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Monomeric phenols, color and copigmentation parameters, pigments with different chemical structure,
tannin, glucose, fructose, glycerol, ethanol, and organic acids were determined in DOC red wines
from Marche (Italy), obtained during three different vintages ranging from 1996 to 2000. The intensity
of the bitter and astringent tastes of the wines was determined with panel tastings. Lacrima di Morro
and Vernaccia di Serrapetrona (obtained from local cultivars) were different from Rosso Piceno, Rosso
Piceno Superiore, and Rosso Conero (produced from different percentages of Sangiovese and
Montepulciano). Vernaccia, a red, sweet, “spumante” wine, was an outlier. Lacrima showed a low
tannin content, a high content of small pigments and phenols, and a high ratio of copigmented color,
which persisted after 3 years of aging. The chemical determinations accounted for a high percentage
of variability of measured panel astringency, copigmented color, and measured wine absorbance at
520 nm. It was not possible to create a predictive model for bitterness.
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INTRODUCTION

The relationship between the sensory evaluation and the
chemical composition of wine is a critical subject in current
enological research (1-7). The aim is to understand which
components influence the final sensory properties of wines and
to what extent they affect it (8). Moreover, the determination
of the minor (quantitatively) chemical components is a promis-
ing approach to assess the stability of the wine (9), its origin
(10) and authenticity (11,12), and thus its commercial quality.
Since the mid-1970s, the development of rigorous procedures
for the determination of the sensory properties (13-15) together
with the evolution of the analytical tools in chemistry has
provided a large amount of data on the characterization of wine
phenolics (9, 16), which are responsible for the color (17), bitter
taste, and astringency of wine (18-20). However, it is known
that not only chemical composition but also molecular inter-
actions among the wine components play a determinant role in
the chemical stability of wine and can affect the sensory
properties (6), copigmentation providing a significant example
(21). Finally, once the experimental data have been collected,
the multivariate statistical analysis of a large number of
determinations has proven to be an irreplaceable procedure for
analyzing the results (11). Principal component analysis (PCA)

has been used for the determination of the parameters explaining
the variability of biological samples (22) and wine (23), and
partial least-squares (PLS) regression analysis has been used
to evaluate the reliability of the prediction (24).

Much information on the chemical and sensory attributes has
been collected on the red wines produced with the “interna-
tional” grape cultivars, such as Cabernet Sauvignon, Merlot,
Pinot noir, and Syrah (13, 25). However, the study and
characterization of musts and wines produced with local,
autochthon, or unusual cultivars can be also of interest because
of their possible commercial exploitation (26).

The aim of the current study is the characterization of the
sensory aspects and the related chemical components of five
minor Italian Denominazione di Origine Controllata (DOC) red
wines from the region of Marche, a hilly area facing the Adriatic
coast in the central part of Italy, with an old tradition of
winemaking for domestic use. The initial approach of this work
was the characterization of monomeric phenols, color and
copigmentation indices, tannin fractions (monomers and small
and large polymeric pigments), sugars, alcohols, organic acids,
and pH. The bitter taste and astringency of the wines were
determined with panel tasting. The extent to which the variance
in the sensory measures could be explained by the phenol
composition and other components was determined.

MATERIALS AND METHODS

Samples.The experimental work was performed on five DOC red
wines produced in the region of Marche. The determinations were
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carried out on 30 commercial wine samples obtained during three
different vintages: Lacrima di Morro d’Alba (L) (1998, 1999, and
2000), Rosso Conero (C) (1997, 1998, and 1999), Rosso Piceno (R)
(1996, 1998, and 1999), Rosso Piceno Superiore (S) (1997, 1998, and
1999), and Vernaccia di Serrapetrona (V) (1998, 1999, and 2000). For
each vintage, two samples were provided for each wine (bottles A and
B). The samples were produced by five different wineries. All of the
wines are dry except Vernaccia, which is a red, sweet “spumante” wine
obtained with 40% raisin. Lacrima and Vernaccia are produced using
the respective homonymous variety ofVitis Vinifera. Rosso Conero,
Rosso Piceno, and Rosso Piceno Superiore are produced in different
areas of the region using 85, 50, and 50% Montepulciano variety,
respectively, blended with Sangiovese.

