
S. Afr. J. Enol. Vitic., Vol. 41, No. 1, 2020

*Corresponding author: E-mail address: wdutoit@sun.ac.za
#Current affiliation: RISE Research Institutes of Sweden, Division Bioscience and Materials - Agrifood and Bioscience, Box 5401, S-402 29, Göteborg, Sweden
Acknowledgements: The authors would like to thank Winetech and the National Research Foundation (NRF), South Africa, for financial support

Phenolic and Sensorial Evolution during Bottle Ageing of South 
African Shiraz Wines with Different Initial Phenolic Profiles
G. Garrido-Bañuelos#, A. Buica, W.J. du Toit*

Department of Viticulture and Oenology, Stellenbosch University, Private Bag X1, Matieland 7062, South Africa

Submitted for publication: March 2019
Accepted for publication: September 2019

Key words: Red wine, phenolics, grape ripeness, bottle ageing, colour, mouthfeel

The aim of this research was to evaluate the colour and phenolic evolution of Shiraz red wines made from 
the same vineyard, but with different initial phenolic profiles. Several vineyard-related variables were 
initially evaluated in a first vintage (2014), but grape ripeness was shown to be the most determining factor 
on most of the phenolics and the taste and mouthfeel of the wines. In the second vintage (2015), wines made 
from four different ripeness levels were aged up to 18 months and periodically analysed during this period. 
The results show how Shiraz wines with different initial phenolic profiles might develop differently over 
time during bottle ageing. In the second vintage, some of the colour and phenolic parameters of the wines 
were similar after completing the alcoholic fermentation (AF). However, these small differences between 
the wines became more noticeable over time, especially when comparing the wines made from the highest 
sugar level with the rest. These differences were especially noticeable in the polymeric fraction (polymeric 
phenols and polymeric pigments), with a larger number of polymeric forms found in the wines made from 
the ripest berries, and subsequently a larger formation of polymeric pigments. Differences in the wines’ 
phenolic composition, and the differences in the alcohol content of the wines, also influenced the taste and 
mouthfeel evaluation of the wines, and these were maintained over time.

INTRODUCTION
The use of different winemaking techniques (Marais, 
2003; Smith et al., 2015), as well as environmental factors 
and different vineyard management practices (Wolf et al., 
2003), are well known for influencing the colour, taste and 
mouthfeel of a red wine. 

The colour in young red wine is mainly due to 
anthocyanins, which are extracted from the grape skins. 
However, as the wine ages, monomeric anthocyanin 
levels decrease as a consequence of the formation of 
new pigmented polymeric compounds (He et al., 2012a, 
2012b). Subsequently, the increase in concentration of these 
polymeric forms is positively correlated with increased wine 
colour stability. Additionally, grape tannins also contribute 
to the wine’s colour stabilisation. Initially, the formation 
of these new compounds can be explained by different 
reactions involving self-association or by the interaction 
between anthocyanins and tannins (Somers, 1971; Singleton 
& Trousdale, 1992; Remy et al., 2000; Monagas et al., 
2005). Therefore, a decrease in monomeric flavan-3-ol levels 
is also observed (Gómez-Gallego et al., 2013) as larger 
proanthocyanidins are formed (He et al., 2008). In short, a 
large number of direct or mediated condensation reactions 
between the different groups of phenolics occur over time 
in red wine (Timberlake & Bridle, 1976; Wang et al., 2003; 

Monagas et al., 2005). As a consequence, the phenolic profile 
of young red wine can change drastically during ageing.  

The initial grape phenolic composition is of great 
importance to the wine producer. Differences in grape 
phenolic profiles and content between cultivars have been 
reported extensively by several authors (Ryan & Revilla, 
2003; Pérez-Magariño & González-SanJosé, 2004; Pérez-
Lamela et al., 2007; Obreque-Slier et al., 2013). The 
climate, soil characteristics and different vineyard practices 
can also drastically influence the levels of phenolics in 
red grapes. Altering the canopy has been shown to change 
the yield and the bunch light exposure, thereby affecting 
berry development and subsequent phenolic accumulation 
(Reynolds & Van Heuvel, 2009; Río Segade et al., 2009). 
Similarly, vine vigour has also been shown to influence 
the pigment content in grapes and the corresponding wines 
(Cortell et al., 2007a, 2007b). 

The harvest date is also very important, since 
different groups of phenolic compounds are synthesised 
and accumulated at different rates during berry ripening 
(Kennedy et al., 2000, 2001; Adams, 2006; Fournand et al., 
2006). However, these variables may have an impact on 
grape phenolics, which it is not always necessarily reflected 
in the phenolic composition of young wines (Garrido-
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Bañuelos et al., 2015). Likewise, compositional and 
structural changes occurring in the grape cell walls during 
ripening will modulate the phenolic extractability (Nunan 
et al., 1998; Bindon & Kennedy, 2011; Garrido-Bañuelos 
et al., 2019a, 2019b). Many studies have thus focused 
on the impact of ripening on the phenolic composition of 
grapes, skins and seeds (Kennedy et al., 2000; Harbertson 
et al., 2002; Canals et al., 2005; Obreque-Slier et al., 2010b; 
Bordiga et al., 2011; Gil-Muñoz et al., 2011; Asproudi 
et al., 2015; Quijada-Morín et al., 2016) and in young wines 
(Cadot et al., 2012; Bindon et al., 2014a; Pace et al., 2014), 
but there is limited information about how different grape 
ripeness levels influence the colour and phenolic evolution 
over time. Winemakers should be aware that, despite the 
greater extraction of certain compounds, the use of overripe 
grapes may have a negative effect on the wine quality. 

Different studies have evaluated the impact of different 
vineyard treatments (Mota et al., 2011; Van Noordwyk, 
2012; Song et al., 2014; De Beer et al., 2017) and ripeness 
(Cadot et al., 2012; Bindon et al., 2014a) on the colour and 
phenolic composition. All these variables have been proven 
to alter the phenolic composition in grapes, and therefore 
the initial phenolic composition of young wines. However, 
limited information is available on the phenolic and 
sensorial evolution over time of red wines made from grapes 
with different initial phenolic profiles (Pérez-Magariño & 
González-SanJosé, 2004; Llaudy et al., 2006). The phenolic 
evolution of a wine is also of crucial importance for its 
sensory properties, as these compounds contribute to the 
astringent and bitter characteristics of the wine (Gawel, 
1998; Gómez-Gallego et al., 2013; Ma et al., 2014), but also 
influencing the release of the volatile fraction of the wines, 
and thus its sensory properties (Aronson & Ebeler, 2004).  

In the present study, the aim was to assess the colour, 
phenolic and sensorial evolution of small-scale red wines 
made from the same vineyard, but with different initial 
grape phenolic levels. The first harvest season, 2014, was 
used as an exploratory study to evaluate the effect of certain 
vineyard-related factors. From the results obtained in 2014, 
the following harvest season (2015) focused on the impact 
of grape ripeness on the grape and wine phenolic content, 
and their subsequent evolution during 18 months of bottle 
storage. 

