the seeds during mashing

mode, phenolic acids, anthoxanthins, and stilbenes. and vinification. Accordingly, the Cabernet Mitos seeds showed

gthe highest anthocyanin amounts because this cultivar is
acidified methanol according to a modified method for the chgracterized by the presence of anthopyanins not only iq the
fractionation of phenolic compounds in red wine (40) was skins but also in the pulp, thus enhancing pigment diffusion.

required to avoid coelution and thus inaccurate peak integration. The contents of individual anthocyanins in the skins of the
HPLC-DAD and HPLC-DAD-MS/MS. A Cyg stationary ~ hine red grape pomace samples are presentdaite 2. As
phase with hydrophilic endcapping was used, which has beenexpected, malvidin 3-O-glucoside was the predominant com-
shown to be highly suitable for the separation of polyphenolics Pound, mostly followed by peonidin @-glucoside. Most
in various matricesy such as app|e and pda_r)’(mango 42), Strikingly, Iarge amounts of anthocyanins were detected in the
Strawberry 43)' and black Carrotg@_) using an MS Compatib|e pomace Samples of the cultivar Cabernet Mitos. However,
mobile phase systerd{,45). However, due to similar spectral marked differences were observed between the anthocyanin
characteristics of individual compounds belonging to the same contents of Cabernet skins from different vintages; only 38%
subclass and because of the limited availability of reference Of the total amounts of 2002 were found in the skins of 2001.
compounds, HPLC coupled to mass spectrometry proved to beSimilar results were observed for Spatburgunder and Trollinger,
an indispensable tool for unambiguous peak assignment. Thewhereas the pomace of the poorly colored Lemberger grapes

and subsequent elution with acidified water, ethyl acetate, an

LC-MS data of all quan[ified Compounds are presente‘fﬂme from the viptages 2001 and 2002 showed nearly the same total
1. The mass-to-charge ratios of the fragments obtained byanthocyanin contents.
collision-induced dissociation in the M®xperiment are also Because all press residues were obtained from the same

included. Individual components were analyzed after methanolic winery and processed identically with the exception of
extraction of pomace samples, which is often applied for Schwarzriesling, climatic and microclimatic factors must be
polyphenol analysis; however, it must be noted that some minor responsible for the variability of pigment concentrations. The
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Figure 1. HPLC separation of anthocyanins from a Cabernet Mitos extract (520 nm). For peak assignment see Table 1.
Table 2. Anthocyanin Contents (mg/kg DM) of Peels Separated from Red Grape Pomaces from Vintages 2001 and 2002
Cabernet Mitos Lemberger Spatburgunder Schwarzriesling Trollinger
2001 2002 2001 2002 2001 2002 2002 2001 2002
del 3-O-glc 2213+ 38 5552 + 48 470+ 25 431+19 183+5 219+21 81+4 68+3 105+5
cya 3-O-glc 759 + 35 1903 £ 11 79+8 852 80x1 98+2 37+3 207 11 382+9
pet 3-O-glc 2643 + 18 6680 + 63 606 + 15 65+5 2839 463 £ 26 186 +4 116 +5 181+ 10
peo 3-O-glc 4960 + 16 12450 + 158 515+ 14 729 £ 35 678 £ 10 1786 + 26 552+ 14 715+ 37 1371+ 20
mal 3-O-glc 20533 + 92 50981+ 1000 7106 +298 7536343  4743+104 10995 t 142 4364 £ 118 1117 + 44 1736 £ 19
del 3-O-acglc 392+ 26 956 + 8 nd nd nd nd nd nd nd
pet 3-O-acglc 545 + 32 1375+ 11 nd nd nd nd nd nd nd
peo 3-O-acglc 1371+ 82 1484 + 67 32+11 nd nd nd nd 27+1 43+6
mal 3-O-acglc 3110 + 106 8688 + 313 1090 nd nd nd nd 45+2 71+£3
cya 3-O-pcmglc 374+8 1071 £50 nd nd nd nd nd nd nd
pet 3-O-pcmglc 974 + 26 2458 + 0 nd nd nd nd nd nd nd
peo 3-O-pcmglc 2151+ 94 6828 £ 57 68+8 77+12 nd nd nd 178+ 19 398 +£32
mal 3-O-pcmglc 10591 + 201 31442 £ 192 877+ 175 774+ 77 nd nd nd 271422 458 + 55

total AC content 50616 + 774 131868 £1978 9862 +554 9697 £493 5967 £129 13561 + 217 5220 + 143 2744 144 4745+ 159