Prior to all chemical determinations (except the tannin essay), the
wines were adjusted to pH 3.6 and filtered through Acrodisc 13 mm
(0.45µm) PTFE syringe tip filters (Gelman Sciences, Ann Arbor, MI)
into 2 mL vials (with a minimum headspace) sealed with PTFE-lined
crimp caps. All of the solvents used for the determinations were of
analytical grade.

High-Performance Liquid Chromatography (HPLC) of Mono-
meric Phenols.The determination of monomeric phenols was carried
out according to the method reported by Donovan et al. (27). HPLC
was performed using an HP (Palo Alto, CA) 1100 series HPLC with
a UV-visible photodiode array detector. An HP Lichrosphere C18
column (100 RP-18), 4 mm× 250 mm, 5µm particle size, was used
as the stationary phase. The injection volume was 25µL, and the flow
rate of the mobile phase was 0.5 mL/min. Four wavelengths were
monitored: 280 nm for catechins and benzoic acids, 316 nm for
hydroxycinnamates, 365 nm for flavonols, and 520 nm for anthocyanins.
Phenols were identified by comparing their UV-vis spectra and HPLC
retention times with those obtained by injecting pure standard sub-
stances. The pure standards were purchased from Sigma (St. Louis,
MO).

HPLC of Sugars, Organic Acids, Ethanol, and Glycerol.The
organic acids (citric, tartaric, malic, acetic, succinic, and lactic), as well
as glucose, fructose, glycerol, and ethanol, were quantified using HPLC.
The system was composed of an HP 1100 with a refractive index (RI)
detector (HP 1047A). A cation H+ cartridge guard column (Bio-Rad,
Hercules, CA) was used to protect the separation column, consisting
of two 30 cm× 7.8 mm Aminex HPX-87H columns mounted in series.
The columns were thermostated at 50°C. The mobile phase was a
solution of 1 mM sulfuric acid at a flow rate of 0.6 mL/min; the run
time was 45 min, and the injection volume was 20µL. For the
quantitation, a calibration curve was prepared for each substance; a
stock solution containing all of the pure standards was prepared at a
concentration of 10 g/L (except citric, succinic, and lactic acid, 2 g/L;
ethanol, 10%, v/v). Four different dilutions of the stock solution, 1/1,
1/2, 1/3, 1/5, and 1/10, were used for calibration. The coefficient of
determination (R2) for the calibration curves ranged between 0.9783
and 0.9999.

Sensory Evaluation.The wines were evaluated with panel tastings.
Seven panelists were trained to evaluate the astringency and bitterness
of wines by tasting two model solutions, which were assigned the

highest score on the intensity scale (10 points). The standard solutions
were prepared by dissolving 1.5 g of pure gallic acid (for astringency)
or catechin (for bitterness) in 1 L of awine model solution (12% ethanol
in distilled water; 2.5 g/L potassium bitartrate). Mineral water was used
as the low standard and was assigned the score of 0 points. The panelists
rated the intensity of bitterness and astringency of wines successively
using this 11-point scale. The panel tasting took place in an air-
conditioned room (24°C), in five different sessions, on consecutive
days (one session for each wine); the session duration was∼30 min
for each judge. The judges tasted the samples in separate booths. During
each of the five sessions, each judge evaluated three vintages of the
same wine in three replications. Thus, every judge tasted nine glasses
of wine presented randomly during each session. Each judge had access
to the standard solutions when evaluating the samples and could rinse
his/her mouth with water and/or eat unsalted bread ad libitum to reduce
carry-over effects. All scorecards were collected at the end of each
session, and the average values, given by all seven judges for bitterness
and astringency of each sample, were used for the multivariate statistical
analysis.

Spectrophotometric Determinations. (a) EValuation of Copig-
mented Anthocyanin Content.The effect of copigmentation in the wines
was evaluated according to the method of Boulton (21,28), as already
described by Mazza et al. (29). The spectrophotometer was an HP 8453.
The different forms of anthocyanins were expressed in absorbance units
as copigmented anthocyanins (copg-ant), total anthocyanins (totA),
fraction of color due to copigmented anthocyanins (copg-frct), poly-
meric pigment content (PPC), and its fraction with respect to the total
color (PPf). The flavone content (flavc) and the total phenol content
(totP) were also determined.