MATERIALS AND METHODS
Vineyard characteristics
The present study was conducted in two consecutive harvest 
seasons (2014 and 2015) at the Welgevallen experimental 

farm of the Department of Viticulture and Oenology of 
Stellenbosch University (GPS coordinates: 33°56'25.0"S 
18°51'56.4"E), in a well-characterised Vitis vinifera L. cv. 
Shiraz vineyard grafted on 101-14Mgt rootstocks, clone 
SH9c, with a North-South row direction. 

As mentioned, the first season was an exploratory study. 
Thus, in 2014, Shiraz grapes were harvested from two 
different training systems – vertical shoot positioning (VPS) 
and Smart-Dyson (SD). Additionally, the study included 
two other variables, vine vigour and grape ripeness, which 
might also affect the grape phenolic composition and the 
corresponding wines. In 2014, two different training systems 
were thus studied, VSP and SD, in two different vigour areas 
(Table 1). Part of the VSP training system in the Shiraz had 
previously been converted (during the 2011/2012 growing 
season) into an SD training system. Both training systems 
were distributed in parallel rows along the vineyard block. The 
vine vigour was visually assessed by dividing the vineyard 
block into two zones: high vigour (HV) and low vigour (LV). 
Each of the four treatments were harvested at two different 
grape maturity stages (ripe – R – at an average of 23.2°Brix, 
and overripe – OR – at an average of 26.0°Brix). To maintain 
the intra-vineyard variability throughout ripeness, a similar 
number of vines were randomly selected to obtain 120 kg 
of harvested grapes for each treatment (VSP-LV, VSP-HV, 
SD-LV, SD-HV). All treatments were harvested by hand, 
collected in plastic boxes and immediately transported to 
the experimental cellar of the Department of Viticulture and 
Oenology of Stellenbosch University. 

In 2015, it was decided to focus on more ripeness levels 
and, due to logistical limitations, to only use grapes harvested 
at four grape-ripening levels from the VSP training system 
(low-vigour area) (Table 1). 

Winemaking procedures
All small-scale wines were made in triplicate following the 
standard winemaking procedure at the experimental cellar of 
the Department of Viticulture and Oenology at Stellenbosch 
University. Once in the cellar, the possible intra-vineyard 
variability between rows needed to be reduced. To achieve 
this, grape bunches from the same vineyard treatment (120 
kg) were mixed in the cellar and subsequently separated 
into triplicates of 40 kg used per fermentation. Prior to yeast 
inoculation, 30 mg/L SO2 was added to the destemmed grapes 
and the total acidity was adjusted to 6.0 g/L using tartaric 
acid (natural L-(+)-tartaric). All musts were co-inoculated 
with 0.3 g/L of Saccharomyces cerevisiae D21 (Lallemand) 
and, 24 hours later – once alcoholic fermentation (AF) had 

TABLE 1 
Experimental layout. In 2014, grapes were harvested from two different training system, vigour zones and grape-ripening 
levels. The following season (2015), grapes were harvested at four ripening levels. 
Treatments 2014 2015

Training system VSP, SD VSP

Vigour HV, LV LV

Ripeness R, OR 21°Brix, 23°Brix, 24°Brix & 25°Brix
Vertical shoot positioning (VSP), Smart-Dyson (SD), high vigour (HV), low vigour (LV), R= Ripe, OR = overripe
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started, with 0.01 g/L Oenococcus oeni VP41 (Lallemand) 
for the subsequent malolactic fermentation (MLF). 
Alcoholic fermentations were carried out in plastic buckets 
at 25°C. Punch-downs were performed manually three times 
per day, and 0.3 g/L of DAP (diammonium phosphate) was 
only added two days after the beginning of the fermentation. 
The progression of fermentation was monitored by using a 
balling meter and fermented until dryness (residual sugar 
< 4 g/L). All grape skins were pressed in a basket press after 
fermentation, the press and free-run wine were combined, 
and the wines were stored in steel canisters at 20°C until 
malic acid levels were lower than 0.2 g/L, monitored with 
a WineScan FT 120 (FOSS Analytical, Hillerød, Denmark). 
Once MLF was completed, the wines were racked off and 60 
mg/L of SO2 was added. All the wines underwent subsequent 
cold stabilisation, with no addition of fining agents, at -4°C 
for three weeks before their total SO2 levels were adjusted to 
60 mg/L and they were bottled in green 750 mL bottles under 
screw caps. The bottled wines were stored in a dark storage 
room under controlled temperature (15°C) until chemical 
analysis and sensory evaluation were performed. 

Colour and phenolic measurements
Spectrophotometric analysis
Wine samples were initially analysed right before bottling, 
once cold stabilisation had been completed, and this was 
considered the time 0 (T0) of bottle storage. Afterwards, 
the wines were analysed once every six months (M). A new 
bottle was opened for every set of analyses. In 2014, the 
colour and phenolic content of the different wines samples 
were analysed up to 24 months (24M) in bottle. In 2015, the 
wine samples were only analysed up to 18 months (18M) of 
storage, and an additional sampling stage was added after the 
completion of alcoholic fermentation (AF). 

Different colour and phenolic parameters, such as colour 
density (CD), modified colour density (MCD), copigment 
content, SO2-resistant pigments, total red pigments (TRP) 
and total phenolics (TP) were measured in the wines by 
spectrophotometric analysis using Boulton indexes (Somers 
& Evans, 1974; Boulton, 2001). Wine tannin content was 
determined by the methyl cellulose precipitation (MCP) 
method (Sarneckis et al., 2006) and the results expressed as 
mg/L catechin equivalents.

HPLC analysis
Monomeric and polymeric phenolic compounds were 
individually quantified from time 0 every six months (from 
T0 up to 24M in 2014, and from AF to 18M in 2015) using the 
HPLC method described in Garrido-Bañuelos et al. (2019a). 
Wine samples were centrifuged for 5 min at 8 000 rpm and the 
supernatant was injected. The separation was carried out on a 
polystyrene/divinylbenzene reverse-phase chromatographic 
column (PLRP-S, 150 cm × 4.6 mm, Agilent). The mobile 
phases used were 1.5% v/v ortho-phosphoric acid in de-
ionised water (mobile phase A) and acetonitrile (mobile 
phase B). The linear gradient used was the following: from 
0 min to 55 min, 5% to 22% mobile phase B; from 55 min 
to 59 min, 22% mobile phase B isocratic; from 59 min to 64 
min, 22% to 56% mobile phase B; maintained at 56% mobile 
phase B for the remainder of the run. The flow rate was 1 ml/

min at a constant temperature of 35°C. The injection volume 
was 20 μl. 

