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explains some of the color modifications produced in these solutions. Another relevant observation
was that the stability of the anthocyanin was not much improved by most of the assayed copigments,

since quite similar degradation rates were observed in the presence and absence of those cofactors.
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INTRODUCTION compounds, either phenolic or not, through weak hydrophobic

Copigmentation is a phenomenon which plays a major role forces {7). With regard to the original anthocya_nin solutio_ns,
in the expression of a wide range of colors provided by the spectra of copigmented solutions usually dlsplayashlft'of
anthocyanins in plants, fruits, berries, and food products. It the visible Amax toward greater wavelengths (bathochromic
causes stabilization of the colored structural forms of the €ffect) coupled with an increase of absorptivity (hyperchromic
anthocyanins and consequently enhances their cdleB) effect). The amplitude of these effects depends on many factors
Copigmentation can occur through intramolecular interactions, such as pH, temperature, the nature of both the anthocyanic
established between the central anthocyanin chromophore andhromophore and the copigment, the copigment/pigment molar
aromatic acyl residues covalently linked to their glycosyl ratio, and the pigment absolute concentrati8n 11).
moieties (intramolecular copigmentatior}—6), or through It is assumed that copigmentation should play an important
intermolecular interactions of the anthocyanins with colorless role in the color of young red wines and their evolution during
maturation and agingl@). In an attempt to understand the

*To whom correspondence should be addressed. Celestino Santos-influence of different factors in wine color and its modifications
Buelga, Unidad de Nutri¢io y Bromatologa, Facultad de Farmacia, duri t tudies h b ied out i del
Universidad de Salamanca, Campus Miguel de Unamuno, E-37007 Sala-dUring storage, many studieés have been carried out in moade

manca, Slpain- Phone;34 923 294537; fax;t34 923 294515; e-mail,  wine solutions by different authors. Malvidin 3-glusoside has
CS?@Uh’flaegify of Seville. been the most widely used pigment, because it is the major
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Figure 1. Changes in the ratio [(A — Ag)/A¢] % 100 in the model solutions containing malvidin 3-glucoside and different copigments during storage at 25
°C. Abbreviations: Cat, (+)-catechin; Epi, (-)-epicatechin; B2, procyanidin B2; Caf, caffeic acid; Cum, p-coumaric acid; Que, quercitrin; Myr, myricitrin.

flavonols, and hydroxycinnamic acids have been assayed aspump, automatic injector, diode array detector, and data treatment
copigments. However, the pigment and copigment concentra- Station was used. A Spherisorb ODS C18 column (4.6 ;@50 mm,
tions and ratios generally tested have been much greater thar® #m particle size) (Waters, Milford, MA) thermostated at 35 was
those actually found in red wines. Besides, the effects of used. Solvents were (A) 0.1% trifluoroacetic acid, and (B) 100% HPLC-

. - . grade acetonitrile. The elution profile was as follows: 0 min, 90%A,
copigmentation on color haye been generally'mter.preted only 10%B: 5-10 min, 85%A, 15%B; 15 min, 829A. 18%B: 40 min,
by means of the bathochromic and hyperchromic shifts affecting ggo.x ' 35948; 4550 min, 50%A, 50%B; 5560 min, 90%A, 10%
the visible absorption spectrum in the original pigment solution g the fiow-rate was 0.5 mL/min and the injection volume 00
(3, 13—15). However, the entire visible spectral curve (380  yv—vis spectra were recorded from 250 to 770 nm with a bandwith
770 nm) has to be considered to obtain a complete definition of 2 nm. The preferred detection wavelengths were 280, 330, 370,430,
of color. To our knowledge, this consideration was first and 520 nm.

postulated by Gonnetl§), but nowadays, influence of copig- LC—MS Analysis. LC—MS analyses were performed using a
mentation on color continues being investigated mostly by Finnigan LCQ MS detector (Thermoquest, San Jose, CA) equipped
means of the specific changes in thgax of the visible with an API source, using an electrospray ionization (ESI) interface.
absorption spectrum. The HPLC system was connected to the probe of the mass spectrometer