2 Abbreviations: del, delphinidin; cya, cyanidin; pet, petunidin; peo, peonidin; mal, malvidin; glc, glucose; ac, acetyl; pcm, p-coumaroyl; AC, anthocyanin; nd, not detected.

data presented clearly demonstrate that quality control of winery In most pomace samples trace amounts of 5-(hydroxymethyl)-
byproducts is a prerequisite for a profitable extraction of food furfural were detected, probably as a reaction product resulting
colorants and bioactive compounds. The pomace of Cabernetfrom the high-temperatureshort-time treatment of the red grape
Mitos proved to be a promising source of anthocyanins becausemash, which is commonly applied for an accelerated antho-
the pigment concentration is higher than reported for other grapecyanin extraction during winemaking.

varieties R). Furthermore, its pigment stability is enhanced due  Compared to the anthocyanins, the phenolic acids were
to the high percentage of acylated anthocyanins, because theresent in considerably lower amounts, with caftaric acid being
latter are known to exhibit increased stability toward nucleo- the predominant compound in all samples. The contents of
philic attack of water at raised pH valuesj. Therefore, this caftaric, coutaric, and fertaric acids in the skins are listed in
source may particularly be suitable for low-acid food applica- Table 3. As can be seen, great variabilities in the phenolic acid

tions (51). contents of both different cultivars and samples of different
Phenolic Acids.The separation of the phenolic acids from a vintages were observed. However, differences between vintages

Cabernet Mitos skin extract is presentedFigure 2. Among 2001 and 2002 were not consistent because only in some cases

the hydroxybenzoates, gallic, protocatechpitydroxybenzoic, were the contents higher in 2002. Thus, effects of various

and syringic acids were identified by their UV spectra and by climatic conditions on the phenolic acid contents are doubtful.
comparison of their retention times with reference compounds. More likely, different ripening stages of the grapes processed
Their pseudomolecular ions and the fragments released aftermay be responsible for varying phenolic acid contents, thus
collision-induced dissociation (CID) in the M®xperiment confirming earlier studies5@). However, differences in the
confirmed the peak assignment (Table 1). The hydroxycin- contents were not as pronounced as described for the antho-
namates caffeicp-coumaric, ferulic, and sinapic acids were cyanins. Compared to peels of red grape varieties, contents of
identified accordingly. Additionally, caftaric, coutaric, and white grapes were generally lower. Total phenolic acid contents
fertaric acids were identified by their pseudomolecular ions at (compoundd4and16—25) ranged from 60.5 (Schwarzriesling,
mz 311, 295, and 325, respectively. CID in the M&periment 2002) to 973.5 mg/kg of dry matter (DM) (Lemberger, 2002)
revealed a loss of 132 Da, corresponding to a tartaric acid moietyfor red grape peels and from 104.7 (Weisser Riesling, 2001) to
and releasing caffeig-coumaric, and ferulic acids, respectively. 227.0 mg/kg of DM (Merzling, 2002) for white grape peels.
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Figure 2. HPLC separation of phenolic acids from a Cabernet Mitos extract (280 nm). For peak assignment see Table 1.
Table 3. Contents of Caftaric, Coutaric, and Fertaric Acids (mg/kg Table 4. Phenolic Acid Contents (mg/kg DM) of Skins and Seeds from
DM) of Skins from Red and White Grape Cultivars from Different a White Grape Pomace (V. vinifera L. Cv. Merzling)
Vintages
Merzling (2002)
cultivar (vintage) caftaric acid coutaric acid fertaric acid skins seeds
Cabernet Mitos (2001) 624.3£10.1 1786+ 15 132410 llic acid 15002 1065+ 8.8
Cabemet Mitos (2002) 2177773 602+179  71%12 Drotocatechuic acid 108505 10285255
Lemberger (2001) 337.6+26.5 91.8+3.9 121403 caftaric acid 61.0+28 93+34
Lemberger (2002) 4476 £19.6 1339+35 159+0.1 p-hydroxybenzoic acid 31.1+0.1 13.8+0.9
Spétburgunder (2001) 3741+342 1838+ 154 99+11 coutaric acid 545 + 1.4 302 +16.3
Spétburgunder (2002) 33.2+0.1 100+ 04 53+0.0 caffeic acid 17402 19+06
Schwarzriesling (2002) 16.3+0.6 6.9+0.3 4402 fertaric acid 173+11 30+01
Trollinger (2001) 216.3+2.0 119.7+26 53100 syringic acid 10+12 11401
Tr0||inger (2002) 176.9 £ 24.6 97.2+133 49+0.0 p-coumaric acid nd‘a - 72 I 07
Kerner (2002) 36.9+1.0 15.3£0.2 154£0.1 ferulic acid 26400 39+04
Merzling (2002) 61.0+2.8 545+ 1.4 17.3+1.1 sinapic acid nd 10+01
Miiller-Thurgau (2002) 488+4.1 488+19 4404 R
Weisser Riesling (2001) 306+18 10.0+0.9 155+0.9
Weisser Riesling (2002) 208+24 98+0.8 151+1.0 @ Not detected.