Data processing was carried out with Agilent 
ChemStation software (Agilent Technologies). The 
identification of the compounds was done based on the 
retention times of standards and the UV-Vis spectra (acquired 
by injection of standards or from the literature). The method 
thus allowed quantification at four different wavelengths – 
280 nm for flavan-3-ol and polymeric phenols, 320 nm for 
hydroxycinnamic acids, 360 nm for flavonols, and 520 nm 
for the anthocyanins and pigments. To simplify the large 
set of data, certain individual compounds were grouped, 
namely total hydroxycinnamic acids, total flavonols, total 
glucosylated anthocyanins, total acetylated anthocyanins 
and total coumaroylated anthocyanins. 

Sensory analysis
All wines from both seasons, 2014 and 2015, were evaluated 
over time in order to assess the ageing effect from a sensory 
perspective. The wines were subjected to descriptive 
analysis (DA) after 6M and 12M of storage in bottles. Before 
every sensory evaluation, all wines were screened by wine 
experts from the Department of Viticulture and Oenology at 
Stellenbosch University. Reducing the number of samples, 
experts selected two out of the three biological repeats to 
be evaluated by the sensory panel. The DA method is used 
to individually describe the wine samples, and the results 
therefore can quantitatively express the perceived sensory 
differences between samples (Lawless & Heymann, 2010). 
Sensory evaluations were performed by a group of panellists 
(11 and 12 panellists in 2014 and 9 and 10 panellists in 2015 
for the analysis after 6M and 12M respectively) who were 
trained on red wine taste and mouthfeel attributes. Training of 
the panel required periods of four to five weeks in a two-hour 
session, three times a week. During the first two sessions, 
the panellists were trained with standards (Appendix 1) for 
the different taste and mouthfeel attributes. From the third 
session, the panellists were trained and familiarised with the 
actual wines. 

Wine samples were served in standard ISO (International 
Organization for Standardization) dark wine-tasting glasses 
(ISO, 1977), with each glass containing 25 mL of wine. Each 
sample was coded with a three-digit random code and served 
in a completely randomised order (Lawless & Heymann, 
2010). The panellists rated all taste and mouthfeel attributes 
on a 0- to 100-line scale. They performed the evaluation 
in individual booths, with each booth being fitted with a 
data collecting system (Compusense® five, Version 5.2, 
Compusense Inc., Guelph, Ontario, Canada). The testing 
area was light and temperature controlled (21°C).

Statistical analysis
All analyses were carried out using Statistica 13.2 (TIBCO 
Statistica software, Palo Alto, CA, USA). Mixed-model 
repeated-measures ANOVAs were used and Fisher's least 
significant difference (LSD) corrections were used for post 
hoc analyses. Significant differences were judged on a 95% 
significance level (p < 0.05). PanelCheck software (V.1.4.0, 
Nofima Mat, Norway) was used to weigh the panellists’ 
performance for the wine sensory evaluation and to generate 
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STATIS biplots based on covariance. The distribution of 
certain chemical and sensory datasets was analysed with 
principal component analysis (PCA) using SIMCA 14.1 
software (Sartorium Stedim Biotech - Malmö, Sweden).

RESULTS AND DISCUSSION
The results from the two vintages are presented and 
discussed separately. As mentioned previously, 2014 was an 
exploratory study to investigate the main vineyard-related 
variables influencing the initial phenolic content of the wine 
made from this vineyard and will thus only be presented 
briefly.

Phenolic and sensorial evolution of 2014 wines
Colour and phenolic evolution of 2014 wines 
As the 2014 wine aged, the multivariate test of significance 
showed that grape ripeness and time of sampling were 

the most important factors influencing phenolic evolution 
assessed spectrophotometrically (Fig. 1). The PCA loading 
plot (Fig. 1E) shows cumulative effects of the different 
variables in the sample distribution according to their colour 
and phenolic parameters analysed. The wines made from 
OR grapes were distributed along PC2 (18.3%), mainly 
characterised by a higher number of tannins but also hue, 
TP, and SO2-resistant pigments (Fig. 1C). However, these 
differences between treatments were found to reduce over 
time (Fig. 1D), in contrast to the results found by De Beer 
et al. (2017). Over the course of time, lower CD, TRP and 
copigment values were found in the older wines compared to 
the young wines, whereas the hue and tannin levels increased 
(Fig. 1D & 1E).

These separations between treatments were also 
observed when individual phenolics were analysed (Fig. 2). 
Grape ripeness, together with the time of sampling, also 

1
 

FIGURE 1
Sample distribution of 2014 wines according to their phenolic content analysed by spectrophotometric methods. A) PCA scores 
scatterplot coloured according to the training system. B) PCA scores scatterplot coloured according to the vine vigour. C) PCA 
scores scatterplot coloured according to grape ripening. D) PCA scores scatterplot coloured according to the sampling stages. 
E) Loading plot with the colour and phenolic parameters: CD (colour density), MCD (modified colour density), TP (total 

phenolics), TRP (total red pigments), SO2 resist (SO2-resistant pigments).
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played a larger role than training system and vigour in 
affecting the overall individual phenolic profile of the wines 
over time (Appendix 2). Wines from OR were characterised 
by a higher amount of polymeric forms (Fig. 2C), both as 
polymeric phenols and polymeric pigments, and lower 
values of total hydroxycinnamic acids. During ageing, 
almost all of the wines distributed to the positive side of 
PC1 (Fig. 2D), characterised by a lower concentration of 
glucosylated, acetylated and coumaroylated anthocyanins, 
which is in agreement with the literature (Somers & Evans, 
1979; Pérez-Magariño & González-SanJosé, 2004; Boido, 
et al., 2006). Additionally, as shown in Fig. 2D, differences 
between treatments found in the grapes and young wines 
became smaller over time, as the wine samples were more 
closely distributed along the PC1 axis after ageing.

Sensory evaluation of 2014 wines
Grape ripeness again seemed to have played the largest role 
in the taste and mouthfeel perception after 6M and 12M of 
storage. Thus, as illustrated in Fig. 3A, after 6M, the wine 
samples were separated along the PC1 axis (72%), mainly 
based on the differences between acidity and the rest of the 
attributes. Thus, most of the R wines (including all four 
training and vigour treatments) were described as being 
higher in acidity. On the other hand, the wines made from 
OR berries were often described as being more bitter and 
having more body (Appendix 3 and Appendix 4). However, 
astringency did not show an increase with ripening, except 
for the VSP HV wines (Appendix Table 3). The trends 
between 6M and 12M remained relatively stable, with the 
grape ripeness level being the main driver along the PC1 axis 
(72% in Fig. 3A and 85% in Fig. 3B). These findings agree 
with previous studies on the impact of different training 1 

 

  

 
FIGURE 2

Distribution of 2014 wine samples according to the group of individual phenolic compounds analysed with HPLC. A) PCA 
scores scatterplot coloured according to the training system. B) PCA scores scatterplot coloured according to the vine vigour. 
C) PCA scores scatterplot coloured according to grape ripening. D) PCA scores scatterplot coloured according to the sampling 
stages. E) Loading plot displaying the phenolic composition. P. pigment: polymeric pigments, P. phenols: polymeric phenols. 