(b) Polymeric Pigments and Tannin Assay.The absorbance of
monomeric pigments (MP), small polymeric pigments (SPP), large
polymeric pigments (LPP), and tannin content were determined using
the procedures developed by Harbertson et al. (30,31). The amount of
tannin in the wine was calculated using a calibration curve obtained
from the determination of 18 solutions of (+)-catechin ranging from
50 to 300 mg/L (R2 ) 0.99993).

Statistical Analysis. PCA was performed to examine differences
or groupings among the Marche wines by means of all the chemical
(absolute peak areas and absorbance units) and sensory data. PLS
regression was used to determine the extent to which the variance in
the sensory measures (astringent and bitter taste) and copigmented color
could be explained by the remaining variables. The data used for the
prediction of astringency and bitterness with PLS were the average
value given by all of the panelists to each sample. PCA and PLS were
performed using The Unscrambler v 7.6 (Camo Inc., Corvallis, OR).

RESULTS AND DISCUSSION

PCA. The data (samples and variables) used for the multi-
variate analysis are those reported inTables 1and2, in addition
to six unidentified components (cat1, cat2, cinn1, cinn2, cinn3,
and flav1) detected with the HPLC analysis and tentatively
identified by evaluating their UV-vis spectra (200-600 nm).

Figure 1. HPLC trace of monomeric phenols of Rosso Piceno Superiore, determined at a wavelength of 280 nm.
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Table 2. Estimation of Copigmentation, Color Content, Tannin, and Monomeric and Polymeric Pigments and Sensory Analysis of Wines

wine vintage

total
copigmented
anthocyanins

total
antho-
cyanins

flavone
content

total
phenols

at 280 nm

wine
absorbance
at 520 nm

fraction of
color due to
copigmented
anthocyanins

fraction of
absorbance

due to
polymeric

pigments at
520 nm

protein-
precipitated

tannina

large
polymeric
pigments

small
polymeric
pigments

monomeric
pigments

average
astringency

average
bitterness

L 1998 0.8 1.9 7.8 26.8 5.18 0.16 0.47 240 0.33 1.20 0.50 6.2 5.3
L 1998 0.3 2.1 8.1 27.2 4.72 0.06 0.49 326 0.25 0.86 0.50 6.0 8.0
L 1999 2.2 1.9 6.1 26.5 5.92 0.37 0.31 108 0.10 1.32 0.53 5.7 5.2
L 1999 1.4 2.3 6.8 31.3 5.58 0.26 0.33 114 0.10 1.04 0.50 3.3 3.7
L 2000 4.3 3.0 8.1 26.3 9.26 0.46 0.21 240 0.16 1.17 0.71 5.8 6.2
L 2000 3.2 3.3 8.4 25.0 8.47 0.38 0.23 362 0.19 0.79 0.72 5.0 5.7

C 1997 0.7 2.7 6.4 25.7 5.39 0.14 0.36 1063 0.75 1.02 0.39 7.3 6.9
C 1997 0.3 1.8 6.3 25.0 4.89 0.05 0.57 1012 0.72 0.69 0.43 8.5 7.5
C 1998 0.5 3.2 6.7 25.6 5.35 0.10 0.31 1230 0.82 1.03 0.40 7.7 5.7
C 1998 0.3 1.7 6.6 25.5 4.99 0.05 0.60 1172 0.74 0.69 0.41 9.0 4.3
C 1999 0.7 2.1 7.5 29.0 5.46 0.14 0.48 1147 0.64 0.95 0.41 6.8 6.7
C 1999 0.6 2.1 7.6 30.3 5.34 0.11 0.50 1008 0.57 0.62 0.43 8.5 5.8