. . . _characteristic mass spectra in the M&d MS experiments
Therefore, the view that white grape pomace is characterizedy, ther confirmed the peak assignments. Quercetin (Q),@ 3-
by higher total phenolic contents due to the different Processes o iactoside, Q 3-O-glucoside, Q 3-O-rhamnoside, kaempferol
used for red a}nd vyhite winemaking (53) should be revised. (K), K 3-O-glucoside, and isorhamnetin G-glucoside were
Th_e phenolic acid contents of the seeds“ ranged from 115'gidentified in the same way. Additionally, Q ®3-glucuronide
(Trollinger, 2002) to 528.6 mgfkg of DM (_Spatburgur)der, 2001) was tentatively identified on the basis of its UV spectrum and
for red grape seeds andﬂfrom 167.8 (Weisser Rlesllr}g, 2001) Ojts mass spectral behavior, revealing a loss of 176 Da in the
326.6 mg/kg Of. [.)M (Mdller-Thurgau, 2002) for Wh'te grape sz experiment, corresponding to a cleavage into the quercetin
seeds. Most strikingly, levels were generally higher in the seeds aglycon and a hexuronide moiety. Furthermore, two stilbenes

compared fo the skins for all white grape cultivars, whereas transresveratrol and its glucosideans-polydatin, were identi-

this was the case with only Spatburgunder (2002) and fied via commercially available reference compound@ialie
Schwarzriesling pomaces. Furthermore, the phenolic patternsl) y P