In an attempt to advance in the knowledge of the contribution vig the UV qell outlet. Both'the sheath and the auxiliary gas were a
of copigmentation to the color of red wines, the purpose of this mixture of nitrogen and helium. The sheath gas flow was 80 L/min

work was to study the effects of seven phenolic copigments on and the auxiliary gas flow 20 L/min. The capillary voltage was 26 V
Yy Pig and the capillary temperature 196. Spectra were recorded in positive

the color of malv_'d'n 3_—g|uc03|de n mo_del wine solutions by ion mode betweemvyz 150 and 2000. The mass spectrometer was
using anthocyanin/copigment molar ratios closer to those that programmed to do a series of three consecutive scans: a full mass, an
may exist in wines. Color changes have been studied by MS?2scan of the most abundant ion in the full mass, and a@ dghe
tristimulus colorimetry, which offers an objective measurement most abundant ion in the MSThe normalized energy of collision was

of color because it is based on the consideration of the whole 45%.

visible spectrum, and allows the real assessment of color to be Colorimetric Measurements. The absoption spectra were recorded

obtained. using a Hewlett-Packard UWisible HP 8452 spectrophotometer (Palo
Alto, CA), using 5 mm path length glass cells. The whole visible
MATERIALS AND METHODS spectrum (389‘770 nm) was reCOrdedﬁ@ =2 nm), and llluminant

Des and 10 Observer were used in the calculus. The CIELAB

Standards. The copigments—)-catechin, {)-epicatechin, caffeic parametersl(*, a*, b*, C*ap, hap) and a CIELUV parametest,,) were
acid, p-coumaric acid, and quercitrin were purchased from Sigma determined by using the original software CromalL&B) following
Chemical Co. (St. Louis, MO), and myricitrin was obtained from the recommendations of the Commission International delaiEage
Extrasynthese (Genay, France). Procyanidin dimer B2 was isolated in (20). Saturations*,,, was included in the colorimetric analysis because
the laboratory from seeds dfitis vinifera grapes, as described by itis considered the best correlation for the visually perceived saturation,
Pascual-Teresa et all?). and CIELAB space cannot define a similar correlati@d)(

The pigment malvidin 3-glucoside (Mv3g) was also isolated inthe  Copigmentation Measurement. The magnitude of the copigmen-
laboratory from skins o¥/. vinifera red grapes of Tempranillo variety,  tation was estimated by comparison of the absorbance at 520 nm from
by extraction with acidic methanol and further purification by semi- the Mv3g solution ) and the absorbance at 520 nm from the Mv3g
pressure liquid chromatography using a reversed-phase column, assplution copigmented with the different phenolic compourjs( each

described elsewherd.§). time point and expressed as the percentage{(Aq)/Aj x 100 22).
Preparation of Model Solutions.Seven copigmented solutions and

a reference solution were prepared in a wine-like medium containing
5 g/L tartaric acid in 12% ethanol and adjusted to pH 3.6 with NaOH. RESULTS AND DISCUSSION

The reference solution contained 200 mg/L (0.41 mM) of Mv3g. Copigmentation Effect. The magnitude of the copigmenta-
Copigmented solutions contained the same anthocyanin concentrationtion effect has been found to be dependent on the nature of the

(0.41 mM) and the corresponding copigment using a copigment/pigment . .
molar ratio of 1:1. All the preparations (14 mL) were stored closed, in copigment, and can be measured by the ratie-(A)/Ao (22).

darkness at 25C, and samples for the analysis were taken periodically AS illustrated inFigure 1, an increase in this ratio (i.e., existence

over 60 days. of a copigmentation effect) was found to occur in all the
HPLC —DAD Analysis. A Hewlett-Packard 1100 equipment (Agi-  Solutions despite the low copigment/pigment molar ratio used,

lent Technologies, Waldbronn, Germany) provided with a quaternary although its magnitude was different depending on the com-
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pound used as copigment. Thus, until the day 20 of storage,C*4, with the exception of the solution containing quercitrin,
flavan-3-ols appeared as the less effective copigments, procyawhich decreased chroma values despite its increase in visual
nidin B2 being even worse than monomeric flavanols, as saturation. This observation suggests that, during the first days
previously observed by Berke and Freit&3)( In contrast, of storage, the high fall in lightness produced by the addition
flavonols behaved as the best ones, increasing absorptivityof quercitrin influenced saturatios’,, = C*,,/L*) more than
between 45 and 55%. They also induced the most statistically the fall in chroma. However, from the day 12 of storage, chroma
significant bathochromic shift idmax (9 nm with myricitrin, values of the anthocyanin solutions copigmented with quercitrin
and 5 nm with quercitrin). Flavonols have been considered to increased and, as the other copigments, they got greater than
be the best copigments in red wines due to their planar those of the Mv3g reference solution. Therefore, the hyper-
polyphenoalic nucleus, which can tightly stack onto anthocyanins chromic effect produced by copigmentation is connected with
(9, 24—26). On the other hand, flavan-3-ols are comparatively a darkening of the anthocyanin solution and with a greater
poor cofactorsg, 27), and (-)-epicatechin has been indicated quantity of color and visual saturation. Besides, these effects
to associate more strongly to the anthocyanin than its stereo-are more marked with the time of storage. These observations
isomer catechin, due to the location of the 3-hydroxy group indicate that the presence of the copigments helps to maintain
and the B-ring 28). Thus, in catechin, these groups are situated the color in anthocyanin solutions during the storage.