V 1998 0.0 0.9 5.0 34.4 2.58 0.00 0.67 699 0.49 0.82 0.18 6.7 6.0
V 1998 0.0 0.9 4.9 31.4 2.58 0.00 0.67 659 0.40 0.49 0.18 4.7 5.7
V 1999 0.0 0.9 4.4 27.4 2.22 0.00 0.61 330 0.24 0.82 0.19 5.1 4.9
V 1999 0.0 0.9 4.4 25.7 2.17 0.00 0.60 343 0.23 0.50 0.20 3.0 4.3
V 2000 0.0 1.5 5.0 28.3 3.06 0.00 0.52 403 0.32 0.89 0.31 6.3 4.7
V 2000 0.0 1.4 4.8 25.8 2.94 0.00 0.53 409 0.28 0.56 0.33 4.7 5.7

S 1997 0.1 0.7 4.6 28.3 2.18 0.07 0.63 476 0.42 0.80 0.14 6.5 5.8
S 1997 0.1 0.8 4.4 27.7 2.17 0.06 0.59 433 0.27 0.49 0.16 6.5 6.5
S 1998 0.1 1.0 5.2 27.2 2.68 0.06 0.57 600 0.41 0.85 0.19 7.4 6.4
S 1998 0.2 1.0 5.0 29.7 2.57 0.07 0.55 660 0.29 0.52 0.22 5.5 5.8
S 1999 0.3 1.4 5.6 26.5 3.21 0.10 0.46 728 0.56 0.82 0.28 8.1 5.5
S 1999 0.2 1.4 5.6 28.9 3.13 0.06 0.49 724 0.32 0.51 0.29 6.5 6.0

R 1996 0.3 0.8 6.2 30.7 3.56 0.10 0.68 928 0.65 0.85 0.25 7.1 6.2
R 1996 0.0 1.3 6.7 28.3 3.26 0.00 0.66 897 0.52 0.57 0.26 7.3 4.7
R 1998 0.1 0.7 5.4 27.5 2.74 0.05 0.70 833 0.66 0.81 0.14 7.6 6.1
R 1998 0.0 0.8 5.5 29.0 2.65 0.00 0.70 956 0.61 0.48 0.18 7.7 2.0
R 1999 0.2 0.8 4.8 29.7 2.25 0.08 0.57 681 0.34 0.74 0.17 6.5 5.7
R 1999 0.0 0.9 4.9 31.6 2.18 0.01 0.58 642 0.29 0.47 0.19 8.7 3.3

a Tannin is reported in mg/L catechin equivalents.
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A representative chromatogram of monomeric phenols is
depicted in Figure 1. The 38 variables were analyzed by
univariate analysis of variance (ANOVA) to determine those
variables that statistically significantly differentiated among the
wines; 34 of the original 38 variables were significant using an
R ) 0.05 criterion (data not shown). Given that the number of
variables still exceeded the number of objects, the correlation
matrix for the variables was analyzed, and an additional nine
variables were eliminated as they were highly correlated with
other, retained variables (e.g., fructose was highly correlated
with glucose,r ) 0.99397, and was thus eliminated). The PCA
of the 25 variables across the 30 samples resulted in a four-
factor solution explaining 76% of the total variance. The number
of factors chosen was based upon the Scree plot and taking
into account the Kaiser criterion and the communality estimates.
The first two principal components explained 59% of the
variance, as shown inFigure 2a. This figure graphs the scores
of the samples according to these first two components and
overlays the loadings (the location in the PC space of the original
variables). The first principal component is positively correlated
with the organic acids, catechin, and pH and negatively
correlated with tannin, perceptual astringency, and gallic acid.
The second PC is positively correlated with unidentified
hydroxycinnamate derivative 2, total flavone content, and caffeic
acid.

