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Abgtract

Differencesin color of red winesfrom Vitisvinifera L. cv. Merlot and Pinot Noir grapes (vintage 2005, winemaking center Recas) were examined
during the course of aging in bottle for aperiod of two years. The parameters evaluated in our study included chromatic parameters (color intensity
and tonality), color structure (color due to monomeric anthocyanins, polymeric pigments and copigmented anthocyanins), monomeric anthocyanins
content, “chemical age” and ionization of anthocyaninsfor red winesasyoung and after 4, 10, 18 and 24 months of aging in bottle. During the aging,
the color intensity decreased and the tonality increased. The highest value of color intensity wasregistered for the young red wine Merlot (8.708) and
thelowest valuesfor Pinot Noir aged for 24 months (6.611). For color tonality, the highest value was recorded for Merlot wine after ageing in bottles
for 24 months (0.96) and the smallest for young red wine Merlot (0.64). During the course of aging in bottle, the monomeric anthocyanins content
decreased from 179.44 to 122.29 mg L for Merlot wine and from 132.81 to 85.72 mg L™ for Pinot Noir. By ageing, the fraction of color due to
polymeric pigment increased on the basis of decreasing of color percentage due to monomeric and copigmented anthocyanins. Percentage of color
assigned of copigmented anthocyanins after ageing in bottlesfor 24 months decreased for both analyzed winesfrom 22.71%to 10.87% for Pinot Noir
wine and from 35.49% to 19.19% in the case of Merlot wine. Pinot Noir aged in bottle for 24 months showed the greatest contribution of polymeric
pigments (67.96%) to thewine color. The” chemical age” of thewines, assessed onthebasisof |, and |, indices, increased for both analyzed red wines
but in different manner according to the color stabilization phenomenon. The values of these indices are very different in rapport with grapes

variety and the aging time. Theresultsareimportant in anticipation of the red wine color evolution during the course of aging. It outlinestheideathat

thered wine color can beinfluenced by the choosing of the aging time.
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Introduction

The color of red winesisone of themost important qualitiesyet it
has proven itself to be one of the most poorly understood. The
color of red winederivesfrom the phenolic class of anthocyanidins
and has been elusive to define because it is controlled by many
factors, among the moreimportant being grape variety, oenological
treatments, temperature and aging period. Also, abigimportance
on the color of red wines presents the anthocyanins content,

copigmentation phenomenon, procyanidins, acetaldehyde, free
bisulfite, acids, polymeric pigments and tannins content & 72,
Thislevel of complexity makesred wine color bothintriguing and
difficult to understand. Bottle aging of red wineisaresult of many
chemica reactions taking place over time. Over 30 years ago

Somers observed as red wines aged they went through a change
in spectral characteristics ¢. Malvidin-3-glucoside, the most

abundant anthocyanin, principally responsiblefor wine'sred color
had declined over time© 1318, The remaining col ored compounds
had unknown structures but were defined by their ability toresist
bleaching bisulfite and became known as polymeric pigment. Work
over thelast thirty yearstrying to define the chemical structures
of polymeric pigments has yielded very few conclusive results.