on different sides of the A-ring plane, while in epicatechin, both  With respect to the hules, flavonols shifted the color of the
groups are situated on the same side of the plane, which allowsanthocyanin solutions toward red-purple, whereas the other
it a closer approach to the anthocyanin. However, in our test copigments shifted it toward a more red-orange color. Along
conditions, no differences have been found in the effectivenessthe storage period, flavan-3-ols have shown to be the least
of these stereoisomers as copigments of Mv3g, and with the protective cofactors against browning of the anthocyanin
time of storage, {)-catechin has shown to provide greater solution, since the hue of the preparations containing these
enhancement on color than-)-epicatechin. The fact that compounds suffered a sharp increase to more red-orange zones
procyanidin B2 has been shown to be a worse copigment thanin the second month of storage. This greater browning could
its constituent monomers might be explained by its greater size pe related to the formation of yellow pigments, with maximum
which would make its approach to the flavylium ion more absorption in the visible region between 430 and 470 nm, as
difficult. With respect to hydroxycinnamic acids, Darias-Martin  further discussed.

et al. 29 also concluded these compounds to be better \with respect to the solutions containing hydroxycinnamic
copigments than flavan-3-ols, since the addition of caffeic acid g¢jgs, a slight decrease in the hue values was first produced
to red wine enhanced color more than the addition of catechin. (i.e., a shift toward a more bluish color), which indicates that
Along storage, a progressive hyperchromic shift was produced some copigmentation occurs. However, from day 30 of storage,
in the solutions containing hydroxycinnamic acids and catechins. hue angles exceeded those of the Mv3g solutions. This fact may
This observation suggests that the copigmentation is notpe due to the formation of new pigments with pyranoantho-
necessarily an immediate effect, but apparently it is establishedcyanin structure, as it will be discussed later.
more gradually for the less effective copigments. Furthermore,  color differencesAE* ., = [(AL¥)2 + (Aa*)2 +(Ab*)q12,
the stability of the copigmentation complexes was also different papyeen Mv3g solutions with and without copigments, were
according to the cofactor. Thus, in the case of flavonols, a fall 555 calculated Table 1). In general, the eye is able to
in the ratio & — Ag)/Ao was produced after 3 weeks of storage, giscriminate two colors wheAE* 5, > 1 (30, 31), but when
being specially marked for quercitrin. It is interesting to note the wine is observed through standardized winetasting glasses,
that, along the storage period, a significant loss of quercitrin the color discrimination is worse and the acceptable tolerance
was produced (around 34%), while the contents of myricitrin for the human eye in distinguishing the color of wines is 3.0
in the solutions hardly decreased. The different changes in thec|EL AB units (32). Color differences between anthocyanin
concentration of both flavonols would influence the extent of gqjutions copigmented with flavonols and Mv3g control solu-
the copigmentation process and explain the greater decrease ofions were always easily detectable by the human eye, since
the ratio & — Ag)/A in the solutions containing quercitrin AEx, values were always much higher than 3 units; specifically,
compared to myricitrin. they were between 7.67 and 23.30 for quercitrin and between
At the end of the storage period, Mv3g solutions containing 6.90 and 21.77 for myricitrin. Therefore, copigmentation
hydroxycinnamic acids showed a higher hyperchromic shift than between flavonols and Mv3g led to very significant color
solutions containing flavonols. This shift should not be explained changes in the anthocyanin solution from the earliest moment
by an effect of copigmentation and its possible influence on of contact copigmentpigment. However, these effects were
the stability of the anthocyanin, but by the formation of new not so noticeable for the other copigments. Thus, color differ-
pigments, which would also influence the color of the solutions ences between Mv3g solutions copigmented with and without
at this stage. hydroxycinnamic acids would not be detectabiEf o, > 3)
Effects of Copigmentation on Color. The copigmentation  until the third day of storage, and until the day 13 for the
