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Pinotage: Factors Influencing the Formation of Pinotin A and
Its Correlation with Wine Age
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Pinotage red wines were found to contain a reaction product of malvidin 3-glucoside and caffeic
acid, the so-called pinotin A. A total of 50 Pinotage wines from the vintages 1996—2002 were analyzed
for the content of pinotin A, malvidin 3-glucoside, caffeic acid, and caftaric acid. Statistical analyses
were performed to reveal variations in the content of these compounds and to determine the factors
that influence pinotin A formation during wine aging. An exponential increase of the concentration of
this aging product was observed with prolonged storage time. The most rapid synthesis of pinotin A
was observed in 2.5—4 year old wines, although at this age malvidin 3-glucoside is already degraded
to a large extent. This phenomenon is explained by the increased ratio of caffeic acid/malvidin
3-glucoside, which strongly favors the formation of pinotin A and makes side reactions less likely.
Pinotin A formation proceeds as long as a certain level of malvidin 3-glucoside is maintained in the
wines. In wines >5—6 years old degradation or polymerization of pinotin A finally exceeds the rate
of its de novo synthesis.
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INTRODUCTION of possible reaction products and the concomitant formation of

During wine aging the monomeric anthocyanins undergo PClymeric pigments.
various condensation reactions and the majority of them are As the first member of yet another group of aging products,
finally incorporated into the heterogeneous and poorly charac- like the vitisins bearing an additional pyran ring between C-4
terized group of polymeric pigmentd)( However, during the ~ and the hydroxylic group attached to position 5 of the antho-
first steps in the formation of polymers monomeric anthocyanin cyanin base structure, a malvidin 3-glucoside 4-vinylphenol
derivatives as well as oligomeric pigments develop. An increas- adduct has been isolated and characterized (12). Structurally
ing number of these initial aging products have been isolated similar pyranoanthocyanins, namely the 4-vinylcatechol, 4-vi-
and structurally characterized in recent years. Vitisin A, a nylguaiacol, and 4-vinylsyringol adducts of malvidin 3-gluco-
reaction product of malvidin 3-glucoside and pyruvic acid side, have been tentatively assigned after MS analysis of Shiraz
(formed by the action of wine yeasts during fermentation), was red wines (13). These pigments were proposed to arise from
among the first aging products isolated from red wir&s3j. the reaction of malvidin 3-glucoside with the respective 4-vi-
Several studies have shown that relatively high concentrationsnylphenols, which were themselves thought to be produced
of vitisin A (5—6 mg/L) are present in wines shortly after during fermentation by decarboxylation of the corresponding
fermentation. In the further course of wine aging-(& months cinnamic acids through side activities of the wine yeds, (
of storage) the vitisin A content steadily declinds-{). Further 13). For the first time we were recently able to isolate and
aging products evolve from the reactions of anthocyanins with structurally identify the adduct of malvidin @-3-p-glucoside
flavanols and proanthocyanidins, thus forming ethyl-linked or and 4-vinylcatechol, named pinotin A4). Thorough investiga-
vinyl-bridged oligomers §—11). Quantitative data on their tions on the pathway of formation revealed that pinotin A is
content in red table wines and port wines have not been generated in a direct reaction between malvidin 3-glucoside and
published so far. It can only be assumed that the concentrationscaffeic acid (Figure 1) {5). Similarly, we could show that the
of individual compounds are rather low due to the high number major route to the related 4-vinylphenol, 4-guaiacol, and
4-vinylsyringol adducts is through a direct reaction of malvidin
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Figure 1. Formation and structure of pinotin A. For details on the reaction pathway refer to ref 15.

Pinotin A is in no way unique to Pinotage wines, but occurs  Statistical Analysis. Statistical analysis was performed with STA-
in all common red wine varieties in lower concentrations TISTICA version 6 (StatSoft, Tulsa, OK, USA).
(unpublished data). In Pinotage wines its formation seems to
be favored due to the unusually high concentration of caffeic RESULTS AND DISCUSSION
acid, which we found to be typical for this variety. The slow

chemical reaction pathwayl§) leading to pinotin A together Qualitative and Quantitative Analysis of Wine Samples.

