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Chapter 1

Introduction

1.1 Wine

Wine is defined as the alcoholic fermented juice from grapes which is used as a beverage. One

of the earliest evidences of grape wine and viniculure was found in pottery fabrics found in an

excavation in Georgia (South Caucasus) dating to the early Neolithic period (ca. 6000-5000 BC)

[1].

Throughout the centuries, wine has been part of history, continuously evolving and arriving to

our days in many different forms. Wine making has incorporated more technological elements as

humans developed increasing knowledge of the different processes that occur during elaboration.

The techniques employed play an important role in the extraction of natural components, such

as phenolic compounds, from the grape and their subsequent stabilization in wine: maceration

time and fermentation in contact with the grape seeds and skins, pressing, aging in barrel and in

bottle,...

Grapevine (Vitis vinifera L.) is a perennial woody fruit crop used for wine, juice, fresh con-

sumption (table grapes), dried fruit, and distilled liquor [2]. It is a highly plastic crop that exhibits

large differences in fruit composition from a given variety depending upon the environmental

conditions of the vineyard of origin [3]. Fruit traits that affect wine quality are thought to be largely

driven by the interaction of a grapevine’s genetic characteristics with environmental factors (i.e.,

climate, soil, and topography) and vineyard management [4]. Temperature and water availability

are also known to influence sugar concentration, acidity, pH, color, and other characteristics in

the fruit [5, 6]. Moreover, climate change predictions of elevated CO2 and rising temperature are

also likely to have an effect on the grapevine reproductive cycle and on fruit composition [7].

1.1.1 Wine-making process

Wine color is greatly influenced by the grape cultivar and the different oenological techniques

employed, the elaboration process, time and temperature of storage and oxygen exposure [8].

Grape source is the main factor affecting the quality of wine, followed by the elaboration

methodology employed. The vintage and transportation of the grape to the winery is also an

important step, since breaking of the grape berries at this point would suppose an undesirable

early start of alcoholic fermentation (AF) and loss of must.

Once in the winery, the initial step is destemming. It consists on the separation of the plant ma-

terial and the stems from the grape berries. During this process it is important that the seeds and

stems are not pressed, damaged or cut, because this could produce liberation of vegetable juices

that would give a herbaceous taste to the wine [9]. When the grape berries break, two processes
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start immediately and simultaneously: (i) maceration, consisting in the exchange of substances

between the must and the solid part of the grape berries (grape pomace), and (ii) biochemical

transformations induced by grape enzymes.

The AF is the main step of the whole process of wine-making. Nowadays, it is performed in

stainless steel tanks. In this step, sugars in the grape must are transformed into ethyl alcohol and

carbonic gas by the yeasts of the genus Saccharomyces. During red wine AF the gas produced

pushes the grape pomace to the top of the tank, forming a natural barrier known as cap. Pumping-

over operations can be performed in order to wet the cap material with the must, with the purpose

of activating the maceration processes. In addition, this practice can provide sufficient air contact

with the must, providing the required oxygen. Aeration of the yeasts during the process is a very

effective way of helping complicated fermentation. Other than during pumping-over, the aeration

can take place by means of microoxygenation [10, 11]. In the case of white wines, maceration with

the skins is not performed.

The malolactic fermentation (MLF) is the step in which malic acid is biodegraded into lactic

acid. The main lactic bacteria responsible for this process is Oenococcus oeni, and in the wine in-

dustry stains of this species are frequently employed as malolactic starter cultures [12]. Frequently,

MLF occurs after the complete depletion of sugars. This technique was recognized since the end

of the 20th century, however it has been only in the last few decades considered a consistent com-

ponent of red wine-making. Before, red wine must acidification was a common practice [11]. The

effects of MLF on red wines might be desirable or undesirable, depending on the purpose of the

wine. In case of wines destined for aging, this step is essential to obtain biological stabilization that

ensures conservation overtime. Malolactic bacteria produce hydrolyzation of the anthocyanins

yielding unstable anthocyanidins. This results in a lower concentration of anthocyanins and also

in a decrease in color intensity (CI). Wines produced without MLF show a slightly more purple hue,

caused by the lower pH and higher amounts of flavylium form [13].

Wine aging originated as a consequence of the need of wine transportation. In the past, tanks

were made of different materials, such as clay or treated leather. In northern countries, wooden

tanks were employed for the production of wine, and they created smaller tanks for wine stor-

age. By the time it was consumed, wine had been in the wooden barrels for some time, acquiring

some characteristics from the wood. The aging process is like a slow oxidation of wine. Nowa-

days, the most common types of wood employed are French and American oak trees; the former

contributes the most to provide solid extracts and phenolic compounds, and longer shelf-life.

During this process, different substances in wine precipitate from the solution and decant to the

bottom of the tank. In order to remove these sediments, the wine is racked from one barrel to

another, producing also the elimination of excessive carbon dioxide and homogenization of the

aged wine. Sulfur dioxide is added as stabilizing agent at different stages of wine-making. In order

to have a successful wine aging, the relative concentrations of anthocyanins and flavanols prior

to this stage should be around 1/4. This ensures that all the available anthocyanins can participate

in polymerization reactions. The excess of flavanols are eliminated after aging to avoid conden-

sations, which produce astringency in wine. Wines which are rich in anthocyanins and with low

flavanol concentration are less suitable for aging, since the excess of anthocyanins would react by

oxidation yielding colorless phenolic acids, and thus, causing a significant decrease in CI. Aging in

wooden barrels is a procedure employed to stabilize the color and enrich the sensory character-

istics of wine, due to the beneficial effects of the compounds extracted from the wood, such as

ellagitannins or wood aldehydes [14, 15].
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1.1.2 Protected Designation of Origin "Rioja" wine

Ideal growing conditions for Vitis vinifera consist of temperate climate regions with warm, dry

summers with moderate precipitation, and mild winters [16]. In Spain the area located around the

Ebro valley has been historically popular for vitiviniculture. Within this area the Rioja region is

located south of the river Ebro and north of the Sierra de la Demanda. It has influences from both

Atlantic and Mediterranean climates, and in addition to this geographical conditions, the climatic

and soil constitution makes it a prime region for growing grapes.

Wines are permitted to be marketed under specific EU agricultural product quality schemes,

named Protected Designation of Origin (PDO). PDO products must be produced, processed and

prepared in a specific region using traditional production methods. The raw materials must also

be from the defined area whose name the product bears. The quality or characteristics of the

product must be due essentially or exclusively to its place of origin, i.e., climate, the nature of

the soil and local know-how [17]. In the case of wines, it refers to physicochemical and sensory

properties that are particular to a specific wine and allow us to differentiate it from others [18]. In

Spain there are at least 70 different PDOs for wine. PDO "Rioja" wine was the first region to receive

this recognition (PDO-ES-A0117, 13/06/1986) and it was also the pioneer for achieving the higher

"Calificada" status in 1991 [19].

Wines under the PDO "Rioja" must be elaborated from grapes of specific authorized varieties,

namely Tempranillo, Garnacha, Mazuelo and Graciano. The Tempranillo grape cultivar is the most

famous and highest quality grape for red wine production, being native from the region between

La Rioja and Navarra, in the northern area of Ebro. Its name originates for having an early mat-

uration, producing wines with a significant phenolic content and a characteristic aroma of black

fruits and liquorice, being highly suitable for aging [20]. Graciano grape cultivar is generally used

to complement Tempranillo cultivar during aging, and it is highly aromatic, and Mazuelo cultivar

produces wines rich in tannins, with high CI and acidic, with low aroma [21].

Considering the diversity of terrain and climate in the area under the PDO "Rioja", three differ-

ent subregions can be distinguished: Rioja Alta, Rioja Baja and Rioja Alavesa.

• Rioja Alta is the most western region of the three, and it is the most extended territory under

the Qualified PDO accounting for a 40% of the total production. Their iron clay terrains and

moderate rainfall allow quality wines with moderate alcohol content and colored, suitable

for aging. The main grape varieties are Tempranillo (red wine) and Viura (white wine).

• Rioja Baja is located in the south of Logroño, and is characterized by rich alluvial soils and

moderate rainfall. This subregion accounts for a 38% of the production of Rioja wines, and

in the recent years there has been an increase on the use of Tempranillo grapes for red wine

production. However, the varieties Garnacha (red wine) and Viura (white wine) are still pre-

dominant.

• Rioja Alavesa is the smallest of the three regions, but despite this, it still accounts for a 22% of

the Rioja wine produced. Geographically is located in the southernmost part of Álava (Basque

Country) near the border with La Rioja. The drier climate and calcareous soils produce wines

with a moderate alcohol content, moderate acidity and suitable for both consumption and

aging. The main varieties are Tempranillo (red wine) and Viura (white wine).
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1.1.3 Phenolic compounds in wine

The consumption of wine has been associated for years to various health benefits. In 1974 the pub-

lication of a study that associated alcohol consumption with a lower risk of coronary heart disease

set the basis for research in this area [22]. A few years later, around 1980, the concept "French

Paradox" was first established by three authors. This concept was created after the observation

that French population showed lower rates of coronary heart disease despite their high animal

fat intake. They attributed this to the high consumption of alcohol and antioxidants in France,

both supplied by wine [23, 24]. Nowadays, we know that these properties are due to phenolic

compounds, among others, which are known to possess antioxidant, cardioprotective, anticancer,

anti-aging, anti-inflammation and antimicrobial properties [25], and are present in wine as well as

widely distributed in the plant kingdom.

Although many different components have been identified in wine along the years, it is difficult

to know its exact composition. Wine is a very complex mixture of several hundred compounds,

many of them present in very low concentrations [26]. Many of these components are formed

during elaboration process and wine aging. However, most of them come from the grapes. There

are many factors influencing grape composition, such as the type of soil, climatic conditions, grape

maturity, agrotechnical works, etc. In grape plants, the berries constitute around a 95-97% of

the grape mass. The grape berry consists of 73-95% of pulp, 2-20% of skin and 2-7% of seeds.

The skin is rich in phenolics; anthocyanins, tannins, flavonols and phenolic acids being the main

components [27].

Grape must is made primarily of water and sugars, as well as malic and tartaric acids and other

minor components. During AF of the pressed grape juice, most of the sugars are transformed

into alcohol, but other interesting products remain, including phenolics. Phenolic compounds are

responsible for most of its attributes and contribute to its organoleptic properties, such as color,

astringency, bitterness and aroma of wine [28]. For this reason, it is very important to study in

detail the evolution of these compounds during wine production. The concentration of phenolic

compounds depends on the variety of Vitis vinifera employed for wine production and the climate

under which it has grown.

Phenolic compounds constitute a wide and diverse group of natural products universally dis-

tributed in plants. They are an important class of secondary metabolites, derived from the biosyn-

thetic pathway of shikimic acid and from the phenylpropanoic metabolism [29].

Phenolics are classified according to their skeleton backbone into flavonoids and

non-flavonoids. Grapes contain flavonoids in the skins, seeds and woods, whereas

non-flavonoid compounds are found in the flesh mainly. The most important non-flavonoid

compounds in grapes and wine are phenolic acids (hydroxybenzoic and hydroxycinnamic acids),

stilbenes and lignans (Figure 1.1).

Wine phenolics can be sorted into the following groups: (i) phenolic acids, namely hydroxy-

benzoic and hydroxycinnamic acids, which contribute to the color of red and rose wines as copig-

ments of anthocyanins [30]; (ii) stilbenes, resveratrol and its glycosides being the most important;

and (iii) flavonoids, which have different subfamilies: (a) anthocyanins, which are responsible for

the color of red and rose wines [31]; (b) flavan-3-ols containing monomeric catechins and proan-

thocyanidins that are the main phenolic compounds involved in the astringency, bitterness and

structure of wines, and are also an important factor in stabilizing the color of aging wines as an-

thocyanin copigments [32]; and (c) flavonols which play an important role in bitterness, and also

act as copigments of anthocyanins [33, 34].

Flavonoid structure comprises two aromatic rings linked by a three-membered carbon chain,
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which leads to a C6-C3-C6 diphenylpropane structure. The aromatic rings are named A and B, and

the central heterocycle present in some flavonoid families is named C (Figure 1.2). Their reactivity is

due to the acid character of the phenol functions and to the nucleophilic character of the benzene

ring.
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Figure 1.1. Summary of the main non-flavonoid compounds found in grapes and wine.
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Figure 1.2. Molecular structure of flavonoids.

The main flavonoid families present in the grapes of the different cultivars of Vitis vinifera

and in the wines made from them, are flavan-3-ols and anthocyanins, and derivatives of them.

However, other flavonoids can also be found in lower concentrations, such as flavanones and

flavanonols, which differ from one another on the hydroxy and methoxy groups on ring B. These

compounds can appear glycosylated on carbon C3 in the case of flavonols and flavanones, and

sometimes the glycosides can be found acylated (Figure 1.3) [35].

1.1.3.1 Flavan-3-ols

Flavanols are flavonoids that contain a saturated three-carbon chain (ring C). They are the only

family found in their aglycone form, not liked to a sugar. They can be found in the solid part of

the grape (seeds and skins) and can appear as monomers, oligomers or polymers; the last two
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Figure 1.3. Main flavonoid families present in Vitis vinifera grapes.

are also known as proanthocyanidins or condensed tannins. These compounds are antioxidants,

anti-tumorgenics and anti-mutagenics, and thus, have beneficial health effects [36].

Flavan-3-ol monomers found in the grapes from Vitis vinifera variety are (+)-cat, (-)-epicat, (+)-

gallocatechin (gallocat) and (-)-epigallocatechin (epigallocat). The former two are ortho-diphenols

hydroxylated in positions 3’ and 4’ of ring B, and the other two are trihydroxylated in positions 3’,

4’ and 5’ (Figure 1.4) [37].
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Figure 1.4. Chemical structure of the main flavanols.

These molecules have two asymmetric carbons, C2 and C3, leading to four monomers which

can be grouped into two families of diastereoisomers, the first one including (+)-cat and
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(+)-gallocat (2R, 3S), and the second one with (-)-epicat and (-)-epigallocat (2R, 3R) [38].

On these molecules the hydroxyl group on carbon C3 can undergo esterification with gal-

lic acid to yield galloylated flavanols (Figure 1.5). These compounds have been found in grape

seeds and skins in different concentrations; the former containing a greater diversity of these com-

pounds [39].

Furthermore, flavan-3-ols can be found glycosylated, and in nature, have been detected as 3-,

5- and 7-O-glycosylated, as well as, 6- and 8-C-glycosylated [40]. These glycosylated compounds

have been identified in grapes, the wood of some trees, some plants and in cocoa liquor [41].

1.1.3.2 Anthocyanins

Anthocyanins are the pigments responsible for the color of red grapes found mainly in the skin,

except in some varieties, such as Tintorera, where they can also be found in the flesh. They are

extracted to the pressed grape juice during wine-making, being responsible for the red color of

young red wines, and the precursors for the derivative pigments formed during wine aging [42, 8].

Anthocyanins are hydroxylated or methoxylated derivatives of the

3,5,7,4’-tetrahydroxyflavylium cation (Figure 1.6). The electron deficiency of the flavylium cation

(A�) makes the free aglycones (anthocyanidins) highly reactive and thus, they are not found free

in nature, but glycosylated [43].

(+)-catechin-3-O-gallate

(+)-gallocatechin-3-O-gallate

R

-H

-OH

(-)-epicatechin-3-O-gallate

(-)-epigallocatechin-3-O-gallate

O

OH

HO

O

OH

OH

R

O

OH

HO

O

OH

OH

R

O
OH

OH

OH

O

OH

OH

OH
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Figure 1.6. Structure of flavylium form of anthocyanins.

The anthocyanins identified in the Vitis vinifera grape cultivars and in wines produced from

these grapes are 3-monoglucoside (glc)s of five anthocyanidins: delphinidin (Dp), cyanidin (Cy),

petunidin (Pt), peonidin (Pn) and malvidin (Mv), which differ in the number and the position of the

hydroxyl and methoxy groups on ring B of the aglycones. Acylated derivatives of the monogluco-
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sides have also been reported, formed by esterification on carbon 6 of the glucose unit with acetic,

p-coumaric or caffeic acids.

The monoglucosides of the five anthocyanidins, acetylglucosides, p-coumaroylglucosides and

caffeoylglucosides have been identified in grapes and wines. In addition, the cis isomer of Mv-3-

(6-p-coumaroyl (coum))-glc has been recently identified in different cultivars of grapes of Vitis

vinifera and their wines [44].

Anthocyanins have a characteristic ultraviolet-visible spectrophotometry (UV-Vis) absorption

spectrum with two differentiated bands: Band I in the visible region, between 330 and 535 nm,

due to ring B (Figure 1.6), and Band II in the UV region, between 253 and 285 nm, due to ring A.

The absorption maximum in the visible range is related to the substitution pattern in ring B, a

greater number of oxygenated substituents leading to an increase on the relative intensity of

band I/band II (hyperchromic effect).

For the anthocyanins trisubstituted in ring B (Dp-3-glc, Pt-3-glc and Mv-3-O-glc, the absorp-

tion maximum experiments a bathochromic shift of 10 nm with respect to the disubstituted coun-

terparts (Cy-3-glc and Pn-3-glc) [45]. Methylation of the hydroxy group does not seem to produce

a shift in the wavelength of absorption; the hypsochromic shift typical of methoxylated flavonoids

not being measurable. This is probably due to the methoxylation occurring on positions 3’ and 5’,

which are less effectively conjugated and affect the chromophore to a lesser extent.

Anthocyanins have various reactive positions. Nucleophilic attacks can occur at positions C2

and C4 of ring C, the hydration of C2 leading to the colorless hemiacetal (AOH) species. Elec-

trophilic attack can occur via the hydroxyl groups and carbons C6 and C8 from ring A. The pres-

ence of the hydroxyl group in position C5 is very important for the reactivity.

The electronic deficiency is distributed through the whole molecule and not just concentrated

on the oxygen of ring C. The cation is stabilized by resonance, the ring B being coplanar and also

involved in charge delocalization. The bond distances in rings A and C are very similar; ring C

having a similar stability as the aromatic system. This makes anthocyanins the flavonoid family

with the most stable and difficult to break ring C. The absence of a keto group in position C4,

present in other flavonoid families, hinders fragmentation.

In grapes of species other than Vitis vinifera, a second glc group linked to the hydroxy group

in position C5. However, some studies show that small levels of the diglycosylated anthocyanins

can also be found in the Vitis vinifera grapes [46].

The color of anthocyanins is also dependent of the pH of the medium. Anthocyanins are char-

acterized by the coexistence of several acid-base species in equilibrium in solution. The different

chemical forms of anthocyanins depending on the pH are shown in Figure 1.7.

At the pH of wine, c.a. 3.5, anthocyanins coexist in equilibrium in different forms: the A�,

which is red in color; the quinone base (AO) form, with a violet color; and the AOH form, which

is colorless, and the most abundant [47]. Only about a 20-30% of the anthocyanins are present in

the form of the colored A� and contribute to the color of wine.

When registering the UV-Vis spectrum of a solution of anthocyanins varying the pH in the

range of 1-7, two different phenomena are observed: (i) in the range 1-3, a decrease of the intensity

of the visible band (band I) as a result of the hydration of the A� group to yield the colorless AOH

form, and (ii) at pH 4, a new band in the visible region 550-700 nm appears as a consequence

of the formation of the AO by proton transfer. These types of acid-base equilibria can be shifted

depending on the interactions between the anthocyanins and other molecules in the medium, in

a process known as copigmentation.
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Copigmentation. Copigmentation is based on a shift in the hydration equilibrium of

anthocyanins as a result of the π-π interaction between the planar structure of the anthocyanin

with other molecules in the medium that act as copigments. The molecules that can act as

copigments need to have a planar arrangement, in order to stack with the anthocyanin [48].

Colored anthocyanins, in the A� and AO forms, can lead to this type of non-covalent inter-

action with other molecules in the medium. These interactions lead to shifts in the equilibrium

towards colored forms, limiting the decolorization effect of weak acidity [49].

These kind of compounds adopt a sandwich-type arrangement that protects the chromophore

A� group from nucleophilic attack, reducing the relative proportion of the AOH and chalcone

forms. The final result is an increase on the intensity of the color compared to the one that is

expected at a certain pH of the medium.

There are different types of compounds that can act as copigments, including aminoacids, nu-

cleotides, hydrocarbons and phenolic compounds, and even anthocyanin chromophores can act

as copigments themselves, as well as the aromatic residues of the molecule (intramolecular copig-

mentation). Intramolecular copigmentation protects the molecule from the nucleophilic attack of

water more efficiently than the intermolecular [50].

Among phenolic compounds, flavonols and hydroxycinnamic acids are the most common

copigments. Although the concentration of flavanols in wine is higher than that of these phe-

nolics, they are less prone to act as copigments, due to their non-planar structure that hinders

the interaction with the anthocyanin [51, 52]. Moreover, the presence of ethanol (EtOH) in the

medium limits this interaction, since the presence of organic solvents weakens the hydrophobic
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intermolecular interactions, causing destabilization of the formed complexes [53].

It has been observed that an increase in the degree of methoxylation in ring B of the antho-

cyanin produces an increase in the magnitude of these interactions. This type of interaction in-

creases the CI of red wines [54].

The study of the copigmentation processes is of great importance in order to find out the re-

lationship between the composition of the grape and the color of the wine. Besides, this type of

interactions are thought to be the first step in the formation of new pigments, which determines

the color of aged wines [55].

Anthocyanin-derived pigments. At the end of fermentation, the concentration of anthocyanins

starts decreasing, first due to the effect of yeasts, and after, via condensation, polymerization, ox-

idation and precipitation reactions.

Some of these reactions imply the degradation of anthocyanin molecules, but others lead to the

formation of pigments that give the wine different hues. The wine color changes occurring during

aging are attributed to the reaction between anthocyanins and other molecules in the medium,

which lead to the formation of new and more stable pigments [56].

These pigments can be classified in two groups: (i) pigments formed by condensation of the

anthocyanins with flavanols, which can occur directly or indirectly, mediated by acetaldehyde, and

(ii) pyranoanthocyanins, which are products of cycloaddition reactions of anthocyanins with other

molecules in the medium, such as pyruvic acid, acetaldehyde, hydroxycinnamic acids, vinylfla-

vanols, etc.

According to their behavior towards pH changes, two different kinds of pigments can be differ-

entiated: (i) Compounds with a similar behavior to that of anthocyanins, which are those formed

by direct anthocyanin-flavanol condensation; and (ii) compounds characterized by a high resis-

tance to hydration and decolorization by bisulphite, such as pyranoanthocyanins and pigments

formed by acetaldehyde-mediated anthocyanin-flavanol condensation, which are more resistant

than the precursor anthocyanins, thus increasing the color stability of aged wines [57, 58].

a) Anthocyanin-flavanol condensation. Pigments can be directly formed [59] or

acetaldehyde-mediated [60], generating an ethyl bridge in the structure, by anthocyanin-flavanol

condensation. The UV-Vis absorption spectra of these pigments are similar to those of free

anthocyanins, which indicates the presence of the chromophore group in the structure, but

show an additional shoulder at 450 nm, presents a higher intensity. The acetaldehyde-mediated

pigments produce a bathochromic shift at the wavelength of maximum absorption, which give a

violet hue to the wine [61].

a1) Direct anthocyanin-flavanol condensation. Two different mechanisms leading to the

formation of pigments formed by direct anthocyanin-flavanol condensation have been described

depending on the relative position of the flavanol and the anthocyanin in the structure: F-A� or

A�-F type pigments.

During the formation of the F-A� type pigments, an acid catalysis of the proanthocyanidin

interflavanic bond occurs, leading to the formation of an intermediate carbocation F� that acts as

electrophile as it reacts with the hydrated AOH form of the anthocyanin, which acts as nucleophile.

This reaction yields a colorless F-AOH type compound, which undergoes a dehydration to form

the red flavylium F-A� type pigment. Figure 1.8 shows the forming scheme of such compounds

[61].



Chapter 1. Introduction | 11

O

OH

HO

OH

OH

OH

R’

O

OH

HO

OH

OH

OH

R

O

OH

HO

OH

OH

OH

R

H�

O

OH

HO

OH

OH

OH

R

+

O

OH

HO

O-glc

OH

R2

R1

OH

O

OH

HO

OH

OH

OH

R

+

O

OH

HO

O-glc

OH

R2

R1

OH

-H2O

O

OH

HO

OH

OH

OH

R

O�

OH

HO

O-glc

OH

R2

R1

F-A� Complex

Flavylium form, red

Breakup of the interflavanic bond of a flavanol dimer

Condensation reaction

Hemiacetalic

Anthocyanin form

δ�

δ�

Colorless Hemiacetalic

complex form, F-AOH

4

8

6

4

8

Figure 1.8. Formation scheme of F-A� type compounds from a flavanol dimer.

The acid rupture of the interflavanic bond of the proanthocyanidin is favored at acid pH, but

it has also been demonstrated to occur at pH 3.2, proving that this kind of compounds can be

formed in wine [62].

The flavanol-anthocyanin bond in F-A� type compounds can be formed between positions C4

of the flavanol and positions C6 or C8 of the anthocyanin; the F-A� compounds with C4-C8 bond

being more stable. Mass spectrometry (MS) does not allow the differentiation of the nature of the

condensation C4-C8 or C4-C6 [63].

For the formation of A�-F type pigments, the anthocyanin is in the A� form and acts as elec-

trophile. Besides, the hydroxyl groups in positions C5 and C7 of the flavanol have mesomeric

effect, confering a nucleophilic character to the flavanol on carbons C6 and C8. A nucleophilic

addition of the flavanol to the A� yields a complex in which the anthocyanin is present in the col-
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orless flavene form. This compound can be oxidized to the colored A� form, and afterwards, to

the yellow xanthylium salt or evolve to a colorless product of cyclic condensation with an A-type

bond C4-C8 and C2-O-C7 of the anthocyanin and the flavanol, respectively. Figure 1.9 shows a

scheme of this route of formation [64].
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Figure 1.9. Formation scheme of A-F type compounds.

The A�-F type compounds containing a bicyclic A-type bond are resistant to thiolysis, in con-

trast with those pigments in which the anthocyanin is present in the flavene form [65]. These

colorless compounds have been detected in wine extracts [66].

The fragmentation pattern of A�-F type compounds in MS is characterized by the loss of glu-

cose (-162 u, or the acylated glucose, being in this case a loss of 204 u, 308 u or 324 u depending on

the acylation being with acetic, p-coumaric or caffeic acid, respectively), the loss of water from the

glycosylated compound and the loss of water from the aglycone. Other losses can also occur, such

as that of 126 u, corresponding to the loss of a phloroglucinol ring (ring A), which indicates that the

upper unit of the pigment is the flavanol moiety and the lower is the anthocyanin, since the loss of

126 u cannot occur in the ring A of the anthocyanin, and it is specific for the upper moiety of the

dimers [67]. The loss caused by a retro Diels-Alder fragmentation of the flavanol does not yield

structural information about the compound, since it can take place in both the upper and lower

units. The loss corresponding to the elimination of the flavanol or part of the flavanol can also be

observed.
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At wine pH, anthocyanins react simultaneously as nucleophiles and electrophiles. Both types

of reactions are dependent on the pH since the amount of cationic forms, A� or F�, increases with

the acidity.