B1: B1 procyanidin dimer.
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systems on the astringency and bitterness of the wines made 
from the same vineyard (Van Noordwyk, 2012; De Beer, 
2015). 

These results, together with the phenolic findings, led to 
a further investigation of the effects of grape ripeness on the 
colour, phenolic and sensorial composition of Shiraz wines 
and their subsequent evolution over time in the following 
year.

Phenolic and sensorial evolution of 2015 wines
Colour and phenolic evolution of 2015 wines 
In 2015, with the objective of assessing the ripeness effect 
in young wines, the analysis of the colour and phenolic 
compounds was also done after the alcoholic fermentation 
(AF). At AF, only the hue and the MCP tannin concentration 
were not significantly affected by grape ripeness (Appendix 5). 
In terms of individual phenolic compounds measured by 
HPLC, only gallic acid, catechin and the B1 procyanidins 
were not significantly influenced by the ripeness at AF 
(Appendix 6). From this stage, storage time also played a 
significant role in the colour and phenolic evolution. 

The evolution of colour and phenolics, up to 18M of 
storage, is shown in Table 2. Time and grape ripeness both 
played a role in the wines’ colour and phenolic composition 
(Appendix 7). Total red pigments (TRP), SO2-resistant 
pigments and copigments were highly influenced by time. 
On the other hand, although time was also significant, the 
TP content and, especially, the MCP tannin levels, were 
strongly influenced by the different degrees of ripeness 
(Appendix 8). Comparing the chromatic parameters of the 
AF wines with the 18M wines, a significant decrease was 
found in the CD, TRP and copigments, with the exception of 
the level of copigments in wines made from 21°Brix grapes 
(Table 2). However, the amount of SO2-resistant pigments 
showed different trends over this period. The concentration 
of these pigments remained relatively constant for wines 
made from 21°Brix and 23°Brix grapes, whereas they 
decreased in wines made from 24°Brix grapes and increased 
in the wines made from 25°Brix grapes. The overall colour 

and phenolic evolution is also shown in Fig. 4. Samples 
were distributed along the PC1 axis (47.9%) according to the 
grape ripeness (Fig. 4A). Wines made from 21°Brix, 23°Brix 
and 24°Brix grapes were found mostly on the negative 
side of axis 1, whereas wines made from 25°Brix grapes 
were found mostly on the positive axis of PC1. At the AF 
stage, wines made from 25°Brix grapes were found closely 
distributed with those made from the lower grape-ripeness 
levels. Additionally, along PC2 (27.4%), the samples were 
separated according to the sampling stage (Fig. 4B). From 
the loading plot (Fig. 4C), one can observe a general decrease 
in colour density, TRP, TP, CD copigments and SO2-resistant 
pigments, with an increase in hue.  

As occurred in the 2014 data, some of the phenolic 
differences found in young wines made from different grape 
ripeness levels became smaller over time. As an example, no 
significant differences were found in the TRP levels between 
all the wines after the decrease that occurred from AF to 
18M. Similarly, the copigment concentration decreased 
significantly from AF to 18M, except for the wines made 
from 21°Brix grapes. Boulton (2001) also states that the 
co-pigmentation effect decreases over time. The differences 
in the concentration of copigments found in young wines, 
initially higher in wines made from 24°Brix and 25°Brix 
grapes when compared to those from 21° and 23°Brix 
grapes, became statistically insignificant after 12M. This 
decrease in concentration of copigments in the wines made 
from riper grapes may be linked partially to the formation of 
more SO2-resistant pigments over time that replaced these 
copigments (Somers, 1971; Bindon et al., 2014b). However, 
the concentration of the SO2-resistant pigments reached 
their peak level after six months of bottle storage in all the 
wines, and became drastically reduced after this (Table 2), 
presumably as a consequence of precipitation. All the wines 
thus could have had a limited number of cofactors, which 
may explain the similar levels of copigments after 18M in 
all the treatments. 

However, these decreases in pigment concentration 
did not always affect the amount of TP. The amount of TP 1 

 

 

  
FIGURE 3

Wine sample distribution according to the taste and mouthfeel. A) Wine evaluation after six months of bottle storage. B) Wine 
evaluation after 12 months of bottle storage. Wine codes according to training system (VSP, SD), vigour (HV, LV) and ripening 

(R and OR).
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TABLE 2 
Colour and phenolic measurements up to 18 months in bottle for 2015 wines made at four different ripening stages (21°Brix, 
23°Brix, 24°Brix and 25°Brix). Measurements were done using a spectrophotometer.

 AF T0 6M 12M 18M

CD (AU)

21°Brix 15.75 ± 1.80 cde 8.89 ± 0.86 jk 12.79 ± 0.68 fghi 8.96 ± 0.85 jk 7.88 ± 0.65 k

23°Brix 17.53 ± 2.85 bc 11.46 ± 0.78 hij 14.66 ± 1.16 defg 11.34 ± 0.31 hij 10.07 ± 0.24 ijk

24°Brix 19.17 ± 1.29 b 13.83 ± 3.26 efgh 16.46 ± 1.94 cd 13.79 ± 0.32 efgh 12.30 ± 0.60 ghi

25°Brix 24.77 ± 2.71 a 17.44 ± 1.76 bcd 23.02 ± 3.91 a 15.70 ± 2.02 cdef 17.20 ± 1.00 bcd

Hue

21°Brix 0.42 ± 0.02 h 0.52 ± 0.03 defg 0.49 ± 0.02 g 0.54 ± 0.05 def 0.61 ± 0.02 bc

23°Brix 0.42 ± 0.02 h 0.50 ± 0.01 e 0.50 ± 0.02 e 0.54 ± 0.02 dfg 0.60 ± 0.03 bc

24°Brix 0.44 ± 0.02 h 0.50 ± 0.03 f 0.51 ± 0.02 defg 0.53 ± 0.04 deg 0.60 ± 0.01 bc

25°Brix 0.39 ± 0.01 h 0.64 ± 0.08 ab 0.60 ± 0.03 c 0.62 ± 0.01 bc 0.66 ± 0.03 a

MCD (AU)

21°Brix 13.65 ± 0.80 defg 14.30 ± 0.78 def 13.73 ± 1.04 def 8.63 ± 0.24 I 7.88 ± 0.38 I 

23°Brix 14.78 ± 1.40 de 15.53 ± 0.69 cd 14.39 ± 0.25 def 11.43 ± 0.62 gh 10.07 ± 0.14 hi 

24°Brix 17.65 ± 0.60 bc 17.96 ± 0.59 b 13.27 ± 0.36 efg 13.31 ± 0.28 defg 12.31 ± 0.34 fgh 

25°Brix 19.18 ± 0.03 b 21.54 ± 1.80 a 14.99 ± 0.99 de 15.46 ± 1.13 cde 17.20 ± 0.58 bc 