Wi s Nigher pH ity makes e pament ptentaly 2C%SITamatogar fan 48 monin o Brctage e
attractwg to be used as an aging |nd|ca_1tor fo_r reg WInes. derivatives were the predominant anthocyanins, while the
~ The aim of the present study was an investigation of factors peonidin-derived pigments were only present in minor amounts.
influencing the formation of pinotin A in Pinotage red wines.  apart from the anthocyanins regularly encountered in red wines,
Apart from wine age, the influence of the concentrations of the he aging product pinotin A (peak 8) eluted just prior to malvidin
direct precursors caffeic acid and malvidin 3-glucoside as well 3-(6"-coumaroylglucoside) (peak 9). It is noteworthy that

as of the structurally related caftaric acid was examined. depending on the chromatographic conditions applied (e.g.
solvent systems, column material) these two peaks eluted
MATERIALS AND METHODS together or even in reversed order. In addition, pinotin A could

_ o _ _ be mistaken for peonidin 3-(écoumaroylglucoside) (peak 7)
Chemicals.Caffeic acid ¢-99%) was purchased from Sigma-Aldrich  qyring routine analysis of wines, if the peak identity is not

gerpany). 2-0(-5Caﬁ<(ejoylta|1r§zrlc ;C'f' (Caf.t;”? acid) was 'szted.from supported by mass spectrometric ddt, (5). By using a diode
lesling wine (6) and malvidin 3-glucoside from various red wines array detector pinotin A can be unequivocally identified as its

by countercurrent chromatography (CCCY(18). An authentic pinotin . . . : .
A reference standard was recently isolated from Pinotage wines by CCCVISIbIe absorbance maximum is hypsochromically shifted from

and purified by semipreparative HPL@4). Purity and identity of the 230 NM (typical for pigments with a malvidin aglycone) to 510
isolated compounds were confirmed by HPLC-DAD, HPLC-ESlsMs ~ nm (19). Caffeic acid and caftaric acid were the major
and NMR. hydroxycinnamic acids encountered in Pinotage wines.

Wine Samples A total of 50 Pinotage wines (vintages 1996 to 2002)  The concentrations of malvidin 3-glucoside, pinotin A, caffeic
were either purchased from local supermarkets and wine stores oracid, and caftaric acid in all analyzed wines are summarized in
obtained during routine import controls by German food control Table 1. Average values and standard deviations sorted by
authorities. vintage are presented able 2 (years 1996, 1997, and 2002

Chromatographic Analysis. Wines were analyzed by HPLC with  are not included due to the low number of data sets).
diode array detection. A PU-980 Intelligent HPLC pump equipped with Composition Changes with Wine Age.The box plots in
a DG-980-50 three-line degasser, LG-980-02 ternary gradient unit, and Figure 3 present side-by-side the distributions of malvidin

MD-1510 multiwavelength detector were used (Jasco, Germany). 3 qcoside, pinotin A, caffeic acid, and caftaric acid in the
Samples were injected via a Rheodyne 7175 injection valve (Techlab, wines of different ages.

Germany) equipped with a loop, and separations were carried L . -
out on g) Zgoxpp‘m mm i.gl.ﬂ_wn? Synergﬁ) MaxRP-12 column Malvidin 3-Glucoside An average of 48 mg/L of malvidin

(Phenomenex, Germany). Solvents were water/acetonitrile/formic acid 3-glucoside were detected in 1.5 year old Pinotage wines,
(87:3:10, viviv, solvent A; 40:50:10, v/vlv, solvent B), and the flow approximately half of the concentration found in a young wine
rate was 0.5 mL/min. The linear gradient was from 6 to 20% B at (6 months old). The content of malvidin 3-glucoside decreased
0—20 min, from 20 to 40% B at 2035 min, from 40 to 60% B at  with age. Only 12 mg/L were left in wines stored for 4.5 years,
3540 min, from 60 to 90% B at 4045 min, and held at 90% B at  and 5-6 mg/L remained in wines of the two preceding vintages.
45-50 min. These values are largely concordant with data obtained for
Identity of the peaks was confirmed by comparison of retention time, Cabernet Sauvignon wines produced in the period of 1987 to
UV/is spectra, and mass spectrometric dat®) (with authentic 2002 (7). The course of malvidin 3-glucoside degradation
reference compounds. (Figure 3) was not linear but exponential, since the largest losses
For quantification, calibration curves for caffeic acid (at 323 nm), \ere observed in the first years. An analysis of variance
malvidin 3-glucoside, and pinotin A (at 510 nm) were obtained in the ' (ANOVA) showed a significant difference in the log-trans-
appropriate concentration ranges. Details on the calibration range, s omed concentration of malvidin 3-glucoside for different