Ellagitannins from wood can enhance the formation of direct condensation products between

anthocyanins and flavanols. In addition, gas oxygen (O2) favors the breakage of proanthocyanidins,

reaching the highest concentration levels during the first months of aging in cask.

a2) Acetaldehyde-mediated anthocyanin-flavanol condensation. Acetaldehyde is

generated by the oxidation of EtOH or by the metabolism of yeasts, and is naturally present in

wine. It is formed at higher concentration in oxidizing conditions, thus the mechanisms in which

it plays a role are favored in these conditions.

The formation of pigments as a result of the acetaldehyde-mediated anthocyanin-flavanol

condensation requires acidic pH for the acetaldehyde to be in the cationic form. Once protonation

of the acetaldehyde occurs, the resulting cation undergoes an addition to a nucleophilic position

of ring A of the flavanol. This addition can take place in positions C6 or C8 of the phloroglucinol

ring, leading to an unstable product that protonates to yield the ethyl-flavanol cation. This cation

undergoes nucleophilic addition of the anthocyanin to yield the derivative anthocyanin-ethyl-

flavanol pigment [68]. The nucleophilic attack between the two phloroglucinol A rings (flavanol

and anthocyanin) can go via positions C6 or C8, but it is more likely to occur on position C8 as

the negative charge is better stabilized [69]. As well, the ethyl-flavanol cation can undergo a de-

hydration process to yield the vinylflavanol, which can also react with anthocyanins to produce

a different pyranoanthocyanin derivative. The scheme of formation of these derivatives is shown

in Figure 1.10.

Different isomers can be found among the acetaldehyde-mediated condensation products.

On the one hand, diastereoisomers (R, S) are formed due to the asymmetric carbon of the ethyl

bridge. On the other hand, regioisomers (position isomers) (C8-C8 or C8-C6) result due to the dif-

ferent possible linking positions between the anthocyanin and the flavanol [70, 71]. Their forma-

tion and loss is faster than for the direct condensation reaction products [72]. These compounds

are more stable regarding pH changes and decolorization by sulphur dioxide (SO2). In contrast,

they are less stable in aqueous solutions due to the breakage of the ethyl bridge between antho-

cyanin and flavanol [73].

In tandem mass spectrometry (MS/MS) spectra of these pigments, the ion fragment resulting

from the breaking of the ethyl bridge is the most intense ion. The intensity of this fragment ion

is higher than that corresponding to the loss of glycoside moiety, showing a different behavior

compared to the other anthocyanin derivative pigment families.

The color of these pigments is bluish red, giving the wine a violet hue, especially straight after

fermentation is finished. In general, the alkyl-interflavonoid bond leads to a bathochromic shift

of about 15 nm, but the nature of the alkyl group does not seem to influence.

b) Pyranoanthocyanins. The other main group of anthocyanin-derived pigments is formed

through a nucleophilic cycloaddition reaction of compounds present in wine to the anthocyanin

in the A� form, leading to the formation of a new pyran ring between positions C4 and the hydroxyl

group in position C5 of the anthocyanin. Due to the formation of this new ring these compounds

are known as pyranoanthocyanins (Figure 1.11).

The formation mechanism shows that the presence of a polarizable double bond is required

for the cycloaddition C4/C5 to occur [74]. Some of the molecules which can undergo this reaction

are pyruvic acid, acetaldehyde, acetoacetic acid, hydroxycinnamic acids and vinylflavanols. These
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compounds show keto-enol tautomerization and can react with anthocyanins in their enol form

[75, 76, 77, 78, 79].

Portisins are more complex molecules which are also formed by this mechanism. When an-

thocyanin derivatives react with pyruvic acid, vinylflavanols and hydroxycinnamic acids. The

name of "Portisin" comes from the fact that they were detected for the first time in Porto wines

[80].

Due to the high stability of the new pyran ring, the mass spectra of pyranoanthocyanins only

show the loss of the glucose or acylated glucose moieties. In the case of anthocyanin derivatives

with vinylflavanols the fragment ion product of the retro Diels-Alder reaction of the flavanol is

also detected since the new pyran ring does not break either in MS or in MS/MS. These derived

pigments exhibit the same fragmentation pattern as the corresponding precursor anthocyanin

[65].

Pyranoanthocyanins, with the exception of the portisins, produce a hypsochromic shift of the

wavelength of maximum absorbance in the UV-Vis spectrum (Band I), giving the wine a reddish

hue. A possible explanation for the observed hypsochromic shift is that the charge in ring C might

be stabilized by resonance, being partially delocalized in the oxygen atom of ring D. A small ab-

sorption band in the region of 370 nm is also observed, which is characteristic of C4 substituted

anthocyanins [81].

The C4/C5 cycloaddition reaction gives a high chemical stability to the compound as it pro-

tects the position C4 from the nucleophilic attack of water, avoiding the formation of the colorless

carbinol base; shields it from decolorization by SO2; and provides it resistance to oxidation. While

anthocyanins lose around 80% of color intensity when the pH is increased from 1 to 5 as a result

of the formation of the colorless carbinol base, the color of pyranoanthocyanins does not change

due to the protective effect of the new pyran ring.

b1) Derivatives with pyruvic acid, acetaldehyde and acetoacetic acid. Pyruvic acid is the

most important metabolic intermediate, generated during the metabolism of the yeasts during AF

and due to the activity of the lactic acid bacteria during MLF [82].

In 1997 Bakker and Timberlake [83] proposed a structure based on Nuclear Magnetic Reso-

nance (NMR) experiments for a novel compound derived from Mv-3-O-glc, known as Vitisin A,

which was not present in fresh grapes but only in stored grapes or aged wines. This structure con-

sisted on a Mv-3-O-glc nucleus with an additional pyran ring with a keto and a hydroxyethylene

group (Figure 1.12a). In 1998, Fulcrand et al. [81] proposed a different structure and mechanism of

formation for the same compound. The proposed structure in this case consisted on a Mv-3-O-

glc nucleus with a pyran ring containing a carboxylic substituent. This last structure (Figure 1.12b)

has been confirmed by different authors based on NMR and MS experiments [54, 84].

The formation of this kind of pyranoanthocyanins result from the cycloaddition reaction be-

tween positions C4 and the hydroxyl group on position C5 of the anthocyanin with an ethylene

bond of the molecules, pyruvic acid, acetaldehyde or acetoacetic acid. The initial bond formed

between the position C4 of the anthocyanin and one of the carbons of the double bond of these

molecules is due to the strongly electrophilic nature of the A� and the nucleophilic nature of the

double bond of the enolizable molecule. The resulting intermediate reacts with the hydroxyl

group in position C5 of the anthocyanin to yield a new pyran ring in the structure. Then, a de-

hydration process followed by an oxidation occurs, leading to the formation of the pyranoantho-

cyanin derivative, in which the conjugation of the π electrons enables aromatization of the new

ring formed and charge delocalization (Figure 1.13). In an acidic medium, such as wine, the enolic

form of pyruvic acid reacts with the anthocyanin. As mentioned previously, this reaction increases



16 | Chapter 1. Introduction

O

O

HO

O-glc

OH

OCH3

OCH3

O

H

OH

(a)

O

O

HO

O-glc

OH

R2

R1

COOH

(b)

Figure 1.12. Anthocyanin-pyruvic derivative structure as proposed by (a) Bakker and Timberlake [83] and (b) Ful-

crand et al. [81].

O�

OH

HO

O-glc

OH

R2

R1

-H2O

O

O

HO

O-glc

OH

R2

R1

Rearomatization

COOH

O

O

HO

O-glc

OH

R2

R1

Oxidation

O

O

HO

O-glc

OH

R2

R1

COOH

C
CH2

HOOC

OH

COOH

O

HO

HO

O-glc

OH

R2

R1

HOOC OH

Anthocyanin-pyruvic

derivative

δ�
δ�

Figure 1.13. Formation scheme for anthocyanin-pyruvic derivatives type.

the stability of the product obtained, especially at high pH values, from SO2 and temperature rise.

Aging of the wine in casks seems to favor the formation of the derivatives with these molecules,

since their formation requires oxidizing conditions [85], not O2 itself but species containing it.

These cycloaddition reactions can also occur with other secondary metabolites, such as ac-

etaldehyde and acetoacetic acid. The corresponding derivative of anthocyanin Mv-3-O-glc and

acetaldehyde is also known as Vitisin B.

Acetaldehyde in wine comes from two sources, i.e. the metabolism of yeasts during AF and the

oxidation of EtOH in the presence of phenolics during aging [51]. The highest concentrations of
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Vitisin B are found in Porto wines since acetaldehyde is added during the wine-making process.

The pyranoanthocyanin derivatives with acetaldehyde are also known as vinyl adducts [82].

Acetoacetic acid is formed during the second fermentation and the post-fermentation aging

under reductive conditions. The pyranoanthocyanin derivatives with acetoacetic acid have been

detected in wines produced from Tempranillo grapes [86]. The cycloaddition reactions of an-

thocyanins with acetaldehyde and acetoacetic follow the same formation route as the derivatives

with pyruvic acid, with an additional decarboxylation step in the case of the acetoacetic acid. This

reaction can also occur with acetone, but it is not observed in nature.

These pyranoanthocyanin derivatives produce a hypsochromic shift on the wavelength of

maximum absorption in the UV-Vis spectrum (Band I). Vitisin A produces a hypsochromic shift

from 503 to 510 nm, and Vitisin B from 490 to 494 nm [87]. The corresponding derivative of

Mv-3-O-glc with acetoacetic acid has a similar UV-Vis spectrum to that to Vitisin B, but with a

maximum wavelength of absorption at 478 nm (Band I).

b2) Derivatives with hidroxycinnamic acids. Vinylphenol, vinylcatechol, vinylguaiacol and

vinylsyringol are the decarboxylated derivative compounds of hydroxycinnamic acids,

p-coumaric, caffeic, ferulic and sinapic, respectively. These volatile compounds are associated

with unpleasant aromas in wine. Hydroxycinnamic acids and some of their derivatives can react

with anthocyanins to produce anthocyanin-vinylphenol, anthocyanin-vinylcatechol,

anthocyanin-vinylsyringol and anthocyanin-vinylguaiacol derivatives (Figure 1.14).
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Figure 1.14. Chemical structure of anthocyanin derivatives with hidroxycinnamic acids.

The formation of these derivatives has been described by two different mechanisms. On the

one hand, anthocyanins can react with the product of decarboxylation of hidroxycinnamic acids

[57], which occurs due to the activity of cinnamate decarboxylase present in the yeast Saccha-

romyces cerevisae, to give the corresponding anthocyanin-4-vinylphenol and anthocyanin-4-

vinylguaiacol. This enzyme is specific for p-coumaric and ferulic acids and does not perform the

decarboxylation of caffeic and sinapic acids [88]. This formation mechanism is fast and important

in the early stages of wine aging (Figure 1.15) [89].

On the other hand, a cycloaddition reaction between anthocyanin and hydroxycinnamic acid

[90], followed by a subsequent decarboxylation can give of the four different derivatives

(Figure 1.16), including anthocyanin-4-vinylcatechol and anthocyanin-4-vinylsyringol derivatives.

This formation mechanism is slow and important during maturation and aging [70], and requires

the aromatic ring of the hydroxycinnamic acid to have donor substituents in order to stabilize

the formed carbenium ion intermediate [91].
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The formation of pyranoanthocyanin derivatives with hydroxycinnamic acids, especially those

with vinylphenol and vinylguaiacol, can be observed in relatively young wines; after an initial in-

crease in their concentration, they remain stable during the first two years of aging. After two

or three years of aging, the concentration of these compounds increases again due to the direct

reaction of anthocyanins with hydroxycinnamic acid [74].

b3) Derivatives with vinylflavanols. Anthocyanins react with vinylflavanols to produce

derivatives that also have in their structure the pyran ring D (Figure 1.11). The vinylflavanols may

consist of one or more monomers of flavanol. Such compounds have stereoisomers for two

reasons: first, the flavanol can be (+)-(gallo)catechin or (-)-epi(gallo)catechin, and second, the

binding position of anthocyanin-flavanol can be from C6 or C8 of the flavanol [92].

The formation of this type of derivatives begins once the acetaldehyde protonation has oc-

curred, as in the case of anthocyanin derivatives with flavanols formed by acetaldehyde-mediated

condensation. After that, the addition of the resulting cation to a nucleophilic position of the fla-

vanol A ring takes place on the C6 or C8 of the phloroglucinol ring, yielding an unstable prod-

uct which protonates to produce ethylidene-flavanol cation (Figure 1.17). The vinylflavanols can

also result from the breaking of anthocyanin-ethylidene-flavanol pigments [93]. The vinylflavanol

formed undergoes a nucleophilic cycloaddition reaction with the anthocyanin in a mechanism

similar to that previously described for other pyranoanthocyanin derivatives (Figure 1.18).
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Figure 1.17. Acetaldehyde protonation and vinylflavanol formation.

The pyranoanthocyanin derivatives with vinylflavanols are responsible for the orange hue in

wines, presenting a wavelength of maximum absorption in the UV-Vis spectrum at 500-511 nm

(Band I). The substitution present in C4 makes them more resistant to discoloring by the medium

pH and by the presence of SO2 than the ethylidene-bridged pigments [94]. If the flavanol is a

dimer, the pigment presents a bathochromic shift of ca. 9 nm compared to those containing a

monomer. This highlights the importance of the flavanol in the pigment color, and suggests that a

phenomenon of intramolecular co-pigmentation occurs between the flavanol part and the chro-

mophore group of the pyranoanthocyanin.
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b4) Portisins. Portisins are the result of the interactions between derivatives of anthocyanins

with pyruvic acid, vinylflavanols or derivatives of hydroxycinnamic acids. The formation schemes

of these type of derivatives are shown in Figures 1.19 and 1.20, respectively.

The broad conjugation of π electrons provides high stability to the pigment, producing

bathochromic shifts in the wavelength of maximum absorption of the UV-Vis spectrum (Band I),

giving the wine violet hues. An increment on the hydroxylation of the phenolic ring B of the

portisin structure contributes to a bathochromic shift in Band I. The wavelength of maximum

absorption of the spectrum is 572 nm for the Mv-3-O-glc derivatives [95].

These derivatives have a high resistance to discoloration caused by the high protection of the

chromophore group against nucleophilic attack of water or SO2. This resistance is greater for por-
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tisins of vinylflavanol derivatives than for portisins of hydroxycinnamic acid derivatives because

the hydroxycinnamic acid residue is smaller and does not protect the chromophore as efficiently

as the vinylflavanol one [96].
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1.1.3.3 Condensed tannins

Condensed tannins are polymers of flavan-3-ols and are also known as proanthocyanidins. They

can produce stable combinations with proteins and other polymers like polysaccharides, and are

responsible for the sensory attribute of astringency in wine, as a result of their interaction with

saliva proteins [97].

Procyanidins are constituted of cat and epicat monomers, and prodelphinidins, of gallocat

and epigallocat monomers. Mixed proanthocyanidins are formed by both units (epi)cat and (+)-

Gallocatechin or (-)-Epigallocatechin, unknown isomer ((epi)gallocat), which are present in grape

skin and seeds [98].
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Flavan-3-ol monomers and proanthocyanidins have both a clear tendency towards polymer-

ization, which can take place directly, through a interflavanoid bond type B and type A, and indi-

rectly, mediated by acetaldehyde, glyoxylic acid or furfural.

Tannins formed by direct condensation: B bond type B-type procyanidins are linked by a single

interflavonoid bond [99, 100, 101, 102]. This can occur between two or more flavan-3-ols, forming

from dimers, trimers or tetramers to tannins that may contain 30 units of flavan-3-ol, reaching

mass to charge ratio (m/z) higher than 6000.

Among type B procyanidin dimers, there are eight best known made of two (epi)cat moieties,

which differ in spatial configuration and interflavonoid link positions. In four of them, the inter-

flavonoid link is formed between C4 and C8 (Figure 1.21), whereas in the other four is between C4

and C6 (Figure 1.22). The same occurs for prodelphinidins B1 to B8, which are formed by two units

of (epi)gallocat. Mixed dimers with one unit of each type of flavan-3-ol can also be formed.
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Figure 1.21. Chemical structure of procyanidins B1 to B4.

The polymerization mechanism to form proanthocyanidins is not clear [103, 104], even though

all proposed condensation mechanisms agree that a nucleophilic addition of C6 or C8 positions

of the bottom flavan-3-ol to the C4 position of the upper unit occurs, which is in an electrophile

state after its conversion in different reaction intermediates [105].

Proanthocyanidins from B9 to B16 are known as dehydrodicatechins since they result from

an enzymatic chemical oxidation of the flavan-3-ols. These oxidation products contain bonds

between C6’ and C8 or C6’ and C6 in their structures (Figure 1.23), which are the result of the con-

densation between ring B of the upper flavan-3-ol and ring A of the bottom unit [106, 107, 108].

Similarly to other proanthocyanidins, they differ on their spatial configuration.

Tannins formed by direct condensation: A bond type A-type proanthocyanidins differ from B-

type ones because the formers have an additional interflavanoid ether link between C2 and C5 or

C2 and C7 (Figure 1.24). This link is originated from an intramolecular link in its precursor B-type
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proanthocyanidin. Thus, procyanidin A2 comes from procyanidin B 2 (PCB2) when an intramolec-

ular bond is formed between C2 and C7 [109]. Proanthocyanidins A type have been detected in

some plants [110], cranberries [111], grapes [112] and wine [113].
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Proanthocyanidin trimers with one A-type interflavonoid bond and two B-type bonds have

been detected in plums [110], peanut skin [114] or berries [115] (Figure 1.25), and are also called

proanthocyanidins of type A [39].
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Figure 1.25. Chemical structure of the trimers of type A. Left: (epi)cat-(4Ñ8, 2ÑOÑ7)-(epi)cat-(4Ñ8)-(epi)cat, and

right: (epi)cat-(4Ñ8)-(epi)cat-(4Ñ8, 2ÑOÑ7)-(epi)cat.

Tannins formed by indirect condensation Tannins formed by indirect condensation are those

in which the condensation of two or more flavan-3-ols occurs through the chemical action of

another molecule, such as acetaldehyde, glyoxylic acid or furfural. The presence of acetaldehyde

in wine can have two origins: its biochemical production by yeast metabolism during AF [116], and

the oxidation of EtOH. This compound plays an important role during wine aging [117]. Glyoxylic

acid is the product of tartaric acid oxidation [118], and furfurals are either formed during grape

juice preparation [119] or extracted from the wood barrels during wine aging, contributing directly

to wine aroma and flavor [120].

The first step of the formation mechanism of this type of tannins is a nucleophilic addition of

the C8 or C6 position of the flavan-3-ol to the carbocation of the intermediate molecule (i.e. ac-

etaldehyde, glyoxylic acid, furfural...) [57]. Then, the adduct formed loses a water molecule to yield
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another carbocation, which suffers a nucleophilic addition from C8 or C6 of a second flavan-3-ol

unit [121]. This reaction can take place between positions C6 to C8 or C6 to C6, yielding different

positional isomers (Figure 1.26). The condensed tannin with a link between positions C6 and C8 is

asymmetric, thus the compound presents two isomers, R and S, whereas in the other cases (link

between C8 and C8, and link between C6 and C6) it is not asymmetric.
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Figure 1.26. Chemical structure of the different positional isomers of tannins formed by indirect condensation.

In the case of acetaldehyde-mediated condensed tannins, a depolymerization reaction or a

dehydration of the ethyl alcohol-flavan-3-ol adducts formed during the condensation process

can lead to the formation of vinyl-flavan-3-ols [122] (Figure 1.27).

1.1.3.4 Hydrolyzable tannins

Hydrolyzable tannins are polyesters derived from sugar (D-glucose) which are formed by con-

densation of several units of gallic or ellagic acid esterified with one or more sugar molecules.

Gallotannins are formed when gallic acid forms the ester bond, and ellagitannins, when ellagic

acid forms it (Figure 1.28). Hydrolyzable tannins are present in oak wood [123]; the quantities of

non-volatile ones vary according to the toasting level of oak [124]. Gallotannins are polygalloylated

glucose esters present in the galls of oak which are allowed to be added to wine as commercial

products. Ellagitannins are believed to be formed from gallotannins by oxidative coupling be-

tween two neighboring galloyl groups.
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1.2 Analytical methods for phenolic compounds

Structural characterization of phenolic compounds requires the use of rapid and reliable methods

for the separation and identification of these natural compounds present in wine, grape berries

and grape pomace.

Anthocyanins are generally highly water soluble and easily extracted from the grape berries by

solid-liquid extraction with polar solvents such as methanol (MeOH). It is important that the pH

of the extracting solvent is lowered with small amounts of acid, making it suitable for preventing

the degradation of anthocyanins [125].

Anthocyanins have the ability of transforming their structure and being involved in complex-

ation reactions, which difficult their determination independently from other flavonoids due to
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their similar structure and characteristics [126].

1.2.1 High Performance Liquid Chromatography

Separation techniques allow the identification of the components of complex mixtures, such as

wine. Liquid chromatography is a technique frequently used for the separation of phenolic com-

pounds, which is achieved according to their polarity and molecular weight [127]. Low pressure

chromatography [128] has been employed for the identification of anthocyanins, however, it does

not manage to separate complex mixtures.

High-performance liquid chromatography (HPLC) coupled to spectrophotometry UV-Vis and

MS results a very suitable technique for phenolic analysis, since it provides on-line structural in-

formation of the compounds in complex mixtures. HPLC is the separation technique most com-

monly used for the identification and quantification of anthocyanins [129] and tannins [130]. Re-

verse phase chromatography using C18 columns allows excellent separations for anthocyanins

and other phenolic compounds, providing high sensitivity and relatively short analysis time [131].

This technique is also widely used to study the profile of the tannins in grapes and wines [132].

Regarding the detection system for HPLC, UV-Vis spectrophotometry using a diode array de-

tector (DAD) is the most common technique, which allows to distinguish the type of the different

anthocyanin pigments, as the UV-Vis spectrum provides information on the nature of the agly-

cone, the presence of glycosyl and acyl residues in the compound structure. However, it does not

allow the complete structural elucidation of the anthocyanin compounds. Besides, it is difficult to

obtain reference compounds.

MS is currently one of the most widely used techniques for the identification of phenolic com-

pounds, since it enables structure elucidation by the recognition of the molecular ions and the

fragmentation patterns [133, 134]. Moreover, it is a very sensitive detection technique that allows

the study of compositional changes during wine aging, as well as to follow the polymerizations

and reactions with other flavonoids taking place during wine-making.

The online coupling of liquid chromatography with UV-Vis and MS allows the analysis of a

complex mixture of anthocyanins in a sample, affording the structural characterization of its con-

stituents [135].

1.2.2 Mass Spectrometry

MS is based on the separation of ions (positive or negative) produced from the analyzed molecules

depending on their m/z, thereby obtaining a mass spectrum. It is a technique based on the classical

principles of the ions movement through magnetic and electric fields and is mainly used to iden-

tify unknown compounds, quantify known substances and elucidating the structural and physical

properties of the ions. The most important parts of a mass spectrometer are the ion source, the

analyzer and the detector.

In MS, the formation of ions in gas phase is an essential requirement. When coupling of HPLC

with MS, the analyte molecules that are dissolved in the mobile phase must be transformed into

ions in the gas phase without thermal degradation, and also eliminate the large amount of gas

molecules of the mobile phase prior to entering to the high vacuum region of the analyzer. Ions

are generated in the ion source. A large majority of analytical applications of HPLC-MS use at-

mospheric pressure ionization (API) sources, such as electrospray ionization (ESI) or atmospheric

pressure chemical ionization (APCI). ESI is often used for compounds of medium and high polarity,

and the APCI for those with an average low polarity [136].
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The transmission of the ions in gas phase from the atmospheric pressure region, where the

spray is generated, to the high vacuum, where the mass analyzer and detector are located, is crit-

ical and is the stage in which the loss of the analyte can occur. Different geometries for the API

sources have been designed, including the geometry Z-spray, in which the ions are extracted in

an orthogonal path to that generated at the source, thereby obtaining a higher sensitivity because

it remove the spray neutral molecules, reducing background noise and favoring the removal of

adducts in the ionization chamber. The ESI interface employed in this work consists of a Z-spray

source geometry. The effluent of the chromatographic system enters in the interface through the

sounding line. Applying a high voltage between the sample inlet capillary and sample cone, and

with the aid of a coaxial flow of nitrogen gas (N2), the effluent becomes a charged aerosol. A second

flow of heated N2 (desolvation gas) helps solvent evaporation. In the nebulization, the majority of

the spray material is drawn to waste, while a small part is drawn into the sample cone. In this type

of Z-spray source, there is an additional N2 flow which comes from the sample cone in a contrary

direction to the spray (gas cone). This N2 flow prevents the entry of substances through the sample

cone orifice.

The gas phase ions formed during ionization are extracted from the spray due to the potential

difference between the capillary and the sample cone. Vacuum and voltage differences direct the

ions through the sample cone, the extraction cone and the radio frequency (RF) lens towards the

analyzer [137]. If the acceleration of the ions is increased (by increasing the potential difference)

breaking of the ions can occur due to collisions with residual gas molecules from the mobile phase

and the N2 used as nebulization gas. The fragments produced by this phenomenon, called collision

induced dissociation (CID) in the source, can be used for structure elucidation of molecules.

The gas phase ions are separated in the mass analyzer depending on their m/z ratio, using

their different magnetic and electric properties. The analyzer is one of the most important com-

ponents in a mass spectrometer, because its function is to classify the ions from the ion source

based on their m/z ratio and the main resolution, sensitivity, range mass and mean residence

time of the ions in the spectrometer depend on it. One of the most widely employed analyzer in

MS is the quadrupole, mainly due to its low cost and robustness. The quadrupole consist in four

molybdenum filter aligned in parallel to each other and equidistant from an imaginary central axis

positioned on the Cartesian Z axis. By applying to each pair of opposed bars an overlapping vari-

able direct current (DC) voltages and RF, the ions of selected mass can pass through the tunnel

formed by the four pole rods following stable oscillating trajectories and leading them to the de-

tector, while the other masses, following unstable trajectories do not reach the detector and are

deflected out of the set of bars. Variation of the voltages allows to successively focus on different

masses present and to obtain the corresponding mass spectrum [138]. Some other widely used

MS analyzers used are the ion trap (IT), which confines the ions in closed orbits using RFs and the

quadrupole time-of-flight (QToF) analyzer, which determine the m/z ratio depending on the time

required for the ion to travel a distance [139].

Finally, the ions impact the detector, where the flow is converted into a proportional electric

current. A data collection system records the magnitude of these electrical signals as a function

of the m/z ratio and converts this information into a mass spectrum.

The ion generated during ionization are, as a rule, stable enough to reach the detector, so there

is no need to couple analyzers in series unless the aim is to induce fragmentation between the ions.

The usual technique for this is flight fragmentation which is induced by collision with high or low

energy particles, in an analogous procedure to that which occurs in the ion source, but performed

in specialized cells of collision with a collision gas, generally argon, at a controlled pressure. Colli-

sion cells are generally transmission quadrupoles, hexapoles or octapoles, which means that only
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RFs are applied. The extension and the energy of the fragmentation in these collision cells are

precisely controlled, unlike cone fragmentation. The effectiveness of this fragmentation may be

very high, balancing out the general soft ionization in the interface.

