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Abstract
BACKGROUND: Phenolic compounds are widely distributed secondary metabolites in plants usually conferring them with
unique taste, ﬂavour and health-promoting properties. In fruits of Vitis vinifera L., phenolic composition is highly dependent
on grape variety. Diﬀerential extraction of these compounds from grapes during winemaking is critically associated with
wine quality. By-products of winemaking, such as grape pomace, can contain signiﬁcant amounts of polyphenols. However,
information concerning the varietal eﬀect on wine grape pomace is scarce. In this study, pomaces from Sauvignon Blanc (SB),
Chardonnay (CH), Cabernet Sauvignon (CS) and Carménère (CA) grape varieties were characterized spectroscopically and by
HPLC-DAD analysis.
RESULTS: White grape pomaces (SB and CH) presented higher antioxidant capacities and higher contents of total phenols and
total proanthocyanidins compared with red grape pomaces (CS and CA), whereas the latter showed much higher anthocyanin
levels and colour intensities. Concentrations of monomeric proanthocyanidins and low-molecular-weight phenols in the four
grape pomace varieties were signiﬁcantly diﬀerent.
CONCLUSION: Grape pomaces from four varieties showed high but diverse contents of polyphenols and antioxidant capacities.
Thus grape pomaces represent an important potential source of polyphenols, which could be useful for nutritional and/or
pharmacological purposes.
© 2014 Society of Chemical Industry
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Carménère seeds presented the highest concentration
(16.4 mg g−1 ) and Cabernet Franc seeds the lowest concentration
(7.9 mg g−1 ) of total proanthocyanidins.8
Phenolic compounds are extracted from grapes during the winemaking process.10,11 However, the by-products of winemaking (e.g.
grape pomace and stems) can contain signiﬁcant amounts of
phenolic compounds owing to their incomplete extraction during the wine production process.12,13 It has been shown that
approximately 60–65% of phenolic compounds remain in the
grape pomace after red wine production.14 Furthermore, it has
been shown that pomace skins from Morio Muscat, Muller Thurgau, Pinot Noir, Cabernet Sauvignon and Merlot varieties have
higher levels of total polyphenols, ﬂavonols and proanthocyanidins compared with other residues generated during agricultural
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Polyphenols are secondary metabolites found in plant leaves,
fruits, ﬂoral tissues, stems, bark and roots.1 These compounds have
been associated with the prevention of degenerative diseases,
cardiovascular diseases and several types of cancer.2 In addition,
polyphenols play an important role in the sensory characteristics
of food, including colour, ﬂavour, astringency and bitterness.3 – 6 In
Vitis vinifera L. grapes, the most abundant polyphenols can be categorized according to their chemical structures into ﬂavonoids and
non-ﬂavonoids. Flavonoid compounds are predominantly found
in the skins, seeds and stems,3,5 – 8 whereas non-ﬂavonoid compounds are most abundant in the berry pulp.9
A number of studies have demonstrated that the phenolic composition of grapes is strongly dependent on edaphic, geographical
and weather-related factors as well as on grape variety.3,6 – 8 With
respect to the varietal eﬀect, it has been observed that berry skins
of Carménère contain higher levels of anthocyanins (1 mg g−1 ),
monomeric proanthocyanidins (15 mg kg−1 ) and total ﬂavonoids
(16.5 mg g−1 ) compared with berry skins of Cabernet Sauvignon (0.5 mg g−1 , 5 mg kg−1 and 9.1 mg g−1 respectively).7 In
addition, signiﬁcant diﬀerences in the polyphenol content of
seeds from Cabernet Franc, Cabernet Sauvignon, Merlot and Carménère cultivars have been observed; among the four varieties,
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fruit processing.15 It should also be noted that grape pomace
accounts for approximately 20% of harvesting by-products.16 In
total, approximately 13 million tons of pomace residues are generated worldwide each year,17 of which only a small part is recycled
or processed.18
Thus grape pomace is produced in large quantities and represents an important source of polyphenols. However, information
concerning the varietal eﬀect on wine grape pomace is scarce.
Moreover, diﬀerences in the processes for red and white wine production may aﬀect the availability of polyphenols in the resulting
pomace. In this study we characterized the phenolic composition
and evaluated the antioxidant properties of pomace derived
from four V. vinifera L. grape varieties, including the less-known
Carménère.