phenomenon is usually assessed by looking at the Changes irpolutions COpingHIEd with catechins. Procyanidin B2 was the
Amax Of the visible absorption spectrum. However, for a real copigment leading to less color changes in the Mv3g solution,
colorimetric characterization, modifications in the whole visible Which would not be appreciated until the day 23 of storage.
spectrum should be taken into account. In this study, the total Chemical Changes in the Solutions during Storage. Figure
color change has been monitored in the CIELUV and CIELAB 3 shows the changes in the concentration of Mv3g in all the
color space systemBigure 2 shows the color changes produced solutions assayed along the 2 months of storage. It can be
in all the solutions. It can be observed that the changes wereobserved that the presence of the copigments at the copigment/
more marked when flavonols were used as copigments. At the pigment molar ratio used (1:1) does not impede the loss of the
beginning of the assay (day 0) and compared with the Mv3g anthocyanin, whose decrease is roughly similar in all the
reference solution, the addition of copigments induced a decreasesolutions, but the one containirgcoumaric acid. This latter
in lightnessL* and an increase in saturatist,, and chroma compound has shown to behave as a protective cofactor against
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Figure 2. (a) Changes in the lightness, L* of the model solutions containing malvidin 3-glucoside and different copigments during storage at 25 °C. (b)
Changes in the chroma, C*;, of the model solutions containing malvidin 3-glucoside and different copigments during storage at 25 °C. (c) Changes in
the hue angle, hp, of the model solutions containing malvidin 3-glucoside and different copigments during storage at 25 °C. (d) Changes in the saturation,
s*, of the model solutions containing malvidin 3-glucoside and different copigments during storage at 25 °C. Abbreviations: Cat, (+)-catechin; Epi,
(-)-epicatechin; B2, procyanidin B2; Caf, caffeic acid; Cum, p-coumaric acid; Que, quercitrin; Myr, myricitrin.
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Table 1. Color Differences (AE*;) between the Reference Solution of mAU 1 Cat
Malvidin 3-Glucoside and the Solutions Added with Different 280 nm
Copigments during Storage at 25 °C? 500
copigment 400 Mv3g
day CAT EPI B2 CAF CuM QUE MYR
0 169 166 102 247 239 2330 1828 300
2 0.97 1.57 1.27 2.66 251 2208  17.60
3 1.63 1.72 1.58 3.56 303 2023 1944 200
6 2.11 2.31 1.95 452 429 2046  18.94
9 2.42 2.21 1.40 4.62 4.86 20.58 17.69 100 Svr
13 3.09 3.53 2.80 6.10 514 2238  18.29 y
16 286 278 192 38 484 98  20.32 o ch a
20 3.72 3.33 2.72 5.32 5.61 19.06 17.28 0 i : . . . . . " "
23 453 4.95 5.92 7.78 7.41 982 2177 0 10 20 30 40 min
30 7.15 7.61 4.08 8.59 9.04 8.47 20.26 Figure 4. HPLC chromatogram recorded at 280 nm of Mv3g solutions
45 1354 1521 9.18 960 1436  19.49 6.90 - T . S
60 2177 2288 13.03 1053 1344 767 16.05 containing caffeic acid at the end of the storage period. Abbreviations:
Caf, caffeic acid; Syr, syringic acid; Mv3g, malvidin 3-glucoside; Ch,
@ CAT, (+)-catechin; EPI, (-)-epicatechin; B2, procyanidin B2; CAF, caffeic acid; Z-chalcone of Mv3g. Peak a is a newly formed pigment.

CUM, p-coumaric acid; QUE, quercitrin; MYR, muyricitrin. ] ) ]
major MS fragment ions atn/z 447 and 431 (successive loss

of two hydroxyl residues). The ion at/z 609 observed in the
0.36 solution containing-coumaric acid gave a major M&agment
atm/z 447 (=162 amu) and a further MSragment aim/z 431
(=16 amu). In accordance with their UV and mass spectra, these
pigments were identified as the 4-vinylcatechol and 4-vinylphe-
nol pyranoanthocyanin adducts of Mv3g, respectively (structure

% 6 in Figure 8). The formation of such kind of pigments in red
= wines and model wine systems has been previously described
< o016 YoMy + Cat ' (33—35). Their formation in the solutions studied here would
= 012 {MZ' take place according to the mechanism described by Schwarz
’ Nyl et al. 36): a bond would be established between the C-4
0,08 T My + Que position of Mv3g and the C-2 position of the hydroxycinnamic
0,04 e acid leading to an intermediate carbenium compound, which
can be trapped intramolecularly by the phenolic hydroxyl group
000 10 15 20 25 30 35 40 45 50 55 60 of Mv3g to form the new pyran ring. Further decarboxylation
Days and oxidation of these pyran moieties would be the final steps.