There are many types of configurations of tandem MS; in this work a triple quadrupole (QqQ)

configuration is used [140]. The second quadrupole acts as a collision cell, which is the most com-

mon configuration for trace analysis and screening of natural products. This equipment is easily

automated, uses low voltages, and presents a resolution suitable for most applications and good

levels of sensitivity and robustness. In a QqQ type configuration, the first and third quadrupole

function as ion analyzers and therefore, DC voltage and RF are applied. While the intermediate

quadrupole operates as collision cell in which only RF current are applied. This configuration is

an arrangement of MS/MS, however the ionization is usually optimized to adjust the ionization

produced in the source. In this type of HPLC-MS equipment, experiments of MS and MS/MS can

be performed. In MS experiments, the first quadrupole (Q1) works only as analyzer, the valve of

collision gas remains closed, and the collision cell (Q2) and the third quadrupole (Q3) act in trans-

mission mode. Scan mode experiments can be performed, in which Q1 is scanning and mass

spectra are obtained; or experiments in single ion monitoring (SIM) mode, in which Q1 is set in a

m/z, achieving greater sensitivity.

In MS/MS experiments, the collision cell is activated. Dissociation of the molecules is induced

by collision with an inert gas, usually argon (CID mechanism). In a configuration of this type, dif-

ferent experiments can be performed (Figure 1.29) [138], in which the quadrupoles Q1 and Q3 act

as analyzers:

scan

scan

daughter scan

Quadrupole 2 (Q2) Quadrupole 3 (Q3)Quadrupole 1 (Q1)

parent scan

neutral loss scan

multiple reaction

monitoring (MRM)

select m/z

select m/z select m/z

select m/zscan

scan

Figure 1.29. MS/MS experiments that can be performed in a QqQ configuration.
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• Product or daughter ion scan: a precursor ion is selected in Q1, bypassing the rest of ions

from ionization. This precursor ion breaks into the collision cell with a certain energy and Q3

is operating in scan mode to obtain the fragment ions spectrum from the selected precursor

ion. This type of spectrum is very common in structural analysis because it creates high-

quality spectra and allows structural characterization of the compounds studied.

• Precursor or parent ion scan: In this type of experiment, the precursors that are fragmented

causing a particular fragment ion are studied. In this case Q1 makes a scan, ions are frag-

mented in the collision cell and Q3 let pass one specific fragment ion. Whereby the spec-

trometer records a signal only in the case that Q1 lets pass a precursor ion which can be

fragmented giving the fragment ion selected in Q3.

• Constant neutral loss scan: In this case all ions which undergo fragmentation and loose

the same neutral fragment are studied. Q1 and Q3 work in scanning mode, but with a gap

between them equal to the neutral loss studied. Signal is observed when Q1 lets pass an ion

that upon fragmentation suffers the loss of a neutral fragment with a m/z ratio equal to the

gap between the quadrupoles, originating the fragment ion that Q3 is letting pass.

• Multiple reaction monitoring (MRM): the fragmentation of a precursor ion selected that

produces a particular fragment ion is studied. Q1 selects a single precursor ion that is frag-

mented in the collision cell, Q3 lets pass only a specific fragment ion, so that the intensity

caused by a specific fragmentation, called transition, is monitored. The two quadrupoles

are fixed, so that the sensitivity is very high. Additionally, a signal is only originated by the

compounds yielding a specific fragment with the same transition, so that the selectivity and

specificity of the technique is very high, enabling even highly sensitive analysis in complex

matrices. It is a technique that provides great advantages for the quantification of the ana-

lytes.

MS was a breakthrough in the structural elucidation of phenolics, including anthocyanin

derivatives formed during wine elaboration and aging [141].

1.2.3 Color measurements

Color is one of the most important organoleptic parameters of wine, being a determining factor

in its sensory evolution. The color of wine evolves progressively during aging and can be indica-

tive of its age, its state of conservation and even some defects which will be perceived when it is

consumed. Wine color is highly influenced by the anthocyanin content of the grapes used, as well

as the different elaboration and conservation techniques employed.

Anthocyanins are responsible for the red color of grapes and young wines [142]. However,

during aging several chemical reactions between anthocyanins and other molecules present in

wine yield new pigments which modify wine color.

Wavelength of maximum absorption in the UV-Vis spectrum (Band I) for anthocyanins is

around 525 nm, absorbing mainly green light and making human eye perceive a red color. As

discussed in previous sections, the direct and indirect condensations between anthocyanins and

flavan-3-ols result in a bathochromic shift of the wavelength of maximum absorption in the

UV-Vis spectrum, causing violet hues in wine. Similarly, the formation of pyranoanthocyanin

derivatives leads to hypsochromic shifts of the wavelength of maximum absorption, and leads to

an orange hue to the wine.
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Among the different methodologies to measure wine color, the measurement of the standard

parameters and the chromatic coordinates are the most widely employed.

1.2.3.1 Standard Parameters

Standard parameters are CI, tonality (Ton) and yellow, red, blue components, and are determined

following the methodology described by Glories [143, 144], which consists on the recording of the

absorbance of each sample at 420, 520 and 620 nm. CI indicates how much color wine has, and

is calculated as the sum of the absorbance at the recorded wavelengths (Equation 1.1).

CI � A420 �A520 �A620 (1.1)

Ton indicates the relative importance of yellow over red, expressed in percentage

(Equation 1.2).

Ton � pA420{A520q � 100 (1.2)

The yellow, red and blue components are determined as the ratio of each of them and the

CI, expressed in percentage (Equations 1.3a, 1.3b and 1.3c). These parameters indicate the relative

importance of each of the colors in the global color of wine.

Y ellow pA420q � pA420{CIq � 100 (1.3a)

Red pA520q � pA520{CIq � 100 (1.3b)

Blue pA620q � pA620{CIq � 100 (1.3c)

1.2.3.2 Chromatic Coordinates

In 1986, the Commission Internationale de l’Èclairage (CIE) proposed a set of rules in order to prop-

erly define color [145, 146, 147]. These rules express color according to three luminous stimuli

named X, Y and Z, which represent each of the basic colors (X: virtual red; Y virtual green; Z: vir-

tual blue). By the combination of these factors, all colors can be reproduced. In other words, X,

Y and Z coordinates are a numeric expression representing the relative proportion of each of the

basic colors needed to represent a specific color for the observer’s eye. They can be calculated by

measuring the transmittance at specific wavelengths (450, 520, 570 and 630 nm) and applying the

following Equations 1.4a, 1.4b and 1.4c.

X � 19.717 T450 � 1.884 T520 � 42.539 T570 � 32.474 T630 � 1.841 (1.4a)

Y � 7.950 T450 � 34.764 T520 � 42.736 T570 � 15.759 T630 � 1.180 (1.4b)

Z � 103.518 T450 � 4.190 T520 � 0.251 T570 � 1.831 T630 � 0.818 (1.4c)

The CIE defined the CIELAB space, which attempts to represent spatially all colors. This defini-

tion of color is based on three coordinates: lightness (L*) has values ranging from 100 to 0, where

100 represent a perfect white sample and 0 a perfect black; a* represents the redness-greenness

axis in the plane normal to L*, positive values of a* denote redness and negative ones greenness;

and b* represents yellowness-blueness in an axis normal to both L* and a*, positive values indi-

cate yellowness and negative ones blueness. The L*, a* and b* values are calculated from the X, Y

and Z values according to Equations 1.5a, 1.5b and 1.5c.



32 | Chapter 1. Introduction

L� � 116 pY {100q1{3 � 16 (1.5a)

a� � 500 rpX{94.825q1{3 � pY {100q1{3s (1.5b)

b� � 200 rpY {100q1{3 � pZ{107.383q1{3s (1.5c)

In order to simplify the color expression, the coordinates a* and b* from the CIELAB space can

be transformed into the spherical coordinates hue (H*) and chroma (C*) according to Equations

1.6a and 1.6b. This way the color of any object is defined within the CIELAB space by the three

coordinates L*, H* and C*.

H� � arctanpb�{a�q (1.6a)

C� � pa�2 � b�2q1{2 (1.6b)

1.3 Applications of phenolic compounds in cosmetics

The normal functioning of the body involves several biological reactions in cells and tissues that

often generate species with unpaired electrons called free radicals, such as reactive oxygen species

(ROS). These compounds are usually balanced by endogenous mechanisms, but an excessive ac-

cumulation can lead to oxidative stress in cells [148, 149]. In particular, the skin is continuously

exposed to chemical, mechanical, and physical stress, which leads to an excess of ROS and other

free radicals [150]. The accumulation of these species has been linked to the development of

chronic inflammatory states and tumor initiation and promotion. An external intake of antiox-

idants has demonstrated an effect on counterbalancing these processes and restoring physiolog-

ical conditions. Naturally occurring antioxidants include phenolics, which are present in fruits

and plants and have been demonstrated to have antioxidant, anti-radical, antimicrobial, and anti-

inflammatory properties in vitro that help protect and prevent chronic diseases and cancer [151].

The grape is one of the fruits with the highest content of phenolic antioxidants. As said in pre-

vious sections, its main components include anthocyanins, catechins, procyanidins, and tannins

[152]. The grape has been employed for winemaking since ancient times, and wine consumption

has been associated with an improvement in cardiovascular conditions [28, 25] amongst other

benefits. Red grape pomace, defined as the residue of the red grape after the juice has been par-

tially or thoroughly removed, before or after fermentation [153] is rich in anthocyanins, as well

as other bioactive compounds [154]. Due to an incomplete extraction during winemaking, these

compounds remain in the pomace, which is mostly composed of seeds, skins, and stems [155,

156]. These residues represent a waste problem, but also an opportunity to obtain a sustainable

and low-cost source of antioxidants. Various industrial sectors, such as pharmaceuticals, foods,

and cosmetics, can benefit from the valorization of wine-processing materials [157, 158].

To maximize the potential of the grape pomace, extraction method is an important factor to

be considered. The efficacy and commercial feasibility of the extract depend highly on the use of

convenient, inexpensive, and eco sustainable procedures that ensure the highest yield and quality

of the active compounds of the extract [159].

Regarding their application, phenolic compounds present some limitations, such as a low in

vivo bioavailability and easy degradation [160]. Their topical application has some potential ad-

vantages, such as the avoidance of hepatic first-pass metabolism and gastric degradation, a larger

surface area for absorption, low proteolytic activity levels, and ease of accessibility [161]. In an at-

tempt to improve the applicability of phenolic compounds, different innovative strategies have
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been used, including solid dispersions [162], nanosuspensions [163], microemulsions [164], solid

lipid nanoparticles [165], and liposomes [166], the latter being one of the most successful.

Over the last years, liposomes have been the target of reformulating studies aimed at pro-

ducing vesicles capable of delivering drugs to the deeper skin layers. Their use offers numerous

advantages: nanoparticles can load a single drug or a multi-component extract increasing their

solubility and bioavailability, provide protection against degradation, allow controlled rate of re-

lease, increase efficacy and reduce toxicity [167, 168].

Additionally, a number of additives have been explored in combination with conventional

components of liposomes, producing new classes of vesicles, such as transfersomes. Transfer-

somes are composed of phospholipids and an edge activator, which is a membrane-softening

agent (e.g., polyoxyethylene (20) sorbitan mono-oleate (Tween 80), Span 80, and sodium cholate)

that makes the vesicle ultra-deformable [169, 170]. Unlike conventional liposomes, when trans-

fersomes reach skin pores, they are capable of changing their membrane flexibility and pass-

ing through the skin pores spontaneously, thus promoting the accumulation of a payload in the

dermis. A number of transfersome-based formulations are currently being assessed at different

stages of clinical trials [171].

The aim of the liposomal formulations is to (i) protect the phenolic compounds of the ex-

tracts, which are known to be prone to degradation; and (ii) increase the bioavailability of pheno-

lics, which is generally poor due to their low solubility in water [172]. Furthermore, the liposomal

formulations are expected not to interfere with the antioxidant properties of the phenolic com-

pounds, and allow the development of a safe product that could be applied onto the skin for the

treatment of oxidative stress-related disorders.

Characterization is an important step in order to ensure that the prepared particles are at a

nanoscale. The term "characterization" refers to the process of analysis of the the properties and

structure of the material explored. Among all the available characterization techniques, trans-

mission electron microscopy (TEM), dynamic light scattering (DLS) and zeta potential offer several

advantages to observe nanomaterials.

Optical microscopy helps to observe materials at a micron level with reasonable resolution.

However, they show some limitations on achieving further resolution. Other techniques like TEM

are more advanced and enable to detect materials in the nanoscale [173]. TEM is based on the

interaction of an electron beam with the analyzed sample. Diffraction of the electron beam is

produced and the transmitted electrons produce the image after passing through a focusing ob-

jective lens.

DLS measures light scattered from a laser that passes through a colloidal solution. This tech-

nique yields information on the size of the particles in solution [174]. Zeta potential is a measure

of the “effective” electric charge on the nanoparticle surface, and quantifies the charge stability of

colloidal nanoparticles [175].
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Chapter 2

Objectives

The objectives of the present Ph.D. thesis are focused on different issues related to wine-making:

(i) the study of the influence of different oenological techniques on the phenolic composition of

wine during its elaboration, and (ii) the valorization of grape pomace waste resulting from wine

elaboration.

The effect of several oenological techniques on the phenolic composition of red wine made at

pilot scale in a winery were studied. In this context, the primary aims were the following:

• To investigate the kinetics of formation and evolution of the phenolic compounds during

red wine elaboration.

• To study the influence of grape cultivar mixture, microoxygenation, tannin addition or ionic

exchange on the phenolic composition of wine and on their formation and evolution kinetics

during red wine elaboration.

The potential use of extracts from red grape pomace for the preparation of liposomal nanofor-

mulations with antioxidant activity for cosmetic applications was studied. In this regard, the spe-

cific aims were:

• To characterize the phenolic profiles of the extracts obtained from the red grape pomace of

Tempranillo and Graciano grape cultivars.

• To develop, optimize and characterize vesicle nanoformulations for grape pomace extracts

of Tempranillo and Graciano grape varieties to be applied on human skin.

• To evaluate the antioxidant properties and the biocompatibility of the vesicle nanoformula-

tions containing the phenolic extracts of Tempranillo and Graciano grape pomace.
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Chapter 3

Methodology

The analytical methodology employed for the identification and quantification of anthocyanins,

tannins and their derivatives in red wines had been optimized and validated by our research group

in previous work [176, 177, 178, 179].

3.1 Standards, solvents and reagents

Malvidin-3-O-glucoside (Mv-3-O-glc) and (+)-catechin (cat) were purchased from Extrasynthèse

(Genay, France). Acetonitrile (MeCN) and methanol (MeOH) were HPLC grade and were provided

by Romil Chemical Ltd. (Heidelberg, Germany).

Trifluoroacetic acid (TFA) of spectroscopy grade, acetic acid (HAc), hydrochloric acid (HCl)

32%, L-(+)-tartaric acid of analytical grade, Folin–Ciocalteu’s reagent,

2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid

(Trolox) and 2,4,6-tris(pyridin-2-yl)-1,3,5-triazine (TPTZ) were supplied by Merck/Sigma-Aldrich

(Darmstdt, Germany).

NaH2PO4 and Na2HPO4 of analytical grade were purchased from Fluka (Steinheim, Germany).

Phospholipon 90G (P90G) and phospholipid lipoid S 75 (S75) were supplied by Lipoid GmbH (Lud-

wigshafen, Germany). Polyoxyethylene (20) sorbitan mono-oleate (Tween 80) was provided by

Galeno (Carmignano, Prato, Italy). Human skin keratinocytes (HaCaT) were supplied by CLS–Cell

Lines Service (Eppelheim, Germany).

Yeasts employed in the winery were Zymaflore® RX60 from Laffort (Bordeaux, France). Com-

mercial tannins used in the winery were Fermotan AG tannins and ionic exchange resins were

pH-Stab 2.0 from AEB Iberica (Barcelona, Spain).

Water was purified on a MilliQ system from Millipore (Bedford, MA, USA). All solvents were

filtered through 0.45 µm nylon membranes (Lida, Kenosha, WI, USA) prior to use.

3.2 Samples

3.2.1 Wine-making process

3.2.1.1 Wine elaboration, experimental design and oenological variables

Wine elaborations were performed in winery Faustino (Oyón, Spain) in 2018 and 2019. Grape

cultivars used were autochthonous from Rioja region, i.e. Tempranillo, Graciano and Mazuelo,

and were grown in three sites in "La Rioja": Mendavia in 2018, and Alfaro and Laguardia in 2019.
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The variables related to wine elaboration studied are: (i) the grape cultivar; (ii) the addition

of tannins; (iii) the use of microoxygenation technique during malolactic fermentation; and (iiii)

the use of ionic exchange resins to lower the pH of grape must. The levels of these variables are

summarized in Table 3.1. The experimental designs performed in 2018 and 2019 are described in

Tables 3.2 and 3.3, respectively. In 2019, the mixture of grape cultivars Tempranillo and Mazuelo

was not included in the experimental design; instead grape cultivar Tempranillo was used in the

experiments of tanks 17-24 (Table 3.3).

Table 3.1. Variables studied in wine elaborations.

Variables Levels

Grape Cultivar
Tempranillo & Graciano / Tempranillo

Tempranillo & Mazuelo / Tempranillo

Tannin addition Yes / No

Microoxygenation Yes / No

Ionic Exchange Yes / No

Table 3.2. Experimental design for the wine elaborations in 2018.

Tank No. Variety Tannins Microoxygenation Ionic Exchange

1 Tempranillo No No No

2 Tempranillo No Yes No

3 Tempranillo Yes No No

4 Tempranillo Yes Yes No

5 Tempranillo No No Yes

6 Tempranillo No Yes Yes

7 Tempranillo Yes No Yes

8 Tempranillo Yes Yes Yes

9 Tempranillo & Graciano No No No

10 Tempranillo & Graciano No Yes No

11 Tempranillo & Graciano Yes No No

12 Tempranillo & Graciano Yes Yes No

13 Tempranillo & Graciano No No Yes

14 Tempranillo & Graciano No Yes Yes

15 Tempranillo & Graciano Yes No Yes

16 Tempranillo & Graciano Yes Yes Yes

17 Tempranillo & Mazuelo No No No

18 Tempranillo & Mazuelo No Yes No

19 Tempranillo & Mazuelo Yes No No

20 Tempranillo & Mazuelo Yes Yes No

21 Tempranillo & Mazuelo No No Yes

22 Tempranillo & Mazuelo No Yes Yes

23 Tempranillo & Mazuelo Yes No Yes

24 Tempranillo & Mazuelo Yes Yes Yes
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Table 3.3. Experimental design for the wine elaborations in 2019.

Tank No. Variety Tannins Microoxygenation Ionic Exchange

1 Tempranillo No No No

2 Tempranillo No Yes No

3 Tempranillo Yes No No

4 Tempranillo Yes Yes No

5 Tempranillo No No Yes

6 Tempranillo No Yes Yes

7 Tempranillo Yes No Yes

8 Tempranillo Yes Yes Yes

9 Tempranillo & Graciano No No No

10 Tempranillo & Graciano No Yes No

11 Tempranillo & Graciano Yes No No

12 Tempranillo & Graciano Yes Yes No

13 Tempranillo & Graciano No No Yes

14 Tempranillo & Graciano No Yes Yes

15 Tempranillo & Graciano Yes No Yes

16 Tempranillo & Graciano Yes Yes Yes

17 Tempranillo No No No

18 Tempranillo No Yes No

19 Tempranillo Yes No No

20 Tempranillo Yes Yes No

21 Tempranillo No No Yes

22 Tempranillo No Yes Yes

23 Tempranillo Yes No Yes

24 Tempranillo Yes Yes Yes

Grape vintage was done manually by the winery staff and each grape cultivar was processed

individually. The whole wine elaboration process is summarized in Figure 3.1.

Grapes were destemmed and the resulting mixture consisting of must and grapes was trans-

ferred to a 500 L stainless steel tank, where 70 g of potassium metabisulfite were added. N2 was

flowed for 2 h to homogenize the mixture and break the grape skins. A day later, must was sepa-

rated from the pomace (solid residue of grapes), and then transferred to 20 L stainless steel tanks

in specific amounts. Each tank was filled with must and pomace from the different grape varieties

studied according to Figure 3.2. Following to the experimental designs planned, 1.8 g of Fermotan

AG tannins dissolved in warm water to a concentration of 1 g/20 mL and ionic exchange resins

to achieve a final concentration of 10 g/L were added to the corresponding tanks. Yeast RX60

previously activated by mixing 40 g of the yeast with 500 mL of water and 30 g of sucrose was

inoculated to all tanks in order to promote the start of AF.1

Completion of AF occurred around 10 to 13 days after the start, and was determined by the

sugar content data obtained from density values from WinescanTM analyzer. Wine was separated

from the pomace and transferred from the tanks to plastic decanters where they were left for

1In 2019, during the experiment with grapes from Alfaro the tank number 1 fell and the content was lost.
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Destemming

Grape

vintage Stems

and

leaves

Grape berries

and must

Ionic Exchange

Resins*

Potassium

metabisulfite

Decanting
Malolactic

Fermentation (MLF)/

Microoxygenation*

Alcoholic

Fermentation (AF)
Wine bottling

Must

Tannins*

Pomace

Must

Wine

Pomace

Pomace

*Indicates dependency with experimental design for the indicated step of the process.

N2

Yeasts

Figure 3.1. Scheme of the wine elaboration process used to obtain the wine elaborations of the experimental

design.

Tanks 9-16

Tempranillo + Graciano

9 kg Tempranillo + 2 kg Graciano musts

5 kg Tempranillo + 1 kg Graciano pomaces

Tanks 9-16

Tempranillo + Graciano

8 kg Tempranillo + 2 kg Graciano musts

1.6 kg Tempranillo + 0.4 kg Graciano pomaces

Tanks 17-24

Tempranillo + Mazuelo

9 kg Tempranillo + 2 kg Mazuelo musts

5 kg Tempranillo + 1 kg Mazuelo pomaces

Tanks 1-8

Tempranillo

9 kg Tempranillo must

5 kg Tempranillo pomace

Tanks 1-8

Tempranillo

10 kg Tempranillo must

2 kg Tempranillo pomace

Tanks 17-24

Tempranillo

10 kg Tempranillo must

2 kg Tempranillo pomace

Figure 3.2. Scheme of the amounts of grape must and pomace used for wine elaboration depending on the grape

cultivar or mixture of grape cultivars employed.
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4 days. Then, the liquid was carefully transferred to sealed methacrylate cylindrical tubes using a

mechanical pump, discarding the decanted precipitate. The inside of the tubes had been previ-

ously purged with a flow of N2. These tubes contained a total of five valves, three in the bottom

part and two in the upper part (Figure 3.3). The wine from each tank was transferred to a separate

tube. Afterwards, microoxygenation was performed, which consisted on bubbling a flow of O2

from the bottom inlet valve of the tubes. Additionally, a larger flow of N2 was bubbled in order

to produce the mixture and homogenization of the wine. For the bubbling of both O2 and N2, an

automated valve system was employed, which allowed programming of the bubbling system for

3 and 10 min, respectively, once per day everyday.2 The end of MLF occurred around 25 to 30 days

after it started. Wine was then extracted from the methacrylate tubes and bottled.

N2 inlet O2 inlet

Sample replenishment/

N2 inlet
N2 outlet

Sampling valve

Figure 3.3. Scheme of the methacrylate tubes employed for the malolactic fermentation/microoxygenation pro-

cess.

3.2.1.2 Sampling

In order to monitor the concentrations of phenolic compounds along the wine elaborations, sam-

ples of must and wine were taken from each tank at different stages of the elaboration process in

both years of experiments.

During AF, technicians at the winery monitored the must/wine daily by infrared spectroscopy

using WinescanTM analyzer from Foss (Hillerød, Denmark). Wine in the tanks was punched prior

to sampling, and a 20 mL aliquot was taken from each tank, centrifuged (3500 rpm, 30 min, r.t.)

in a Digicen20 centrifuge from Orto Alresa (Madrid, Spain), filtered with quantitative filter paper

from Filter-Lab (Barcelona, Spain), and analyzed in the WinescanTM analyzer.

During MLF samples were taken every other day for the first week, and then, every 3-4 days,

following the same protocol as for sampling during AF. During intermediate steps, like decanting

no samples were taken. Figure 3.4 summarizes the number of samples collected from each wine

elaboration.

For the analysis of phenolics the samples were an aliquot from t he sample collected by the

technicians of the winery for the control of the elaboration process using WinescanTM analyzer.

After centrifuging and filtering each sample, approximately 8 mL of wine were taken with a syringe

and filtered through an Acrodisc CR25 0.45 µm PTFE membrane (Pall, Port Washington, NY). Each

2In 2018, the automated valve for bubbling of O2 was not available therefore the flow of O2 was set manually for 10 min

once a day every other day during the first two weeks of MLF.
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sample was divided into four separate 2 mL amber-glass vials. All samples were frozen immedi-

ately and were kept at -80 °C until analysis.

Figure 3.4. Chart of samples taken during the different elaborations performed during 2018 and 2019.

3.2.2 Grape pomace

Two pomaces from Tempranillo and Graciano red grape cultivars were supplied by Bodegas

Faustino winery (Oyón, Spain), and stored at -20 °C. These pomaces were residues from the

experiments of 2019 with grapes from Laguardia. Prior to extraction, the pomaces were

freeze-dried and ground to a coarse powder using ø11 mm stainless steel balls in a rotary agitator.

The freeze-dried powder of both pomaces was stored in a desecator at r.t. until their use.

3.3 Wine analysis

3.3.1 Analysis of anthocyanins by HPLC-DAD and HPLC-DAD-ESI(+)-MS/MS

The quantification of anthocyanins in red wines was carried out by HPLC coupled to a DAD. The

HPLC-DAD conditions used in the analysis of wine samples had been previously optimized and

validated by our research group [178, 179].

The HPLC-DAD analysis was performed in a Hewlett-Packard (Palo Alto, CA, USA) series 1100

chromatograph equipped with a vacuum degasser, a quaternary pump, an automatic and ther-

mostated injector, an oven for the column and a DAD. A reverse-phase Phenomenex (Torrance,

CA, USA) Luna C18 column (150 mm � 1.6 mm I.D., 3 µm) at 30 °C, protected with a guard column

Phenomenex C18 (4 mm � 3.0 mm I.D.), was used. Data processing was performed by HP Chem-

station v.6.01. The solvents used were aqueous solution of trifluoroacetic acid (TFA) 0.5% (v/v) as

mobile phase A and acetonitrile (MeCN) as mobile phase B, and the elution gradient used was: 0-

15 min, linear gradient from 12 to 15% B; 15-25 min, isocratic at 15% B; 25-40 min, linear gradient

from 15 to 25% B; 40-50 min, linear gradient from 25 to 30% B; 50-55 min, linear gradient from 30

to 100% B; washing with 100% B and re-equilibration of the column. The flow rate was 0.8 mL/min

and the injection volume was 50 µL. The sample vials in the automatic injector were kept at 4 °C

to guarantee the preservation of the samples. Prior to injection into the HPLC instrument, wines

samples were filtered through an Acrodisc CR13 0.45 µm polytetrafluoroethylene (PTFE) mem-

brane (Pall, Port Washington, NY), and amber flask vials were used to avoid the light degradation

of the anthocyanins. UV-Vis spectra were recorded from 250 to 600 nm, and quantification was

carried out at 530 nm.