2 cycles for 10 min at 0.25–0.6 bar, 2 cycles for 10 min at 0.6–0.8
bar and 2 cycles for 10 min at 0.8–1.6 bar; total time 90 min). The
samples were transported to the laboratory in the dark at 2 ∘ C,
where they were ground and kept frozen at −20 ∘ C for further analyses. For extracting phenolic compounds, 10 g of grape pomace
was macerated for 60 min at 20 ∘ C with 100 mL of methanol/water
solution (80:20 v/v) adjusted to pH 3 with HCl. Solids were separated by ﬁltration through a sieve and the liquid fraction was saved.
Solids were macerated again for 1 h with 100 mL of acetone/water
solution (80:20 v/v) adjusted to pH 3. After ﬁltration, the two liquid
fractions were mixed, evaporated at 30 ∘ C to eliminate methanol
and acetone, adjusted to 100 mL of water, centrifuged (1000 × g,
10 min) and ﬁltered through a 0.45 μm pore size membrane.

MATERIALS AND METHODS
Materials
Standards of gallic acid (G-7384), vanillic acid (V-2250), protocatechuic acid (P-5630), quercetin (Q-0125), myricetin (M-6760),
kaempferol (K-0133), (+)-catechin (C-1251) and (−)-epicatechin3-O-gallate (E-3893) and 0.45 μm pore size membranes were
acquired from Sigma Chemical Company (St Louis, MO, USA).
Vanillin 99% (V-8510), triﬂuoroacetic acid, ethyl acetate,
high-performance liquid chromatography (HPLC)-grade acetonitrile and pro-analysis solvents were purchased from Merck
(Darmstadt, Germany). Sep-Pak Plus tC18 cartridges WAT 036810
and WAT 036800 were obtained from Waters (Milford, MA, USA).
Phosphate-buﬀered saline solution (Code 5608-02) was acquired
from J.T. Baker (Ecatepec, Mexico).
Instrumentation
Absorbances were measured using a Shimadzu UV-1700
UV–visible spectrophotometer (Shimadzu Corporation, Kyoto,
Japan). The HPLC system (Agilent Technologies, Santa Clara,
CA, USA) consisted of a G1315B photodiode array detector, a
Quat G1311A pump and an ALS G1329A autosampler. A reverse
phase Nova Pak C18 column (4 μm, 3.9 mm i.d. × 300 mm; Waters)
was used for HPLC diode array detection (HPLC-DAD) analysis
of individual phenolic compounds. To obtain grape pomaces, a
Defranceshi CD 80 stainless steel membrane press (Bolzano, Italy)
measuring 4.7 m × 2.2 m × 2.3 m, with a maximum capacity of 32.2
tons and a maximum pressure of 8 bar, was used.
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Pomace samples
Grape pomaces were prepared from each of four grapevine (V.
vinifera L.) varieties grown at the Viña de Santa Alicia vineyard
located in the Maipo Valley, Chile (33∘ 40′ 21.1′′ S, 70∘ 32′ 25′′ W).
The white grape varieties Sauvignon Blanc (SB) and Chardonnay
(CH) and the red grape varieties Cabernet Sauvignon (CS) and
Carménère (CA) were planted in 2004 in the same soil type using
similar cultural practices. All analyses were performed in triplicate
at the three times the press was emptied (beginning, middle
and end).
The must obtained from pressing the white grapes was fermented for 20 days at temperatures ranging from 12 to 18 ∘ C. The
red grapes were subjected to maceration at 8 ∘ C for 3 days after
de-stemming. Fermentation was conducted at 26–28 ∘ C for 8 days
and then the solid matter was separated from the liquid. To obtain
grape pomace, pressing was conducted prior to the winemaking
process in the case of white grapes and after the winemaking
process in the case of red grapes (3 cycles for 10 min at 0–0.25 bar,
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Spectrophotometric characterization
Total phenol content was determined by UV absorption spectroscopy at 280 nm19 using gallic acid as a standard. Total anthocyanins were measured by diluting the extracts with acidiﬁed
ethanol (2 mL of HCl in 100 mL of ethanol) and comparing spectrophotometric readings of single aliquots treated with either
sodium metabisulﬁte or water.20 Colour intensity and hue were
determined by visible absorption spectroscopy at 420, 520 and
620 nm.21 To determine total proanthocyanidins, 1 mL of pomace
extract and 3 mL of methylcellulose solution (0.4 mg mL−1 in distilled water) were combined, stirred and left to rest for 2–3 min.
Then 2 mL of ammonium sulfate solution (434.7 mg mL−1 ) and
4 mL of distilled water were added. After stirring, the mixtures were
allowed to rest for 10 min at 20 ∘ C. Control samples were processed