TRP (AU)

21°Brix 31.67 ± 2.87 cd 28.71 ± 1.59 de 28.77 ± 2.68 de 18.64 ± 0.91 g 16.82 ± 1.72 g

23°Brix 35.45 ± 7.03 bc 31.96 ± 0.99 cd 29.26 ± 2.16 de 21.09 ± 1.26 fg 18.72 ± 0.33 g

24°Brix 43.68 ± 2.24 a 40.24 ± 4.38 ab 36.42 ± 3.56 bc 24.68 ± 1.70 ef 22.01 ± 0.25 fg

25°Brix 39.77 ± 2.28 ab 26.15 ± 4.81 ef 25.16 ± 3.85 ef 17.70 ± 5.35 g 18.49 ± 4.44 g

TP (AU)

21°Brix 41.27 ± 3.83 ghij 40.44 ± 2.21 ghij 44.97 ± 3.92 defgh 36.36 ± 3.65 ghij 35.34 ± 3.04 j

23°Brix 46.69 ± 7.94 cdefg 44.40 ± 1.72 efghi 46.29 ± 8.67 cdefg 39.36 ± 2.78 ghij 37.10 ± 0.30 hij

24°Brix 64.80 ± 3.72 a 56.96 ± 10.32 ab 54.03 ± 7.18 bc 45.54 ± 3.38 defgh 43.31 ± 0.72 fghij

25°Brix 52.85 ± 2.24 bcde 51.46 ± 8.03 bcdef 53.15 ± 1.27 bcd 44.22 ± 3.77 fghi 45.47 ± 7.51 cdefgh

SO2-
resistant 
pigments 
(AU)

21°Brix 2.64 ± 0.09 i 4.57 ± 0.41 ef 6.14 ± 1.04 cd 2.02 ± 0.23 i 2.38 ± 0.11 i

23°Brix 2.84 ± 0.61 ghi 5.87 ± 0.41 d 7.26 ± 1.33 c 2.5 ±0.02 i 3.06 ± 1.84 ghi

24°Brix 8.83 ± 0.27 b 7.26 ± 0.91 c 10.86 ± 0.57 a 2.76 ± 0.53 hi 3.87 ± 0.41 fg

25°Brix 3.92 ± 0.60 fgh 8.43 ± 1.03 b 11.20 ± 0.94 a 5.50 ± 0.71 de 6.14 ± 1.27 cd

Copigments 
(AU)

21°Brix 14.57 ± 4.22 defg 18.70 ± 1.72 bcd 24.14 ± 9.02 abc 15.29 ± 3.63 defg 10.13 ± 0.54 g

23°Brix 18.68 ± 4.84 bcd 24.73 ± 5.16 ab 17.85 ± 0.38 cde 14.97 ± 3.11 defg 12.01 ± 0.68 efg

24°Brix 27.64 ± 2.18 a 23.16 ± 0.62 abc 18.30 ± 1.03 cde 10.20 ± 3.28 g 13.53 ± 0.38 defg

25°Brix 28.14 ± 9.10 a 16.77 ± 1.24 def 14.94 ± 2.65 defg 8.99 ± 1.46 g 11.46 ± 1.63 fg

Tannins 
(mg/L)

21°Brix 699.26 ± 100.94 def 713.46 ± 129.51 de 332.13 ± 30.35 h 478.87 ± 112.61 gh 485.00 ± 9.99 gh

23°Brix 609.28 ± 122.88 efg 521.23 ± 92.75 fg 601.93 ± 93.80 efg 617.34 ± 62.41 efg 532.90 ± 57.30 fg

24°Brix 715.21 ± 168.68 de 582.22 ± 75.81 efg 592.60 ± 83.97 efg 811.19 ± 44.34 cd 716.14 ± 62.85 de

25°Brix 860.56 ± 117.23 bcd 1133.56 ± 231.00 a 835.69 ± 150.20 cd 908.29 ± 115.38 bc 1023.85 ± 42.78 ab

The different letters indicate significant differences (ANOVA, p < 0.05) between the ripening levels. Values expressed in absorbance val-
ues (AU). Colour density (CD), total red pigments (TRP), total phenolics (TP). AF (after alcoholic fermentation), T0 (before bottling), 6M 
(6 months of bottle ageing), 12M (12 months of bottle ageing), 18M (18 months of bottle ageing).

remained relatively constant over time in the wines made 
from 21°Brix berries. On the other hand, the rest of the 
wines (made from 23°, 24°Brix and 25°Brix grapes) showed 
a decrease over time, being not always significant in the case 
of the wines made from 25°Brix grapes. 

Regarding MCP tannin levels, AF wines made from 
riper grapes had a higher tannin content (Appendix 8), 
which was also found by Bindon et al. (2013). However, 
this was only significant when wines made from 23°Brix and 
25°Brix grapes were compared (Table 2). Over the course of 
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time, although the tannin evolution was relatively constant 
in all wines – except for those made from 21°Brix grapes 
(Table 2), these small differences found at AF between the 
wines became larger over time. These differences may be 
related not only to the total tannin concentration, but also 
to the formation of different polymers. Although it remains 
uncertain, the tannin size and polymer conformation may 

possibly affect tannin binding and subsequent precipitation 
with MCP, as it was shown to occur with the BSA tannin-
precipitation method (Harbertson et al., 2014). 

These results disagree with a similar study by Bindon 
et al. (2013), as the tannins levels found in wines made 
from the last harvest were not always significantly higher. 
However, the results of the current study also suggest a 
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FIGURE 4

Distribution of 2015 sample according to the colour and phenolic content analysed by spectrophotometric methods. A) PCA 
scores scatterplot coloured according to grape ripeness. B) PCA scores scatterplot coloured according to time. C) Load-

ing plot with the colour and phenolic parameters: Total red pigments (TRP), total phenolics (TP), modified colour density 
(MCD), SO2 resist (SO2-resistant pigments).
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higher tannin value as the harvest advanced, which manifest 
especially after prolonged wine ageing. 

Individual phenolic compounds of 2015 wines
Grape ripeness and ageing both had significant effects 
on the evolution of the individual phenolic compounds 
(Appendix 9) as determined by HPLC (Table 3). In 
Fig. 5B, the wine samples distributed along the PC1 (52.7%) 
according to the time of sampling. Wine samples at AF, 
MLF and after 6M were mostly found on the negative side 
of PC1, whereas wines after 12M and 18M in the bottle were 
found on the positive side. As expected, as the wines aged 
they were characterised by a lower free anthocyanin content, 
with an increase in polymer fractions. These results agree 
with the findings of Pérez-Magariño and González-San José 
(2004). However, and similarly to the spectrophotometric 
phenolic results, wines made from 25°Brix grapes showed 
a different pattern of evolution when compared to the other 
three ripeness stages, especially from MLF onwards. 