Some of the results demonstrated that anthocyanins are not lost
during wine aging; in fact, anthocyanins form covalent adducts
with tannin, undergo derivatization by keto-acidsand arelinked
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to tannins by acetaldehyde. Asawine ages, this process of direct
condensation causes anthocyanidin pigment to accumulate in
the polymeric form, leading toimproved color stability. Polymeric
pigmentsareknown to have different characteristicsthan malvidin-
3-glucoside. They areresistant to bisulfite bleaching and are not
as pH dependent as malvidin-3-glucoside. These two combined
features spawned theterm “ stable color”. The polymeric pigment
is more resistant to the change in pH than total
anthocyanins & 1219, Somers estimated that polymeric pigments
retained morethan 50% of their maximum color at wine pH, whereas
anthocyanins only retained about 23% of their color ¥. This
demonstratesthat at wine pH asignificant portion of the color is
coming from polymeric pigment. Copigmented anthocyaninsare
the complexesthat result by reaction between anthocyanins and
copigments molecules or co-factors. Co-factors are colorless
compounds that when added to a solution containing
anthocyanins will act to enhance the color of the solution. This
phenomenon causes a hyperchromic effect and a bathochromic
shift. The most important copigmentsin wine are expected to be
flavan-3-ols and flavanols, hydroxycinnamic acids and even
anthocyanin molecules? 3, Aswine ages the free anthocyanins
react to form polymeric pigments, this shifts the equilibrium to
replenish free anthocyanins by releasing them from the
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copigmented stacks. Therefore, as wine ages the stacks tend to
break-up and co-pigmentation decreases as a result of this
equilibrium . During aging of the wine in bottles structural
changestake place, and one of the most studied of those changes
concernsred winecolor evolution. Intheageingtime, it hasbeen
demonstrated that initially present grape pigments slowly turn
into new more stablered pigments. This phenomenon goeson for
weeks, months and years * 5. On this basis, we investigated the
changes of chromatic characteristics of red wine storedin bottles
with theaging timesinceaging in bottleisavery important stepin
red wine manufacture and great physical and chemical changes
take place during this period.

Material and Methods

Samples. Red wines of Merlot (M) and Pinot Noir (PN) were
obtained in winemaking center Recas (Western part of Romania)
from the grapes harvested in 2005. Five red wine categorieswere
investigated: young wines (0-M and 0-PN) and wines aged in

bottlesat 18°C and kept inthedark for 4, 10, 18 and 24 months: 4-
M, 4-PN, 10-M, 10-PN, 18-M, 18-PN, 24-M, 24-PN. The storage
areafor winemust bedark because ultraviolet (UV) light will damage
wine by causing the degradation of otherwise stable organic

compoundsfound in red wine. Theinitial wines (0-M and O-PN)
were el aborated following the same winemaking techniques.

Determination of chromatic parameters: Chromatic parameters
were determined according to Gloriesmethod 5. The color intensity
(IC), expressed in AU-absorbance units, was given by the sum of
the absorbanceto 420, 520 and 620 nmor A ., A, andA . The
color tonality or hue (T) was expressed by theratio of theA ,, and

A_,- Chromatic structure of wine was expressed by the yellow,
red and blue pigment contribution (%) to the red wine color.

Red wine color analysis: Color analysis was done
spectrophotometrically in accordance with Boulton's method 3
using the UV-V I S spectrophotometer (Anaytic Jena Specord 205).
For each wine the following parameters were measured by
spectrophotometric assay: fraction of color due to monomeric
anthocyanins (MA), copigmented anthocyanins (CA) and
polymeric pigments (PP).

The sampleswerefiltered and the wine pH was adjusted to 3.60
beforeanalysis, 0.1 mL of 10% (v/v) acetaldehyde was added to
5.0mL of wineand after 45 min at room temperaturethe absorbance
wasmeasured at 520 nmin almm cuvette. Reading was multiplied

CH,CHO

by10.2. Thisis A.,,°  ~and represents the total color of the

wine. To another 5.0 mL of wine, 0.1 mL of 3% potassium
metabisulfite was added, and then the value of absorbance was
measured at 520 nminal mm cuvette. Reading wasmultiplied by

10.2. Thisis A;)OZ and represents the color due to polymeric
pigments.

For co-pigmentation eval uation, to a 10 mm cuvette containing
1.9 mL of buffer, 0.1 mL of winewas added and after 10 minutes
the value of absorbance was measured at 520 nm. Reading was
multiplied by 20. This is A% and represents the color due to
monomeric and polymeric pigments. The difference

CH,CHO

Acoo ~A,, represents the color due to copigmented
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anthocyanins and the difference AZO—A5S(2)02 the color due to

monomeric anthocyanins. The percentage of each fraction of
pigment color assigned was cal cul ated astheratio of color dueto
thefractionin question and thetotal wine color multiplied by 100.

Evaluation of “ chemical age” : Evaluation wasdoneon thebasis
of twoindices|, and |, according to Somersand Evans method *°.