in a similar way but with no addition of methylcellulose. Finally,
the tubes were centrifuged (750 × g, 5 min) and absorbances were
measured at 280 nm. Results are expressed in epicatechin equivalent units.22
Antioxidant capacity
Diﬀerent aliquots of the four pomace extracts were transferred into
volumetric ﬂasks (0.25, 0.50, 0.75 and 1.25 mL for SB; 0.25, 0.75, 1.25
and 1.50 mL for CH; 0.10, 0.50, 0.75 and 1.25 mL for CS and CA) and
the volumes were adjusted to 10 mL with distilled water. Subsequently, 100 𝜇L of each diluted sample was mixed with 3.9 mL of
2,2-diphenyl-1-picrylhydrazyl (DPPH) solution (20 mg L−1 ). For the
‘target’, 100 𝜇L of each sample was added to 3.9 mL of methanol,
while 100 𝜇L of methanol mixed with 3.9 mL of DPPH solution
served as the ‘control’. After placing the tubes in the dark for
30 min, absorbances were measured at 517 nm and the % discoloration of each sample was calculated as
{[
]
1 − (sample absorbance − target absorbance)
∕control absorbance} × 100
6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox)
was used as a standard. Results are expressed as Trolox equivalent
antioxidant capacity (TEAC) g−1 dry pomace.23
HPLC-DAD analysis of individual phenolic compounds
Extracts of grape pomace compounds were re-extracted with
ethyl ether (3 × 20 mL) and ethyl acetate (3 × 20 mL). The resulting
extracts were evaporated to dryness at 30 ∘ C, redissolved in 2 mL
of methanol (0.5 mL mL−1 water) and membrane ﬁltered (0.45 μm
pore size). Aliquots (50 𝜇L) of the ﬁnal solution were subjected to
reverse phase chromatographic separation at 20 ∘ C using a Nova
Pak C18 column. The photodiode array detector was set at 280 nm.
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Two mobile phases were used: A, water/acetic acid (98:2 v/v); B,
water/acetonitrile/acetic acid (78:20:2 v/v/v). A two-step gradient
was carried out at a constant ﬂow rate of 1 mL min−1 : 0–55 min,
100–20% A; 55–70 min, 20–10% A. Equilibration times of 15 min
were allowed between injections. Each major peak in the HPLC
chromatograms of the extracts was identiﬁed by comparing both
retention time and absorption spectrum (from 210 to 360 nm)
against those of pure standards. Polyphenols for which standards
were unavailable were assigned by retention time and spectral
parameters as described in previous reports.7,8,24 Quantitative
determinations were made using the external standard method
and commercial standards.
Fractionation of proanthocyanidins into monomers,
oligomers and polymers
Each grape pomace extract (10 mL) was vacuum dried at 30 ∘ C,
resuspended in 20 mL of phosphate buﬀer solution (pH 7),
ﬁltered and loaded onto C-18 and tC-18 cartridges containing 10 mL of methanol, 20 mL of distilled water and 10 mL
of phosphate-buﬀered saline solution (pH 7). Next, 10 mL of
phosphate-buﬀered saline solution diluted in water (1:8 v/v) was
added to each cartridge. These were dried for 2 h with gaseous
nitrogen and the monomeric (FI) + oligomeric (FII) fractions were
eluted by adding 25 mL of ethyl acetate. The polymeric fraction (FIII) was then eluted with 15 mL of methanol. The FI + FII
fractions were vacuum dried at 30 ∘ C, redissolved in 10 mL of
phosphate-buﬀered saline solution (pH 7) and loaded again into
reconditioned cartridges, which were then dried with gaseous
nitrogen. Finally, F1 was eluted with 25 mL of ether and FII was
eluted with 15 mL of methanol.25
Total content of preoanthocyanidins in monomer, oligomer
and polymer fractions
The vanillin assay was performed as described by Sun et al.25 A
2.5 mL aliquot of H2 SO4 /methanol solution (1:3 v/v) and 2.5 mL of
vanillin solution (10 mg mL−1 methanol) were mixed with 1 mL of
sample. The tubes were incubated at 30 ∘ C for either 15 min (F1
fraction) or for a period of time long enough to allow maximal reaction (FII and FIII fractions). Absorbances were read at 500 nm. A
blank was prepared by replacing the vanillin solution in the reaction mix with methanol. Results are expressed as mg monomer,
oligomer or polymer g−1 dry pomace according Sun et al.25
Statistical analysis
Minitab Release 13.32 (Minitab Inc., State College, Pennsylvania,
USA) and Tukey’s t test were applied to contrast quantitative
variables with a 95% conﬁdence interval.