The anthocyanins analyzed are shown in Table 3.4 together with their retention time (tR). Mv-

3-O-glc was identified (Figure 3.5) by comparison of its tR, UV-Vis absorption spectra with that of

the commercial standard.
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Table 3.4. List of anthocyanins analyzed in this work, their tR and MS data.

# Compound tR m/z [M]� m/z [Y0]�

1 Dp-3-O-glc 9.0 465 303

2 Cy-3-O-glc 12.7 449 287

3 Pt-3-O-glc 14.6 479 317

4 Pn-3-O-glc 19.8 463 301

5 Mv-3-O-glc 21.7 493 331

6 Dp-3-O-(6-ac)-glc 28.8 507 303

7 Pt-3-O-(6-ac)-glc 36.4 521 317

8 Pn-3-O-(6-ac)-glc 39.8 505 301

9 Mv-3-O-(6-ac)-glc 40.4 535 331

10 Mv-3-O-(6-caff)-glc 42.0 655 331

11 Pt-3-O-(6-p-coum)-glc 43.2 625 317

12 Pn-3-O-(6-p-coum)-glc 1

46.1
609 301

13 Mv-3-O-(6-p-coum)-glc 1 639 331

1 Coeluting compounds.
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Figure 3.5. HPLC-DAD chromatogram at 530 nm corresponding to a wine sample and UV-Vis spectra of selected

peaks.

Anthocyanins were quantified at 530 nm using Mv-3-O-glc as standard for the external cali-

bration. The concentrations of detected compounds are expressed as equivalent concentrations

in mg of Mv-3-O-glc/L of wine. Precision of the method was lower than 5% RSD, as calculated

during method validation in previous works, and the limit of quantification was 0.01 mg of Mv-3-

O-glc/L of wine [179].

The stock solution and the intermediate standard solutions were prepared in MeOH with hy-

drochloric acid (HCl) 0.1% (v/v). The final standard solutions to be injected in the HPLC system in
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the range 0.01-300 mg/L were prepared with ¤20% of MeOH to avoid distortion of chromato-

graphic peaks, and were preserved in dark vials at 4 °C.

Calibration curves of Mv-3-O-glc were carried out using 16 different concentration levels. Due

to the wide concentration range, it was split into five linear range sections. Table 3.5 shows slope,

intercept and regression coefficient of the calibration curves obtained during this work.

For the identification of the anthocyanins analyzed in the grape must and wine samples a Mi-

cromass (Milford, MA, USA) Quattro Micro QqQ mass spectrometer, coupled to HPLC-DAD and

equipped with a Z-spray ESI source (HPLC-DAD-MS/MS) was used. Table 3.4 shows m/z values

for each anthocyanin.

Table 3.5. Mv-3-O-glc calibration curves in the five linear ranges with their corresponding standard deviation

(SD) for HPLC-DAD analysis.

Linear range
Slope � SD Intercept � SD R2

(µg/mL)

0.01-0.10 172 � 2 0.2 � 0.1 0.9997

0.10-1.0 180.5 � 0.4 -0.7 � 0.2 0.9999

1.0-10.0 190 � 3 -17 � 18 0.9995

10.0-100.0 183.2 � 0.6 97 � 33 0.99998

100.0-300.0 201 � 4 -1624 � 994 0.9991

3.3.2 Analysis of anthocyanin derivatives by HPLC-DAD-ESI(+)-MS/MS

The determination of anthocyanin derivatives is difficult not only due to the large number of com-

pounds with great chemical diversity found in wine, but also because of their low concentra-

tions. The analysis of anthocyanin derivatives by HPLC-DAD-ESI(+)-MS/MS requires a prior sam-

ple clean-up and preconcentration usually performed by solid phase extraction (SPE). A sample

pretreatment by SPE had been previously optimized and validated by our group [176]. The SPE car-

tridges employed were StrataX (3 cc, 60 mg sorbent), from Phenomenex (Auckland, New Zealand),

and the SPE of the wine samples was carried out as follows. Cartridges were connected to a vac-

uum manifold (20 kPa), activated with 100% MeOH (2 mL), and equilibrated first with MilliQ water

(2 mL) and then, with an aqueous solution of synthetic wine (3.5 g/mL tartaric acid, 12% EtOH,

pH = 3.5; 2 mL). Afterwards, the wine sample was loaded (1 mL), washed with phosphate buffer

([HPO4]2�/[H2PO4]�, 0.1 M, pH = 7; 1 mL) and MilliQ water (1 mL), before eluted with MeOH-HCl

(99.9:0.1, v/v; 4 mL). SPE eluents were evaporated to dryness with a N2 flow using a Zymark Turbo-

Vap from Biotage (Uppsala, Sweden), reconstituted with 1 mL H2O-TFA (99.5:0.5, v/v), and stored

at 4 °C until analysis.

Anthocyanin derivatives in the wine extracts were analyzed on an Alliance 2695 liquid chro-

matography system from Waters (Milford, USA), equipped with a vacuum degasser, a binary pump,

an automatic and thermostated injector and an oven for the column. The system was coupled to

a DAD Waters 2996 and a QqQ mass spectrometer Micromass (Manchester, UK) Quattro micro

with a Z-spray source coupled to an ESI sounding line controlled by the software MassLynx v. 4.0.

A reversed-phase Onyx Monolithic C18 column (100 � 3.0 mm) from Phenomenex (Torrance, CA,

USA) with a pre-column of the same material (5 � 4.6 mm) was used. Mobile phases consisting

of aqueous TFA (0.5%, v/v; A) and MeCN (B) were delivered at a flow rate of 0.3 mL/min. A gradi-

ent program was used: 0-0.29 min, isocratic at 12% B; 0.29-4.29 min, linear gradient, 12 to 15% B;

4.29-9.17 min, linear gradient, 15 to 25% B; 9.17-12.72 min, linear gradient, 25-40% B; 12.72-13.17 min,
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isocratic 40% B; 13.17-13.63 min, linear gradient 40-100% B; 13.63-21.63 min, isocratic 100% B, and

column reconditioning. The injector and column temperatures were 4 °C and 30 °C respectively,

and the injection volume was 50 µL. UV-Vis spectra of the chromatographic peaks were regis-

tered each second in a 250-600 nm range. Mass spectrometer used N2 at 300 °C and 450 L/h as

desolvation gas. The capillary potential was 3.2 kV in positive ion mode and 120 °C was the source

block temperature.

For the quantification of the anthocyanin derivatives found in red wines, study of MS spectra

was used for structure elucidation. The acquisition in MS/MS was performed in MRM mode; thus,

the precursor ion mass and the most intense fragment ion are fixed. Only those compounds with

that particular mass transition show a signal in the detector, which lead to a high selectivity. Scan

was performed in centroid mode in a range from 50 to 1500 u in positive mode. The scan time

was 1.5 seconds with an interscan time of 0.1 seconds.

The anthocyanin derivatives quantified are listed in Table 3.6, where the corresponding tran-

sitions, collision energy (CE) and optimum cone voltage (CV) are summarized. Figures 3.6 and

3.7 show an example of the MRM chromatograms obtained in the analysis of red wine samples.

Anthocyanin derivatives were quantified by the external calibration method using Mv-3-O-glc

as standard. The concentrations of detected compounds are expressed as equivalent concentra-

tions in mg of Mv-3-O-glc/L of wine. Limit of quantification was 0.001 mg og Mv-3-O-glc/L of

wine. The stock solution and the intermediate standard solutions were prepared in MeOH with

HCl 0.1% (v/v). The final standard solutions to be injected in the HPLC system in the range 0.001-

100 mg/L were prepared with ¤20% of MeOH to avoid distortion of chromatographic peaks, and

were preserved in dark vials at 4 °C.

Calibration curves of Mv-3-O-glc were carried out using 16 different concentration levels. Due

to the wide concentration range, it was split into five linear range sections. Table 3.7 shows slope,

intercept and regression coefficient of the calibration curves obtained during this work.

If the calibration curve is studied as a whole, linearity is not observed due to the drop saturation

process, a phenomenon more pronounced in high concentration ranges. The first step in ESI is the

formation of fine beads with an excess of ions (positive or negative, depending on the ionization

mode) because of the voltage applied in the capillary of the probe. When the surface of the drop is

fully occupied with charged molecules of the analyte, there is no gain in response with increasing

concentration, because some of the analyte ions can not reach the surface and do not pass to gas

phase. At this time the drop saturation is produced.

Calibration solutions were injected every 12 samples because of the variability of the mass

spectrometer signal. The chromatographic method used for the standard solutions was shorter

than that of the samples. Calibration solutions were injected in isocratic mode at 20.0% B in 8 min,

using the same mobile phases, column and other experimental conditions described above.

3.3.3 Analysis of tannins by HPLC-DAD-ESI(+)-MS/MS

The determination of tannins in wine samples requires a sample pretreatment step, consisting

on a SPE, prior to the analysis by HPLC-DAD-ESI(+)-MS/MS. The SPE method to extract and pre-

concentrate tannins in wines had been previously optimized and validated by our research group

[177].

The SPE cartridges employed were Oasis HLB (3 cc, 60 mg sorbent), from Waters (Milford, MA,

USA), and the SPE of the wine samples was carried out as follows. Cartridges were connected to

a vacuum manifold (20 kPa), activated with 100% MeOH (2 mL), and equilibrated first with MilliQ

water (2 mL) and then, with an aqueous solution of synthetic wine (3.5 g/mL tartaric acid, 12% EtOH,
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Figure 3.6. MRM chromatograms for anthocyanin derivatives (compounds 14-26).
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Figure 3.7. MRM chromatograms for anthocyanin derivatives (compounds 27-40).
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Table 3.6. List of anthocyanin derivatives analyzed in this work, their retention time (tR), mass transition in MRM

mode, cone voltage (CV) and collision energy (CE).

# Compound tR Transition CV (V) CE (eV)

14 cat-Mv-3-O-glc 3.9 780.9 Ñ 618.9 35 25

15 epicat-Mv-3-O-glc 5.3 780.9 Ñ 618.9 35 25

16 Mv-3-O-glc-(epi)cat 6.9 783.2 Ñ 469.1 30 20

17 Mv-3-O-glc-A-(epi)cat 10.3 783.2 Ñ 469.1 30 20

18 Mv-3-O-glc-pyruvic 10.0 560.9 Ñ 398.9 25 25

19 Mv-3-O-glc-acetaldehyde 10.7 516.9 Ñ 354.9 25 25

20 pyruvic acid derivative-vinyl-cat-cat 12.1 1093.2 Ñ 931.1 35 35

21 Mv-3-O-glc-8-ethyl-cat 1 11.8 808.9 Ñ 518.9 35 25

22 Mv-3-O-glc-8-ethyl-cat 2 12.3 808.9 Ñ 518.9 35 25

23 Mv-3-O-glc-8-ethyl-epicat 12.6 808.9 Ñ 518.9 35 25

24 Mv-3-O-(6-p-coum)-glc cis 14.5 638.9 Ñ 330.9 35 25

25 Mv-3-O-(6-p-coum)-glc trans 15.3 638.9 Ñ 330.9 35 25

26 Mv-3-O-glc-4-vinylphenol 15.9 608.9 Ñ 446.9 25 25

27 (epi)gallocat-Mv-3-O-glc-A-(epi)cat 3.4 1087.3 Ñ 631.2 30 30

28 (epi)cat-Mv-3-O-glc-A-(epi)cat 1 3.6 1071.3 Ñ 783.2 20 20

29 (epi)cat-Mv-3-O-glc-A-(epi)cat 2 4.2 1071.3 Ñ 783.2 20 20

30 (epi)cat-A-(epi)cat-Mv-3-O-glc 4.2 1071.3 Ñ 781.2 20 10

31 Mv-3-O-glc-(epi)cat-A-(epi)cat 5.2 1071.3 Ñ 781.2 20 10

32 cat-Mv-3-O-(6-p-coum)-glc 12.7 926.9 Ñ 618.9 35 25

33 epicat-Mv-3-O-(6-p-coum)-glc 13.4 926.9 Ñ 618.9 35 25

34 Mv-3-O-(6-p-coum)-glc-acetaldehyde 14.5 662.9 Ñ 354.9 35 25

35 Mv-3-O-(6-p-coum)-glc-pyruvic 13.5 706.9 Ñ 398.9 35 25

36 Mv-3-O-(6-p-coum)-glc-8-ethyl-(epi)cat 1 14.9 954.9 Ñ 664.9 35 25

37 Mv-3-O-(6-p-coum)-glc-8-ethyl-(epi)cat 2 16.0 954.9 Ñ 664.9 35 25

38 Mv-3-O-(6-p-coum)-glc-4-vinylcat 14.5 951.2 Ñ 643.1 60 30

39 Mv-3-O-(6-p-coum)-glc-4-vinylepicat 15.9 951.2 Ñ 643.1 60 30

40 Mv-3-O-(6-p-coum)-glc-4-vinylphenol 17.0 754.9 Ñ 446.9 35 25

Table 3.7. Linear model for the five different ranges of Mv-3-O-glc calibration with their corresponding SD for

HPLC-DAD-ESI(+)-MS/MS analysis.

Linear range
Slope � SD Intercept � SD R2

(µg/mL)

0.001-0.010 (490 � 6)�102 -4 � 4 0.9997

0.010-0.10 (465 � 10)�102 91 � 57 0.9992

0.10-1.0 (448 � 16)�102 201 � 937 0.9975

1.0-10.0 (220 � 20)�102 (33 � 12)�103 0.9836

10.0-100.0 (83 � 5)�102 (203 � 28)�103 0.9933
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pH = 3.5; 2 mL). Afterwards, the wine sample was loaded (1 mL), washed with phosphate buffer

([HPO4]2�/[H2PO4]�, 0.1 M, pH = 7; 1 mL) and MilliQ water (1 mL), before eluted with MeOH-HCl

(99.9:0.1, v/v; 4 mL). SPE eluents were evaporated to dryness with a N2 flow in a Zymark TurboVap

from Biotage (Uppsala, Sweden), reconstituted in 1 mL H2O-acetic acid (HAc) (99:1, v/v), and stored

at 4 °C until analysis.

For the determination of tannins, the same HPLC-DAD-ESI(+)-MS/MS equipment used for the

analysis of anthocyanin derivatives described in previous section was used. A reversed phase

Onyx Monolithic C18 column from Phenomenex (Torrance, USA) (100 � 3 mm) with a precolumn

of the same material (5 � 4.6 mm) was used.

The solvents used for the chromatographic separation of tannins were H2O-HAc (99:1, v/v) as

mobile phase A and MeOH-HAc (99:1, v/v) as mobile phase B. The reason for the use of HAc as an

additive was to provide an acidic pH media in order to improve the separation of tannins from

anthocyanins. The elution gradient used was: 0-1.03 min, isocratic, 19.3% B; 1.03-7.47 min, linear

gradient, 19.3-20% B; 7.47-11.25 min, linear gradient, 20-25% B; 11.25-16.03 min, linear gradient,

25-45% B; 16.03-19.92 min, linear gradient, 45-75% B, 19.92-24.70 min, linear gradient, 75-100% B;

24.70-28.00 min, isocratic, 100% B; and column cleaning and reconditioning. The column and

injector temperatures were 30 °C and 4 °C, respectively. The injection volume was 50 µL and the

flow rate was 0.3 mL/min.

The acquisition in MS/MS was performed in MRM mode. Table 3.8 collects the tR, optimum

mass transitions, CV and CE for each tannin studied and Figures 3.8 and 3.9 show an example of

the MRM chromatograms achieved.

Tannins were quantified using the external calibration method using (+)-cat as standard. The

concentrations of detected compounds are expressed as equivalent concentrations in mg of (+)-

cat/L of wine. Limit of quantification was 0.001 mg of (+)-cat/L of wine, as calculated in previous

works.

The stock solution and the intermediate and standard solutions were prepared using H2O-

MeOH (80:20, v/v) as solvent. All standard solutions were preserved in dark vials at 4 °C, and

injected in the range 0.025-150 mg of (+)-cat/L of wine. Calibration was carried out using 13 dif-

ferent concentration levels. Calibration curve was split into three linear range sections to avoid

the effect of non linearity due to drop saturation process. Table 3.9 shows the slope, intercept and

regression coefficient for the calibration curves performed in this work. In the case of the higher

concentration range (10-150 mg/L),the effect of drop saturation was more pronounced and the fit

of the experimental data fit better to a quadratic equation of the type y � ax2 � bx� c.

Calibration solutions were injected every 12 samples because of the variability of the mass

spectrometer signal. The chromatographic method used for the standard solutions was shorter

than that of the samples; consisting in an isocratic run at 19.3% B in 7 min, using the same mobile

phases, column and experimental conditions.
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Figure 3.8. MRM chromatograms for tannins (compounds 41-58).
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Table 3.8. List of tannins analyzed in this work, their retention time (tR), mass transition in MRM mode, cone

voltage (CV) and collision energy (CE).

# Compound tR Transition CV (V) CE (eV)

41 ((epi)gallocat)2 1 4.0 609.0 Ñ 305.0 25 25

42 ((epi)gallocat)2 2 7.7 609.0 Ñ 305.0 25 25

43 ((epi)gallocat)2 3 11.1 609.0 Ñ 305.0 25 25

44 gallocat 8.5 305.0 Ñ 137.0 25 35

45 epigallocat 12.2 305.0 Ñ 137.0 25 35

46 (epi)gallocat-(epi)cat 2 8.2 593.0 Ñ 289.0 35 25

47 (epi)cat-(epi)gallocat 2 10.6 593.0 Ñ 289.0 35 25

48 (epi)gallocat-(epi)cat 1 9.0 593.0 Ñ 305.0 35 25

49 (epi)cat-(epi)gallocat 1 11.4 593.0 Ñ 305.0 35 25

50 (epi)cat-(epi)gallocat A 12.9 591.0 Ñ 303.0 55 25

51 ((epi)cat)2 1 10.8 577.0 Ñ 289.0 25 25

52 procyanidin B 1 (PCB1) 11.2 577.0 Ñ 289.0 25 25

53 PCB2 13.1 577.0 Ñ 289.0 25 25

54 cat 12.2 289.0 Ñ 137.0 25 25

55 epicat 15.1 289.0 Ñ 137.0 25 25

56 p-vinyl(epi)cat 1 19.0 315.0 Ñ 163.0 55 25

57 p-vinyl(epi)cat 2 20.3 315.0 Ñ 163.0 55 25

58 p-vinyl(epi)cat 3 23.1 315.0 Ñ 163.0 55 25

59 gallocat-ethyl-cat 8.8 621.0 Ñ 315.0 25 15

60 cat-ethyl-gallocat 16.5 621.0 Ñ 315.0 25 15

61 (epi)gallocat-ethyl-(epi)gallocat 12.3 637.0 Ñ 331.0 25 15

62 gallocat-ethyl-gallocat 21.7 637.0 Ñ 331.0 25 15

63 gallocat-ethyl-cat 13.7 621.0 Ñ 331.0 25 15

64 cat-ethyl-gallocat 15.0 621.0 Ñ 331.0 25 15

65 (epi)cat-glycoside 11.2 451.0 Ñ 289.0 55 25

66 ((epi)cat)3 1 7.9 441.0 Ñ 289.0 25 25

67 ((epi)cat)3 2 11.5 441.0 Ñ 289.0 25 25

68 procyanidin C 1 (PCC1) 11.9 441.0 Ñ 289.0 25 25

Table 3.9. Model for the three different ranges of (+)-cat calibration with their corresponding SD for HPLC-DAD-

ESI(+)-MS/MS analysis.

Linear range
Slope � SD Intercept � SD R2

(µg/mL)

0.025-1.00 269 � 2 -5.4 � 0.5 0.99996

1.00-10.0 369 � 23 -154 � 136 0.99619

Range (µg/mL) a � SD b � SD c � SD R2

10.0-150.0 -0.8 � 0.1 269 � 19 (11 � 6)�102 0.99709
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3.3.4 Color measurements

The chromatic properties of the red wine samples along the wine elaborations were measured

out in order to characterize the wine color.

3.3.4.1 Standard parameters

The standard parameters CI, Ton, and yellow, red, blue components were determined following

the methodology described by Glories [143, 144]. The absorbance (Abs) at 420, 520 and 620 nm of

each sample was recorded in a 1 mm cuvette, using an UV-Vis spectrophotometer Lightwave II

from Biochrom Ltd. (Cambridge, England). The results were multiplied by 10 in order to refer the

result to a 10 mm standard cuvette. CI and Ton were calculated using Equations 1.1 and 1.2.

3.3.4.2 CIELAB parameters

The transmittance was recorded at 450, 520, 570 and 630 nm for each sample in a 2 mm cuvette

using an UV-Vis spectrophotometer Lightwave II from Biochrom Ltd. (Cambridge, England). Then,

the X, Y and Z values were calculated following Equations 1.4a, 1.4b and 1.4c. The L*, a* and b* values

were calculated from the X, Y and Z values according to Equations 1.5a, 1.5b and 1.5c.

3.4 Nanoencapsulation of grape pomace extracts

3.4.1 Preparation of extracts of phenolic compounds from grape pomace

In this study, the extraction of bioactive compounds from two grape pomaces of Tempranillo

and Graciano red grape cultivars was performed by using a simple procedure that involved the

use of an EtOH-water mixture. An aliquot of the freeze-dried powder pomace (25 g) was soaked

in 500 mL of ethanol-water (60:40, v/v), sonicated in an ultrasonic bath for 5 min (40 KHz) at

r.t., and centrifuged (20 min, 8000 rpm, 4 °C) at r.t. to collect the supernatant. Then, the EtOH

of the extract was evaporated at 30 °C under vacuum and these extracts were analyzed by ultra

high-performance liquid chromatography (UHPLC) coupled to a DAD and an ESI QToF/MS and

HPLC-DAD-ESI-QqQ in order to identify and quantify, respectively, their phenolic compounds.

The extracts were freeze-dried to obtain the freeze-dried extract (E). The yield was calculated

as the % of freeze-dried extract weight respect to the starting freeze-dried material weight. The

obtained Tempranillo extract (TE) and Graciano extract (GE) were used for preparing the nanofor-

mulations (Figure 3.10).
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- Graciano (G)

extract in

EtOH-H2O

(60:40, v/v)
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Figure 3.10. Scheme of extraction, characterization and nanoformulation of the grape pomace extracts.
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3.4.2 Identification of phenolic compounds in grape pomace extracts

The phenolic profiles of the grape pomace extracts were characterized by

UHPLC-DAD-ESI-QToF/MS using an ACQUITY UPLCTM system coupled to DAD and a SYNAPTTM

G2 HDMS (Waters, Milford, MA, USA) with a QToF configuration, equipped with an ESI source.

The separation was carried out using a reversed-phase Acquity UPLC BEH C18 column

(100×2.1 mm, 1.7 µm) with a pre-column of the same material (VanGuardTM) (Waters, Milford,

USA), and the method described by Garrido et al. [180] with minor modifications. The separation

was carried out using HAc in water (0.1%, v/v) and HAc in MeOH (0.1%, v/v) as mobile phases.

Separation was carried out using the following elution gradient: 0.00–1.6 min, 2% B isocratic;

1.6–2.11 min, 15% B isocratic; 2.11–8.88 min, 8% B isocratic; 8.88–9.80 min, linear gradient, 8-10% B;

9.80–17.00 min, 10% B isocratic; 17.00–22.00 min, linear gradient, 10-20% B; 22.00–23.40 min,

linear gradient, 20-23% B; 23.40–54.20 min, linear gradient, 23-60% B; 54.20–55.20 min, linear

gradient, 60-100% B; and column cleaning and reconditioning. The column and injector

temperatures were 40 °C and 4 °C, respectively. The injection volume was 5.0 µL and the flow

rate was 0.35 mL/min. The extracts were filtered through an Acrodisc® filter with PTFE

membrane (0.45 µm, ø13 mm, Pall Corporation, NY, USA) prior to injection. The wavelength

range of the UV-Vis detector was 210–500 nm (20 Hz, 1.2 nm resolution). Flavan-3-ols were

recorded at 280 nm, hydroxycinamic acids at 320 nm, and flavonols at 370 nm.

Mass spectral data was recorded in positive and negative ion modes. The capillary voltage was

set to 1.0 kV for both ESI+ and ESI-. N2 was used as the desolvation and cone gas at flow rates

of 1000 L/h and 10 L/h, respectively. The source and desolvation temperatures were 120 °C and

400 °C, respectively. A leucine-enkephalin solution (2 ng/µL) in MeCN-water (50:50, v/v) with

formic acid 0.1% was employed for the lock mass correction and the ions at m/z 556.2771 and

278.1141 in the positive ionization mode from this solution were monitored (0.3 s scan time, 10 s

interval, 3 average scans, �0.5 Da mass window, 30 V CV, 10 µL/min flow rate). Data acquisition

took place over the 50-1200 m/z mass range in resolution mode (FWHM � 20,000) with a scan

time of 0.1 s and an interscan delay of 0.024 s. All the acquired spectra were automatically cor-

rected during acquisition based on the lock mass. Before analysis, the MS was calibrated with a

sodium iodide solution.

Identification of phenolic compounds in grape pomace extracts was performed by compari-

son of their tR, UV-Vis and MS spectra with literature results [180].

3.4.3 Analysis of anthocyanins in grape pomace extracts

Anthocyanins in the grape pomace extracts were determined by HPLC-DAD-ESI-QqQ/MS using

an Alliance 2695 with a DAD and a Micromass Quattro microTM API tandem quadrupole system

using a Z-spray ESI source (Waters) working in positive ion mode. A reversed-phase Luna C18

column (150×4.6 mm, 3 µm; Phenomenex, Torrance, USA) with a pre-column of the same ma-

terial was used. Mobile phases consisting of aqueous TFA (0.5% v; A) and MeCN (B) delivered at

a flow rate of 0.8 mL/min. A gradient program was used: 0-15 min, linear gradient, 12 to 15% B;

15-25 min, isocratic at 15% B; 25-40 min, linear gradient, 15 to 25% B; 40-50 min, linear gradient,

25 to 30% B; 50-55 min, linear gradient, 30 to 100% B; 55-60 min, isocratic, 100% B. An aliquot

of 50 µL of extract was injected after filtration through an Acrodisc® filter with PTFE membrane

(0.45 µm, ø13 mm, Pall Corporation, NY, USA). The injector and column temperatures were 4 °C

and 30 °C, respectively. UV-Vis spectra of the chromatographic peaks were registered each second

in a 250-600 nm range. Mass spectrometer used nitrogen at 300 °C and 450 L/h as desolvation

gas. Capillary potential was 3.2 kV in positive ion mode and 120 °C was the source block tempera-
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ture. Anthocyanins were quantified at 530 nm. Mv-3-O-glc, the major anthocyanin present in the

extract, was used as standard for external calibration in the range 0.5-200 mg/L prepared with a

stock solution in MeOH with HCl (0.1%, v/v). The concentrations of the detected compounds are

expressed as equivalent concentrations of Mv-3-O-glc.