Two groups of samples could readily be differentiated using
the first two principal components: The first group includes
the six samples (two replications of each of three vintages) of
Vernaccia (V98, V99, and V00) (bottom right quadrant). The
second group was formed by the six samples of Lacrima (L98,
L99, and L00) (upper right quadrant). The remaining wines,
namely, Rosso Conero (C98, C99, and C00), Rosso Piceno
(R96, R98, and R99), and Rosso Piceno Superiore (S97, S98,
and S99), were less well differentiated (left quadrants) in the
first two dimensions. As stated in the Introduction and under
Materials and Methods, Vernaccia and Lacrima are wines
obtained from their homonymous cultivars, which are unique
to their respective DOC areas. The remaining wines, however,
are produced from mixtures of the cultivars Montepulciano and

Sangiovese. Rosso Conero was well differentiated from Rosso
Piceno Superiore but not from Rosso Piceno. Rosso Piceno and
Rosso Piceno Superiore wines were poorly differentiated even
though different producers employing different technologies
vinified these wines in different areas. This poor separation may
be a result of leveraging of the data set due to the distinct
characteristics of Vernaccia and Lacrima. With regard to the
vintage effects, the samples of Lacrima were located in different
areas of the upper right quadrant; Vernaccia produced in 1998
was also well separated from its two other vintages. Note that
PCA cannot statistically differentiate among these groupings;
for that a canonical variates analysis would normally be run,
although there are too few objects here to do so.

With regard to the variable loadings, those variables of greater
importance (as assessed from the magnitude of their vectors)
included both chromatographic and spectrophotometric data.
Gallic acid (gall), total flavone content (flavc), lactic acid (lac),
and absorbance at 520 nm (A520) were among the most
important variables in explaining the variability among the
samples. The same figure also shows how the wine samples
were related to the variables. Lacrima was the most highly
colored wine, although it was poor in large polymeric pigments
(LPP). Malvidin 3-glucoside (M3G), small polymeric pigments
(SPP), and absorbance at 520 (A520) were all important
contributors to the final color of Lacrima. This color was also
strongly enhanced by a high content of copigmented anthocya-
nins (copg-ant and copg-frct were highly correlated with M3G
content and excluded from this PCA). Lacrima was also
extremely low in tannin content (Figure 2andTable 2).

Vernaccia is described as a sweet wine unlike Rosso Conero;
the latter is perceived as the bitterest wine among them all.
Rosso Piceno and Superiore are high in gallic acid, tannin, and
large polymeric pigments (LPP) and are thus associated with a
strong astringent sensation. Vernaccia is characterized by the
highest concentration of sugars; the average concentration of
fructose in Vernaccia is 18-40 times higher than that in the
remaining wines, whereas the concentration of glucose is 13-
23 times higher. This is due to the different production, as
Vernaccia is a red “spumante”-like wine.Figure 2b plots the

Figure 2. Principal component analysis of the Marche wines: (a) factor 1 versus factor 2 score plot; (b) factor 1 versus factor 3 score plot.
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third principal component (explaining 11% of the variance)
versus the first principal component (explaining 30% of the
variance). The Lacrima wines are again localized in the right
quadrants, but this time the 2000 vintage is not differentiated
from the 2000 vintage of Vernaccia. The Vernaccia samples
are localized to the upper right quadrant, and this time the Rosso
Conero samples (upper left quadrant) are more clearly dif-
ferentiated from the Rosso Piceno and Rosso Piceno Superiore
samples than they were in the first two dimensions (the
percentage of Montepulciano is similar in R and S). The
unidentified hydroxycinnamate derivatives cinn1 and caftaric
acid (caft) are highly positively loaded on PC3; the unidentified
hydroxycinnamate derivative cinn2 is highly negatively loaded
on PC3.

PLS Predictions of Sensory and Chemical Attributes.The
chemical measurements acquired were also used to predict the
astringency, the total copigmented anthocyanin content, and the
total absorbance at 520 nm of the wines using PLS regression
analysis; the most significant variables contributing to these
parameters have been characterized. As the ANOVA of bitter-
ness showed that it did not significantly differentiate among
the wines (p ) 0.1103, df) 4,10), there was no reason to create
a predictive model for bitterness.