RESULTS
Pomace dry weight
A 10 g sample of each grape pomace was dried and separated
into seeds and skins. Figure 1 shows that SB and CH had statistically higher seed weights than CS and CA. Conversely, the red
grape varieties showed higher skin weights than the white grape
varieties. Additionally, SB and CH showed similar skin weight/seed
weight ratios, whereas this metric was higher in CS than in CA.
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study the white grape varieties showed higher levels of total
phenols and proanthocyanidins compared with the red grape
varieties. Similarly, SB showed statistically higher levels of total
phenols and proanthocyanidins than the other grape varieties.
Furthermore, this pattern was similar to that observed for the
antioxidant capacity (Fig. 2). In contrast, CS and CA displayed
higher levels of total anthocyanins and deeper colour intensities
than CH and SB, with CS being the variety with the highest values
(Fig. 3).
Quantiﬁcation of low-molecular-weight phenols using
HPLC-DAD
Table 1 shows the low-molecular-weight phenolic compounds
identiﬁed and quantiﬁed in the pomace extracts. These compounds included gallic acid (GA), protocatechuic acid (PA), caftaric
acid (CA), procyanidins B3 (PB3), B1 (PB1), B4 (PB4) and B2 (PB2),
procyanidin trimer 1 (PT1), (+)-catechin (C), vanillic acid (VA),
(−)-epicatechin (EC), epicatechin-3-O-gallate (ECG), tryptophol
(T), ﬂavonols (Fs), procyanidins (Ps) and procyanidin gallates
(PGs). Overall, (+)-catechin, (−)-epicatechin and procyanidin gallates were the most abundant compounds in the extracts. CS
was the variety showing the highest concentration of ﬂavonols.
Comparatively, pomaces from the white grape varieties showed
signiﬁcantly higher contents of low-molecular-weight polyphenols than pomaces from the red grape varieties. In particular, SB
showed the highest levels and CS the lowest levels of most of
those polyphenols.
Flavan-3-ol subfractions
Figure 4 shows the contents of monomeric, oligomeric and polymeric ﬂavan-3-ol subfractions in grape pomaces. In the majority
of varieties the polymeric subfraction was the most abundant,
whereas the monomeric subfraction was without exception the
least abundant. Comparatively, the white grape varieties had signiﬁcantly higher monomer contents, whereas no signiﬁcant diﬀerences were observed among diﬀerent varieties with respect to the
oligomeric and polymeric subfractions.