Although the content of these new pigments in the solutions is
not very high in comparison with the anthocyanin, and the molar
extinction coefficientsd) of their flavylium forms and Mv3g

are very similar 87), they are expected to contribute to the color
of the solutions 38). This is because they have a hydration
Mv3g degradation. Obviously, other protective factors also exist constant Kr) smaller than that of the anthocyani@9, and

in red wines that limit the rate of degradation of anthocyanins, therefore, they occur in much greater proportion in colored forms
whose decline takes place much slower than it does in modelthan the anthocyanin at weak acidic conditions, as those existing
solutions. in the model solutions and red wines.

Despite the anthocyanin decrease, the color is better main- In addition to these new pigments, two more new products
tained in the solutions that contain copigments, as commentedappeared in the solutions containing hydroxycinnamic acids
above. This improvement in color stability may be initially (Figure 4). Peak “Syr” was identified as syringic acid, on the
explained by the existence of a copigmentation process and thebasis of its UV spectraifax = 276 nm), retention time, and
subsequent protection of the anthocyanin against hydration. Themass spectrum (molecular ionratz 199). It would result from
existence of copigmentation is clear in the solutions containing the moiety corresponding to the B-ring released after degradation
flavonols, where the characteristic hyperchromic and batho- of Mv3g (40—42). Peak “Ch” was detected from the first day
chromic shifts are rapidly observed. However, for the remaining of assay, and it was assigned to the chalcone form of Mv3g,
copigments, the color maintenance and further changes in theaccording to its UV fmax at 350 nm) and MS spectra (positive
hue of the solutions during storage could also be explained by ion signals atr/z511 and 349 comparable to the Mv3g chalcone
the formation of new pigments. Thus, in the solutions containing form and its aglycon, respectively). It can be assumed to be the
hydroxycinnamic acids, the appearance of a new pigment wasZ-chalcone form that, due to its slow reversion, would not be
observed from 2 weeks of storage in each solution. In the shifted toward the flavylium form during the chromatographic
solution containing caffeic acid, that pigment (peak a in the elution, as happens with other forms of the anthocyanin. These
chromatogram ofigure 4) showedinax in the visible region two products would not contribute to the color of the solutions,

Figure 3. Changes in the concentration (mM) of malvidin 3-glucoside
(Mv3g) in solutions containing different copigments. Abbreviations: Cat,
(+)-catechin; Epi, (-)-epicatechin; B2, procyanidin B2; Caf, caffeic acid;
Cum, p-coumaric acid; Que, quercitrin; Myr, myricitrin.

at 508 nm, whereas in that containipgcoumaric aciddmax of since they showed hardly or no absorption in the visible region
the new pigment was 502 nm. The mass spectra of those peak®f the spectrum.
showed positive molecular ions atVz 625 and m/z 609, The formation of new compounds was also observed in the

respectively. The ion atvz 625 released an MSragment at solutions containing flavan-3-ol&igure 5). Some of them had
m/z 463 (—162 amu, loss of a glucose moiety), which led to Amax in the visible region between 430 and 470 nm and,
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Figure 5. HPLC chromatograms of Mv3g solutions containing (-)-

epicatechin recorded at 280 and 430 nm at the end of the storage period.
Abbreviations: Epi, epicatechin; Syr, syringic acid; Mv3g, malvidin
3-glucoside; Ch, Z-chalcone of Mv3g.

therefore, contributed to yellowish hues. Peak 2 hag at 438
nm and a molecular ion atvz 617, with major MS fragment
ions atm/z 465 (—152 amu, retro DielsAlder fission of a
catechin moiety) and 447170 amu, further loss of water).
The formation of this pigment was already found in previous
works of our group 42). Specifically, it would correspond to
the xanthylium pigment called NJ2 (structure 1Rigure 8)
and identified by Es-Safi et al48, 44). This pigment is derived
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Figure 6. HPLC chromatogram recorded at 280 nm of the Mv3g solution
containing procyanidin B2 at the end of the storage period. Abbrevia-
tions: Epi, epicatechin; B2, procyanidin B2; Syr, syringic acid; Mv3g,
malvidin 3-glucoside; Ch, Z-chalcone of Mv3g.
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Figure 7. HPLC chromatogram recorded at 280 nm of the Mv3g solution
containing quercitrin at the end of the storage period. Abbreviations: Que,
quercitrin; Mv3g, malvidin 3-glucoside; Syr, syringic acid; Ch, Z-chalcone
of Mv3g. The peak marked with an asterisk corresponds to an unidentified
product derived from quecitrin.