These differences were explained mainly by the 
concentration of polymeric phenols and polymeric pigments 
in the wines. Both parameters were especially influenced by 
grape ripeness (Appendix 10). In short, a larger concentration 
of polymeric phenols and polymeric pigments was found 
in the wines made from 25°Brix grapes, and these were 
already significant at AF (Table 3). Thereby, these results 
show a greater extractability of larger molecules during 
grape ripeness, which are released into the wine, in contrast 
o the findings of some authors (Obreque-Slier et al., 2010b; 
Bautista-Ortín et al., 2012). From AF, different trends were 
also observed in the different wines during bottle ageing 
(Table 3). Whereas the polymeric phenol concentration in 
the wines made from grapes at 21°Brix, 23°Brix and 24°Brix 
showed a decrease from AF to MLF, followed by relatively 
constant levels during bottle ageing, the amount of polymeric 
phenols in wines made from 25°Brix increased from AF to 
6M in the bottle, followed by a final decrease. This decrease, 
which was found after 12M of storage in wines made from 
grapes at 25°Brix, is probably due to over-polymerisation 
reactions and the subsequent precipitation of insoluble 
compounds. On the other hand, the amount of polymeric 
pigments in young wines (AF) was not significantly higher 
in those wines made from 25°Brix grapes compared to 
those made from grapes at 23°Brix and 24°Brix (Table 3). 
Only over time did the wines made from 25°Brix grapes 
experience a significant increase in polymeric pigments 
during bottle storage. This greater formation of polymeric 
pigments is probably linked to the quicker degradation of free 
anthocyanins (glucosylated, acetylated and coumaroylated 
anthocyanins) occurring in the wines made from 25°Brix 
grapes (Table 3 and Fig. 5). These trends may be explained by 
a greater proanthocyanidin concentration in the wine matrix, 
and therefore higher availability to react with the monomeric 
anthocyanins and form these polymeric pigments (Singleton 
& Trousdale, 1992; He et al., 2012b) in the wines made from 
the ripest grapes. 

Additionally, an increase in gallic acid was observed 
over time (Table 3). Although the difference between wine 
treatments in young wines (AF) were not significant, a 
greater concentration of gallic acid was found in the wines 

made from 25°Brix grapes after MLF. Over the course of 
time (after 12M), this difference became insignificant when 
compared to 24°Brix. Gallic acid is indirectly related to 
wine colour and polymeric pigment formation (Liu et al., 
2016). The increase, observed in all our wines, may be due 
to the dissociation of certain compounds. It is known that 
gallic acid can be found as the galloyl unit from galloylated 
proanthocyanidins, but it can also act as a cofactor in the 
wine (Boulton, 2001; Liu et al., 2016). Firstly, the liberation 
of gallic acid could come from the breakdown or hydrolysis 
of galloylated proanthocyanidins. However, this release 
has not been proven in wine (Prieur et al., 1994). Secondly, 
the gallic acid could be released by the hydrolysis of wine 
copigments. Thus, the drop in wine copigments from AF to 
MLF, and especially prevalent in the 25°Brix wines (Table 2), 
may be linked to the increase in gallic acid concentrations 
and the increase in polymeric pigments levels during the 
same period (Table 3). 

Other phenolic compounds, such as hydroxycinnamic 
acids and flavonols, were greatly influenced by time as well 
as grape ripeness (Appendix 10). Similarly to gallic acid, the 
increase in the total concentration of hydroxycinnamic acids 
can be explained by the hydrolysis of these copigments, 
thereby liberating acids into the wine. As described in the 
literature, these compounds play an essential role not only in 
the concentration of copigmentation complexes, but also in 
the formation of pyroanthocyanins over time (Darias-Martín 
et al., 2002; Gómez-Gallego et al., 2013) during the ageing 
of red wines (Hermosín-Gutiérrez, et al., 2005). After 18M, 
the greatest total hydroxycinnamic acid concentration was 
found in the wines made from 24°Brix grapes, followed by 
those from 21°Brix and 25°Brix grapes. Thus, these results 
show no clear trend between the increase in grape ripeness 
and the higher hydroxycinnamic acid levels over time. 

In contrast, the concentration of total flavonols declined 
over time (Table 3). The concentration of these compounds 
was initially higher in wines made from 24°Brix and 25°Brix 
grapes. However, their loss over the course of time was 
quicker in wines made from 25°Brix grapes. By the end 
of MLF, the flavonol content had dropped significantly in 
wines made from 25°Brix grapes. On the other hand, wines 
made from grapes at the other three ripeness levels (21°Brix, 
23°Brix and 24°Brix) experienced only a significant loss 
after 12M of storage. 

Altogether, the HPLC results indicate the influence 
of grape ripeness on the release of specific phenolic 
compounds, which may be more difficult to extract at lower 
ripeness levels. The changes occurring in the grape skin cell 
walls during grape ripeness may be linked to the release of 
these compounds (Garrido-Bañuelos et al., 2019a). In short, 
higher grape ripeness levels can lead to the extraction of 
larger polymeric phenolic-derived compounds, which may 
be involved in the formation of more stable compounds over 
time during wine ageing. It thus seems that this process of 
condensation between tannins and anthocyanins during 
wine ageing will be enhanced further when riper grapes are 
used. Recent studies have shown that phenolic extractability 
is linked to the level of cell wall deconstruction during 
ripeness (Garrido-Bañuelos et al., 2019a). However, this 
cell wall deconstruction during ripeness is affected by the 
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TABLE 3 
Evolution of the individual and groups of phenolic compounds (mg/L) up to 18 months of storage for 2015 wines made from 
grapes at four different ripening stages (21°Brix, 23°Brix, 24°Brix and 25°Brix). Measurements were performed using HPLC.

AF MLF 6M 12M 18M

Gallic acid

21°Brix 6.74 ± 0.50 fg 5.65 ± 0.36 h 7.48 ± 0.50 ef 8.89 ± 0.39 d 9.74 ± 0.50 cd

23°Brix 6.74 ± 0.61 fg 6.03 ± 0.31 gh 7.74 ± 0.33 e 9.42 ± 0.33 cd 10.11 ± 0.26 bc

24°Brix 7.02 ± 0.52 ef 5.95 ± 0.47 gh 7.39 ± 0.65 ef 9.88 ± 0.09 bcd 10.31 ± 0.78 abc

25°Brix 7.46 ± 0.32 ef 9.15 ± 0.14 d 9.80 ± 0.63 cd 10.88 ± 0.71 ab 11.05 ± 0.85 a

Catechin

21°Brix 7.15 ± 1.57 ef 5.38 ± 0.88 f 17.76 ± 0.89 abc 13.37 ± 0.42 abcde 8.38 ± 0.96 def

23°Brix 9.09 ± 4.04 def 6.92 ± 2.47 ef 11.47 ± 6.37 cdef 12.45 ± 0.29 abcdef 7.63 ± 0.09 ef

24°Brix 18.37 ± 11.74 ab 9.11 ± 2.66 def 9.55 ± 3.44 def 15.03 ± 0.03 abcd 8.48 ± 0.63 def