DISCUSSION
Phenolic compounds are secondary metabolites associated with
sensory, taxonomic, pharmacological and nutritional properties of

© 2014 Society of Chemical Industry

wileyonlinelibrary.com/jsfa

1523

Global phenolic composition and antioxidant capacity
Figures 2 and 3 show data derived from spectrophotometric
analyses of pomace extracts of diﬀerent grape varieties. In this

Figure 1. Skin and seed weights of Sauvignon Blanc (SB), Chardonnay (CH),
Cabernet Sauvignon (CS) and Carménère (CA) grape pomace. Diﬀerent
letters above bars indicate statistically signiﬁcant diﬀerences between
cultivars (Tukey test, P < 0.05).
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Figure 3. Total anthocyanins and colour intensity of Sauvignon Blanc (SB),
Chardonnay (CH), Cabernet Sauvignon (CS) and Carménère (CA) grape
pomace. Diﬀerent letters above bars indicate statistically signiﬁcant diﬀerences between cultivars (Tukey test, P < 0.05). Mv, malvidin-3-glucoside.
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Figure 2. Total phenols, total proanthocyanidins and antioxidant capacity
of Sauvignon Blanc (SB), Chardonnay (CH), Cabernet Sauvignon (CS) and
Carménère (CA) grape pomace. Diﬀerent letters above bars indicate statistically signiﬁcant diﬀerences between cultivars (Tukey test, P < 0.05). GAE,
gallic acid equivalent; CE, (+)-catechin equivalent; TE, Trolox equivalent.
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food.1 – 4 In the case of wine grapes, seeds and skins are important sources of these compounds, which are extracted during the
winemaking process.10 Therefore winemaking residues likely represent a signiﬁcant reservoir of important polyphenols owing to
incomplete extraction of these compounds during winemaking.12
However, grape pomace availability and phenolic composition can
vary owing to a number of factors involved in berry development,
including soil, geographical location, weather conditions, winemaking technology and grape variety.9 Therefore we characterized
the phenolic composition and antioxidant capacity of pomaces
extracted from four V. vinifera L. grape varieties.
Initially, each sample of grape pomace was weighed, dried
and separated into seeds and skins. For red grapes, the sum
of seed and skin weights decreased by approximately 5% with
respect to the wet weight, whereas pomaces from white grape
varieties maintained their initial weight. Likewise, weights of the
red grape pomace skins were higher than those from SB and
CH, whereas the opposite was observed for seed weights. These
observations are consistent with previously described diﬀerences
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Table 1. Extractable low-molecular-weight phenolic compounds (mg kg−1 ) of Sauvignon Blanc (SB), Chardonnay (CH), Cabernet Sauvignon (CS) and
Carménère (CA) grape pomace
Polyphenol
Gallic acid
Protocatechuic acid
Caftaric acid
Procyanidin B3a
Procyanidin B1a
(+)-Catechin
Vanillic acid
Procyanidin trimer 1a
Procyanidin B4a
Procyanidin B2a
(−)-Epicatechin
Epicatechin-3-O-gallatea
Tryptophol
Flavonolsb
Other procyanidinsa
Procyanidin gallatesc

SB

CH

25.9 ± 2.3b
4.2 ± 1.9b
ND
40.8 ± 4.9c
22.5 ± 3.6b
477.2 ± 36.8b
ND
24.2 ± 4.1a
59.1 ± 7.7c
80.7 ± 6.4a
506.1 ± 67.0b
39.3 ± 14.9
ND
ND
19.3 ± 2.9a
450.7 ± 69.6c

