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Abstract
Differences in color of  red wines from Vitis vinifera L. cv. Merlot and Pinot Noir grapes (vintage 2005, winemaking center Recas) were examined 
during the course of aging in bottle for a period 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 anthocyanins for red wines as young 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 was registered for the young red wine Merlot (8.708) and 
the lowest values for 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-1 for Merlot wine and from 132.81 to 85.72 mg L-1 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 bottles for 24 months decreased for both analyzed wines from 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 the wine color. The ”chemical age” of the wines, assessed on the basis of I

1
 and I

2
 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. The results are important in anticipation of the red wine color evolution during the course of aging. It outlines the idea that 
the red wine color can be influenced by the choosing of the aging time. 
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Introduction
The color of red wines is one of the most important qualities yet it 
has proven itself to be one of the most poorly understood. The 
color of red wine derives from the phenolic class of anthocyanidins 
and has been elusive to define because it is controlled by many 
factors, among the more important being grape variety, oenological 
treatments, temperature and aging period. Also, a big importance 
on the color of red wines presents the anthocyanins content, 
copigmentation phenomenon, procyanidins, acetaldehyde, free 
bisulfite, acids, polymeric pigments and tannins content 6, 7, 9, 20.
This level of complexity makes red wine color both intriguing and 
difficult to understand. Bottle aging of red wine is a result of many 
chemical reactions taking place over time. Over 30 years ago 
Somers observed as red wines aged they went through a change 
in spectral characteristics 16. Malvidin-3-glucoside, the most 
abundant anthocyanin, principally responsible for wine’s red color 
had declined over time 10, 13, 18. The remaining colored compounds 
had unknown structures but were defined by their ability to resist 
bleaching bisulfite and became known as polymeric pigment. Work 
over the last thirty years trying 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-acids and are linked 

to tannins by acetaldehyde. As a wine ages, this process of direct 
condensation causes anthocyanidin pigment to accumulate in 
the polymeric form, leading to improved color stability.  Polymeric 
pigments are known to have different characteristics than malvidin- 
3-glucoside. They are resistant to bisulfite bleaching and are not 
as pH dependent as malvidin-3-glucoside. These two combined 
features spawned the term “stable color”. The polymeric pigment 
is more resistant to the change in pH than total 
anthocyanins 8, 12, 19. Somers estimated that polymeric pigments 
retained more than 50% of their maximum color at wine pH, whereas 
anthocyanins only retained about 23% of their color 17. This 
demonstrates that at wine pH a significant portion of the color is 
coming from polymeric pigment. Copigmented anthocyanins are 
the complexes that 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 copigments in wine are expected to be 
flavan-3-ols and flavanols, hydroxycinnamic acids and even 
anthocyanin molecules 2, 3, 11. As wine 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 11. During aging of the wine in bottles structural 
changes take place, and one of the most studied of those changes 
concerns red wine color evolution. In the ageing time, it has been 
demonstrated that initially present grape pigments slowly turn 
into new more stable red pigments. This phenomenon goes on for 
weeks, months and years 1, 15. On this basis, we investigated the 
changes of chromatic characteristics of red wine stored in bottles 
with the aging time since aging in bottle is a very important step in 
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 categories were 
investigated: young wines (0-M and 0-PN) and wines aged in 
bottles at 18°C and kept in the dark 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 
area for wine must be dark because ultraviolet (UV) light will damage 
wine by causing the degradation of otherwise stable organic 
compounds found in red wine. The initial wines (0-M and 0-PN) 
were elaborated following the same winemaking techniques. 

Determination of chromatic parameters: Chromatic parameters
were determined according to Glories method 5. The color intensity 
(IC), expressed in AU-absorbance units, was given by the sum of 
the absorbance to 420, 520 and 620 nm or A

420
, A

520
 and A

620
. The 

color tonality or hue (T) was expressed by the ratio of the A
420

 and 
A

520
. 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-VIS spectrophotometer (Analytic 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 samples were filtered and the wine pH was adjusted to 3.60 
before analysis, 0.1 mL of 10% (v/v) acetaldehyde was added to 
5.0 mL of wine and after 45 min at room temperature the absorbance 
was measured at 520 nm in a 1mm cuvette. Reading was multiplied 

by10.2. This is 
CHO3CH

520A 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 nm in a 1 mm cuvette.  Reading was multiplied by 

10.2. This is 2SO
520A  and represents the color due to polymeric 

pigments. 
    For co-pigmentation evaluation, to a 10 mm cuvette containing 
1.9  mL of buffer, 0.1 mL of wine was added and after 10 minutes 
the value of absorbance was measured at 520 nm. Reading was 
multiplied by 20. This is A20 and represents the color due to 
monomeric and polymeric pigments. The difference 

2− 20A
CHO3CH

520A −

 represents the color due to copigmented 

anthocyanins and the difference 2SO
520A-20A  the color due to 

monomeric anthocyanins. The percentage of each fraction of 
pigment color assigned was calculated as the ratio of color due to 
the fraction in question and the total wine color multiplied by 100. 