To 0.1 mL of wine, 10 mL of 1 N HCI was added and the value of
absorbance was measured at 520 nm in a 10 mm cuvette after 60

minutes. Reading wasmultiplied by 101. Thisis Ag'z%' .AtthispH,

al anthocyanins are in flavilium form. Somers and Evans
proposed the following relationships for “chemical age”

so, )
. 520 Asog
evaluation: |,= CH,CHO andl = AHC
520
520

Determination of anthocyanin ionization degree: The o (%)
gives a measure of the amounts of monomeric anthocyaninsin
thered colored form (carboniumion) and was cal cul ated as:

SO
A —A_ 2
~ 520(pH =3.6) 11520

acl 5,80,
As20 ~3*Asz0

(%) x100

The A520(pH —36) Can be obtained by adjusting the wine pH to

3.6 and measuring the absorbance at 520 nm 6, In accord with

SO
Bakker etal.?, theg x A 5202 term represents the absorbance due
to polymeric pigmentsat pH =1.

Determination of total monomeric anthocyanins content: Total
monomeric anthocyanins were quantified by the pH-differentia
method 4 Anthocyanin pigments undergo reversible structural

transformationswith achangein pH. The colored oxoniumform
predominatesat pH = 1.0 and the colorlesshemiketa form at pH=4.5.
The anthocyanin content (mg L) was calculated as cyanidin-3-
glucoside.

Resultsand Discussion

For simpleand total characterization of Merlot and Pinot Noir red
wine color, on the basis of optic densities at bandwidth
characteristics, we foresaw a series of indices, out of which we
recall color intensity, color tonality or hue and the chromatic
structure expressed by the weight of every color. Red wine color
can be evaluated by adding the three components: red, yellow
and blue. Theyellow component (bsorbanceto420nmorA ) is
ascribed to tannin and anthocyanin degradation products. The
red component (A_,) is ascribed to the free anthocyanins under
flavilium cationsform and anthocyanins-tanninscombinationsin
older wines. The blue component (A_,) is ascribed to free
anthocyanins under the chinonic form or combinations between
tannins and anthocyanins'.

Table 1 shows the chromatic structure obtained by Glories
method. During the wine aging, the percentage of color due to
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Table 1. Thechangesin the chromatic parameters of red winesduring the course

Table2. Dynamicsof red wines color

of aging. structure during the course of
Wine Chromatic structure i agingin bottle.
sample Ao Asx Ag IC T (%) (%) (%) Wine type PP (%) MA (%) CA (%)

yellow red blue 0-M 10.33 54.18 35.49

0-M 3.117 4.808  0.693 8.708  0.64 35.79 56.25  7.96 4-M 18.71 48.92 3237
4-M 3.184 4476  0.705 8365  0.71 38.06 53.51 843 10-M 27.96 43.88 28.16
10-M 3.352 3973 0.713 8.038  0.84 4170 4943  8.87 18-M 44.55 32.68 22.77
18-M 3.449 3831 0724  8.004 090  43.09 4786  9.05 24-M 53.99 26.82 19.19
24-M 3.528 3.671 0742 7.941 096  44.43 4623  9.34 0-PN 26.68 50.61 22.71
0-PN 2711 3979 0512 7202 0.68 37.64 5525 711 4-PN 34.39 46.16 19.45
4-PN 2.749 3.647 0519 6915 075 39.75 5274 751 10-PN 511 32.52 16.38
10-PN 2777 3353 0536  6.666  0.83 41.66 50.30  8.04 18-PN 53.8 34.17 12.03
18PN 2832 3278 0548  6.658  0.86  42.54 4923 823 24-PN 67.96 21.17 10.87
24-PN_ 2.903 3119 0589  6.611 093 43.91 47.18 891

yellow component increased and the fraction of color dueto red
component decreased, but the chromatic structure was more
equilibrated in the aged red wines. The blue component participates
tothered wines color inlow measure (in therange of 7.96-9.34%
for Merlot and 7.11-8.91% for Pinot Noir wine). In the case of
young red wines, the largest share of color is attributed to red
componentsand the yellow component contributed with lessthan
40% to thered winecolor. It can be said that during aging thered
wine color components recorded changes: the val ues registered
for A_,, decreased, accompanied by increasing of A, and A .