13.2 ± 0.5b
0.9 ± 0.2a
ND
21.1 ± 3.6b
14.8 ± 2.4a
194.8 ± 21.1a
ND
17.9 ± 3.5a
33.7 ± 7.4b
66.3 ± 10.5a
409.0 ± 67.1b
ND
ND
ND
51.8 ± 12.0b
228.9 ± 1.2b

CS
10.5 ± 2.4a
0.5 ± 0.2a
2.6 ± 0.1a
9.2 ± 3.4a
10.6 ± 0.9a
87.7 ± 3.3a
8.4 ± 0.6a
ND
17.0 ± 1.0a
ND
68.4 ± 5.1a
ND
12.7 ± 2.4a
121.1 ± 4.1b
45.3 ± 3.5b
61.7 ± 2.9a

CA
19.9 ± 5.3ab
0.9 ± 0.2a
2.9 ± 0.2a
18.8 ± 3.9ab
11.9 ± 2.3a
178.3 ± 22.2a
8.7 ± 1.6a
ND
17.7 ± 3.0a
ND
130.9 ± 22.5a
ND
6.6 ± 1.7a
74.6 ± 9.9a
13.9 ± 3.9a
74.3 ± 9.9a

Values are mean ± standard deviation of triplicate measurements. Diﬀerent letters within a row indicate statistically signiﬁcant diﬀerences between
cultivars (Tukey test, P < 0.05). ND, not detected.
a Expressed as (+)-catechin equivalent.
b Expressed as quercetin equivalent.
c Expressed as gallic acid equivalent.
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CS pomace were twice as high as those in the CA pomace, which
is likely related to higher concentrations of these compounds in
the grape skins prior to the winemaking process.6 Values for total
anthocyanins and colour intensities in this study agree with those
observed in other studies involving pomace skins.15,33
With respect to the ﬂavan-3-ol subfractions, we found that the
polymeric subfraction was the most abundant in most of the
wine grape pomaces. However, proportions of the ﬂavan-3-ol subfractions in pomaces of diﬀerent grape varieties were roughly
similar. Signiﬁcant diﬀerences between pomaces from diﬀerent
grape varieties were observed punctually in the monomeric subfraction. Interestingly, concentrations of all three subfractions in
grape pomaces in this study were found to be much lower than
those observed previously in skins and seeds of grapes of the
corresponding varieties.6 – 9,14 This observation can be entirely
accounted for by a signiﬁcant transfer of those subfractions from
solid matter to must during maceration and fermentation.12 Considering the reported levels of those subfractions in berries, the
polymeric subfraction is the one experiencing the largest decrease
from the pomace components, considering that concentrations of
polymeric polyphenols as high as 900 mg g−1 have been reported
in skins and seeds.6,8 Concentrations of this polyphenol subfraction are higher in wine than in grapes, but both wine and grapes
show higher levels of that subfraction than the ones observed in
the pomace.6−9,14
As to low-molecular-weight phenols, the various compounds
identiﬁed in white and red grape pomaces were the same as those
observed in extracts of V. vinifera L. seeds and skins.6 – 8,12,34 With
respect to non-ﬂavonoid polyphenols, we found that GA was the
most abundant of these compounds and that its concentrations
in white grape pomaces were higher than in CS pomace. This
observation is consistent with several studies indicating that seeds
and skins are an important source of GA.6,8,12,34 Interestingly,
both SB and CA showed GA concentrations twice as high as
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between the weights of seeds and skins from white and red grape
varieties.26 Additionally, the higher skin/seed ratio observed in the
red grape varieties may account for the increased presence of
certain polyphenols in red wines in comparison with white wines,
such as anthocyanins and ﬂavonols.7,27
As to polyphenols, pomaces from white grape varieties showed
higher concentrations of total phenols and proanthocyanidins
than pomaces from red grape varieties, which is consistent with
a more complete extraction of polyphenols from berries during
the red winemaking process.12,14 In contrast, white wine production is performed without solid matter,28 thus resulting in higher
concentrations of polyphenols left in white grape skins. Similarly,
in this study we observed that antioxidant capacity was higher in
the pomaces from the white varieties, with SB showing the highest value. This phenomenon is likely linked to the total levels of