3.4.4 Preparation and characterization of vesicles for the encapsulation of grape po-
mace phenolics

To produce P90G-transfersomes containing TE, TE (10 mg/mL), P90G (120 mg/mL), and Tween 80

(10 mg/mL) were dispersed in 2 mL of water. The dispersions were sonicated (5 cycles of 5 s on/2 s

off + 3 cycles 3 s on/2 s off; 13 µm of probe amplitude) with a Soniprep 150 (MSE Crowley, London,

UK).

To produce S75-liposomes with GE, GE (10 mg/mL), S75 (120 mg/mL) were dispersed in 2 mL

of water and sonicated (5 cycles of 5 s on/2 s off + 2 cycles 3 s on/2 s off; 13 µm of probe amplitude).

TE P90G-liposomes were obtained using the same procedure as P90G-transfersomes with TE

without Tween 80. Empty P90G-transfersomes, P90G-liposomes and S75-liposomes (i.e. without

TE or GE) were also prepared for an appropriate comparison.

To find an optimal nanoformulation for TE and GE, a pre-formulation study involving the eval-

uation of multiple candidates against selected endpoints was carried out. The study explored sev-

eral processing conditions, such as type and concentration of phospholipid, phospholipid:edge

activator (Tween 80) ratio, and sonication time, in order to identify the lead candidate with opti-

mal features (i.e., small size, high entrapment efficiency (EE), and physical stability). Furthermore,

in order to evaluate the impact of the extract and the edge activator, TE P90G-transfersomes were

compared with empty P90G-transfersomes and TE P90G-liposomes. In order to evaluate the im-

pact of the extract on the vesicles’ characteristics, the S75-liposomes loaded with GE were com-

pared with empty S75-liposomes. The stability of the liposomal formulations was evaluated by

monitoring the mean diameter (MD), the polydispersity index (PI) and the zeta potential (ZP) for

two months at 4 � 2 °C.

Cryogenic-transmission electron microscopy (cryo-TEM) was employed to examine the for-

mation and morphologies of the vesicles. Three µL of the corresponding dispersion was placed

on a glow-discharged 300-mesh Quantifoil grid and plunge frozen into liquid ethane in an FEI

Vitrobot Mark IV (Eindhoven, The Netherlands). The frozen grid was transferred first to a 626 DH

Single Tilt Cryo-Holder (Gatan, France), where it was kept below -180 °C, and then to a TECNAI G2

20 TWIN (FEI), operating at a 200 KeV accelerating voltage in a bright-field low-dose image mode.

Dynamic and electrophoretic light scattering techniques were used to measure the MD, PI and

ZP of the vesicles. The dispersions were diluted with water (1:30, v/v) and analyzed using a Zeta-

sizer nano-ZS (Malvern Panalytical, Worcestershire, UK). The above parameters were monitored

over two months at 4 � 2 °C to evaluate the storage stabilities of the formulations.

Dialysis was performed to remove the non-incorporated extract constituents from the vesicle

dispersions. One mL of sample was loaded into Spectra/Por® tubing (12,000–14,000 Da molecular

weight cut-off (MWCO); Spectrum, DG Breda, The Netherlands) and kept in water (2 L) under gentle

stirring for 2 h. Non-dialyzed and dialyzed vesicles were disrupted by diluting (1:50, v/v) them with

MeOH-water (40:60, v/v) and analyzed by HPLC-DAD-ESI-QqQ/MS to determine the amounts of

anthocyanins. The EE was calculated as the percentages of the anthocyanins detected in dialyzed

respect to non-dialyzed samples.
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3.4.5 Assays to determine the total phenolic content and antioxidant activity

3.4.5.1 Folin-Ciocalteu assay

The total phenolic contents (TPC) of TE and GE methanolic solutions and in vesicle dispersions

were determined by the Folin-Ciocalteu method with minor modifications [181].

The vesicle dispersions were sonicated (6 cycles with 10 s on and 2 s off) to disrupt the vesicles

and free the components from TE and GE. An amount of 10 µL of each sample was mixed with

50 µL of Folin-Ciocalteu’s reagent (2 N) and 790 µL of water. After 1 min, 150 µL of 20% aqueous

solution of sodium carbonate was added. After 45 min of incubation at r.t. in the dark, the samples

were centrifuged, and the Abs of the supernatant was read at 750 nm.

The TE and GE methanolic solutions were processed according to the above procedure, but

without the sonication and centrifugation steps. The TPC was expressed as µg of gallic acid equiv-

alents (GAE)/mL of solution.

3.4.5.2 DPPH assay

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay was used to asses the antioxidant activity (AA)

of TE and GE methanolic solutions, TE P90G-transfersomes, TE P90G-liposomes and GE S75-

liposomes, and the corresponding empty vesicle preparations. FortyµL of each sample was mixed

with 2 mL of a 25 µM DPPH methanolic solution. After 30 min of incubation at r.t. in the dark, Abs

was recorded at 517 nm. The discoloration of the DPPH solution corresponds to a decrease in Abs,

which is correlated to the antioxidant power and the concentration of the sample. The AA was

expressed as Trolox equivalents (TrEq) and calculated according to Equation 3.1:

AA � ppAbsDPPH �Abssampleq{AbsDPPHq � 100 (3.1)

The TrEq values of the samples expressed as µg TrEq/mL solution, were calculated using a cal-

ibration curve (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) concentration

range: 0-250 µg/mL).

3.4.5.3 FRAP assay

The ferric reducing antioxidant power (FRAP) assay was used to asses the AAs of TE and GE

methanolic solutions, TE P90G-transfersomes and GE S75-liposomes, and the corresponding

empty vesicle preparations. FRAP assay is based on the reduction of

Fe3�-2,4,6-tris(pyridin-2-yl)-1,3,5-triazine (TPTZ) to Fe2�-TPTZ that causes an increase in

absorption [182]. Twenty µL of each sample was mixed with 2 mL of the TPTZ-ferric solution.

After 4 min of incubation at r.t. in the dark, the Abs was read at 593 nm. The results, expressed as

µg Fe2� equivalents (FE)/mL solution, were calculated using a calibration curve (FeSO4

concentration range: 0-1200 µg/mL).

3.4.6 Cell culture viability to determine the toxicity of grape pomace extracts

Human skin keratinocytes (HaCaT) were cultivated at 37 °C in a humidified atmosphere of 5%

CO2 in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum

(FBS) (Gibco, NY, USA) and 1% penicillin/streptomycin. Cell viability was estimated by the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as previously described [183].

In short, HaCaT cells were seeded in 96-well plates (104 cells/well) and incubated with the sam-

ples diluted to achieve the desired concentrations of TE and GE (0.1, 1 and 10 µg/mL). After 24 h, the
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cells were incubated with the MTT solution at 37 °C for 3 h. The formed purple formazan crystals

were dissolved in dimethyl sulfoxide (DMSO) and the Abs was read at 590 nm.

3.4.7 Determination of intracellular ROS levels inhibition by the liposomal formula-
tions with grape pomace extracts

The cellular ROS levels were determined with the 20,70-dichlorofuorescein diacetate (DCFH-DA)

method [183]. HaCaT cells were incubated with the TE methanolic solution and with the liposomal

formulations containing TE, diluted to achieve the desired concentrations of the extract (0.1, 1, and

10 µg/mL) for 24 h. Then, the cells were incubated with 10 µM of DCFH-DA for 30 min. After the

incubation, 1 mM of H2O2 was added to each well, and the fluorescence intensity of ROS-oxidized

20,70-dichlorofuorescein (DCF) was measured at 485/530 nm (excitation/emission wavelengths),

recording data every 5 min for 60 min.

3.5 Data analysis

3.5.1 Statistical data analysis

The results were expressed as the mean� the SD. Student’s t-test was performed to find significant

differences between groups. For intracellular AA data, a two-way analysis of variance (ANOVA)

was performed, followed by Tukey’s test. Differences were considered statistically significant for

p values below 0.05.

3.5.2 Kinetic study of the wine-making process

The concentration data of anthocyanins, anthocyanin derivatives and tannins in the samples dur-

ing wine elaboration obtained by HPLC-DAD and HPLC-DAD-ESI(+)-MS/MS analyses were used

to plot the concentration profiles over time for each of the compounds analyzed. An example of

these profiles is shown in Figure 3.11 for Mv-3-O-glc-pyruvic (Vitisin A).

Figure 3.11. Example of a concentration evolution profile for Vitisin A.

The kinetics of the evolution of the concentration of the anthocyanins and anthocyanin deriva-
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tives studied during AF were studied. Among the analytes, two classes of compounds were dis-

tinguished:

1. Compounds originally present in grapes and were extracted from the pomace to the must

at early stages of maceration and AF.

2. Compounds formed in the must from a precursor compound by reaction with other phe-

nolic compounds or with other molecules present in the media.

Moreover, two preliminary conditions were assumed: (i) the kinetic order of the extraction

process of all degradation processes and of the chemical reactions was considered to be 1; and (ii)

for the compounds formed by chemical reactions of a precursor phenolic compound and a small

molecule, such as acetaldehyde, this molecule was supposed to be present in the media in excess

relative to the concentration of the precursor phenolic compound.

3.5.2.1 Phenolic compounds originally present in grape

Mv-3-O-glc is used as example of compounds originally present in grape. These compounds are

extracted from pomace to must, increasing their concentrations in must. Then, their content de-

creases due to different degradation processes, some of them to yield anthocyanin derived pig-

ments. Concentration of Mv-3-O-glc in grape berries (G) and in must (M) is differentiated, the

kinetic equations being:
dG

dt
� �ke �G (3.2)

dM

dt
� ke �G� kd �M (3.3)

where ke and kd are the extraction and degradation kinetic constants, respectively.

Integrating Equation 3.2: » t

0

dG

G
� �ke

» t

0
dt (3.4a)

ln

�
G

G0



� �ke � pt� 0q (3.4b)

G � G0 � e
�ke�t (3.4c)

The Laplace transform [184] was applied to Equation 3.3:

L

�
dM

dt

�
� L rke �G� kd �M s (3.5)

Substituting Equation 3.4c in 3.5:

L

�
dM

dt

�
� L

�
ke �G0 � e

�ke�t � kd �M
�

(3.6a)

L

�
dM

dt

�
� ke �G0 �L

�
e�ke�t

�
� kd �L rM s (3.6b)

Applying the Laplace transform to Equation 3.6b:

s �LrM s �M0 �
ke �G0

s� ke
� kd �LrM s (3.7)
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As the initial concentration of Mv-3-O-glc in must is 0, then M0 = 0:

ps� kdq �LrM s �
ke �G0

s� ke
(3.8a)

LrM s �
ke �G0

ps� keqps� kdq
(3.8b)

Applying the inverse Laplace transform to 3.8b and reorganizing:

M �
ke �G0

kd � ke
�
�
e�ket � e�kdt

	
(3.9a)

M �
ke �G0

ke � kd
�
�
e�kdt � e�ket

	
(3.9b)

Equation 3.9b is similar to a pharmacokinetic equation.

3.5.2.2 Phenolic derivatives formed by chemical reactions during wine elaboration

Mv-3-O-glc-acetaldehyde (Vitisin B) is used as an example of derivatives formed by chemical re-

actions (Equation 3.10).

Mv-3-O-glc� CH3CHO
kf
ÝÑ V itisin B (3.10)

The rate of this reaction can be expressed as differential of each of the components (Equation

3.11a), or as the product of the formation constant (kf ) and the concentration of the components

(Equation 3.11b), where m and n are the reaction orders of each species.

v � �
dM

dt
� �

drCH3CHOs

dt
�

dD

dt
(3.11a)

v � kf � rMv-3-O-glcsm � rCH3CHOsn (3.11b)

Assuming that both reaction orders are 1 and that the concentration of acetaldehyde is in excess

with respect to that of Mv-3-O-glc, and taking into account the concentration of Mv-3-O-glc in

grape berries (G) and in must (M), and the concentration of the derivative Vitisin B in must (D), then

the kinetic reactions can be expressed as follows:

Extraction of the precursor from grape berries:

dG

dt
� �ke �G (3.12a)

Extraction of the precursor to the must, and degradation of the precursor due to the formation

of a derivative:
dM

dt
� ke �G� kf �M (3.12b)

Formation and degradation of the derivative:

dD

dt
� kf �M � kd �D (3.12c)

Integrating Equation 3.12a (similar to integration of Equation 3.2) and substituting in Equa-

tion 3.12b:

dM

dt
� ke �G� kf �M � ke �G0 � e

�ke�t (3.13)
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Integrating Equation 3.13 (similar to integration of Equation 3.3):

M �
ke �G0

ke � kf
�
�
e�kf t � e�ket

	
(3.14)

Substituting Equation 3.14 in Equation 3.12c:

dD

dt
�

kf � ke �G0

ke � kf
�
�
e�kf t � e�ket

	
� kd �D (3.15)

Applying Laplace transform to Equation 3.15 and rearranging:

L

�
dD

dt

�
�

kf � ke �G0

ke � kf
�
�
L
�
e�kf t

�
�L

�
e�ket

�	
� kd �LrDs (3.16a)

s �LrDs �
kf � ke �G0

ke � kf
�

�
1

s� kf
�

1

s� ke



� kd �LrDs (3.16b)

LrDs �
kf � ke �G0

pke � kf q
�

ps�keq�ps�kf q
ps�kf q�ps�keq

s� kd
�

kf � ke �G0

pke � kf q
�

pke � kf q

ps� kf qps� keqps� kdq
(3.16c)

Applying inverse Laplace transform to Equation 3.16c:

D � kf � ke �G0 �

�
e�ket

pkf � keq � pkd � keq
�

e�kf t

pke � kf q � pkd � kf q
�

e�kdt

pke � kdq � pkf � kdq



(3.17)

Equation 3.17 is similar to a pharmacokinetic equation. Moreover, regarding only experimental

points at high values of time in the profile, when the extraction of the precursor can be considered

nearly completed, the first term of this equation summatory is negligible and can be omitted, and

thus the equation is similar to Equation 3.9b.

3.5.2.3 Pharmacokinetics of phenolic compounds in red wine

Pharmacokinetics studies the process of the uptake of drugs by the body, the biotransformations

that the drugs undergo, the distribution of the drugs in the tissues and the elimination of drug

metabolites from the body over a period of time. Indeed, pharmacokinetics studies how the drug

is affected by the organism, in contrast to pharmacodynamics, which studies how the drug affects

the organism [185].

Rapid intravenous (IV) injection is the simplest way of drug administration from a modeling

perspective. Since pharmacokinetics study the absorption, distribution and elimination of drugs,

IV administration simplifies drug absorption, allowing the study of distribution and elimination

processes in a more simple manner. One of the simplest ways to describe the process of drug dis-

tribution and elimination is the one-compartment model, which assumes that the drug can enter

and leave the body (i.e. open model), and considers the body as a single, uniform compartment

(i.e. one compartment) [186]. The simplest drug administration, known as an IV bolus, is when the

totality of the drug is given in a rapid IV injection. Therefore, the one-compartment open model

with IV bolus administration is the simplest pharmacokinetic model. It assumes that the drug

distributes instantaneously and rapidly throughout the body (compartment) and drug elimination

also begins to occur immediately after the injection. Considering that distribution processes of the

drug through the different organs of the body occur rapidly enough, the process can be simplified

as if the drug distributed into a single compartment of fluid. The volume of this compartment is

referred to as volume of distribution (Vd), and it is a theoretical volume that the drug uniformly
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distributes immediately after injection. The apparent volume of distribution is a proportion be-

tween the dose (Do) and the concentration of drug in plasma (C0
p), immediately after injection. All

of the processes of drug elimination or degradation can be described by the elimination constant

rate (k), which represents the proportion between the rate of drug elimination and the amount of

drug in the body. Since the amount of drug in the body is time dependent, the rate of elimination

also changes over time; however, k is a constant value [187].

For the case of our study, oral administration will be considered, since the absorption process is

of interest. The one-compartment model with extravascular oral administration dosing describes

the distribution and elimination after oral administration and is shown in Figure 3.12.

M(t)

Extraction Distribution Degradation

V

ke kd

Figure 3.12. Pharmacokinetic model for a drug administered by rapid intravenous injection.

Assuming that the elimination processes follow a first order kinetics, the rate of the process

can be expressed as [188]:
dM

dt
� �k �M (3.18)

Integrating with respect to time:

M �M0 � e
�k�t (3.19)

Considering the premises of the model, the concentration of drug can be expressed as:

C �
Do

Vd
� e�k�t (3.20)

The one-compartment model can also be applied for extravascular drug administration. In this

case, in contrast to IV injection, it is frequent to find incomplete absorption and latency periods.

The integrated differential equation for the one-compartment model excluding latency period is

as follows:

M �
F �D � ke
pke � kdq

� pe�kd�t � e�ke�tq (3.21)

This work examines the application of pharmacokinetic equations for the study of the con-

centration profiles for the phenolic compounds during wine elaboration. In this approach, the

phenolic compounds in the samples play the role of the drug, whereas the must/wine is consid-

ered the compartment in the model. In our case, the input in the one-compartment model are the

phenolic compounds extracted from the grape pomace to the must proportionally to a extraction

constant (ke). M is the amount of phenolic compounds in the must (compartment), V is the volume

of must, equivalent to Vd and the degradation rate expressed in mg/day is proportional to M and

a degradation constant (kd) expressed in days�1.

For the compounds formed by chemical reaction, the same model can be considered, with

the assumption that the chemical reaction takes place within the compartment (Figure 3.13). D

represents the derivatives formed by reaction of the original phenolic compounds (M) with other

molecules in a rate proportional to a formation constant (kf ). These secondary compounds can
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undergo degradation at a rate proportional to a kd. Additionally, M can undergo alternative degra-

dation routes yielding different compounds, with a rate proportional to a degradation constant

kMd.

ke

Extraction Distribution and Reaction Degradation

kdkf

V

M(t) D(t)

Figure 3.13. Pharmacokinetic model for a drug administered by extravascular/oral administration considering

chemical transformation within the compartment.

3.5.2.4 Residuals method for pharmacokinetic calculations

Because there are two processes occurring at the same time (i.e. extraction or formation and

degradation), the residuals method is a mathematical tool for the analysis of the process by the

decomposition of the curve in each of its components. This method assumes that the kinetic or-

der of all processes is one [188].

In this method, the first step is to calculate the degradation parameters using the points at high

time values, when the extraction/formation component will approach to zero, while the degra-

dation component will still have a value. The linear regression of the time values against the loga-

rithm of the concentration allows the calculation of the degradation parameters (Figure 3.14). kd is

calculated following Equation 3.22a using the data from the regression of degradation component.

Then, using the calculated degradation data the concentration values are extrapolated as if

only degradation process existed. The original experimental data points are then subtracted from

the extrapolated values and the logarithms of the residuals are plotted versus time (Figure 3.14),

allowing the calculation of the extraction/formation parameters using the data from the regression

of extraction/formation component (Equation 3.22b) [189].

kd � �sloped � lnp10q (3.22a)

ke{f � �slopee{f � lnp10q (3.22b)

Other parameters can be calculated from these regressions. C0, or the theoretical concentra-

tion at the beginning if only degradation occurred (Equation 3.23a), which is calculated using the

intercept of the regression of the degradation component; and A0, which is the calculated with

intercept of the regression of the extraction/formation component (Equation 3.23b).

C0 � 10intercept (3.23a)

A0 � 10intercept (3.23b)

Following Equation 3.24, the theoretical concentration values are calculated using the con-

stant values, and being plotted versus time, along with the experimental concentration values. An

example of the profile obtained is shown in Figure 3.15.

Ccalc � C0 � e
�kd�t �A0 � e

�ke{f �t (3.24)
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Figure 3.14. Example of the residuals method for the calculation of the degradation constant (kd) (left) and forma-

tion constant (kf ) (right) for Vitisin A data.

Figure 3.15. Example of the profile obtained by the residuals method along with experimental concentration

values found for Vitisin A data.

The error associated to the calculated constants is obtained from the propagation of uncer-

tainties of the slopes and intercepts of the regressions in the residuals method.

The residuals method was employed for the calculation of the kinetic constants for the con-

centration profiles during AF of the 8 most important anthocyanins and anthocyanin derivatives

(Table 3.10):

3.5.2.5 Statistical data analysis of kinetic results

Once the corresponding values of ke, kf and kd were obtained, paired difference Student’s t-test

was performed to substantiate differences between compounds on one hand, and between oeno-

logical conditions applied during wine elaboration on the other hand. The t-values were calcu-
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Table 3.10. Selected anthocyanins and anthocyanin derivatives for the kinetic study.

# Compound

5 Mv-3-O-glc

14 cat-Mv-3-O-glc

15 epicat-Mv-3-O-glc

16 Mv-3-O-glc-(epi)cat

18 Mv-3-O-glc-pyruvic

19 Mv-3-O-glc-acetaldehyde

21 Mv-3-O-glc-8-ethyl-cat 1

26 Mv-3-O-glc-vinylphenol

lated using Equation 3.25, where ∆ is the average difference of all the pairs, n is the number of

pairs, and the SD was calculated from the differences of each pair. Additionally, data from the

concentration at the end of AF and MLF was also used for this statistic analysis.

tcalc �
|∆|

SD{
?
n

(3.25)

From the calculated t-values, p-values were obtained and when lower than 0.05 differences

were considered as statistically significant.
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Chapter 4

Influence of oenological variables on the
phenolic composition of wine during the
wine-making process

4.1 Determination of anthocyanins, anthocyanin derivatives and tan-

nins in grape must and wine

Grape must and wine samples obtained from the wine-making experiments of 2018 and 2019 per-

formed at pilot scale by the winery Faustino were analyzed by HPLC-DAD and HPLC-DAD-ESI(+)-

MS/MS following the methods described in Section 3.3, in order to identify and quantify antho-

cyanins, anthocyanin derivatives and tannins. Results of the elaborations from 2018 are shown

in Tables S1, S2, S3 and S4 of Supplementary Material. Results of the elaborations from 2019 are

shown in Tables S5, S6, S7 and S8 of Supplementary Material.

Additionally, data corresponding to wine elaborations at industrial scale from a previous work

of our research group was used for comparison purposes. The concentrations of the six antho-

cyanin derivatives compared during AF is shown in Table 4.1. This data had been included in the

Ph.D. dissertation of Prieto Perea [179].

Color measurements for all the grape must and red wine samples of the experiments of Men-

davia from 2018 and Alfaro and Laguardia from 2019 are shown in Tables S9, S10 and S11 of the

Supplementary Material.

4.2 Kinetics of the wine-making process

The residuals method was applied to the data of the concentration profiles of the selected antho-

cyanins and anthocyanin derivatives during AF (Table 3.10). The calculated kinetic constants of the

process, i.e. ke, kf and kd, are shown in Tables S12 and S13 of the Supplementary Material.

The concentration data of the selected anthocyanin derivatives from the experiments at indus-

trial scale was also treated following the residuals method in order to obtain the corresponding

constant values (Table 4.2), and to elaborate their evolution profiles.
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Table 4.1. Concentration of selected anthocyanin derivatives during AF of the experiments at industrial scale.

Time
Vitisin B Vitisin A

Mv-3-O-glc- Mv-3-O-glc- Cat- Epicat-

(days) 8-ethyl-cat 1 vinylphenol Mv-3-O-glc Mv-3-O-glc

0 0.008 0.017 0.001 -b 0.035 0.005

1 0.014 0.036 0.001 0.001 0.035 0.007

2 0.098 0.087 0.001 0.001 0.047 0.006

3 0.284 0.211 0.001 0.002 0.052 0.029

4 2.717 0.617 0.012 0.088 0.115 0.038

5 3.299 0.799 0.013 0.106 0.131 0.052

6 3.531 0.915 0.019 0.101 0.161 0.048

7 4.067 1.031 0.017 0.088 0.175 0.050

8 3.940 1.158 0.022 0.092 0.162 0.056

9 2.955 0.919 0.017 0.090 0.150 0.054

10 1.818 1.652 0.016 0.124 0.153 0.040

11 2.438 0.959 0.014 0.103 0.156 0.046

12 2.071 0.971 0.014 0.116 0.144 0.040

a Concentrations are expressed in mg of Mv-3-O-glc equiv./L.
b No data available.

Table 4.2. Results of kf and kd (mean� SD) calculated by the residuals method with the concentration profiles of

the selected anthocyanins and anthocyanin derivatives from the wine-making experiments at industrial scale.

# Compound kf kd

14 Cat-Mv-3-O-glc 0.7 � 0.1 0.03 � 0.01

15 Epicat-Mv-3-O-glc 0.37 � 0.01 0.08 � 0.01

18 Vitisin A 0.47 � 0.03 0.05 � 0.02

19 Vitisin B 0.56 � 0.02 0.14 � 0.02

21 Mv-3-O-glc-8-ethyl-cat 1 0.9 � 0.1 0.04 � 0.01

26 Mv-3-O-glc-vinylphenol 0.9 � 0.5 0.04 � 0.02

a Constants are expressed in days�1.

4.3 Statistical analysis of the kinetic constants

The constant values (ke or kf and kd) and the concentrations found in the wine at the end of AF and

MLF were statistically compared according to the phenolics and the oenological variables consid-

ered. Thus, the p-values were calculated using the paired difference Student’s t-test (Tables 4.3 and

4.4) in order to determine significant differences between compounds (Table 4.3) and oenological

conditions employed during wine elaboration (Table 4.4).

For comparisons between compounds, concentrations were normalized against the maxi-

mum value of the adjusted curve of each concentration profile. Hence, the comparisons between

compounds consider the variation relative to the maximum value of each profile curve.
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Table 4.3. p-values from the paired difference Student’s t-test comparing compounds using data of the kf and

kd calculated by the residuals method coupled to the concentration profiles of the selected anthocyanins and

anthocyanin derivatives, and the normalized concentration data of these compounds at the end of AF and MLF.

kf kd

Norm. conc. Norm. conc.

end AF end MLF

Compounds n p-value n p-value
p-value p-value

(n=23) (n=24)

Vitisin A vs Vitisin B 24 0.63 12 :1.5 � 10�2 5.3 � 10�3 2.0 � 10�7

Mv-3-O-glc-vinylphenol vs Vitisin A 20 0.27 16 :5.5 � 10�7 0.10 2.0 � 10�3

Mv-3-O-glc-vinylphenol vs Vitisin B 20 0.31 16 :2.1 � 10�7 0.54 5.6 � 10�8

Mv-3-O-glc-8-ethyl-cat 1 vs cat-Mv-3-O-glc 16 0.94 10 4.8 � 10�2 0.88 3.6 � 10�8

Mv-3-O-glc-8-ethyl-cat 1 vs epicat-Mv-3-O-glc 21 0.87 11 0.90 7.2 � 10�5 2.3 � 10�7

Mv-3-O-glc-8-ethyl-cat 1 vs Mv-3-O-glc-(epi)cat 18 0.43 12 :4.5 � 10�2 4.4 � 10�3 0.11

epicat-Mv-3-O-glc vs cat-Mv-3-O-glc 18 0.73 11 1.5 � 10�3 0.11 1.7 � 10�3

cat-Mv-3-O-glc vs Mv-3-O-glc-(epi)cat 15 0.94 10 :1.0 � 10�5 0.11 :1.9 � 10�7

epicat-Mv-3-O-glc vs Mv-3-O-glc-(epi)cat 19 0.66 10 :4.7 � 10�2 0.83 :1.2 � 10�5

a p-values ¤ 0.05 indicate significant difference between the data compared and are highlighted in bold.
b  indicates that the compound on the left has a higher value.
c : indicates that the compound on the left has a lower value.
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4.4 Stability of vitisin A and vitisin B

Vitisins are pyranoanthocyanin derivatives originated from the cycloaddition reaction between

an anthocyanin and a molecule such as pyruvic acid or acetaldehyde, among others. These com-

pounds are mainly formed during wine elaboration. Among the vitisins, Vitisin A and Vitisin B

were the ones studied in this work.