Evaluation of “chemical age”: Evaluation was done on the basis 
of two indices I

1
 and I

2
, according to Somers and Evans method 16.

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

minutes. Reading was multiplied by 101. This is HCl
520A .. At this pH, 

all anthocyanins are in flavilium form. Somers and Evans 15

proposed the following relationships for “chemical age” 

evaluation: I
1
= 520A
= CHO3CH

520A

2SO
520A

 and I
2
=

SO
520A

= HCl
520A

2SO
520A

3.

Determination of anthocyanin ionization degree: Τhe α (%) 
gives a measure of the amounts of monomeric anthocyanins in 
the red colored form (carbonium ion) and was calculated as: 

The 3.= 6)520(pH
A

=

 can be obtained by adjusting the wine pH to 

3.6 and measuring the absorbance at 520 nm 16. In accord with 

Bakker et al. 1, the 
3

5 2
SO

520
A  term represents the absorbance due 

to polymeric pigments at pH =1. 

Determination of total monomeric anthocyanins content: Total 
monomeric anthocyanins were quantified by the pH-differential 
method 4 Anthocyanin pigments undergo reversible structural 
transformations with a change in pH. The colored oxonium form 
predominates at pH = 1.0 and the colorless hemiketal form at pH=4.5. 
The anthocyanin content (mg L-1) was calculated as cyanidin-3- 
glucoside.

Results and Discussion
For simple and 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. The yellow component (absorbance to 420 nm or A

420
) is 

ascribed to tannin and anthocyanin degradation products. The 
red component (A

520
) is ascribed to the free anthocyanins under 

flavilium cations form and anthocyanins-tannins combinations in 
older wines. The blue component (A

620
) is ascribed to free 

anthocyanins under the chinonic form or combinations between 
tannins and anthocyanins14.
   Table 1 shows  the chromatic structure obtained by Glories 
method. During the wine aging, the percentage of color due to 

100

2
SO

520
A

3

5HCl
520

A

2
SO

520
A

3.6)520(pH
A

%
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yellow component increased and the fraction of color due to red 
component decreased, but the chromatic structure was more 
equilibrated in the aged red wines. The blue component participates 
to the red wines color in low measure (in the range 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 
components and the yellow component contributed with less than 
40% to the red wine color. It can be said that during aging the red 
wine color components recorded changes: the values registered 
for A

520
decreased, accompanied by increasing of A

420
 and A

620
.

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 IC were observed for aged red 
wines (for 18-PN the IC value was 6.611). The results presented in 
Table 1 reveal the fact that the color intensity drops for aged red 
wines, while the wine color hue intensifies. The IC diminuation is 
due to the disappearance of monomeric anthocyanins in the aging 
time. In this phase, due to the fact that A

420
 is increasing and A

520

is decreasing, the color tonality is emphasized, so that it increased 
from 0.64 and 0.68, values which 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

520
 is due to 

condensed tannins precipitation. 
   The decrease of monomeric anthocyanins content in the aging 
time is shown in the Figs. 1 and 2. The monomeric anthocyanins 
content decreased from 179.44 to 122.29 mg L-1 for Merlot wine 
and from 132.81 to 85.72 mg L-1 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 due to 
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 parallel, 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 evolution is known as 
the aging of wine 16. 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 
associations that have  red color appear. The polymeric pigments 
are very stable compounds responsible for color of aged red 
wine 1, 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 pigments to exhibit far greater 
color than it would be expected from their concentration 2, 3, 16.The
small value of copigmented anthocyanins in the case of 0-PN 
(22.71% comparatively with 34.49% registered for 0-M) is due to 
the specifics of Pinot Noir grape variety that contains a little amount 
of cofactor (especially flavan-3-ols and flavanols). From Table 2 it 
can be observed that the copigmented anthocyanins are 
destroyed by ageing. The co-pigmented anthocyanins also act as 
a reservoir 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 as a result of this equilibrium 3. The polymeric pigments 
are present in a low measure in the young red wine Merlot (10.33) 
and their contribution to the total red wine color increases with 

aging in the bottle. The time for color stabilization 
is different in rapport with grape variety, maturation 
and ageing   conditions 12, 14. Lower  degree of
copigmentation identified for Pinot wines is due to 
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% to 10.87% for Pinot Noir wine and from 
35.49% to 19.19% in the case of Merlot wine. By 
aging of Pinot Noir wine, the color due to polymeric 
pigments increased until 67.96%. From these data 