number of calibration points, and linear correlation coefficients are . L
provided as Supporting Information. The calibration curve for caffeic vintages (p= 0.0001). Using Tukey-Kramer HSD pairwise

acid was also applied to the quantification of caftaric acid taking into COMparisons for unequal sample sizes, cf. for exampl@ef
account the differing molecular weight. All wines were analyzed in We detected significant differences in the average concentrations

autumn 2002 (i.e. a wine of vintage 2002 was 6 months old at the time for vintages that were at least two years apart, and also between
of analysis). 2000 and 2001 (p< 0.01).
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Figure 2. Typical HPLC chromatogram (extracted from diode array data) of an 18 months old Pinotage wine (vintage 2001). Anthocyanins were detected
at 510 nm (top), cinnamic acids and derivatives at 323 nm (bottom): peak 1 = delphinidin 3-glucoside; peak 2 = petunidin 3-glucoside; peak 3 =
peonidin 3-glucoside; peak 4 = malvidin 3-glucoside; peak 5 = peonidin 3-(6"-acetylglucoside); peak 6 = malvidin 3-(6"-acetylglucoside); peak 7 =
peonidin 3-(6"'-coumaroylglucoside); peak 8 = pinotin A; peak 9 = malvidin 3-(6"-coumaroylglucoside); peak 10 = 6'-acetylpinotin A; peak 11 =
6''-coumaroylpinotin A.

Most of the malvidin 3-glucoside initially present was data sets available for wines aged 5.5 years and older it was
converted into polymeric pigmentsl,(21), since no other  not possible to determine the exact time when the decrease set
discrete peaks were formed during aging. However, it can bein. An ANOVA for the log-transformed concentrations of
assumed that various wine constituents (e.g. low molecular yeastpinotin A showed that there are significant differences between
metabolites, anthocyanins, flavanols) can serve as potentialdifferent vintages, with older wines showing higher concentra-
reaction partners for malvidin 3-glucoside (including intermo- tions. Pairwise comparisons with Tukey-Kramer HSD for
lecular self-polymerization). As all of these compounds are at unequal sample sizes gave significant mean differences between
their peak concentration in young wines they enable a wide 1998 vs 2000 and 1998 vs 2001 {p0.02). With larger sample
range of condensation reactions, thus explaining the rapid losssizes yearly differences would probably become more apparent.
of malvidin 3-glucoside shortly after bottlin@Z). With wine Caffeic Acid and Caftaric AcicRinotage wines are character-
aging, the concentration of the reactants decreases and thgzed by unusually high concentrations of caffeic acid. The caffeic
reaction slows down. The maximum rate of oxidative degrada- acid content in most common red wine varieties does not exceed
tion of malvidin 3'g|UCOSide would also occur in young WineS, 10 mg/L (23—25), whereas in Pinotage wines we detected as
as the concentration of dissolved oxygen is at its peak level mych as 77 mg/L, a value that was confirmed in a very recent
directly after bottling. study on Pinotage wines of various vintages by Rossouw and

Pinotin A.The pinotin A concentration showed, in contrast Marais (26). The amount of caftaric acid is also elevated.
to malvidin 3-glucoside, an exponential increase. Only 0.4 mg/L Landrault et al. 25) reported an average content of 51 mg/L in
of pinotin A was present in a young wine (vintage 2002; 6 various French red wines, while Burns et &7) found mean
months old). The concentration increased with age and reachedvalues of 36 mg/L in red wines of different varieties and origins.
its maximum with an average concentration of 10.5 mg/L in The overall average caftaric acid concentration in the Pinotage
wines of vintage 1998 (4.5 years old). Afterward, a degradation wines examined in our survey was 66 mg/L, ranging from as
of pinotin A was observed, although due to the low number of low as 1.7 mg/L up to 164.2 mg/L. The concentration of caffeic
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Table 1. Content [mg/L] of Malvidin 3-Glucoside, Pinotin A, Caffeic side activities would favor the release of caffeic acid from its
Acid, and Caftaric Acid in the 50 Analyzed Pinotage Wines from 1996 precursor. Such enzymes are commonly applied during wine-
to 2002 making to improve the color extraction from the grapes. Details