The results obtained for astringency are shown inFigure 3a.
Astringency was positively correlated with protein-precipitable
tannin (tann), large polymeric pigments (LPP), gallic acid (gall),
and an unidentified catechin derivative (cat2) and negatively
correlated with catechin (catech) and organic acid (particularly
lactic acid, lac) content. The importance of these variables can
be seen in the correlation loadings plot (Figure 3b); these are
the variables contributing the most to the predictive model.
When these six variables (and the unidentified hydroxycin-
namate derivative cinn3) are used for a PLS regression, the

explained variance inY remains about the same (data not
shown). From this plot it is also clear that those factors indicative
of the color (e.g., absorbance at 520, total anthocyanin content,
etc.) are not correlated to perceptual astringency (with the
exception, of course, of the large polymeric pigment, which is
composed of an anthocyanin molecule bound to condensed
tannin). These variables are associated with PLS2, which
explains only 3% of the perceptual astringency variance.
Perceptual astringency was also negatively correlated with
fructose and glucose, implying that sugar content (i.e., perceptual
sweetness) decreased astringent sensation. The associated scores
plot (Figure 3c) indicates that the most astringent wines were
obtained from blends of Montepulciano and Sangiovese,
whereas the Lacrima and Vernaccia wines were less astrin-
gent.

It is interesting to note that both the PCA and PLS results
indicate that gallic acid is an important contributor to perceptual
astringency. Gallic acid, the monomeric phenolic subunit of the
hydrolyzable tannins, has been used as an astringent probe by
a variety of researchers (32, 33). The negative correlation of
catechin concentration to perceptual astringency is also of
interest; catechin’s oral sensation has been characterized as
“astringent” by a number of researchers (34, 35; compare ref
36), although catechin is not a chemical astringent. Similarly,
the negative correlation of the organic acids to perceptual
astringency found here may indicate that their associated oral
sensation is not actually astringency per se, although some
researchers have characterized it as so (e.g., ref37).

Anthocyanin copigmentation is considered to be an important
factor determining the intensity and stability of the color of red
wines, and its extent has not been evaluated in the wines from
Marche so far. The prediction of the content of copigmented
anthocyanins is shown inFigure 4a. The first two factors

Figure 3. (a) Partial least-squares prediction of astringency (astr). (b) Correlation loadings for astringency (astr). (c) Score plot for astringency.
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accounted for 93% of the variance inY. The content of
copigmented anthocyanins was positively correlated with mal-
vidin 3-glucoside (M3G), pH, absorbance at 520 nm (A520),
unidentified catechin derivative 1, and, of course, the fraction
of color due to copigmented anthocyanins (copg-frct). The
purple color of the wine (A520) was also highly correlated with
the content of copigmented anthocyanins. The copigmented
anthocyanins were also associated with the total phenols (totP),
but inversely correlated with tannin (tann), large polymeric
pigments (LPP), and the fraction of color due to polymeric
pigments (PPf), showing that polymeric phenols are not involved
in copigmentation.

Whereas the concentration of quercetin (qu) and total flavone
content (flavc), putative important cofactors, were not closely
associated with the content of copigmented anthocyanin on the
loadings plot (Figure 4b), the correlation loadings plot indicates
that both are indeed important for the predictive model. Also
of importance to the predictive model were the absorbance at
520 nm (A520), the malvidin 3-glucoside content (M3G), the
total anthocyanin content (totA), the content of monomeric
pigments (MP), and the fraction of color due to polymeric
pigments (PPf). As is evident from the scores plot (Figure 4c),
Lacrima was the wine with the highest value of copigmented
color, whereas copigmentation in Vernaccia, Rosso Piceno, and
Rosso Piceno Superiore was negligible. Both Lacrima and
Vernaccia were characterized by the lowest tannin content
among the wines (231 and 474 mg/L catechin equiv, respec-
tively), but Lacrima showed the highest content of monomeric
pigments and flavones and the lowest content of large polymeric
pigments among the wines. This peculiar composition of
Lacrima produced a high copigmentation value not only in the
new wine but also in the wine aged for 3 years (L98); the final
color of this wine was still purple-red. The color of Vernaccia
was less purple even in the most recent vintage, and its fraction