min

Compared to the solutions containing monomeric flavan-3-
ols, hardly any formation of new pigments was observed in the
solutions containing procyanidin BFigure 6). Thus, peak 6
showedAmax at 440 nm and a molecular ion afz 741, with

from the condensation between two catechin units through released M&fragment ions atvz527, 451, 289, and 375. These

glyoxylic acid followed by an oxidation step. The glyoxylic acid
would be formed in the solutions from the oxidation of tartaric
acid @5). Peak 3 showednax at 438 nm and a molecular ion
at m'z 453, with major M$ fragment ions atvz 301 (—~152
amu), 283 {170 amu), and 257196 amu). This compound
was also previously found by our group in model solutiof® (
and attributed to a xanthylium derivative (structure Figure

8) similar to peak 2, where one of the catechin units was
substituted by phloroglucinol. The phloroglucinol residue might
derive from the A-ring of Mv3g following anthocyanin break-
down @2). Peaks 4 and 5 hatlax in the visible region at 460

data suggest that it could be a xanthylium pigment similar to
peak 3 but showing phloroglucinol and procyanidin B2 residues
(structure 5 inFigure 8). Peak 7 showed visiblgnax at 460

nm and a molecular ion at'z 1193, with a major M3fragment

ion atm/z 903, which released MSragment ions atwz 451,
595, and 585. On the basis of these mass spectral characteristics
and the previous findings in catechin solutiod2-{44), this
compound can be assigned to a xanthylium pigment similar to
peak 2, but containing two procyanidin B2 moieties (structure
4 in Figure 8). Among the colorless compounds, the presence
of small amounts of{)-epicatechin was also detected in the

and 430 nm, respectively, and their mass spectra showedsolutions, indicating that a breakdown of the interflavanic

molecular ions at/z 645 (with a major M$ fragment ion at
mvz 493) andn/z 633 (major MS fragment ions atn/z 435,

linkage of the dimer occurs.
In the solutions added with flavonols, the formation of

453), respectively. These data suggest that they would cor-colorless compounds was detected, specifically, the chalcone

respond to xanthylium pigments NJ3 and N@ructure 1 in
Figure 8) also described by Es-Safi et al4).
In addition to the yellow pigments, the formation of other

form of Mv3g and syringic acid derived from the degradation
of the anthocyanin. In the last month of the assay, another
product showindlmaxat 340 nm was also detected in the solution

products was also found in the solutions copigmented with added with quercitrinRigure 7). Taking into account its UV
flavan-3-ols. Besides syringic acid and the chalcone form of spectrum similar to flavonols and the important decrease

the anthocyanin, another colorless compound (peak-igiare
5) was observed showingnax at 274 nm, and a molecular ion
atm/z 637, with major MS fragment ions atw/z 467 and 485.

produced in quercitrin levels at this stage of storage, it is
supposed to derive from the degradation of this latter. However,
no further discussion can be made about its structure, since no

These data suggest that it could be a colorless carboxymethinegood mass spectrum could be obtained in the conditions of

linked dimer (structure 3 irFigure 8), resulting from the
condensation of two catechin units mediated by glyoxylic acid.

ionization used.
In conclusion, the effectiveness of seven phenolic compounds

This product would be the precursor of the xanthylium pigments (catechin, epicatechin, procyanidin B2, caffeic apidpumaric

(49).

acid, myricitrin, and quercitrin) to act as copigments of Mv3g
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OCH3
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Figure 8. Suggested structures of different compounds detected in the model solutions. (1) Xanthylium pigments previously identified by Es-Safi et al.
(43, 44); (2) proposed structure for a xanthylium pigment containing catechin and phloroglucinol residues; (3) colorless dimer obtained by condensation
of flavanols mediated by glyoxylic acid (45); (4) xanthylium pigment containing two procyanidin B2 residues; (5) xanthylium pigment containing procyanidin
B2 and phloroglucinol residues; and (6) pyranoanthocyanins derived from malvidin 3-glucoside (34, 36).
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