on the vinification procedure for the analyzed wines are not

. malvidin - caffeic  caftaric known; however, it can be concluded that wines which possess
sample vintage 3-glucoside pinotin A acid acid . . . . .
extraordinary high concentrations of free caffeic acid and at the
; 1396 ggg ;%i Egé gg-gg same time only minor amounts of caftaric acid were subjected
' ' ' ' to such kinds of treatment (e.g. samples 5, 16, 24, 31, 35, and
8 1907 569 .78 2879 3864 40). Wines showing the reverse extreme, a high concentration
4 2.82 6.98 57.43 2050 : : . . ;
of caftaric acid and only minor amounts of caffeic acid, were
2 1998 13'(3)(9) 12'22 gg'gi 78'?2 most likely produced at lower fermentation temperatures, not
7 1473 1410 37.33 3911 treated with enzymes or only with enzymes lacking cinnamoyl!
8 9.56 17.93 33.78 36.42 esterase activity (e.g. samples 9, 19, 41, 45, and 50). Our data
9 1331 4.37 1043 127.68 suggest that Pinotage grapes provide a pool of approximately
10 8.89 9.96 821 4405 400umol/L of caffeic acid, which is extracted during crushing
1 1999 19.45 7.29 35.58 37.52 and fermentation. The ratio between the free and the bound form
12 19.97 ror 59.13 36.83 then evolves depending on the vinification conditions applied
13 26.72 3.83 39.28 66.43 .
14 1597 691 3906 1040 and age (Figure 4).
15 31.99 2,58 18.22 80.22 Factors Influencing the Formation of Pinotin A. Young
1? igig Z;g i‘l‘gg 82-‘1‘1 wines contain the highest concentrations of malvidin 3-gluco-
18 2390 534 2168 95.43 side, one of the two educts required for pinotin A formation
19 2000 3895 o - e (Figure 1). Acc_ordlng to the _Iaw of mass action one would
20 25.02 486 59.38 38.94 expect that a high concentration of malvidin 3-glucoside leads
21 21.05 10.08 32.94 25.83 in turn to a rapid synthesis of pinotin A, but exactly the opposite
22 9.65 176 1481 81.85 is the case. The fastest degradation rates for malvidin 3-glucoside
2‘31 ;g-%’ g-gé %(Z)g 68-22 and the lowest concentrations of pinotin A were observed in
25 789 233 2073 16417 wines up to 2.5 years of age, while the superproportional
26 26.00 4.82 28.12 101.01 formation of pinotin A set in afterward, when the major part of
27 36.56 3.58 48.78 67.23 the initially present malvidin 3-glucoside had already been
gg igéi ggg iigg Zg;‘i consumed, obviously through other reaction pathways. A
0 25 53 201 2021 8135 possible explanation for the rapid decrease of malvidin 3-glu-
31 25.05 230 57.94 1.72 coside in young wines due to the presence of numerous other
32 38.36 2.02 20.18 98.95 reaction partners has already been mentioned. By taking into
33 22.70 4.10 50.36 66.29 account that their overall initial concentration certainly exceeds
gg ;’g:gg égg ggig 92:58 the concentration of caffeic acid it can be explained why the
formation of pinotin A cannot compete with these alternative
36 2001 28.72 4.66 38.36 62.06 . . ) -
37 5781 0.33 15.62 56.35 reactions during the first years of storage. Hence, the majority
33 39.64 4.08 58.72 44.30 of malvidin 3-glucoside is consumed elsewhere. With further
39 59.83 0.26 14.19 97.02 aging the scenario changes. The concentration of the interfering
40 32.09 6.47 62.02 1.49 reactants decreases, side reactions become less likely, and due
2% 431411:33 géi 2(13:32 1;3:2(1) to the lower concentration of malvidin 3-glucoside self-
43 5237 3.04 53.29 64.41 polymerization is reduced. At the same time the content of
44 39.41 2.19 34.67 11854 caffeic acid remains stable and the average molar ratio of caffeic
45 41.82 0.95 1043 14177 acid to malvidin 3-glucoside climbs from 1.8:1 (after 1.5 years)
22 g;gi ;gi gg:?g lg?gg to 6.6:1 (after 4.5 years) and strongly favors the direct reaction
48 4516 218 30.04 4971 between these two components. This combination of a stable
49 49.07 1.28 15.50 82.06 amount of caffeic acid with a sufficient concentration of
50 2002 84.87 0.42 8.93 133.38 malvidin 3-glucoside and less interference from other compo-