of the skins and seeds differed significantly. Whereas the red ] ] )
grape cultivars Cabernet Mitos, Lemberger, and Trollinger ~ Compared to the anthocyanins, anthoxanthins and stilbenes
exhibited comparatively high proportions of the hydroxycin- Were minor compounds, with the exception of the flavan-3-ols
namates caftaric, coutaric, and fertaric acids in the seeds, whichin the seeds, which ranged up to several grams per kilogram of
probably result from adhering residual skin and pulp, all other dry matter, which are frequently available in grape seed extracts
seed extracts showed a predominance of gallic and protocat-as food supplement preparations. Beginning with the “French
echuic acids. The phenolic acid contents of the peels and seed$aradox” observations, much attention has been paid to bioactive
from a white grape pomace (cv. Merzling) are exemplified in ingredients of grapes and wine. In this context, a lot of studies
Table 4. on the bioactive properties of resveratrol and its derivatives have
Anthoxanthins and Stilbenes.The separation of the antho-  been initiated. The amounts of resveratrol and polydatin in the
xanthins and stilbenes from a Cabernet Mitos skin extract is skins of all pomace samples investigated are shownaible
presented ifrigure 3. The flavan-3-ols catechin and epicatechin 5. The contents ranged from 11.1 to 123.0 mg/kg of DM for
and the dimeric procyanidins B1 and B2 as well as epicatechin resveratrol and from 5.1 to 148.0 mg/kg of DM for polydatin,
gallate were readily identified by comparison of their UV spectra showing only minor vintage-related differences with the excep-
and retention times with those of reference compounds. Theirtion of the Cabernet Mitos and the Spatburgunder pomaces.
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Figure 3. HPLC separation of anthoxanthins and stilbenes from a Cabernet Mitos extract (280 and 370 nm). For peak assignment see Table 1.

Table 5. trans-Resveratrol and trans-Polydatin Contents (mg/kg DM) of Table 6. Anthoxanthin and Stilbene Contents (mg/kg DM) of Skins

Skins from Red and White Grape Cultivars and Seeds from a White Grape Cultivar (V. vinifera L. Cv. Weisser
Riesling)
cultivar (vintage) trans-resveratrol trans-polydatin
Cabernet Mitos (2001) 123051 758+ 0.6 Weisser Riesling (2002)
Cabernet Mitos (2002) 111+16 35.6 +33.9 skins seeds
Lemberger (2001) 227+10 101.9+0.8 -
Lemberger (2002) 224%15 148047 catechin 226.7+24.6 13022112
Spétburgunder (2001) 30029 124519 epicatechin 1346121 6745249
Spétburgunder (2002) 287+23 285+08 eplcatec_hm gallate 355+36 4579+35.8
Schwarzriesling (2002) 188+32 5.1+0.1 procyanidin B1 191.5£66 1053.7£29.3
Trollinger (2001) 500+35 249424 Pfocya?'d'" B2 93;10 +25 503-3 +411
Trollinger (2002 37.9+47 321+03 Guercetin . . "
Kzeorr:Q??ZrO(OZ) ) MNA+27 124406 quercetin 3-O-galactoside 156.7 £9.3 147+09
Merzling (2002) 169+ 17 75407 quercetin 3-O-glucoside 351.7+233 32.6+3.0
Miiller-Thurgau (2002) 547470 oA d+14 quercetin 3-O-glucuronide 509.9 + 30.4 38.0+0.8
Weisser Riesling (2001) 5AG+11 10.0+01 Euerce}in 3}-O-rhamnoside 5;.7 +35 13.4 +1.0
Weisser Riesling (2002 86.4 %45 155+0.1 aempfero na? nd®
eisser Riesiing (2002) kaempferol 3-O-glucoside 247.6 + 156 200+14
trans-resveratrol 86.4+45 142+138
. ] trans-polydatin 155+0.1 47+0.2
However, large variabilities were observed between the cultivars,  isorhamnetin 3-O-glucoside 355+0.1 nd2
which is in accordance with previous data reported for the skin
resveratrol contents of different grape varieti&d)( Stilbenes 2 Not detected.

are known to be phytoalexins, and their biosynthesis has been
shown to b_e ind_uced by abiotic stress _suqh as ultraviolet light cultivars and from 3.52 (Weisser Riesling, 2001) to 13.63 g/kg
and fungal infection, for example, lBotrytis cinereg55). Thus,  of DM (Merzling, 2002) for white grapes. Differences between
differences in microclima and phytosan|tary conditions of the red and white grape seeds were not S|gn|f|cant This may be
grapes may account for the observed stilbene variability. due to the fact that phenolic compounds are only extracted from
The total amounts of all identified anthoxanthins and stiloenes the grape seeds after ethanol formation during red wine
(compound26-40) ranged from 297.3 (Cabernet Mitos, 2002)  fermentation (56). Because in the present study mash heating
to 1857.8 mg/kg of DM (Lemberger, 2002) for red grape peels o4 gpsequent pressing were applied for red wine production,
and from 1560.2 (Kerner) to 6571.2 mg/kg of DM (Merzling) = yhe seeds phenolics were poorly extracted into the must. Thus,