phenols and proanthocyanidins, which were shown to be associated with antioxidant properties of V. vinifera L. grapes.15,27,29
It should also be noted that the total phenol and proanthocyanidin contents of CH pomace were lower than those reported
in other studies.28 In contrast, the antioxidant capacity value in
our report was slightly higher than that previously observed by
other authors in the same variety.28 Also, in our study the levels of
total phenols and total proanthocyanidins in the CS pomace were
higher than those observed by Yi et al.30 and González-Paramás
et al.31 respectively. Finally, the average antioxidant capacity values observed in this study were below those reported by Cataneo
et al.29 and above those reported by Yi et al.30 and Poudel et al.32
In this study we also found that both SB and CH pomaces
lacked anthocyanins. This observation has also been reported by
other researchers, who mention that pomaces of white grape
varieties do not contain those compounds.15 This observation is
also consistent with the observed values for colour intensity, which
were lower than those observed in red grape varieties. In this
same regard, we also noted that total anthocyanin levels in the
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those found in CH and CS respectively. This trend may be highly
relevant, since GA has been linked to important sensory properties
such as bitterness and astringency.5,9 In this regard, we have
recently described that GA displays growth-inhibitory eﬀects on
Helicobacter pylori, a common pathogenic gut bacterium.35
Finally, in this study we observed that C and EC were the most
abundant ﬂavonoid polyphenols in pomaces from both white and
red grape varieties, which is consistent with previous observations
in V. vinifera L. grape seeds and skins.5,6,34 It is important to recall
that in this study white grape pomaces showed higher concentrations of both compounds compared with red grape pomaces.
In the present study a similar trend was observed in the levels of
procyanidin dimers (B1, B2, B3 and B4). These ﬁndings strongly
suggest that the levels of these compounds are associated with
the extraction processes used during red winemaking.36 It is also
important to note that in our study some non-ﬂavonoids (e.g.VA
and T) and ﬂavonols were found only in red grape pomaces, which
may be due to the high concentrations of these compounds in
red grapes7 and/or to the absence of these compounds in white
grapes.34 In addition, T is a polyphenol that is synthesized during
fermentation and produced from deamination and decarboxylation of tryptophan. Therefore only red grape pomaces can contain
this compound, as fermentation is performed with both solid and
liquid constituents in red wine production.36
Considering these ﬁndings and earlier studies, we conclude
that pomaces from the SB, CH, CS and CA wine grape varieties
have signiﬁcantly diﬀerent polyphenolic compositions and antioxidant capacities. Those diﬀerences are likely due either to differences in the availability of certain compounds among varieties or to diﬀerences in the extraction processes used in red
and white winemaking. Accordingly, grape pomace represents a
diverse and potentially important source of polyphenols, which
could be used advantageously for either nutritional or pharmacological purposes.

ACKNOWLEDGEMENTS
This study was partially funded by Program U-INICIA VID 2011
Grant 11/05, University of Chile (EOS) and by Grant 11121322 (EOS)
from Fondecyt-Chile.

REFERENCES

1526

Figure 4. Proanthocyanidin content of monomeric, oligomeric and polymeric fractions of Sauvignon Blanc (SB), Chardonnay (CH), Cabernet Sauvignon (CS) and Carménère (CA) grape pomace. Diﬀerent letters above bars
indicate statistically signiﬁcant diﬀerences between cultivars (Tukey test,
P < 0.05).
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