nents can explain the exponential increase in pinotin A content
in aged wines. Starting at a certain age, a linearly increasing
acid stayed relatively constant during aging and the averageamount of (replenishing) caffeic acid is slowly transformed into
content in the wines fluctuated only slightly between 30 and pinotin A. Therefore new pinotin A develops at a linear rate,
36 mg/L. In contrast, the average amount of caftaric acid and hence, the overall pinotin A concentration grows exponen-
decreased (although not statistically significant) by approxi- tially. Further evidence for this hypothesis is drawn from the
mately 35% after storage for £3.5 years. This observation  fact that the proportion of malvidin 3-glucoside transformed into
can be explained by the fact that tartrate esters of hydroxycin- pinotin A was greatly enhanced in the older wines, confirming
namic acids hydrolyze slowly during wine agin@8( 29). the lack of competing reactions. Between 1.5 and 2.5 years of
Through this process a stable level of free caffeic acid is age an average of 43.4¢/mol/L (21.43 mg/L) of malvidin
maintained, while at the same time the amount of caftaric acid 3-glucoside degraded in the wines while only 1.@60l/L (0.85

is reduced. The ratio between caffeic acid and caftaric acid is mg/L) of pinotin A were formed. This low conversion rate of
also known to be influenced by winemaking technology. Grapes malvidin 3-glucoside into pinotin A increased from 3.1% to
do not contain free caffeic acid, but the more water soluble 28.4% during the following year and further to 45.1% between
caftaric acid 80, 31). Elevated fermentation temperatures and 3.5 and 4.5 years of age. The actual rates are probably even
especially the use of pectolytic enzymes with cinnamoyl esterasehigher, as it should be taken into account that pinotin A is not
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Table 2. Mean Values, Standard Deviations (SD), and Coefficients of Variation (CV) for Malvidin 3-Glucoside, Pinotin A, Caffeic Acid, and Caftaric
Acid in the 45 Pinotage Wines from Vintages 1998—-2001

malvidin 3-glucoside pinotin A caffeic acid caftaric acid
mean SD Ccv mean SD Ccv mean SD cv mean SD cv
vintage n [mgiL] [mgiL] [%] [mgiL] [mgiL] [%] [mgiL] [mgiL] [%] [mgiL] [mgiL] [%]
1998 6 125 37 29.2 10.5 5.1 48.6 30.0 10.1 336 53.5 42.2 78.9
1999 8 21.0 6.0 28.8 5.6 19 339 34.9 16.9 485 51.8 34.8 67.1
2000 17 26.9 10.2 31.7 35 21 59.4 36.2 19.3 53.2 67.7 42.2 62.4
2001 14 48.4 16.1 333 2.6 23 88.9 322 20.3 63.2 78.6 40.2 51.1
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Figure 3. Concentration of (A) malvidin 3-glucoside, (B) pinotin A, (C) caffeic acid, and (D) caftaric acid in Pinotage wines aged for 1.5-4.5 years

(vintages 1998-2001).
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Figure 4. Relationship between caffeic acid and caftaric acid in the 45
Pinotage wine samples from 1998 to 2001.

with pinotin A formation. Although polymeric compounds
containing a pinotin A substructure are not known, oligomeric
compounds formed through reaction of vitisin A, another
pyranoanthocyanin, with vinyl-flavanols in red port wines have
recently been identified (32).

We attempted to quantitatively explain the pinotin A content
using the concentrations of malvidin 3-glucoside, caffeic acid,
and caftaric acid and the age of the wine. We transformed the
concentrations by taking logarithms. Consequently, the data for
log(pinotin A) resemble a normal distribution. Clearly, the
pinotin A concentration increases with age, and both malvidin
3-glucoside and caffeic acid are necessary for its formation.
However, a linear regression model using age and malvidin
3-glucoside provides a relatively poor fit{R 39%). A model
using age and caffeic acid behaves much be®er= 75%).
Moreover, adding malvidin 3-glucoside or caftaric acid to the
model does not significantly improve iTéble 3).