fqu?e tvr\]/hne c(tjjltlvars. Wa.'ti grape skins Ead ?te'r;)e;al(ljy thlgbhet:] the different seed phenolic contents should rather reflect cultivar-
ylelds than red ones, which again may be atlributed 10 bo dependent variations. Furthermore, contents of grape seed
cultivar-related variabilities and differences in red and white .

- : . - polyphenols have been shown to depend on maturity s&fe (
winemaking techniques. Whereas in most red grapes theThe henolic profile of the seeds was dominated by flavanols
phenolic composition of this fraction was mainly dominated by P P . y e o

whereas the flavonols and stilbenes were detected in minor

the flavanols, some of the flavonols such as isorhamne@n 3- q b buted h . dheri
glucoside could not even be detected. In contrast, the white peel@MOUNts and must be attributed to mash constituents adhering

exhibited a predominance of the flavonols, but also contained t© the seeds.

flavanols in considerable amounts. The yields of a typical white ~ In accordance with previous papeg$), the results presented

grape pomace sample (cv. Weisser Riesling, 2002) are presentedh this study demonstrate that grape pomaces have generally

in Table 6. very high polyphenolic contents, making their utilization
The seeds generally exhibited higher polyphenol contents thanworthwhile and thus supporting sustainable agricultural produc-

the skins. Their contents ranged from 2.28 (Trollinger, 2002) tion. However, the data reveal great differences in the antho-

to 18.76 g/kg of DM (Spétburgunder, 2002) for red grape cyanin, phenolic acid, anthoxanthin, and stilbene contents of



4366 J. Agric. Food Chem., Vol. 52, No. 14, 2004 Kammerer et al.

the press residues, primarily depending on cultivar and vintage. (14) El-Shami, S. M.; El-Mallah, M. H.; Mohamed, S. S. Studies on

Furthermore, the ripening status of the grapes may also be the lipid constituents of grape seeds recovered from pomace
responsible for these findings. This investigation provides useful resulting from white grape processir@rasas Aceite$992 43,
information for selecting suitable byproducts for a profitable 157-160.

(15) Stredansky, M.; Conti, E. Xanthan production by solid-state
fermentation Process Biochenl999,34, 581—-587.

(16) Bravo, L.; Saura-Calixto, F. Characterization of dietary fiber and
thein vitro indigestible fraction of grape pomacém. J. Enol.

extraction of potential health-promoting compounds and un-
derscores the necessity of a polyphenol screening because
differences between the polyphenol subclasses were not uniform.

Technological factors such as conditions of grape extraction and Vitic. 1998,49, 135—141.

pressing may be of importance, so further studies need to be (17) Martin-Carron, N.; Garcia-Alonso, A.; Goni, I.; Saura-Calixto,
conducted taking into consideration the effects of different F. Nutritional and physiological properties of grape pomace as
vinification techniques on the phenolic contents of the pomaces. a potential food ingredienfAm. J. Enol. Vitic1997,48, 328—
Taking together these data and studies on the bioavailability 332.

and in vitro and in vivo bioactivity of individual phenolic ~ (18) Valiente, C.; Arrigoni, E.; Esteban, R. M.; Amado, R. Grape
compounds, tailor-made extracts may be obtained by selecting gggnace as a potential food fibek. Food Sci.1995,60, 818~

byproducts from vinification that are suitable as dietary supple-
ments or as ingredients in functional foo@8), even though it
will not be easy to do this economically on an industrial scale.

(19) Metivier, R. P.; Francis, F. J.; Clydesdale, F. M. Solvent
extraction of anthocyanins from wine pomadefFood Sci198Q
45, 1099—-1100.
(20) Bocevska, M.; Stevcevska, V. Quality evaluation of anthocyanin
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