At the end of AF, the concentration of Vitisin A is significantly lower than that of Vitisin B

(p = 5.3 � 10�3). Both compounds compete for consuming Mv-3-O-glc for their formation. Mv-

3-O-glc is present in grape and is extracted to the must at an early stage of the wine-making pro-

cess. The formation of the vitisins depends on the extraction rate of Mv-3-O-glc from grapes. It

is assumed that the other two compounds involved in the reaction, i.e. pyruvic acid and acetalde-

hyde, are in excess compared to Mv-3-O-glc, and do not impose any restriction or control to the

kinetics of the formation reaction of the vitisins. Moreover, is logical that the compound with the

highest kf value of the pair, i.e. Vitisin B, consumes more reactant and finally is present in higher

concentrations.

Vitisin A and Vitisin B show no significant differences in their kf values when considering data

from all tanks overall (p = 0.63). However, in the cases where only Tempranillo grape cultivar was

employed (tanks 1-8), Vitisin A shows significantly lower kf values than Vitisin B (p = 0.011) (Figure

4.1a). The same fact is found for the industrial-scale elaboration (Table 4.2 and Figure 4.1b), for

which only Tempranillo single grape cultivar was employed.

Regarding their stability, Vitisin B has a significantly higher kd value than Vitisin A (p = 0.015)

when considering data from all tanks overall, which results in Vitisin B showing a significantly

greater decrease in concentration at the end of both AF and MLF compared to Vitisin A (Figure

4.1a). This observation was evident in the data from the industrial-scale wine-making experiments

(Figure 4.1b).

As a matter of fact, it is foreseeable to observe a higher degradation of Vitisin B in the long term,

leading to even lower concentrations than of Vitisin A in the final wine.

(a) Tank 4 - Tempranillo single grape cultivar. (b) Industrial-scale elaboration.

Figure 4.1. Normalized concentration profiles obtained for Vitisin A and Vitisin B in different tanks of the exper-

iments from Mendavia 2018 and the industrial-scale elaboration. (a) In the presence of the single grape cultivar

Tempranillo. (b) In the industrial-scale experiments only Tempranillo single grape cultivar was employed.

4.4.1 Influence of oenological variables on the contents of vitisins A and B

Regarding the specific oenological variables studied, the presence of Mazuelo grape cultivar

mixed with Tempranillo (tanks 17-24) produces a significant increase in the kf values of Vitisin A

compared to the elaborations in which only Tempranillo grape cultivar was employed (tanks 1-8)

(p = 0.04), as shown in Figure 4.2a. The average kf values for Vitisin A of these wine elaborations
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were 0.5 � 0.2 days�1 when Tempranillo grapes were used, and 0.8 � 0.4 days�1 when a

mixture of Mazuelo and Tempranillo grapes were employed. Additionally, a significant decrease

in the concentration of Vitisin A was observed at the end of AF (p = 0.001).

In the case of Vitisin B, the presence of the grape cultivar Graciano mixed with Tempranillo

(tanks 9-16) produces a significant increase in the kf values compared to the elaborations in which

only Tempranillo grape cultivar was employed (p = 0.019), as shown in Figure 4.2b.

(a) Profile of Vitisin A in tanks 8 and 24. (b) Profile of Vitisin B in tanks 7 and 15.

Figure 4.2. Concentration profiles obtained for Vitisin A (left) and Vitisin B (right) in different tanks of the experi-

ments from Mendavia 2018. (a) In the presence of the secondary grape cultivar Mazuelo (tank 24) in comparison

to the single grape cultivar Tempranillo (tank 8). (b) In the presence of the secondary grape cultivar Graciano (tank

15) in comparison to the single grape cultivar Tempranillo (tank 7).

From the other oenological variables studied (i) the addition of tannins produced a significant

decrease in the kd values of Vitisin A (p = 0.045), (ii) the use of ionic exchange also produced a

significant decrease in the concentration of Vitisin A at the end of AF (p = 0.015), and (iii) the use

of microoxygenation caused a significant increase in the concentration of Vitisin B at the end of

MLF (p = 0.049). The other variables did not produce any significant changes in the constant or

concentration values for the vitisins.

4.5 Evolution of vinylphenols and vitisins A and B

The comparison of the compound Mv-3-O-glc-vinylphenol with both Vitisin A and Vitisin B re-

sulted in the following observations:

• The concentration of Mv-3-O-glc-vinylphenol increases until the end of AF, having negative

values of kd, since degradation has not started yet at this stage of wine elaboration. As a result,

Mv-3-O-glc-vinylphenol has a significantly lower kd value than vitisins when compared in-

dividually (Figures 4.3a and 4.3b). Consequently, Mv-3-O-glc-vinylphenol has a significantly

higher stability and thus, a significantly lower concentration loss at the end of MLF.

• However, considering the industrial-scale elaboration, Mv-3-O-glc-vinylphenol and Vitisin

A show similar kd values (0.04 � 0.02 vs 0.05 � 0.02 days�1) (Figure 4.3c), while Vitisin B has

a higher kd value than the other two compounds (0.14 � 0.02 days�1) (Figure 4.3d). The kd of

Mv-3-O-glc-vinylphenol has a positive value, since the compound starts degrading before

the end of AF under this elaboration conditions.
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(a) Tank 1 of experiments from Mendavia 2018. (b) Tank 5 of experiments from Mendavia 2018.

(c) Industrial-scale elaboration. (d) Industrial-scale elaboration.

Figure 4.3. Concentration profiles obtained for Mv-3-O-glc-vinylphenol compared to Vitisin A (a, c) and Vitisin

B (b, d) in different tanks of the experiments from Mendavia 2018 (a, b) and the industrial-scale elaboration (c, d).

4.5.1 Influence of oenological variables on the contents of malvidin-3-O-glucoside-
vinylphenol

The presence of the secondary grape cultivar Mazuelo (tanks 17-24) produces a significant increase

in the kf of Mv-3-O-glc-vinylphenol compared to the use of the single grape cultivar Tempranillo

(tanks 1-8) (p = 0.033) (Figure 4.4). Furthermore, the use of the grape mixture of Mazuelo and

Tempranillo produces a significant increase in the concentration of Mv-3-O-glc-vinylphenol at

the end of MLF (p = 5.5 � 10�5). Moreover, the use of ionic exchange technology also increases the

concentration of this phenolic compound significantly (p = 0.010).

Figure 4.4. Concentration profiles obtained for Mv-3-O-glc-vinylphenol using Tempranillo grape cultivar (tank

5) and the mixture of Tempranillo and Mazuelo (tank 21) of the wine-making experiments from Mendavia 2018.
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4.6 Stability of direct and indirect condensation products

The derivatives formed by condensation with flavan-3-ols can occur directly [59] or indirectly,

mediated by acetaldehyde and generating an ethyl bridge in the structure [60]. Direct

anthocyanin-flavan-3-ol condensation products have a similar behavior towards pH changes

than anthocyanins. On the contrary, indirect condensation products are more resistant than the

precursor anthocyanins, leading to more stable aged wines.

The indirect condensation product, Mv-3-O-glc-8-ethyl-cat, was compared to three different

direct condensation products: cat-Mv-3-O-glc (F-A�), epicat-Mv-3-O-glc (F-A�) and Mv-3-O-

glc-(epi)cat (A�-F). Additionally, the direct condensation products were compared among them-

selves to find differences in their behavior and stability.

4.6.1 Comparison of the evolution of indirect vs direct F-A� condensation products

The comparison of the kd of the indirect condensation product, Mv-3-O-glc-8-ethyl-cat, with the

direct condensation (F-A�) product cat-Mv-3-O-glc (Figures 4.5a and 4.5b) showed that the for-

mer has a significantly higher value and thus, lower stability than the direct condensation product.

This fact was observed with all the oenological conditions studied in the wine-making experi-

ments at pilot scale and at industrial-scale. This more unstable behavior of indirect condensation

derivatives has been previously reported [72, 190].

(a) Tank 24 of experiments from Mendavia 2018. (b) Industrial-scale elaboration.

Figure 4.5. Concentration profiles of Mv-3-O-glc-8-ethyl-cat and cat-Mv-3-O-glc (a) in tank 24 of the wine-

making experiments from Mendavia 2018 at pilot scale and (b) in the industrial-scale elaboration.

4.6.2 Comparison of the evolution of indirect vs direct A�-F condensation products

The comparison of kd of the indirect condensation product Mv-3-O-glc-8-ethyl-cat and the di-

rect A�-F product, Mv-3-O-glc-(epi)cat indicated that the former is lower (p = 0.045) (Figure 4.6).

Therefore, the indirect condensation products are more stable than the direct A�-F ones.

4.6.3 Comparison of the evolution of direct condensation products

Both direct (F-A�) condensation products, cat-Mv-3-O-glc and epicat-Mv-3-O-glc, present sim-

ilar kf . However, their kd are significantly different, cat-Mv-3-O-glc exhibiting a lower constant

value and thus, a higher stability than epicat-Mv-3-O-glc (Figures 4.7a and 4.7b).

4.6.4 Comparison of the evolution of direct condensation products F-A� vs A�-F

The influence of the relative position of the flavan-3-ol and the anthocyanin in the condensa-

tion product on the kinetic constants was studied. The F-A� compounds (cat-Mv-3-O-glc and
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Figure 4.6. Concentration profiles of Mv-3-O-glc-8-ethyl-cat and Mv-3-O-glc-(epi)cat in tank 24 of the wine-

making experiments from Mendavia 2018.

(a) Tank 24 of experiments from Mendavia 2018. (b) Industrial-scale elaboration.

Figure 4.7. Concentration profiles of epicat-Mv-3-O-glc and cat-Mv-3-O-glc (a) in tank 24 of the wine-making

experiments from Mendavia 2018 at pilot scale and (b) in the industrial-scale elaboration.

epicat-Mv-3-O-glc) have a significantly lower kd than the A�-F compound (Mv-3-O-glc-(epi)cat)

(p = 1.0 � 10�5) (Figures 4.8a and 4.8b).

Table 4.1 shows that in the industrial-scale elaboration, the concentration of A�-F compound

cat-Mv-3-O-glc (0.144) is four times higher than that of epicat-Mv-3-O-glc (0.040) and ten times

higher than that of the indirect condensation product Mv-3-O-glc-8-ethyl-cat (0.014). The same

is observed for the experiments of Mendavia 2018, in all tanks when considered overall.

(a) vs cat-Mv-3-O-glc. (b) vs epicat-Mv-3-O-glc.

Figure 4.8. Concentration profiles obtained for Mv-3-O-glc-(epi)cat compared to (a) cat-Mv-3-O-glc and (b) epi-

cat-Mv-3-O-glc in tank 24 of the experiments from Mendavia 2018.
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4.6.5 Influence of oenological variables on the contents of direct and indirect conden-
sation products

4.6.5.1 Mv-3-O-glc-8-ethyl-cat

In the presence of the secondary grape cultivar Graciano kf values decrease significantly respect to

kf obtained in the wine-making experiments using the single grape cultivar Tempranillo (p = 0.046)

(Figure 4.9a). The use of Mazuelo as secondary grape cultivar also resulted in significantly lower

kf values (p = 0.003), and higher kd values then when only Tempranillo cultivar was employed

(p = 0.02) (Figure 4.9b).

(a) With (tank 9) and wihtout (tank 1) Graciano. (b) With (tank 19) and without (tank 3) Mazuelo.

Figure 4.9. Concentration profiles of Mv-3-O-glc-8-ethyl-cat in different tanks of the wine-making experiments

from Mendavia 2018 at pilot scale. (a) In the presence of Graciano (tank 9) grape cultivar compared to the single

grape cultivar Tempranillo (tank 1). (b) In the presence of grape cultivar Mazuelo (tank 19) compared to the single

grape cultivar Tempranillo (tank 3).

4.6.5.2 Mv-3-O-glc-(epi)cat

In the presence of the secondary grape cultivar Mazuelo, the kf values significantly decrease in

comparison with the use of the single grape cultivar Tempranillo (p = 0.02) (Figure 4.10).

Figure 4.10. Concentration profiles of Mv-3-O-glc-(epi)cat using the single grape cultivar Tempranillo (tank 8) and

using mixture of Mazuelo and Tempranillo (tank 24) of the wine-elaboration experiments from Mendavia 2018 at

pilot scale.
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4.6.5.3 Cat-Mv-3-O-glc

For this condensation product, the grape cultivar used in the wine-making experiment did not

influence significantly the kinetic constants or concentrations. However, the other three studied

oenlogical variables, i.e. addition of tannins, microoxygenation and ionic exchange, had a signifi-

cant impact on the kinetic constants.

The addition of tannins (tank 24) produced a significant decrease in the kf (Figure 4.11a). Simi-

larly, microoxygenation during MLF (tank 22) induced a significant decrease in kf , and a significant

increase in kd values (Figure 4.11b). The use of ionic exchange at the beginning of AF (tank 21) re-

sulted in a significant increase in the concentration of this compound at the end of AF (Figure

4.11c). This increase is not observed at the end of MLF (p = 0.51).

(a) Tannins Yes (tank 24) vs No (tank 22). (b) Microoxygenation Yes (tank 22) vs No (tank 21).

(c) Ionic Exchange Yes (tank 21) vs No (tank 17).

Figure 4.11. Concentration profiles of cat-Mv-3-O-glc in different tanks of the wine-making experiments from

Mendavia 2018 at pilot scale, studying (a) the addition of tannins (tank 24), (b) the use of microoxygenation (tank

22), and (c) the use of ionic exchange (Tank 21).
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4.6.5.4 Epicat-Mv-3-O-glc

In the presence of either secondary grape cultivar Graciano (tanks 9-16) or Mazuelo (tanks 17-24),

the kf values are significantly lower than in the case that the single grape cultivar Tempranillo was

used (tanks 1-8) (Figures 4.12a and 4.12b).

(a) With (tank 10) and wihtout (tank 2) Graciano. (b) With (tank 22) and without (tank 6) Mazuelo.

Figure 4.12. Concentration profiles of epicat-Mv-3-O-glc in different tanks of the wine-making experiments from

Mendavia 2018 at pilot scale: using a secondary grape cultivar (a) Graciano (tank 10) or (b) Mazuelo (tank 22), and

using single grape cultivar Tempranillo (tanks 2 and 6).
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Chapter 5

Nanoencapsulation of grape pomace
extracts for cosmetic applications

5.1 Phenolic compounds in grape pomace extracts

The TE and GE of phenolic compounds were obtained as a purple paste following a green extrac-

tion procedure described in Section 3.4.1. The yield of the extraction procedure was 38.7% and

42.4% in terms of dry weight, respectively. Considering a previous research [191], anthocyanins are

the major components in red grape pomace, while the other phenolic components have been

reported in significantly smaller amounts. For this reason, in this study only the former were

quantified. The phenolic profiles of the grape pomace extracts were characterized by UHPLC-

DAD-ESI(+/-)-QToF/MS. Phenolic compounds were identified based on their tR, UV-Vis and MS

spectra (Table 5.1). The anthocyanins in TE and GE were quantified by HPLC-DAD-ESI(+)-QqQ/MS

(Table 5.2).

Fourteen flavan-3-ols, monomers, and trimers of (-)-epicat and (+)-cat; 10 flavonols, deriva-

tives of quercetin (quer) and kaempferol; 1 hydroxycinnamic acid, a derivative of p-coumaric acid;

1 hydroxybenzoic acid; 1 dihydroflavonol, derivative of quer; and 13 anthocyanins, 3-O-glycosides

of Mv, Pt, Cy, Pn, and Dp, were identified in the extract. Anthocyanins were the major compo-

nents, in accordance with previously reported findings; Mv-3-O-glc being the most important in

red grape skin extracts [192, 193]. Regarding the other phenolic families, the most abundant were

reported to be phenolic acids, flavan-3-ols and flavonols [194]. In addition, oligomers, such as

(-)-epicat and (+)-cat, and polymers of flavan-3-ols have also been found in grape seeds [195].
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Table 5.1. Identification of phenolic compounds in TE and GE by UHPLC-DAD-ESI-QToF/MS analysis.

# Compound
tR

Max. Molecular [M+H]� Molecular [M-H]�

UV-Vis formula m/z formula m/z

(min) Bands (nm) [M+H]� (error) [M-H]� (error)

Flavan-3-ols

1 ((epi)cat)3 (1) 3.28 283 C45H39O18

867.199
C45H37O18

865.199

(0.8) (0.8)

2 procyanidin B I 5.52 280 C30H27O12

579.151
C30H25O12

577.135

(0.5) (0.5)

3 ((epi)cat)3 (2) 5.73 283 C45H39O18

867.213
C45H37O18

865.199

(0.8) (0.8)

4 procyanidin B II 6.43 280 C30H27O12

579.150
C30H25O12

577.136

(-0.7) (1.2)

5 cat a 7.53 278 C15H15O6

291.087
C15H13O6

289.072

(0.4) (0.5)

6 ((epi)cat)3 (3) a 7.56 283 C45H39O18

867.212
C45H37O18

865.199

(-1.5) (0.8)

7 procyanidin B III 8.24 280 C30H27O12

579.150
C30H25O12

577.135

(-0.3) (0.3)

8 ((epi)cat)3 (4) 8.65 283 C45H39O18

867.214
C45H37O18

865.199

(-1.5) (0.8)

9 procyanidin B IV 12.08 280 C30H27O12

579.151
C30H25O12

577.135

(0.6) (0.3)

10 ((epi)cat)3 (5) 12.91 283 C45H39O18

867.214
C45H37O18

865.199

(-1.5) (0.8)

11 epicat 16.25 278 C15H15O6

291.087
C15H13O6

289.072

(0.0) (0.7)

12 ((epi)cat)3 (6) 17.39 283 C45H39O18

867.216
C45H37O18

865.199

(-1.5) (0.8)

13 procyanidin B-gallate 19.40 280 C37H31O16

731.160
C37H29O16

729.140

(-1.3) (-5.8)

14 ((epi)cat)3 (7) 20.50 283 C45H39O18

867.216
C45H37O18

865.199

(2.8) (0.8)

Flavonols

15
quer-hexosyl-

23.80 264, 344 C27H31O17

627.157
C27H29O17

625.137

hexoside-1 (1.1) (-3.5)

16
quer-hexosyl-

25.20 264, 344 C27H31O17

627.156
C27H29O17

625.140

hexoside-2 (0.1) (-0.4)

17
quer-3-O-gal

27.61 255, 353 n.d. b n.d. b C21H19O12

463.082

(-5.3)

18
quer-3-O-glu

27.87 255, 352 C21H19O13

479.082
C21H17O13

477.067

(-0.2) (-0.2)

19 quer-3-O-glc 28.36 255, 352 n.d. b n.d. b C21H19O12

463.092

(4.1)

20 Kaempferol-3-O-gal 30.21 265, 345 C21H21O11

449.108
C21H19O11

447.093

(-0.3) (0.2)

continued
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Table 5.1. Identification of phenolic compounds in TE and GE by UHPLC-DAD-ESI-QToF/MS analysis.

# Compound
tR

Max. Molecular [M+H]� Molecular [M-H]�

UV-Vis formula m/z formula m/z

(min) Bands (nm) [M+H]� (error) [M-H]� (error)

21 Kaempferol-3-O-glu 30.98 265, 345 C21H19O12

463.088
C21H17O12

461.070

(0.1) (-1.9)

22 Kaempferol-3-O-glc 31.50 265, 348 C21H21O11

449.108
C21H19O11

447.093

(-0.4) (0.7)

23 Isorhamnetin-3-O-gal 31.83 254, 352 C22H23O12

479.119
C22H21O12

477.103

(0.2) (0.0)

24 Isorhamnetin-3-O-glc 32.39 254, 352 C22H23O12

479.119
C22H21O12

477.104

(-0.2) (0.9)

Hydroxycinnamic acids

25 p-coum hexoside 10.48 313 n.d. b n.d. b C15H17O8

325.092

(0.2)

Hydroxybenzoic acids

23 Galloyl rhamnoside 3.23 279 n.d. b n.d. b C13H15O9

315.0717

(0.1)

Dihydroflavonols

24
Dihydroquer-3-O-

26.92 255, 352 C21H23O11

451.1241
C21H21O11

449.1086

rhamnoside (0.1) (0.2)
a Coeluting compounds.
b n.d.: not detected.

Table 5.2. Determination of anthocyanins in TE and GE by HPLC-DAD-ESI-QqQ/MS analysis.

Max. Parent Daughter Conc. (µg Mv-3-O-glc

UV-Vis ion ion equiv./g freeze-dried

tR Bands [M]� [Y0]� grape pomace)

# Compound (min) (nm) m/z m/z TE GE

1 Dp-3-O-glc 8.97 276, 526 465 303 235.02 252.82

2 Cy-3-O-glc 12.63 279, 519 449 287 49.39 66.05

3 Pt-3-O-glc 14.48 276, 526 479 317 201.99 224.84

4 Pn-3-O-glc 19.43 278, 519 463 301 118.26 517.50

5 Mv-3-O-glc 21.54 276, 526 493 331 585.04 917.45

6 Dp-3-O-(6-O-ac)-glc 28.24 275, 529 507 303 5.25 10.26

7 Pt-3-O-(6-O-ac)-glc 36.10 273, 526 521 317 6.19 12.69

8 Pn-3-O-(6-O-ac)-glc 39.43 278, 526 505 301 <5 1 25.42

9 Mv-3-O-(6-O-ac)-glc 40.05 279, 526 535 331 47.04 111.41

10 Mv-3-O-(6-O-caff)-glc 41.87 279, 543 655 331 10.81 15.61

11 Pt-3-O-(6-O-coum)-glc 43.00 279, 531 625 317 22.10 20.92

12 Pn-3-O-(6-p-coum)-glc b 45.76 279, 531 609 301 134.44 252.19

13 Mv-3-O-(6-p-coum)-glc b 45.88 281, 532 639 331 - -

a <5 µg of Mv-3-O-glc equiv./g freeze-dried grape pomace: below lower limit of calibration.
b Coeluting compounds.
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5.2 Design and characterization of vesicles for the encapsulation of

grape pomace phenolics

This study aimed to develop nanoformulations of the TE and GE for cosmetic applications. With

this purpose, we examined whether liposomes and transfersomes would allow the production of

a safe and stable formulation to be applied on the skin, as well as enhance the bioactivity of TE

and GE constituents, providing protection from oxidative damage at the cellular level.

MD, PI and ZP measured by light scattering for the different formulations assayed are reported

in Table 5.3.

Table 5.3. Mean diameter (MD), polydispersity index (PI), zeta potential (ZP) and entrapment efficiency (EE)

of TE P90G-transfersomes, TE P90G-liposomes, empty P90G-liposomes, empty P90G-transfersomes, GE S75-

liposomes and empty S75-liposomes. MD, PI, ZP and EE are expressed as the mean� SD (n = 6).

Formulation
MD

PI
ZP EE

(nm) (mV) (%)

TE P90G-transfersomes ��105 � 8 ��0.29 � 0.03 ��-9 � 2 66 � 9

TE P90G-liposomes ��155 � 16 ��0.59 � 0.04 ��-4 � 1 -

Empty P90G-transfersomes ≀≀106 � 17 ≀0.29 � 0.02 ≀≀-16 � 2 -

Empty P90G-liposomes 128 � 2 0.33 � 0.03 -9 � 2 -

GE S75-liposomes ::104 � 4 ::0.29 � 0.01 -65 � 4 75 � 30

Empty S75-liposomes 116 � 7 0.25 � 0.01 -62 � 3 -

a Values significantly different:

TE P90G-transfersomes vs TE P90G-liposomes: ��p < 0.01.

TE P90G-transfersomes vs empty P90G-transfersomes: p < 0.01.

TE P90G-liposomes vs empty P90G-liposomes: ��p < 0.01.

empty P90G-transfersomes vs empty P90G-liposomes: ≀p < 0.05, ≀≀p < 0.01.

GE S75-liposomes vs empty S75-liposomes: ::p < 0.01.

For the experiments with TE P90G-liposomes were studied. The results showed that the empty

P90G-liposomes were approximately 130 nm in diameter, slightly polydisperse (PI 0.33�0.3), and

negatively charged (ZP -9� 2). The loading of the TE extract significantly increased the average size

(ca. 150 nm) and the PI (0.6). The modification of the liposomal formulation with the addition of

Tween 80 leading to a transfersome formulation, resulted in a marked improvement in the above

features. Both the empty and TE P90G-transfersomes were smaller, around 100 nm in diameter.

These vesicles were also characterized by a good homogeneity (PI 0.29), and maintained negative

ZP values. These results pointed out the crucial role of Tween 80 in the formulations. Indeed,

the presence of Tween 80 promoted a better arrangement of the phospholipids of the vesicle,

and a better solubilization and distribution of the extract constituents within the vesicles. As a

result, the transfersomes improved the physico-chemical and technological characteristics of the

vesicle, such as size, homogeneity, storage stability monitored for two months, and the EE.

Regarding the experiments with GE, S75-liposomes were assayed (Table 5.3). The empty S75-

liposomes were approximately 116 nm in diameter, fairly monodispersed (PI 0.25� 0.01) and neg-

atively charged (ZP -62 � 3). The loading of the GE extract significantly decreased the average size

(ca. 104 nm) and increased the PI (0.29); however, the ZP values were unaltered. The stability of

these liposomal formulations was evaluated by monitoring the mean diameter, PI and ZP for two
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months; no significant alterations were detected during this time period. Due to the dilution pre-

pared in order to disrupt the vesicles for the analysis of the GE inside the S75-liposomes, phenolic

compounds were found at trace levels. Since anthocyanins, being the major components, were

contained in the GE in higher concentrations, they were still detectable and quantifiable.

Entrapment efficiency (EE) was calculated based on the amount of the major anthocyanins

detected in the extract (Table 5.2): (i) In TE, Dp-3-O-glc (1), Mv-3-O-glc (5), and the coeluting com-

pounds Pn-3-O-(6-p-coum)-glc (12) + Mv-3-O-(6-p-coum)-glc (13); and (ii) In GE, the coeluting

compounds Pn-3-O-(6-p-coum)-glc (12) + Mv-3-O-(6-p-coum)-glc (13).

The formation of vesicular structures of small sizes was confirmed by cryo-TEM. Figures 5.1

and 5.2 show spherical, unilamellar vesicles of ca. 100 nm in diameter. These observations were

aligned with the light scattering data of TE and GE, respectively. Some multivesicular structures

were also observed in the case of GE S75-liposomes (Figure 5.2 (left) bottom-right corner).

Figure 5.1. Cryo-TEM images of TE P90G-transfersomes. Two magnifications are shown: 29.000� (left) and

62.000� (right).