The highest values of color intensity were registered in the case
of young red wines, in particular, for the Merlot young red wine
(8.708). The smallest values for |C were observed for aged red
wines(for 18-PN thelC valuewas6.611). Theresults presentedin
Table 1 reveal the fact that the color intensity drops for aged red
wines, whilethewinecolor hueintensifies. ThelC diminuationis
dueto the disappearance of monomeric anthocyaninsin theaging
time. In this phase, dueto thefact that A, isincreasing and A,
isdecreasing, the color tonality isemphasized, so that it increased
from 0.64 and 0.68, valueswhich correspond to young red wines
0-M, respectively 0-PN, to 0.96 and 0.93, values corresponding to
wines aged for 24 months. The decrease of A_,, is due to

condensed tannins precipitation.

The decrease of monomeric anthocyanins content in the aging
timeisshownintheFigs. 1 and 2. The monomeric anthocyanins
content decreased from 179.44 to 122.29 mg L* for Merlot wine
andfrom 132.81t085.72 mg L for Pinot Noir wine.

Total wine color was an aggregate number of three components:
copigmentation, free anthocyanins or monomeric anthocyanins
and polymeric pigment (Table 2). The contribution to color dueto
copigmented anthocyanins in these aged red wines remained at
19.19% for 24-M and 10.87% for 24-PN and monomeric
anthocyanins at 26.82% for 24-M and 21.17% for 24-PN. From

these data results that during aging the fraction of color due to
polymeric pigments increased. In paralel, the color assigned
monomeric and copigmented anthocyanins decreased with aging
time advance. In this period, the monomeric anthocyanins turn
into polymeric anthocyanins with different molecular mass. In
practice, the phenomenon of red wine color evolutionisknown as
the aging of wine 6, These changes are attributed to the red wine
color stabilization.

The color stabilization can be attributed to diminishing of
monomeric and copigmented anthocyanin contents. As a result
of these changes the combinations between tannin and
anthocyanins, polymeric pigments and intermolecular
associationsthat have red color appear. The polymeric pigments
are very stable compounds responsible for color of aged red
wine +10. 13 Copigmented anthocyanins are the complexes that
result by reaction between anthocyanins and copigment
molecules. This phenomenon causes an enhancement of young
red wine color due to the association of anthocyanins with co-
factors with the effect of a bathochromic and a hyperchromic
shift. These associations cause the pigmentsto exhibit far greater
color than it would be expected from their concentration 2 16, The
small value of copigmented anthocyanins in the case of 0-PN
(22.71% comparatively with 34.49% registered for 0-M) isdueto
thespecificsof Pinot Noir grape variety that containsalittleamount
of cofactor (especially flavan-3-olsand flavanols). From Table 2 it
can be observed that the copigmented anthocyanins are
destroyed by ageing. The co-pigmented anthocyanins also act as
areservoir for free flavylium ion, and we see a decrease in the
contribution of co-pigmentation to color over time. Therefore, as
wine ages the stacks tend to break-up and co-pigmentation
decreases asaresult of thisequilibrium 2. The polymeric pigments
arepresent in alow measurein the young red wine Merlot (10.33)
and their contribution to the total red wine color increases with

aging inthebottle. Thetimefor color stabilization
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Figure 1. Evolution of monomeric
anthocyanins content during the course of
Merlot wineaging.
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Agingtime(months)
Figure 2. Evolution of monomeric
anthocyanins content during the course
of Pinot Noir wineaging.

isdifferent inrapport with grape variety, maturation
and ageing conditions *>%4, Lower degree of

copigmentation identified for Pinot winesisdueto
the grapes of this variety which contain a small

quantity of cofactor 2. Percentage of color assigned
copigmented anthocyanins after ageing in bottles
for 24 months decreases for both analyzed wines
from 22.71%t0 10.87% for Pinot Noir wineand from
35.49% t0 19.19% in the case of Merlot wine. By
aging of Pinot Noir wine, the color dueto polymeric
pigmentsincreased until 67.96%. From these data