25°Brix 8.3 ± 2.13 def 19.18 ± 0.77 a 12.30 ± 5.60 bcde 4.68 ± 2.46 f 9.15 ± 0.49 def

B1

21°Brix 10.19 ± 1.54 ef 11.04 ± 1.23 def 19.05 ± 2.47 b 18.46 ± 0.70 bcd 17.49 ± 0.58 bcd

23°Brix 14.83 ± 3.06 bcdef 10.40 ± 3.48 ef 17.14 ± 2.21 bcde 15.28 ± 1.24 bcdef 14.72 ± 0.60 bcde

24°Brix 14.72 ± 10.19 bcdef 12.06 ± 5.27 cdef 19.31 ± 3.68 b 19.99 ± 0.01 ab 19.01 ± 1.06 bc

25°Brix 16.85 ± 2.99 bcde 27.42 ± 4.23 a 17.7 ± 8.19 bcd 8.23 ± 0.07 f 15.5 ± 4.36 bcdef

Polymeric 
phenols

21°Brix 401.52 ± 31.99 fghi 280.67 ± 16.91 k 311.19 ± 23.65 jk 331.05 ± 4.80 ijk 311.78 ± 23.83 jk

23°Brix 445.58 ± 83.09 ef 349.21 ± 17.75 hijk 362.47 ± 34.56 ghij 367.91 ± 20.97 fghij 387.72 ± 18.68 fghij

24°Brix 481.06 ± 34.07 e 402.26 ± 22.20 fghi 436.78 ± 18.01 efg 430.05 ± 37.86 efgh 443.91 ± 7.60 ef

25°Brix 587.63 ± 45.80 d 738.32 ± 88.32 ab 812.88 ± 115.76 a 649.19 ± 1.08 cd 704.44 ± 43.23 bc

∑ Hydroxy-
cinnamic 

acid

21°Brix 32.71 ± 0.66 kl 41.51 ± 3.74 ghi 47.64 ± 1.03 cdef 47.68 ± 0.59 bcdef 51.27 ± 0.91 bc

23°Brix 31.55 ± 0.96 l 36.51 ± 2.32 jk 37.87 ± 0.81 ij 39.70 ± 2.02 hij 43.95 ± 0.87 efgh

24°Brix 43.34 ± 1.60 fgh 47.14 ± 1.68 cdef 49.45 ± 0.90 bcd 52.98 ± 0.93 ab 56.77 ± 1.50 a

25°Brix 32.98 ± 0.35 kl 45.14 ± 1.80 defg 46.30 ± 1.91 def 49.09 ± 1.25 bcde 51.55 ± 2.44 bc

∑ Flavonols

21°Brix 82.55 ± 1.69 e 84.99 ± 6.94 cde 83.46 ± 9.80 de 48.10 ± 10.62 g 51.49 ± 5.02 g

23°Brix 82.32 ± 7.96 e 89.47 ± 1.55 bcde 87.95 ± 4.66 cde 51.78 ± 0.54 g 57.04 ± 0.49 fg

24°Brix 96.52 ± 1.28 abc 102.21 ± 1.27 ab 96.29 ± 3.38 abcd 56.96 ± 0.42 fg 67.82 ± 1.99 f

25°Brix 104.74 ± 3.18 a 86.42 ± 5.74 cde 82.12 ± 1.48 e 49.56 ± 4.42 g 48.96 ± 2.00 g

∑ Glucosyl-
ated antho-

cyanins

21°Brix 199.87 ± 11.97 e 257.14 ± 6.25 bcd 212.32 ± 10.59 e 126.26 ± 2.33 fg 109.21 ± 2.63 fgh

23°Brix 207.94 ± 15.92 e 272.96 ± 1.84 bc 226.52 ± 2.92 de 132.35 ± 8.83 fg 122.43 ± 1.73 fg

24°Brix 289.75 ± 7.38 ab 321.26 ± 3.46 a 247.78 ± 5.97 cd 146.25 ± 10.77 f 134.78 ± 3.23 f

25°Brix 250.77 ± 9.20 cd 137.06 ± 24.97 f 96.03 ± 28.02 gh 77.56 ± 15.85 hi 51.39 ± 17.94 i

∑ Acety-
lated antho-

cyanins

21°Brix 87.15 ± 4.61 e 105.37 ± 2.62 c 83.20 ± 4.49 e 48.18 ± 0.87 fgh 38.46 ± 1.94 ghi

23°Brix 88.79 ± 7.90 de 111.00 ± 0.49 bc 90.47 ± 0.87 de 52.97 ± 1.62 fg 42.94 ± 0.89 fghi

24°Brix 124.61 ± 3.43 ab 131.65 ± 0.33 a 102.00 ± 3.11 cd 57.37 ± 2.14 f 48.67 ± 1.65 fgh

25°Brix 111.55 ± 3.64 bc 50.56 ± 10.45 fgh 37.15 ± 10.40 hi 30.01 ± 5.84 ij 17.97 ± 4.64 j

∑ Coumar-
oylated an-
thocyanins

21°Brix 28.80 ± 1.53 e 39.34 ± 0.83 bc 29.74 ± 2.26 de 16.43 ± 0.49 fgh 12.95 ± 1.19 fghi

23°Brix 29.35 ± 1.84 de 38.23 ± 0.62 bc 29.23 ± 1.20 de 15.15 ± 1.24 fghi 12.74 ± 0.67 ghi

24°Brix 50.24 ± 1.89 a 48.80 ± 1.70 a 34.34 ± 1.54 cd 18.70 ± 2.15 fg 14.40 ± 0.70 fghi

25°Brix 41.65 ± 2.25 b 18.27 ± 3.82 f 12.31 ± 3.65 hi 8.91 ± 1.48 ij 5.65 ± 1.66 j

Polymeric 
pigments

21°Brix 21.91 ± 0.30 efg 12.99 ± 2.39 g 14.43 ± 1.60 g 16.17 ± 1.72 efg 14.85 ± 1.11 g

23°Brix 24.21 ± 4.48 def 15.44 ± 1.31 fg 17.79 ± 2.00 efg 20.56 ± 2.11 efg 19.56 ± 0.87 efg

24°Brix 24.90 ± 2.47 def 18.98 ± 0.65 efg 21.42 ± 1.89 efg 26.24 ± 0.24 def 25.53 ± 0.59 de

25°Brix 33.02 ± 6.02 cd 45.74 ± 2.76 ab 53.38 ± 18.89 a 39.23 ± 4.28 bc 50.77 ± 12.51 a