Figure 5.2. Cryo-TEM images of GE S75-liposomes. Two magnifications are shown: 29.000� (left) and 62.000�

(right).
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5.3 Antioxidant activity of grape pomace extract and its nanoformula-

tions

The assays to determine the TPC and the AA of the methanolic solutions of TE and GE and the

liposomal formulations containing the grape pomace extracts were performed as described in

section 3.4.5, and the results are shown in Table 5.4.

Table 5.4. Total phenolic contents (TPC) and antioxidant activity (AA) of Tempranillo extract (TE) and Graciano

extract (GE) methanolic solutions and of the liposomal formulations (mean � SD).

Formulation
Folin-Ciocalteu DPPH assay FRAP assay

TPC (µg GAE/mL) AA (%) AA (µg TrEq/mL) AA (µg FE/mL)

TE methanolic solution 257 � 36 81 � 2 287 � 18 1011 � 65

GE methanolic solution 217 � 10 61 � 3 201 � 9 819 � 77

TE P90G-transfersomes 180 � 34 85 � 3 297 � 13 865 � 41

TE P90G-liposomes -b 87 � 5 288 � 22 1037 � 25

Empty P90G-transfersomes 30 � 4 38 � 3 138 � 9 355 � 19

Empty P90G-liposomes -b 36 � 4 133 � 12 474 � 28

GE S75-liposomes 191 � 20 79 � 2 254 � 9 741 � 63

Empty S75-liposomes 92 � 9 38 � 3 131 � 11 339 � 42

a Abbreviations: gallic acid equivalents (GAE), Trolox equivalents (TrEq), Fe2� equivalents (FE).
b Not analyzed.

The phenolic content of TE and GE was estimated by the Folin–Ciocalteu assay. The TE

methanolic solution contained 257 � 36 µg GAE/mL, and the GE methanolic solution,

217 � 104 µg GAE/mL. The analysis of the TE vesicle formulation TE P90G-transfersomes showed

lower TPC (180 � 34 µg GAE/mL), which was likely due to the procedure employed. The

approach to disrupt the vesicles and free their content did not involve the use of organic solvents

and, apparently, the sonication step included for this purpose was not effective enough. The TPC

of the GE S75-liposomes also were lower (191 � 20 µg GAE/mL) than that of the GE methanolic

solution.

The AA of TE and GE methanolic solutions and the liposomal formulations of TE and GE were

estimated as a function of their radical scavenging ability (DPPH assay) and ferric reducing ability

(FRAP assay). The TE methanolic solution scavenged the DPPH radical almost completely (81� 2%;

287 � 18 µg TrEq/mL), in agreement with the well-known antioxidant power of the compounds

identified in the extract. The GE methanolic solution showed lower AA (61%; �200 µg TrEq/mL).

The AA of TE in the P90G-transfersomes was slightly higher (85 � 3%; 297 � 13 µg TrEq/mL;

p < 0.01), than the TE methanolic solution. The AA of GE S75-liposomes was also higher (79 � 2 %;

254 � 9 µg TrEq/mL; p < 0.01) than that of the GE methanolic solution. The higher AA of the li-

posomal formulations of TE and GE is due to the contribution of the vesicle carrier to the total

AA. Indeed, the empty vesicles possessed slight AA themselves (36-38%), due to the presence of

phosphatidylcholine in the liposomes and transfersomes.

The AA results of the FRAP assay followed the same trend. The TE transfersomes

(865 � 41 µg FE/mL) showed a reducing power close to that of the TE methanolic extract

(1011 � 65 µg FE/mL). The GE S75-liposomes showed a strong reducing power

(741 � 63 µg FE/mL), which was not statistically different from that of GE methanolic solution

(819 � 77 µg FE/mL). These findings demonstrated that the liposomal formulations in the vesicles

preserved the intrinsic properties of the TE and GE extracts.
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5.4 Cell culture viability and inhibition of intracellular ROS of nanofor-

mulations of extract

Whether TE transfersomes exert an antioxidant effect by inhibiting H2O2-induced ROS generation

in cells was examined . Firstly, the cytocompatibility of the TE methanolic solution and TE trans-

fersomes was assessed by evaluating their effects on the viability of human keratinocytes. After

24 h of exposure of the cells to various concentrations of the samples, i.e. TE methanolic solution

and TE P90G-transfersomes, the viability was examined using an MTT test. The results indicated

that none of the samples were cytotoxic (Figure 5.3A). Indeed, cell viability remained around 85%

when the highest concentration of TE transfersomes was tested, showing no statistical significant

differences respect to the untreated control cells.
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Figure 5.3. (A) Effects of TE, in solution and in P90G-transfersomes, on HaCaT cell viability. (B) ROS levels (ex-

pressed as DCF fluorescence) in HaCaT cells pre-treated with TE, in solution and in P90G-transfersomes (extract

concentration: 1 µg/mL), and incubated with 1 mM of H2O2 for 60 min. (�): Untreated cells; (�): 1 mM H2O2; ():

TE + H2O2; (�): TE P90G-transfersomes + H2O2. (C) Effects of TE, in solution and in P90G-transfersomes, on ROS

production in HaCaT cells after a 1 h treatment with 1 mM of H2O2. Means � SD of three independent experi-

ments, each performed in triplicate, are shown. Asterisks (�) indicate significant statistical difference between TE

P90G-transfersomes and TE solution at each concentration: �p < 0.05, ��p < 0.005.

To investigate the protective effects of TE P90G-transfersomes against oxidative stress, intra-

cellular ROS levels were estimated using the DCFH-DA method. DCFH-DA is a non-fluorescent

probe that is hydrolyzed to DCFH-DA by intracellular esterases. The oxidation of DCFH-DA by ROS

leads to the formation of DCF, displaying an increase in the fluorescence intensity [196]. Figure 5.3B

shows the increase in fluorescence due to the exposure of the HaCaT cells to H2O2, as well as how

it decreased as a function of time when HaCaT cells were incubated with TE methanolic solution

or with TE P90G-transfersomes (1µg/mL). TE P90G-transfersomes restored basal ROS levels, since

the curve for the vesicle formulation was essentially superimposed on that of untreated cells (i.e.,
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not exposed to H2O2). As shown in Figure 5.3C, the exposure of the HaCaT cells to H2O2 signifi-

cantly increased the ROS levels in these cells, as expected. Both the TE in the solution and the TE

P90G-transfersomes succeeded in reducing the ROS levels already at a concentration of 0.1µg/mL.

However, the TE P90G-transfersomes reduced H2O2-induced ROS production with a statistically

significant effect with respect to the TE solution (Figure 5.3C). These findings suggested the incor-

poration of TE to liposomal vesicles results in a greater antioxidant effect in a cellular system.

The effect of the methanolic GE solution and the GE S75-liposomes on the viability of HaCaT

was studied to determine the safety of these samples. After 24 h of exposure of the cells to vari-

ous concentrations of the samples (0, 0.1 and 10 µg/mL), the viability was assessed using the MTT

test. The results indicated that none of the samples were cytotoxic (Figure 5.4). Indeed, cell via-

bility was ¥ 90% for all the tested samples, regardless of their concentration, and displaying no

statistically significant differences from the untreated control cells.
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Figure 5.4. Effect of GE, in solution or in S75-liposomes, and empty S75-liposomes on HaCaT cell viability. Cells

were untreated (CTR) or treated with different concentrations of samples (0–10 µg/mL) and studied by MTT assay.

Data are expressed as a percentage of the control.
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Chapter 6

Conclusions

Application of pharmacokinetics to the profiles of phenolic compounds in grape must and wine.

1. The mathematical treatment derived from pharmacokinetics performed on the experimen-

tal concentration data of the wine-making experiments, allowed the calculation of the ki-

netic constants of extraction or formation and degradation of the studied phenolic com-

pounds involved in the wine-making process.

Kinetic study of the evolution of phenolic compounds during wine elaboration.

2. Extraction of anthocyanins from grape occurs in the early stage of maceration and AF, in-

creasing their contents in must rapidly. Afterwards, a progressive and continuous decrease

of anthocyanin contents during fermentation takes place.

3. Formation of anthocyanin derivatives starts quickly and in parallel as anthocyanins are ex-

tracted from grape. Consequently, maximum concentrations of anthocyanin derivatives are

reached just a few days (2-3 days) after the highest contents of anthocyanins have been ex-

tracted to the must.

4. Direct condensation derivatives represent about 10% of total anthocyanin derivatives at the

end of MLF, and among them, Cat-Mv-3-O-glc is the major one. Indirect condensation

derivatives formed by ethylidene bridges are minor derivatives.

5. Within pyranoanthocyanins, Vitisin A and Vitisin B are the major ones, being each one

around 40% of total anthocyanin derivatives, at the end of MLF. The remaining 10% of total

anthocyanin derivatives are pyranoanthocyanins with vinylphenol.

6. Vitisin B has a more unstable behavior than Vitisin A during fermentations, with a quicker

formation along AF but a more rapid degradation. So, although the contents of Vitisin B are

higher than those of Vitisin A during fermentations, one or two weeks after the end of MLF

the concentrations of both vitisins are similar.

7. Mv-3-O-glc-vinylphenol has an important contribution to wine color due to its high stability,

comparable or even higher than that of Vitisin A.

8. Stability order of condensation derivatives can be established as: F-A� > ethyl-bridged com-

pounds > A�-F. Among them, cat-Mv-3-O-glc is the most important for contribution to wine

color in the long term.
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Effect of oenological variables employed during wine elaboration on the kinetics of phenolic

compounds.

9. The use of a secondary red grape cultivar, Mazuelo or Graciano, mixed with the main grape

cultivar Tempranillo produced significant changes in the kinetic constants of formation and

degradation of the phenolic compounds studied. In general, an increase in the formation

constants of pyranoanthocyanins (i.e. Vitisin A, Vitisin B, and Mv-3-O-glc-vinylphenol), and a

decrease in the formation constant values for anthocyanin-flavanol condensation products,

both direct and indirect, was observed.

10. The addition of tannins during wine-making and the application of microoxygenation during

MLF had little influence on the concentration profiles and the kinetic constants of formation

and degradation of the phenolic compounds studied.

11. The use of ionic exchange to lower the pH of the grape must at the beginning of AF produced

significant changes in the concentration profiles of the phenolic compounds studied. The

concentrations of pyranoanthocyanins were negatively affected, whereas an increase was

observed on the concentrations of anthocyanin-flavanol condensation products.

Development of nanoformulation containing red grape pomace extract.

12. The green extraction method employed was proven useful for obtaining an extract rich in

antioxidants from food processing residues (e.g., red grape pomace).

13. Nanotechnologies were demonstrated to be crucial for developing a formulation complying

with standards regarding safety, effectiveness and usability. Liposomes and transfersomes

were able to incorporate, protect, and deliver Tempranillo and Graciano red grape pomace

extracts to cells, without interfering with their antioxidant properties, and were proved to be

non-toxic when tested in a cellular system.

14. The in vitro studies highlighted the ability of the vesicle formulations to counteract ROS over-

production, enhancing the effect of the extract in the cells.

15. The proposed liposomes and transfersomes formulations present a great potential for the

treatment of skin under oxidative stress conditions.
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Supplementary material

Table S1. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Mendavia 2018, ex-

pressed in mg of Mv-3-O-glc equiv./L.

This table is provided as a supplementary file in the appendix.

Table S2. Anthocyanin derivatives concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples

from Mendavia 2018, expressed in mg of Mv-3-O-glc equiv./L. Compounds 14 to 26.

This table is provided as a supplementary file in the appendix.

Table S3. Anthocyanin derivatives concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples

from Mendavia 2018, expressed in mg of Mv-3-O-glc equiv./L. Compounds 27 to 40.

This table is provided as a supplementary file in the appendix.

Table S4. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia

2018, expressed in mg of (+)-cat equiv./L.

This table is provided as a supplementary file in the appendix.

Table S5. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Alfaro 2019, ex-

pressed in mg of Mv-3-O-glc equiv./L.

This table is provided as a supplementary file in the appendix.

Table S6. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019,

expressed in mg of (+)-cat equiv./L. Compounds 41 to 58.

This table is provided as a supplementary file in the appendix.

Table S7. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019,

expressed in mg of (+)-cat equiv./L. Compounds 59 to 68.
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This table is provided as a supplementary file in the appendix.

Table S8. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Laguardia 2019, ex-

pressed in mg of Mv-3-O-glc equiv./L.

This table is provided as a supplementary file in the appendix.

Table S9. Results of the chromatic coordinates obtained for wine of Mendavia 2018.

This table is provided as a supplementary file in the appendix.

Table S10. Results of the chromatic coordinates obtained for wine of Alfaro 2019.

This table is provided as a supplementary file in the appendix.

Table S11. Results of the chromatic coordinates obtained for wine of Laguardia 2019.

This table is provided as a supplementary file in the appendix.
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Table S1. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Mendavia 2018, expressed in mg of Mv-3- O -glc equiv./L.

Tank 01

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 28.64 22.94 18.13 15.71 14.37 16.55 14.71 12.31 11.87 12.63 12.64 12.60 10.81 10.22 10.31 10.54

2 Cy-3-O -glc 7.81 3.96 1.82 2.87 2.61 2.53 2.61 2.45 2.12 2.30 2.33 2.27 1.99 2.51 1.86 2.22

3 Pt-3-O -glc 30.24 24.31 34.83 30.31 28.41 30.78 29.39 25.51 24.88 25.74 24.81 24.87 21.65 20.46 19.99 20.20

4 Pn-3-O -glc 20.07 12.96 6.40 8.51 8.62 9.12 8.38 7.28 6.33 6.49 7.44 6.81 5.79 7.58 4.84 5.84

5 Mv-3-O -glc 143.94 125.34 185.52 170.90 169.78 175.27 171.86 158.80 155.15 157.45 155.14 151.88 142.04 134.13 129.53 126.35

6 Dp-3-O -(6-ac)-glc 1.78 2.04 4.21 3.70 3.78 3.81 3.92 3.58 3.41 3.34 3.25 3.27 1.70 2.73 1.67 2.85

7 Pt-3-O -(6-ac)-glc 2.57 2.45 4.72 4.19 5.41 5.13 4.37 4.70 4.68 4.84 4.78 4.87 3.88 4.33 3.76 2.21

8 Pn-3-O -(6-ac)-glc 2.13 2.00 4.28 3.95 2.67 3.85 4.10 3.70 3.65 3.75 3.61 3.76 3.22 3.68 3.20 2.65

9 Mv-3-O -(6-ac)-glc 12.14 11.01 23.51 21.80 19.97 20.34 20.05 17.59 17.24 16.84 16.70 16.41 14.62 13.81 13.46 13.88

10 Mv-3-O -(6-caff)-glc 2.49 2.20 5.90 5.54 6.20 6.99 6.64 7.27 6.00 6.49 6.69 7.99 5.85 7.37 6.72 5.97

11 Pt-3-O -(6-p -coum)-glc 2.42 1.95 8.28 7.67 6.09 7.36 6.21 4.95 4.87 5.55 5.45 5.42 4.67 4.52 4.14 4.51

12 Pn-3-O -(6-p -coum)-glc 19.19 11.84 51.31 44.44 42.83 47.06 42.36 33.95 30.92 32.91 32.48 31.48 28.92 29.80 24.34 24.39

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 02

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 28.64 19.03 12.60 17.30 15.43 14.60 14.57 11.75 12.63 12.21 12.86 12.55 10.65 8.60 10.04 10.41

2 Cy-3-O -glc 7.81 3.01 2.55 2.93 2.76 2.42 2.64 2.44 2.23 2.24 2.30 2.29 1.93 1.96 1.78 2.14

3 Pt-3-O -glc 30.24 20.60 25.17 33.25 30.09 27.61 29.07 24.41 25.63 24.48 24.71 24.16 20.94 18.35 18.54 18.70

4 Pn-3-O -glc 20.07 10.10 6.74 9.10 8.75 8.76 8.37 7.23 6.51 7.32 7.36 6.60 5.70 5.97 4.71 5.81

5 Mv-3-O -glc 143.94 107.90 155.64 183.26 174.66 165.16 171.05 155.40 157.56 153.42 154.48 148.65 137.90 125.20 122.47 119.40

6 Dp-3-O -(6-ac)-glc 1.78 1.94 3.47 4.18 3.89 3.53 3.90 3.48 3.69 3.28 3.24 3.22 1.72 1.54 1.61 2.89

7 Pt-3-O -(6-ac)-glc 2.57 2.21 3.82 5.81 5.44 4.69 4.30 4.56 4.91 4.75 3.23 4.91 4.01 3.74 3.76 4.31

8 Pn-3-O -(6-ac)-glc 2.13 1.81 3.82 3.16 4.02 3.69 4.04 3.58 3.80 3.74 3.45 3.87 3.40 3.42 2.47 2.72

9 Mv-3-O -(6-ac)-glc 12.14 10.26 17.15 21.94 21.20 20.04 20.12 17.14 18.10 16.88 17.34 16.60 14.78 13.14 13.32 13.48

10 Mv-3-O -(6-caff)-glc 2.49 2.03 4.28 6.08 6.03 6.21 7.82 5.59 7.71 7.75 5.31 8.09 6.00 6.85 6.80 5.94

11 Pt-3-O -(6-p -coum)-glc 2.42 1.95 4.72 8.43 6.82 6.34 6.27 4.69 5.29 5.50 5.73 5.48 4.74 4.19 4.12 4.27

12 Pn-3-O -(6-p -coum)-glc 19.19 12.11 36.04 50.37 44.85 43.15 42.79 33.68 32.79 32.60 33.30 31.55 30.37 27.81 24.06 23.38

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 03

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 32.74 18.32 15.70 15.93 13.25 13.84 13.79 12.56 10.91 11.82 11.11 11.54 9.85 9.08 9.34 9.76

2 Cy-3-O -glc 8.28 3.18 2.53 2.71 2.51 2.30 2.43 2.34 2.02 2.02 1.99 2.14 1.89 2.32 1.67 1.96

3 Pt-3-O -glc 32.84 19.99 31.32 31.24 26.73 26.86 28.13 26.17 23.32 23.88 22.31 22.91 19.70 18.59 17.91 18.00

4 Pn-3-O -glc 20.88 10.36 5.37 8.65 8.15 8.49 8.04 7.11 6.11 6.82 6.62 6.54 5.92 7.59 4.96 5.44

5 Mv-3-O -glc 146.20 104.02 170.60 173.20 159.18 160.76 164.19 158.21 146.80 147.95 142.98 142.13 132.32 125.35 118.37 115.56

6 Dp-3-O -(6-ac)-glc 2.00 1.95 3.81 3.93 3.54 3.39 3.70 3.53 3.41 3.04 2.88 3.08 1.63 2.56 1.54 1.95

7 Pt-3-O -(6-ac)-glc 2.64 2.11 4.32 5.47 4.64 4.56 4.10 4.71 4.54 4.47 4.36 4.60 3.65 4.08 3.46 3.94

8 Pn-3-O -(6-ac)-glc 2.11 1.70 3.94 4.02 3.69 3.51 3.85 3.57 3.54 3.47 3.27 3.62 3.12 3.53 3.01 2.42

9 Mv-3-O -(6-ac)-glc 12.50 9.62 21.03 21.97 18.60 17.45 19.11 17.81 15.10 15.89 15.40 15.62 13.68 12.98 12.45 12.72

10 Mv-3-O -(6-caff)-glc 2.54 1.82 3.98 4.86 5.71 6.09 4.73 7.35 5.84 6.14 6.00 7.81 6.81 5.86 6.38 6.64

11 Pt-3-O -(6-p -coum)-glc 2.64 1.70 7.06 7.75 5.73 5.65 5.97 5.30 4.63 5.17 4.94 5.22 4.39 4.28 3.86 4.03

12 Pn-3-O -(6-p -coum)-glc 20.29 10.33 46.58 48.79 39.81 38.69 40.73 35.94 30.51 30.56 29.36 30.08 29.16 27.83 22.73 21.95

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 04

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 19.87 19.11 15.18 17.22 16.84 17.02 14.83 12.11 15.00 15.32 15.48 14.89 13.17 12.59 11.83 12.38

2 Cy-3-O -glc 6.86 3.33 2.93 3.20 3.01 2.97 2.83 2.28 2.78 2.66 2.79 2.80 2.37 2.87 2.08 2.46

3 Pt-3-O -glc 24.14 20.80 28.18 32.05 31.80 30.89 28.68 22.15 28.60 28.16 27.80 27.28 24.24 23.81 21.32 21.55

4 Pn-3-O -glc 17.39 10.31 5.95 7.36 9.77 10.02 8.87 7.30 7.66 7.95 8.32 7.81 6.65 8.57 5.30 6.52

5 Mv-3-O -glc 123.18 107.48 169.54 179.84 181.83 178.53 168.83 137.99 166.97 160.51 162.13 156.10 146.73 140.52 130.20 126.79

6 Dp-3-O -(6-ac)-glc 1.55 2.06 3.74 4.13 4.15 3.76 4.00 3.32 4.03 3.44 3.53 3.54 2.22 3.20 1.82 3.15

7 Pt-3-O -(6-ac)-glc 2.27 2.03 4.24 5.94 5.53 5.22 4.39 4.37 5.32 5.15 5.32 5.39 4.47 5.03 4.26 4.87

8 Pn-3-O -(6-ac)-glc 1.98 1.77 4.14 4.36 4.32 4.05 4.19 3.39 4.13 3.94 3.97 4.19 3.77 4.28 2.69 2.97

9 Mv-3-O -(6-ac)-glc 10.25 9.73 19.16 22.27 21.94 19.88 19.28 15.77 19.29 17.72 18.24 17.69 16.07 15.41 14.43 14.76

10 Mv-3-O -(6-caff)-glc 2.51 2.03 3.61 4.80 6.75 6.77 6.53 6.91 8.27 6.88 7.28 7.31 6.60 6.83 7.58 6.60

11 Pt-3-O -(6-p -coum)-glc 2.08 1.78 5.56 8.40 6.88 6.73 5.68 4.35 5.66 6.08 6.28 6.17 5.54 5.31 4.70 5.01

12 Pn-3-O -(6-p -coum)-glc 16.07 10.32 41.36 49.33 46.45 45.09 38.74 29.14 34.55 33.16 34.45 33.23 32.56 31.01 25.45 24.75

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 05

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 26.79 13.42 11.97 13.83 14.74 14.61 13.71 14.46 11.27 12.31 11.64 12.07 10.48 9.66 9.72 9.94

2 Cy-3-O -glc 7.32 2.30 2.82 2.38 2.41 1.97 2.16 2.96 1.95 2.05 2.06 2.07 1.78 2.22 1.62 1.89

3 Pt-3-O -glc 28.53 17.32 22.71 24.55 25.82 24.96 24.74 28.76 21.23 22.06 20.76 21.27 18.70 17.81 16.82 16.63

4 Pn-3-O -glc 18.73 8.89 11.49 8.61 8.73 8.80 8.10 8.48 6.35 7.16 7.07 6.51 5.62 6.69 4.67 5.51

5 Mv-3-O -glc 134.34 100.55 138.29 146.75 152.84 149.29 148.37 171.01 133.65 135.66 132.32 130.69 122.86 116.41 109.19 105.20

6 Dp-3-O -(6-ac)-glc 1.92 1.51 2.79 3.41 3.50 3.18 3.53 4.10 3.22 2.87 2.76 2.79 1.54 2.46 1.48 2.49

7 Pt-3-O -(6-ac)-glc 2.49 1.93 3.44 5.05 5.24 4.57 5.19 5.20 4.41 4.42 4.26 4.41 3.63 4.02 3.47 3.84

8 Pn-3-O -(6-ac)-glc 2.07 1.75 3.37 3.72 3.66 3.50 3.76 4.05 3.41 3.35 3.22 3.36 2.91 3.32 2.19 2.34

9 Mv-3-O -(6-ac)-glc 11.73 9.51 15.69 18.46 18.47 17.05 17.50 19.20 13.98 14.72 14.24 14.38 12.91 13.46 11.67 11.60

10 Mv-3-O -(6-caff)-glc 2.57 2.05 4.15 7.02 7.43 7.64 7.58 6.55 7.14 7.43 7.31 6.10 6.72 6.82 6.32 6.48

11 Pt-3-O -(6-p -coum)-glc 2.48 1.68 4.33 5.97 5.57 5.68 5.18 5.54 4.30 4.78 4.49 4.71 4.07 3.84 3.61 3.68

12 Pn-3-O -(6-p -coum)-glc 17.73 10.26 32.26 40.47 38.11 37.49 35.25 37.62 26.29 27.50 26.41 26.53 24.11 21.86 19.90 19.05

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

continued



Table S1. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Mendavia 2018, expressed in mg of Mv-3- O -glc equiv./L.