Journal of Food, Agriculture & Environment, Vol.8 (2), April 2010



it resultsthat the Pinot Noir color ismore stablethanthat of Merlot.
Merlot requires more ageing time for color stabilization. This
process could be extended during several months or even years.
From the data presented in the Tables 1 and 2 we can see that by
ageing the decrease of color intensity was correlated with the
diminishing of copigmented and monomeric anthocyanins.

Fig. 3and 4 present the“chemical age” evolution registered by
ageing wine. Theso-called” chemical age’ of winewasquantified
by twoindices, I, and . Theratiosare closeto zero in new wine,
but increase to about 1.0 and 0.9, respectively, for wines older
than 10 years . Based on the |, values the contribution of
polymeric pigments to total red wine color can be appreciated.
For theyoung wines, |, and |, showed reduced valuesfor both 0-
M and 0-PN wines and, once with the ageing the value of these
indicesreached to 0.54 and 0.51, for 24-M 0.68 and 0.64 for 24-PN.
These data show that after 24 months of aging, the color due to
polymeric pigments represents 54% from the total wine color for
wine Merlot and 68% for wine Pinot Noir. On the basis of |,
values, the color due to polymeric pigments represents 22-51%
fromthe color of anthocyaninsin flavilium form for Merlot wine
and 32-64%for Pinot Noir. Onthe basisof theseindices, it can be
observed the gradual conversion of monomeric anthocyaninsto
polymericformin relationto wineaging.
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Figure3. Evolution of “chemical age” indices
for Merlot during aging in bottle.

08

0.68

o

N

1
o
R

0.58

o
[<2]
1

0.53
0.51 048

(=)
[$)]
1

n
1

032 034
0.27

"Chemical age" index
o o
w
1

o o
= N
1 1

0 T T T T —1
0-PN 4-PN 10-PN  18-PN 24-PN

Figure4. Evolution of “chemical age” indices
for Pinot Noir during agingin bottle.

Fig. 5 shows that in the ageing time the degree of pigment
coloration (o) registered asignificant increasefrom 46.79% for O-
M to 75.37%for 24-M and from 33.545for 0-PN to 68.19for 24-PN.
Thisvalueindicates the percentage of anthocyaninsfound in the
flavilium or ionized form, being associated with the power of
anthocyanin coloration.
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Figure 5. The changes of degree of anthocyanin ionization from
Merlot and Pinot Noir wine during the course of aging.

Conclusions

The color components of red wines were changed during the
aging: the percentage of color dueto polymeric pigmentsincreased
and dueto monomeric and copigmented anthocyanins decreased.
The polymeric pigments, that are prevalent in the aged wines, are
the stable color compounds. Along with the aging process
forward, the proportion of yellow pigments contributed most to
thetotal wine color, whilered pigments contribution was reduced.
During the ageing of both Merlot and Pinot Noir red wines, the
color intensity decreased and the tonality increased.The
magnitude of these changes is influenced by the grapes variety
and the aging time. The color intensity is correlated with

guantitative variation of free anthocyanin content. For young

Merlot and Pinot Noir red wines, copigmentation seemsto result
in both a higher pigment concentration and an enhancement in
the color of those pigments. The "chemical age” of the wines
assessed onthebasisof |, and |, indices proportionally increases
with the color evolution of red wineto form more stable chemical
structure. From these data we can say that red wine color

stabilization involves transformation of free anthocyanins into
polymeric forms. Thisprocess can continuewith increasing aging
time. The class of monomeric anthocyanins participates in the
highest measure to the young red wines color and their

contribution decreases in rapport with the aging time.

Polymerization reactions of anthocyanins prevailed over pigment
degradation reactions, and copigmentation was still relevant after
two yearsof bottle aging. These might provide asubstantial basis
for the further researches on control of wine color during

winemaking.
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