For a quantitative prediction of the pinotin A concentration
(in umol), we can use

necessarily a final product but can in turn be included into log(pinotin A)= —4.07+ 0.54 x age+ 0.84 x
polymeric pigments, a process that takes place simultaneously log(caffeic acid)
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Table 3. Model for the Quantitative Prediction of Pinotin A however, the amount of free caffeic acid (which is initially
Concentration? absent in the must, as only a pool of caftaric acid is provided
by the grapes) is increased. A high concentration of caftaric

estimated acid is therefore favorable for pinotin A formation. However,

coeff Sb p value the beneficial effect of a big pool of caftaric acid would certainly

intercept -g-gz 88; :ggggi not exceed the positive effect that a similarly high amount of

age . . . ) . o i
lo%(caﬁeicacid) 0.8 011 <0.0001 free caffeic acid would have on pinotin A formation. The

interdependency of the free and bound form of caffeic acid has
been discussed already.
It should not be overlooked that caftaric acid could also have

a Regression summary: R? = 75%. Response variable: log(pinotin A).

4 U a negative impact on the reaction rate. Due to its caffeic acid
: substructure caftaric acid may shield the reactive positions of
. R malvidin 3-glucoside and inhibit or delay the reaction and
=, formation of covalent bonds with caffeic acid. From our data
A ' the extent of this factor cannot be assessed. Model reactions
2 e e with various amounts of caftaric acid in solutions containing
z “2 vue e constant concentrations of malvidin 3-glucoside and caffeic acid
s p would need to be performed under controlled conditions.
s - " Our data clearly indicate that pinotin A formation depends
o to a larger extent on the concentration of caffeic acid than on
. malvidin 3-glucoside. The high amounts of malvidin 3-glucoside
1 : present in young wines are rapidly degraded by various side
e age: 1.5 years . .
. = age: 2.5 years reactions and only a very small percentage was converted into
[PRURINS UUURE SR I T s :gi ig zz:z pinotin A. The superproportional formation of pinotin A
20 25 30 35 40 45 50 55 60 65 o commences when interfering reactions become less likely due
log(caffeic acid) to a lower concentration of the reactants, while the caffeic acid
Figure 5. Correlation between caffeic acid and pinotin A (log-transformed level remains rather stable throughout the aging process. A
concentrations). Vintage 2001 (age 1.5 years): p < 0.0001, r = 0.89. minimum concentration of-510 mg/L of malvidin 3-glucoside
Vintage 2000 (age 2.5 years): p = 0.017, r = 0.57. Vintage 1999 (age was required to maintain a reaction rate high enough to
3.5 years): p = 0.082, r = 0.65 (only 8 data sets). Vintage 1998 (age compensate for the simultaneous incorporation of pinotin A into
45 years): p = 0.065, r = 0.78 (only 6 data sets). polymeric pigments. The pinotin A content can increase until

the wines are approximately 5 to 6 years old. Pinotin A is
where the standard error of this model is 0.50, or the retrans- therefore a potential chemical marker for wine age, but an exact
formed version: prediction of the vintage would require a higher number of
L . previously analyzed data sets.
pinotin A (in umol) = exp(—4.07+ 0.54 x age)x Pinotage red wines were the ideal object for this study as
(caffeic acid}®* they exhibit unusually high concentrations of caffeic acid.
) ] o Nonetheless, the formation of pinotin A is not limited to this
Our analysis shows that caffeic acid is a much stronger cyitivar and will proceed in all wines containing free caffeic
predictor of pinotin A concentration than malvidin 3-glucoside 4cid. In wines with higher amounts of other hydroxycinnamic
(in wines up to approximately five years of age) and the acids, structurally similar pyranoanthocyanins may form fol-
regression model indicates that the formation of pinotin A is lowing the same reaction mechanism. The content of the

largely controlled by (_:affeic acid. This hypothesis is affirmed resulting aging products in wines from other varieties will be
by the strong correlation between the log-transformed concen-tne subject of future investigations.

trations of caffeic acid and pinotin A in the wines of different

ages (Figlure 5). Thg highly signifi;ant correlatiqn between A-KNOWLEDGMENT
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