Chromatic structure 
Wine 

sample 
A420 A520 A620 

 

IC 

 

 

T 

 
(%)  

yellow 

(%) 

red 

(%) 

blue 

0-M 3.117 4.898 0.693 8.708 0.64 35.79 56.25 7.96 

4-M 3.184 4.476 0.705 8.365 0.71 38.06 53.51 8.43 

10-M 3.352 3.973 0.713 8.038 0.84 41.70 49.43 8.87 

18-M 3.449 3.831 0.724 8.004 0.90 43.09 47.86 9.05 

24-M 3.528 3.671 0.742 7.941 0.96 44.43 46.23 9.34 

0-PN 2.711 3.979 0.512 7.202 0.68 37.64 55.25 7.11 

4-PN 2.749 3.647 0.519 6.915 0.75 39.75 52.74 7.51 

10-PN 2.777 3.353 0.536 6.666 0.83 41.66 50.30 8.04 

18-PN 2.832 3.278 0.548 6.658 0.86 42.54 49.23 8.23 

24-PN 2.903 3.119 0.589 6.611 0.93 43.91 47.18 8.91 

Table 1. The changes in the chromatic parameters of red wines during the course 
of aging. 

Wine  type PP (%) MA (%) CA (%) 

0-M 10.33 54.18 35.49 

4-M 18.71 48.92 32.37 

10-M 27.96 43.88 28.16 

18-M 44.55 32.68 22.77 

24-M 53.99 26.82 19.19 

0-PN 26.68 50.61 22.71 

4-PN 34.39 46.16 19.45 

10-PN 51.1 32.52 16.38 

18-PN 53.8 34.17 12.03 

24-PN 67.96 21.17 10.87 

Table 2. Dynamics of red wines color 
structure during the course of 
aging in bottle. 
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Figure 1. Evolution of monomeric 
anthocyanins content during the course of 
Merlot wine aging. 
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it results that the Pinot Noir color is more stable thanthat 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. 3 and 4  present the “chemical age” evolution registered by 
ageing wine. The so-called ”chemical age” of wine was quantified 
by two indices, I

1
 and I

2
. The ratios are close to zero in new wine, 

but increase to about 1.0 and 0.9, respectively, for wines older 
than 10 years 16. Based on the I

1
values the contribution of 

polymeric pigments to total red wine color can be appreciated. 
For the young wines, I

1
 and I

2
 showed reduced values for both 0- 

M and 0-PN wines and, once with the ageing the value of these 
indices reached 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  I

2

values, the color due to polymeric pigments represents 22-51% 
from the color of anthocyanins in flavilium form for Merlot wine 
and  32-64% for Pinot Noir.  On the basis of these indices, it can be 
observed the gradual conversion of monomeric anthocyanins to 
polymeric form in relation to wine aging. 

   Fig. 5 shows that in the ageing time the degree of pigment 
coloration (α) registered a significant increase from 46.79% for 0- 
M to 75.37% for 24-M and from 33.545 for 0-PN to 68.19 for 24-PN. 
This value indicates the percentage of anthocyanins found in the 
flavilium or ionized form, being associated with the power of 
anthocyanin coloration. 

Conclusions
The color components of red wines were changed during the 
aging: the percentage of color due to polymeric pigments increased 
and due to 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 
the total wine color, while red 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 
quantitative variation of free anthocyanin content. For young 
Merlot and Pinot Noir red wines, copigmentation seems to result 
in both a higher pigment concentration and an enhancement in 
the color of those pigments. The ”chemical age” of the wines 
assessed on the basis of  I

1
 and I

2
 indices proportionally increases 

with the color evolution of red wine to form more stable  chemical 
structure. From these data we can say that red wine color 
stabilization involves transformation of free anthocyanins into 
polymeric forms. This process can continue with 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 years of bottle aging. These might provide a substantial basis 
for the further researches on control of wine color during 
winemaking.
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