The different letters indicate significant differences (ANOVA, p < 0.05) between the ripening levels. AF (after alcoholic fermentation), T0 
(before bottling), 6M (six months of bottle ageing), 12M (12 months of bottle ageing), 18M (18 months of bottle ageing).
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vintage (Garrido-Bañuelos et al., 2019b). These cell wall 
proteins and polysaccharides are released into the wines 
during maceration (Guadalupe & Ayestarán, 2007), thereby 
affecting the phenolic interactions (Riou et al., 2002) and 
the sensory perception (Vidal et al., 2004). However, little 
is known about the interaction of these structural proteins 

and polysaccharides with the rest of the components in the 
wine matrix (Watrelot et al., 2017) and how this is reflected 
on the sensory evolution of the wines over time. It therefore 
seems essential to understand the depectination level of the 
grapes, as this will influence the phenolic extractability and, 
indirectly, the ageing of the wines.
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FIGURE 5

Distribution of 2015 sample according to the groups of individual phenolic compounds measured with the HPLC. A) PCA 
scores scatter plot coloured according grape ripeness. B) PCA scores scatterplot coloured according to time. C) Loading plot 
with the group of individual phenolic compounds. P. pigment: polymeric pigments, P. phenols: polymeric phenols. B1: B1 
procyanidin dimer, hydroxycin (total hydroxycinnamic acids), glucosylat (total glucosylated anthocyanins), acetylated (total 

acetylated anthocyanins), coumaroyla (total coumaroylated anthocyanins).
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Sensory evolution of 2015 wines
As seen previously in relation to the 2014 wines, grape 
ripeness again played a significant role in the sensory results 
in 2015. All attributes evaluated by the panellists (except the 
acidity) were significantly different and highly influenced by 
the grape ripeness as a single factor (Appendix 11). Fig. 6 
illustrates the differences in the intensity of the taste and 
mouthfeel attributes evaluated after 6M and 12M. Firstly, 
a clear trend is observed from the wines made from less-
ripe grapes (made from 21°Brix grapes), described as being 
more sour, less astringent or bitter, and with a lower body 
(significant when compared to wines made from 25°Brix 

grapes), compared to wines made from riper grapes. 
No significant changes in the alcohol burn, astringency, 
bitterness and body (except for wines made from 21°Brix 
grapes, where the body of the wines increased significantly) 
were found in all the wines from 6M to 12M (Fig. 6). On the 
other hand, the acidity showed a significant decrease in the 
case of wines made with 21°Brix grapes, but it increased in 
wines made from 25°Brix grapes. The opposite trend was 
observed for the sweetness taste of the wines (Fig. 6B). 

Overall, similar results were reported in the literature 
regarding higher astringency and bitterness perception 
(Cadot et al., 2012; Bindon et al., 2014a), but also with a 

1 
 

 1 

 2 
 3 FIGURE 6

Evolution of the intensity of taste and mouthfeel attributes (from 0 to 100) of the 2015 wines over time. A) acidity, B) sweet-
ness, C) body, D) alcohol burn, E) astringency, F) bitterness. The different letters represent significant differences (ANOVA, 
p < 0.05) between the different wines (made from grapes at four different degrees of ripeness) and their evolution over time.
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greater body structure (Van Noordwyk, 2012) in wines made 
from riper grapes. Astringency is driven mainly by the tannin 
concentration, and especially due to its polymeric forms 
(McRae & Kennedy, 2011), whereas bitterness is related 
more directly to the presence of galloylated tannins (mainly 
extracted from the seeds), but also other flavonoids, such as 
flavan-3-ols and flavonols (Peleg et al., 1999; Hufnagel & 
Hofmann, 2008; Sáenz-Navajas et al., 2010) and anthocyanin-
derived pigments (Sáenz-Navajas et al., 2017). The larger 
concentrations of tannins, gallic acid, polymeric phenols 
and polymeric pigments in the wines made from 25°Brix 
grapes probably played a role in the greater perception of 
astringent and bitter taste of these wines. As shown in Fig. 7, 
the intensity of astringency in our wines correlated with the 
amount of MCP tannins (R2 = 0.69) and the concentration of 
polymeric phenols (R2 = 0.92), which correlates with similar 
findings by Mihnea et al. (2019) for South African red wines.  

After xi and 12 months, the concentration of MCP 
tannins was not significantly higher in wines made from 
25°Brix grapes when compared to the ones made from 
24°Brix grapes, but the wines were rated significantly higher 
in bitterness and astringency (Table 2 and Fig. 6). This can be 
explained by the interaction between the phenolic and non-
phenolic components of each wine matrix. As an example, 
higher ethanol levels have been shown to increase the tannin-
salivary protein interaction and therefore the astringency 
perception of wines (Obreque-Slier et al., 2010a), as well 
as to enhance the bitterness in white wines (Cretin et al., 
2018). Thus, differences in the alcohol levels between the 
wines made from 25°Brix and those from 24°Brix grapes 
(Appendix 12) may have enhanced the astringent perception 
of the wines. Unfortunately, none of the current methods 
used for this project allowed us to further investigate 
the proanthocyanidins in terms of their complexity or 
composition. 

These results could vary between different, grape 
cultivars and types of storage, but this study supplements 
the little information available in the literature linked to the 
evolution of colour and phenolic compounds in red wines 

made from the same vineyard over time (Pérez-Magariño & 
González-SanJosé, 2004, 2006). 

CONCLUSIONS
The current study confirms the influence of different initial 
wine phenolic profiles on the colour, phenolic and sensorial 
evolution of wines during bottle ageing. More precisely, the 
present work has shown the influence of different stages 
of grape ripeness on Shiraz wine’s phenolic and sensorial 
composition, and how these properties develop over time. It 
seems that, independently of vintage and the initial phenolic 
profile, a general loss of colour and monomeric anthocyanins 
can be expected in Shiraz wine over time. In parallel, the 
formation of polymeric phenols and polymeric pigments 
should occur. However, in wines produced with riper grapes, 
which can have higher levels of polymeric phenols and 
polymeric pigments, these compounds will probably also be 
higher after ageing. Thus, the present study highlights that 
a greater availability of tannins in solution (represented by 
polymeric phenols) in young wines might lead to a larger 
formation of polymeric pigments, and therefore a more 
stable wine colour over time. Information regarding the level 
of complexity and reactivity of the phenolic composition 
at AF could be valuable to the wine producer to assess the 
impact of these different initial phenolic profiles during 
bottle ageing. From a sensory perspective, the impact of 
grape ripeness was seen in the taste and mouthfeel of the 
wines, partly contributing to a higher body, and to a more 
bitter and astringent perception of the wines maintained over 
bottle ageing.

Nevertheless, the colour, phenolic and sensorial 
evolution of these wines may show different results with 
barrel ageing, as the wine matrix would be even more 
complex. This study could be relevant for the wine industry 
in aiming to better manage the extraction and modification of 
phenolics during the ageing of specific phenolic compounds 
with a positive impact on colour stability, as well as on the 
taste and mouthfeel properties of the wines. 
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FIGURE 7
Linear regression of the average intensity of astringency of the 2015 wines (6M and 12M) and their corresponding MCP levels 

(A) and concentration of polymeric phenols (B).
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