of copigmented color was negligible, probably due to its low
flavone content or anthocyanin structure. Rosso Conero showed
the highest concentration of tannin and a high content of LPP,
SPP, and monomeric pigments. Rosso Piceno was characterized
by a low content of total and copigmented anthocyanins; thus,
the color was due to polymeric pigments (the fraction of color
due to polymeric pigments was the highest among the wines).
With regard to the color of wines produced in different vintage
years, the most important evidence is the lower anthocyanin
content in the older wines. These data were confirmed by the
HPLC determination of malvidin 3-glucoside. This trend is
exhibited in all of the wines except Rosso Conero, possibly
because of its high concentration of polymeric pigments and
tannins that prevented oxidation of its pigments. The polym-
erization of anthocyanins into tannin affected copigmentation;
the fraction of copigmented anthocyanins decreased, whereas
the fraction of color due to the polymeric pigments usually
increased (except in Rosso Conero, which showed a constant
value regardless of age). With regard to the flavones, they
showed different behaviors according to the type of wine: their
concentration was lower in Superiore of older vintages; in Rosso
Piceno, however, flavones were higher in older vintages; in all
of the other wines flavones were variable, probably due to the
weather and climatic conditions during ripening of grapes.
Polymeric pigments were higher in the older vintages of Lacrima
and Rosso Piceno, demonstrating anthocyanin polymerization,
but were lower in Superiore. The changes in the concentration
of total phenols remain very difficult to interpret.

The main wavelength contributing to the final red color
intensity of wines is∼520 nm. Thus, the wine absorbance at
520 nm was modeled using the instrumental data; seeFigure
5a. Not surprisingly, A520 was positively correlated with total
anthocyanin content (totA), monomeric pigment content (MP),
malvidin 3-glucoside content (M3G), and copigmented antho-

Figure 4. (a) Partial least-squares prediction of copigmented anthocyanin content. (b) Correlation loadings for copigmented anthocyanin content. (c)
Score plot for copigmented anthocyanin content.
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cyanins (copg-ant). Interestingly, the fraction of the 520 nm
absorbance due to polymeric pigments (PPf) was negatively
correlated to A520.Figure 5b, the correlation loadings plot,
shows those variables of greatest importance to the predictive
model; note that the flavones (quercetin, unidentified flavone
1, and total flavone content) are all important variables, in
addition to those identified from the loadings plot (Figure 5a).
The scores plot (Figure 5c) confirmed that the Lacrima wines
had the greatest absorbance at 520 nm, followed by the Rosso
Conero wines.

These results showed that the five DOC wines from Marche
could be distinguished by several analytical components. The
influence of the cultivar (or blend of cultivars) used for the
winemaking was more important than the vintage year. The
different phenolic compositions of the wines and the age of the
wine had a deterministic influence on the extent of copigmen-
tation. The PLS analysis relating analytical components to
perceptual attributes could account for 72% of the measured
panel astringency. Ninety-three percent of the variability of the
measured copigmented color and 98% of the wine absorbance
at 520 nm could be accounted for by the chemical determina-
tions.

ABBREVIATIONS USED

A520, wine absorbance at 520 nm; acet, acetic acid; astr,
astringency, caff, caffeic acid; caft, caffeoyltartaric acid; cat1,
cat2, unidentified catechin derivatives with maximum absor-
bance at 280 nm; catech, catechin; cinn1, cinn2, cinn3,
unidentified hydroxycinnamic derivatives with maximum ab-
sorbance at 315 nm; copg-ant, total copigmented anthocyanins;
copg-frct, fraction of color due to copigmented anthocyanins;
et, ethanol; flavc, flavone content; flav1, unidentified flavonol
derivative with maximum absorbance at 365 nm; fr, fructose;

gall, gallic acid; gcff, 2-S-glutathionylcaffeic acid; gcft, 2-S-
glutathionylcaftaric acid; glu, glucose; glyc, glycerol; lac, lactic
acid; LPP, large polymeric pigments; M3G, malvidin 3-gluco-
side, mal, malic acid; MP, monomeric pigments; PPC, absolute
absorbance due to polymeric pigments at 520 nm; PPf, fraction
of absorbance due to polymeric pigments at 520 nm; qu,
quercetin; SPP, small polymeric pigments; succ, succinic acid;
tann, protein-precipitated tannin; tar, tartaric acid; totA, total
anthocyanins; totP, total phenols at 280 nm.
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