Tank 06

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 26.79 16.71 13.03 15.75 15.06 13.76 12.77 12.97 12.29 12.02 12.45 12.47 10.57 10.25 9.85 9.99

2 Cy-3-O -glc 7.32 2.51 2.67 2.51 2.37 2.08 2.16 2.26 2.04 1.94 1.98 2.02 2.14 2.23 1.58 1.86

3 Pt-3-O -glc 28.53 19.30 21.06 27.44 26.35 23.72 23.11 23.26 22.27 21.35 21.40 21.28 20.30 18.59 16.16 16.12

4 Pn-3-O -glc 18.73 9.22 10.48 8.95 8.65 8.51 7.68 7.42 6.56 6.05 7.04 6.18 7.20 6.63 4.44 5.00

5 Mv-3-O -glc 134.34 105.02 125.72 156.54 154.09 143.61 140.53 141.14 135.78 132.60 133.05 129.42 124.66 117.73 105.16 102.27

6 Dp-3-O -(6-ac)-glc 1.92 1.01 2.81 3.58 3.51 2.99 3.30 3.35 3.33 2.76 2.76 2.72 2.77 2.57 1.48 2.49

7 Pt-3-O -(6-ac)-glc 2.49 2.08 3.27 4.92 4.76 4.32 4.45 4.39 4.47 4.21 4.31 4.39 4.27 4.16 3.48 3.89

8 Pn-3-O -(6-ac)-glc 2.07 1.77 3.22 3.82 3.65 3.34 3.44 3.41 3.35 3.22 2.76 3.33 3.52 3.38 2.22 2.39

9 Mv-3-O -(6-ac)-glc 11.73 10.39 14.39 19.89 18.79 16.07 16.34 16.18 14.53 14.25 14.56 14.35 13.40 12.67 11.51 11.64

10 Mv-3-O -(6-caff)-glc 2.57 2.34 4.99 7.43 7.45 7.12 6.92 7.05 5.91 7.05 7.36 7.43 7.22 7.05 6.32 6.63

11 Pt-3-O -(6-p -coum)-glc 2.48 2.34 4.20 6.71 5.89 5.27 4.75 4.68 4.64 4.51 4.70 4.68 4.40 4.09 3.59 3.81

12 Pn-3-O -(6-p -coum)-glc 17.73 16.11 31.40 44.40 40.19 35.51 32.78 30.92 27.88 26.63 27.44 26.48 25.28 22.96 20.03 19.67

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 07

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 32.90 17.61 12.96 16.59 16.77 9.77 12.45 13.36 12.12 12.23 12.53 12.19 11.58 9.68 10.21 10.40

2 Cy-3-O -glc 8.24 3.04 2.48 2.51 2.45 1.40 2.10 2.15 1.92 1.92 1.93 1.94 2.16 2.20 1.61 1.90

3 Pt-3-O -glc 33.53 21.12 20.55 28.32 28.62 14.79 22.27 23.70 21.97 21.66 21.34 20.81 20.65 18.61 16.89 17.15

4 Pn-3-O -glc 20.79 10.71 10.28 9.18 9.12 6.08 7.58 7.52 6.46 7.07 7.17 6.26 7.44 6.99 4.77 5.65

5 Mv-3-O -glc 148.12 110.50 120.95 158.27 161.05 98.57 136.29 141.48 133.96 132.34 131.11 126.52 124.58 116.75 106.72 104.71

6 Dp-3-O -(6-ac)-glc 2.40 1.95 2.68 3.66 3.64 2.08 3.17 3.34 3.08 2.80 2.78 2.72 2.78 2.54 1.46 2.53

7 Pt-3-O -(6-ac)-glc 2.81 2.38 3.17 4.98 4.97 2.93 4.32 4.46 4.31 4.28 4.23 4.31 4.25 4.11 3.40 3.87

8 Pn-3-O -(6-ac)-glc 2.28 1.97 3.09 3.79 3.77 2.38 3.38 3.45 3.26 3.26 3.17 3.26 3.40 3.34 2.19 2.34

9 Mv-3-O -(6-ac)-glc 13.26 11.01 13.93 20.43 19.87 10.31 15.76 16.39 14.14 14.39 14.42 14.02 13.58 12.63 11.62 11.95

10 Mv-3-O -(6-caff)-glc 2.90 2.29 2.84 6.31 6.67 4.68 6.65 5.96 5.66 5.86 7.26 7.25 7.28 7.02 6.20 6.60

11 Pt-3-O -(6-p -coum)-glc 3.06 2.57 4.15 7.00 6.39 3.22 4.48 4.77 4.41 4.66 4.71 4.63 4.56 4.19 3.64 3.92

12 Pn-3-O -(6-p -coum)-glc 20.89 17.48 30.36 44.25 42.28 22.45 31.23 30.92 26.53 27.08 27.02 26.09 25.75 23.69 20.36 20.28

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 08

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 18.82 18.61 13.44 16.30 15.22 14.49 11.50 12.77 11.26 12.31 11.97 12.10 11.01 9.01 9.65 9.50

2 Cy-3-O -glc 6.08 2.57 2.78 2.50 2.39 2.03 2.07 2.12 2.08 1.92 1.91 1.98 2.08 2.12 1.53 1.76

3 Pt-3-O -glc 22.04 22.25 20.62 28.36 27.01 25.25 21.29 22.87 20.96 21.82 20.82 21.15 20.07 17.75 16.17 15.61

4 Pn-3-O -glc 15.30 10.41 5.71 9.01 8.75 8.53 7.29 7.13 7.69 6.85 6.83 6.12 6.97 6.41 4.35 5.27

5 Mv-3-O -glc 111.69 118.00 128.40 159.50 157.52 149.33 134.34 137.87 138.82 134.48 131.19 129.37 124.03 114.91 105.01 100.54

6 Dp-3-O -(6-ac)-glc 1.13 1.86 2.76 3.67 3.53 3.11 3.10 3.38 3.28 2.82 2.71 2.87 2.71 2.52 1.48 2.41

7 Pt-3-O -(6-ac)-glc 1.92 2.49 3.34 4.97 4.82 4.49 4.54 3.73 4.29 4.32 4.24 4.51 4.27 4.03 3.46 3.77

8 Pn-3-O -(6-ac)-glc 1.57 2.03 3.29 3.81 3.66 3.36 3.25 3.60 3.78 3.26 2.73 3.40 3.46 3.30 2.21 2.32

9 Mv-3-O -(6-ac)-glc 9.15 11.86 15.19 20.55 19.27 16.89 15.27 15.84 14.72 14.71 14.34 14.52 13.49 12.32 11.59 11.23

10 Mv-3-O -(6-caff)-glc 1.79 2.35 2.98 6.28 7.61 6.13 6.37 5.77 5.33 7.31 7.27 6.13 7.28 6.82 6.37 6.35

11 Pt-3-O -(6-p -coum)-glc 1.62 2.78 4.39 7.04 6.05 5.69 4.20 4.58 4.16 4.77 4.59 4.81 4.42 3.93 3.69 3.57

12 Pn-3-O -(6-p -coum)-glc 12.41 19.25 32.61 46.21 41.05 37.67 29.91 29.74 28.41 27.48 26.69 26.77 25.11 22.08 20.29 18.38

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 09

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 32.90 16.89 13.80 15.15 17.54 14.09 14.15 12.99 12.81 12.85 12.41 12.64 11.00 10.31 10.44 10.44

2 Cy-3-O -glc 8.24 3.45 2.28 2.42 2.76 2.36 2.46 2.43 2.12 2.22 2.22 2.20 2.31 2.41 2.15 1.96

3 Pt-3-O -glc 33.53 20.45 23.39 27.03 30.56 24.63 25.77 24.26 23.05 23.09 21.90 22.38 20.78 19.14 18.58 17.45

4 Pn-3-O -glc 20.79 17.36 6.67 10.91 12.19 10.86 10.76 10.06 9.06 9.87 9.68 8.97 9.55 9.07 8.02 7.27

5 Mv-3-O -glc 148.12 115.26 143.06 165.35 182.49 158.83 164.32 157.58 149.40 151.05 147.19 144.28 138.39 129.78 122.86 116.26

6 Dp-3-O -(6-ac)-glc 2.40 1.49 3.17 3.54 3.79 3.01 3.53 3.55 3.38 3.09 2.91 2.97 2.78 2.56 2.56 2.54

7 Pt-3-O -(6-ac)-glc 2.81 2.26 3.54 4.64 5.04 4.22 4.72 3.83 4.47 4.52 4.35 4.52 4.25 4.11 3.94 3.88

8 Pn-3-O -(6-ac)-glc 2.28 2.47 4.08 4.52 4.75 4.09 4.50 4.44 4.15 4.24 3.97 4.10 4.12 4.01 3.74 3.01

9 Mv-3-O -(6-ac)-glc 13.26 11.38 17.26 21.20 22.46 17.75 19.78 18.44 16.34 17.01 15.53 16.33 15.01 14.05 13.70 13.34

10 Mv-3-O -(6-caff)-glc 2.90 2.35 2.90 4.00 4.83 4.17 4.53 5.58 5.51 5.87 4.59 5.72 5.37 3.81 4.95 4.86

11 Pt-3-O -(6-p -coum)-glc 3.06 2.19 4.67 6.53 6.52 4.95 5.41 4.88 4.74 5.09 4.80 4.92 4.43 4.15 3.93 3.89

12 Pn-3-O -(6-p -coum)-glc 20.89 16.80 31.01 45.04 45.58 36.61 40.12 35.82 32.61 32.48 31.31 30.87 30.34 27.86 23.74 22.06

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 10

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 32.90 16.14 15.59 15.69 16.68 13.60 13.26 13.10 12.67 12.21 12.41 12.47 11.16 10.23 10.04 10.31

2 Cy-3-O -glc 8.24 2.91 2.39 2.47 2.76 2.40 2.42 2.51 2.22 2.22 2.15 2.16 2.36 2.46 1.76 2.08

3 Pt-3-O -glc 33.53 19.45 24.84 27.93 29.33 23.91 24.24 24.53 23.63 22.29 22.06 21.76 20.68 19.16 16.98 17.05

4 Pn-3-O -glc 20.79 16.47 7.43 11.18 12.22 11.07 10.74 10.36 9.48 9.94 9.90 9.04 9.56 8.84 6.47 7.47

5 Mv-3-O -glc 148.12 116.77 156.32 170.61 179.75 157.69 159.34 159.77 154.14 149.08 148.41 144.26 138.88 130.87 119.18 114.95

6 Dp-3-O -(6-ac)-glc 2.40 1.69 3.35 3.65 3.75 3.06 3.49 3.63 3.43 3.03 2.96 2.97 2.94 2.84 1.16 2.56

7 Pt-3-O -(6-ac)-glc 2.81 2.31 3.84 4.81 4.99 4.33 4.67 3.90 4.65 2.68 4.46 4.58 4.41 4.30 3.51 3.96

8 Pn-3-O -(6-ac)-glc 2.28 2.54 4.32 4.64 4.76 4.27 4.50 4.52 4.34 4.22 4.07 4.22 4.41 4.28 3.57 3.10

9 Mv-3-O -(6-ac)-glc 13.26 11.75 19.16 21.96 22.26 18.26 19.15 18.66 17.01 16.55 16.74 16.42 16.84 14.48 13.31 13.32

10 Mv-3-O -(6-caff)-glc 2.90 2.34 3.21 4.00 4.61 4.35 4.43 5.71 5.88 5.74 5.89 5.90 5.63 5.41 4.84 5.05

11 Pt-3-O -(6-p -coum)-glc 3.06 2.35 5.59 6.80 6.43 5.34 5.09 4.89 4.94 4.79 4.89 4.80 4.44 4.22 3.69 3.90

12 Pn-3-O -(6-p -coum)-glc 20.89 18.33 39.16 47.10 45.67 38.32 38.39 35.94 32.88 30.84 31.34 30.28 28.53 26.62 22.83 21.73

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

continued



Table S1. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Mendavia 2018, expressed in mg of Mv-3- O -glc equiv./L.

Tank 11

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 10.31 18.53 13.03 14.96 14.71 13.88 12.91 11.98 11.33 11.69 11.50 11.37 10.26 8.58 9.19 9.97

2 Cy-3-O -glc 4.90 3.44 2.14 2.12 2.49 2.30 2.31 2.27 2.05 2.06 2.03 1.98 2.21 2.26 2.05 1.92

3 Pt-3-O -glc 13.63 21.71 21.37 27.12 26.68 24.98 24.17 22.91 21.71 21.65 20.86 20.68 19.51 17.85 17.82 16.62

4 Pn-3-O -glc 19.01 18.32 8.17 10.93 11.36 10.81 10.33 9.75 9.02 9.44 9.33 8.63 9.47 8.86 7.91 7.14

5 Mv-3-O -glc 95.75 120.11 143.46 166.76 168.30 160.29 157.08 151.33 145.57 144.76 141.44 138.48 132.80 124.62 120.12 112.10

6 Dp-3-O -(6-ac)-glc 0.42 1.80 2.57 3.51 3.51 3.11 3.46 3.41 2.94 2.92 2.82 2.71 2.82 2.53 2.70 2.49

7 Pt-3-O -(6-ac)-glc 1.51 2.32 3.26 4.68 4.68 4.41 4.52 3.71 4.38 4.32 4.25 4.24 4.17 3.98 3.96 3.75

8 Pn-3-O -(6-ac)-glc 1.94 2.53 3.90 4.57 4.57 4.29 4.44 4.39 4.17 4.16 3.98 3.92 4.18 3.98 3.83 2.94

9 Mv-3-O -(6-ac)-glc 8.49 11.96 16.84 21.15 20.59 18.47 18.75 17.62 15.87 16.09 15.73 15.35 14.22 13.38 13.41 12.82

10 Mv-3-O -(6-caff)-glc 1.72 2.43 3.85 4.51 4.82 4.82 5.88 5.76 5.70 5.86 5.79 5.62 5.48 5.15 5.18 4.87

11 Pt-3-O -(6-p -coum)-glc 1.26 2.33 4.35 6.32 5.70 5.46 4.98 4.54 4.44 4.68 4.50 4.40 4.12 3.85 3.83 3.72

12 Pn-3-O -(6-p -coum)-glc 11.37 18.20 33.39 43.87 40.54 37.89 36.95 33.29 29.48 30.05 28.93 27.42 28.06 25.99 22.84 20.46

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 12

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 10.86 14.19 14.99 15.96 15.80 16.90 14.80 14.65 12.65 13.05 13.13 12.59 12.24 10.64 10.82 12.31

2 Cy-3-O -glc 5.16 2.94 2.46 2.40 2.73 2.64 2.63 2.64 2.26 2.31 2.27 2.20 2.43 2.49 2.22 2.02

3 Pt-3-O -glc 14.89 17.24 26.91 28.17 27.64 28.80 26.71 26.54 23.06 23.21 22.45 21.89 21.85 19.64 18.33 17.23

4 Pn-3-O -glc 20.70 15.87 8.15 11.65 11.99 12.34 11.37 10.87 9.76 10.33 10.23 9.36 10.02 8.93 8.18 7.59

5 Mv-3-O -glc 101.48 105.18 163.44 169.88 172.54 176.77 168.38 166.15 150.85 150.72 148.11 142.40 141.12 130.90 121.24 111.44

6 Dp-3-O -(6-ac)-glc 1.10 1.81 3.46 3.67 3.62 3.39 3.67 3.73 3.06 3.06 2.98 2.97 3.02 2.68 2.62 2.65

7 Pt-3-O -(6-ac)-glc 1.77 2.18 3.99 4.82 4.84 4.84 4.11 4.11 4.59 4.57 4.48 4.61 4.49 4.20 4.05 4.06

8 Pn-3-O -(6-ac)-glc 2.21 2.43 4.61 4.69 4.70 4.56 4.82 4.69 4.31 4.29 4.18 4.23 4.44 4.09 3.91 3.85

9 Mv-3-O -(6-ac)-glc 9.03 10.65 19.54 22.09 21.46 20.49 20.39 19.81 16.60 16.93 16.73 16.36 15.63 14.33 13.67 13.13

10 Mv-3-O -(6-caff)-glc 1.98 2.29 3.64 4.38 4.66 5.15 6.15 6.17 5.73 5.92 5.93 5.85 5.77 3.92 5.14 5.10

11 Pt-3-O -(6-p -coum)-glc 1.49 2.01 5.98 6.83 6.06 6.24 5.58 5.46 4.71 5.03 4.88 4.89 4.64 3.98 3.88 4.05

12 Pn-3-O -(6-p -coum)-glc 12.96 15.18 39.83 47.01 43.16 43.76 41.36 38.24 32.56 32.09 31.16 29.97 29.11 24.94 22.98 21.58

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 13

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 10.86 14.05 15.75 15.81 14.68 13.26 15.16 13.48 11.91 11.82 11.09 12.18 10.96 10.23 9.51 9.05

2 Cy-3-O -glc 5.16 2.66 1.24 2.40 2.34 1.98 2.31 2.21 1.92 1.92 1.91 2.01 2.12 2.17 1.91 2.67

3 Pt-3-O -glc 14.89 17.22 24.56 23.86 24.02 21.73 23.13 22.91 20.53 19.81 18.39 20.02 18.52 17.41 16.16 15.21

4 Pn-3-O -glc 20.70 14.87 11.95 10.95 11.34 10.59 10.77 10.31 9.11 9.68 9.42 9.35 9.47 8.69 7.97 6.99

5 Mv-3-O -glc 101.48 105.43 147.87 146.70 150.64 141.64 147.05 144.27 133.86 131.20 127.09 128.69 122.21 116.44 106.77 99.40

6 Dp-3-O -(6-ac)-glc 1.10 1.51 3.05 3.25 3.27 2.78 3.40 3.38 2.81 2.73 2.60 2.83 2.71 2.46 2.45 3.62

7 Pt-3-O -(6-ac)-glc 1.77 2.02 3.67 4.30 4.46 4.03 3.72 3.70 4.27 4.17 4.05 4.35 4.13 3.97 3.80 2.58

8 Pn-3-O -(6-ac)-glc 2.21 2.17 4.24 4.14 4.23 3.82 4.31 4.18 3.85 3.84 3.25 4.06 3.98 3.73 3.60 2.60

9 Mv-3-O -(6-ac)-glc 9.03 10.15 18.40 18.81 18.98 16.16 17.98 17.50 15.06 14.81 14.27 14.71 13.79 13.08 12.40 10.87

10 Mv-3-O -(6-caff)-glc 1.98 1.92 4.41 4.11 5.73 5.13 5.78 5.77 5.57 5.54 5.36 5.62 5.43 5.09 4.99 3.91

11 Pt-3-O -(6-p -coum)-glc 1.49 1.63 5.16 5.62 5.31 4.55 4.85 4.82 4.45 4.31 3.97 4.39 4.09 3.79 3.66 3.49

12 Pn-3-O -(6-p -coum)-glc 12.96 10.58 36.52 38.54 38.86 32.02 35.14 32.99 28.22 27.04 25.36 26.08 25.12 22.66 20.94 16.98

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 14

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 11.82 17.64 13.52 15.20 14.03 13.31 14.18 12.96 13.07 11.89 12.01 12.29 10.79 10.15 10.34 9.10

2 Cy-3-O -glc 5.08 3.54 3.03 2.36 2.36 2.06 2.28 2.17 1.90 1.93 1.94 2.00 2.07 2.17 2.01 2.60

3 Pt-3-O -glc 15.15 20.18 21.55 23.06 23.24 21.69 23.87 22.48 19.86 20.13 19.78 20.54 18.52 17.08 16.48 15.52

4 Pn-3-O -glc 20.03 16.87 7.50 10.51 11.02 10.52 10.54 10.03 9.02 9.67 9.57 9.22 9.03 8.38 7.97 6.31

5 Mv-3-O -glc 99.72 115.44 130.25 143.25 147.64 139.69 148.56 142.67 130.06 132.59 131.59 129.61 122.25 115.68 107.84 101.08

6 Dp-3-O -(6-ac)-glc 1.02 1.80 2.81 3.27 3.25 2.85 3.46 3.36 2.74 2.79 2.72 2.85 2.56 2.44 2.60 3.72

7 Pt-3-O -(6-ac)-glc 1.70 2.26 3.30 4.37 4.39 4.18 3.80 3.71 4.16 4.22 4.21 4.35 4.02 3.90 3.91 2.64

8 Pn-3-O -(6-ac)-glc 2.02 2.34 3.81 4.11 4.12 3.88 4.29 4.13 3.76 3.79 3.27 3.96 3.79 3.68 3.70 2.62

9 Mv-3-O -(6-ac)-glc 8.89 10.87 16.13 18.97 18.68 16.71 18.47 17.32 14.66 14.89 14.98 14.82 13.53 12.97 12.67 11.10

10 Mv-3-O -(6-caff)-glc 1.74 2.20 2.84 4.12 5.59 5.57 5.93 5.74 5.41 5.59 5.69 5.73 5.22 5.01 5.18 4.03

11 Pt-3-O -(6-p -coum)-glc 1.41 2.00 4.45 5.91 5.29 5.13 5.26 4.80 4.27 4.39 4.42 4.57 3.95 3.71 3.89 3.69

12 Pn-3-O -(6-p -coum)-glc 12.43 12.54 31.17 40.19 38.36 36.00 36.82 32.81 27.18 27.08 27.48 27.19 23.92 21.26 21.65 17.85

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 15

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 13.33 12.26 15.09 15.29 14.04 14.02 12.97 11.79 11.17 11.51 10.78 12.09 10.66 9.90 9.19 8.59

2 Cy-3-O -glc 5.36 2.81 2.59 2.22 2.19 2.14 2.15 2.04 1.83 1.78 1.79 1.82 2.01 2.01 1.78 2.49

3 Pt-3-O -glc 16.29 15.19 23.85 23.37 23.28 23.03 22.47 20.75 19.37 19.21 17.92 18.14 18.19 16.55 15.68 14.01

4 Pn-3-O -glc 20.79 15.16 7.79 10.22 10.28 10.55 10.20 9.32 8.69 8.94 8.72 8.37 8.93 8.05 7.38 6.26

5 Mv-3-O -glc 101.95 102.35 142.60 143.27 144.35 144.09 141.49 134.05 128.27 127.26 122.63 119.13 119.09 111.81 103.84 90.13

6 Dp-3-O -(6-ac)-glc 1.22 1.39 3.04 3.20 3.14 2.85 3.23 3.13 2.68 2.53 2.42 2.49 2.63 2.28 2.31 3.36

7 Pt-3-O -(6-ac)-glc 1.76 2.08 3.55 4.18 4.23 4.13 3.56 3.40 3.99 3.89 3.79 3.88 3.96 3.72 3.58 2.33

8 Pn-3-O -(6-ac)-glc 2.10 2.34 4.03 3.96 3.92 3.77 4.07 3.88 3.68 3.53 3.05 3.57 3.73 3.45 3.37 2.35

9 Mv-3-O -(6-ac)-glc 8.78 10.27 17.90 18.26 18.16 16.80 17.19 14.80 14.26 14.20 13.77 13.47 13.34 12.51 11.85 10.09

10 Mv-3-O -(6-caff)-glc 1.64 2.17 4.35 4.10 5.52 4.72 5.55 5.30 5.28 5.23 5.11 5.10 5.24 4.84 4.74 3.57

11 Pt-3-O -(6-p -coum)-glc 1.31 1.91 5.25 5.53 5.27 5.13 4.75 4.29 4.10 4.08 3.85 3.97 4.00 3.61 3.53 3.20

12 Pn-3-O -(6-p -coum)-glc 9.86 15.03 36.81 37.61 36.14 34.68 34.05 29.92 26.55 25.43 24.07 24.24 24.36 22.07 20.15 15.35

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

continued



Table S1. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Mendavia 2018, expressed in mg of Mv-3- O -glc equiv./L.

Tank 16

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 11.43 12.31 14.79 16.10 15.88 14.97 14.75 13.17 12.37 12.10 12.79 12.73 11.80 11.00 9.07 9.36

2 Cy-3-O -glc 5.71 3.61 2.31 2.37 2.47 2.18 2.33 2.23 2.04 1.97 2.04 2.09 2.19 2.16 1.89 2.63

3 Pt-3-O -glc 15.74 15.40 23.44 23.87 25.77 24.23 24.59 22.62 20.97 19.66 20.56 20.97 19.55 18.00 15.19 15.64

4 Pn-3-O -glc 26.80 16.47 7.99 10.68 11.96 11.27 11.27 10.23 9.49 9.85 10.04 9.58 9.63 8.58 7.75 7.19

5 Mv-3-O -glc 108.75 103.58 139.53 148.74 158.52 150.76 153.22 144.82 136.56 131.43 135.66 132.96 127.36 119.72 103.91 101.75

6 Dp-3-O -(6-ac)-glc 1.20 1.64 2.92 3.33 3.33 2.95 3.49 3.31 2.84 2.74 2.78 2.86 2.77 2.48 2.36 3.71

7 Pt-3-O -(6-ac)-glc 1.92 2.00 3.48 4.40 4.51 4.32 3.83 3.66 4.22 4.13 4.27 4.39 4.19 3.96 3.63 2.66

8 Pn-3-O -(6-ac)-glc 2.65 2.38 4.05 4.25 4.29 4.00 4.47 4.17 3.87 3.82 3.41 4.08 4.03 3.75 2.82 2.72

9 Mv-3-O -(6-ac)-glc 9.69 10.36 17.60 19.34 20.12 17.74 19.14 17.73 15.66 15.15 15.97 15.67 14.72 13.84 12.13 11.46

10 Mv-3-O -(6-caff)-glc 1.93 2.12 4.01 3.67 4.35 4.77 5.55 5.31 5.39 5.17 5.50 5.57 5.27 4.90 4.53 3.87

11 Pt-3-O -(6-p -coum)-glc 1.34 1.78 4.88 5.75 5.77 5.41 5.34 4.82 4.54 4.36 4.70 4.76 4.34 3.95 3.46 3.79

12 Pn-3-O -(6-p -coum)-glc 10.75 13.18 34.69 40.38 40.71 37.21 38.95 34.43 29.67 27.72 29.91 29.22 27.02 24.31 20.37 18.87

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 17

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 8.25 10.70 15.27 15.86 14.58 13.51 14.81 13.39 12.14 11.44 11.65 12.21 10.85 9.53 10.16 8.72

2 Cy-3-O -glc 4.65 2.34 2.69 2.29 2.18 1.61 2.06 2.01 1.67 1.68 1.74 1.83 1.87 1.63 1.78 2.50

3 Pt-3-O -glc 12.55 14.11 27.44 26.44 24.85 22.90 23.39 23.97 21.49 20.19 20.32 21.52 19.54 16.85 17.07 16.00

4 Pn-3-O -glc 13.01 8.70 6.72 8.25 8.43 8.01 7.51 7.00 6.61 6.63 6.62 6.65 6.81 5.58 5.83 3.74

5 Mv-3-O -glc 95.89 90.18 156.96 155.23 154.23 144.43 146.09 148.07 137.89 134.22 134.38 135.37 127.13 116.30 112.24 104.16

6 Dp-3-O -(6-ac)-glc 0.33 1.40 3.28 3.29 3.14 2.69 3.21 3.19 2.70 2.51 2.50 2.75 2.50 1.31 2.30 3.54

7 Pt-3-O -(6-ac)-glc 1.47 1.68 3.72 3.66 4.19 3.90 3.47 3.58 4.01 3.81 3.84 4.12 3.80 3.13 3.48 2.49

8 Pn-3-O -(6-ac)-glc 1.55 1.58 3.59 3.32 3.25 3.04 3.42 3.27 3.08 2.92 2.45 3.20 3.03 2.64 2.24 1.96

9 Mv-3-O -(6-ac)-glc 7.77 8.11 17.97 19.00 16.52 15.41 16.20 15.28 14.25 13.60 13.79 14.23 12.87 11.41 11.60 10.30

10 Mv-3-O -(6-caff)-glc 1.65 1.62 3.36 4.82 4.82 4.86 5.61 5.85 4.67 5.50 5.65 4.78 5.61 4.95 5.35 3.22

11 Pt-3-O -(6-p -coum)-glc 1.36 1.40 6.45 6.54 5.44 4.92 4.81 5.01 4.56 4.19 4.30 4.68 4.12 3.58 3.69 3.52

12 Pn-3-O -(6-p -coum)-glc 13.49 9.71 43.12 40.50 36.54 31.25 31.55 30.01 25.40 23.02 23.50 24.79 22.12 19.79 19.08 15.91

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 18

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 5.21 13.86 14.56 16.47 14.98 12.34 15.03 13.56 11.60 11.58 11.60 12.14 10.76 9.91 10.33 8.92

2 Cy-3-O -glc 3.94 2.57 1.83 2.31 2.18 1.52 1.96 1.94 1.71 1.77 1.77 1.80 1.88 1.66 1.79 2.38

3 Pt-3-O -glc 9.01 17.97 24.01 28.15 25.81 21.50 23.88 24.32 20.59 20.46 20.25 21.42 19.42 17.29 17.15 14.98

4 Pn-3-O -glc 11.09 9.96 5.82 8.71 8.68 7.89 7.45 7.02 6.52 6.99 6.94 6.68 6.67 5.32 5.54 3.62

5 Mv-3-O -glc 81.20 103.63 145.62 163.62 157.03 140.19 147.95 148.73 134.52 134.84 133.77 134.78 126.80 117.93 111.82 98.66

6 Dp-3-O -(6-ac)-glc 0.19 1.36 1.85 3.40 3.15 2.62 3.16 3.14 2.61 2.64 2.65 2.73 2.47 1.36 2.34 3.42

7 Pt-3-O -(6-ac)-glc 1.09 1.85 2.84 4.51 4.25 3.86 3.51 3.57 3.93 3.90 3.93 4.14 3.79 3.18 3.57 2.42

8 Pn-3-O -(6-ac)-glc 1.20 1.57 2.73 3.43 3.26 3.05 3.45 3.24 3.07 3.07 3.05 3.21 3.01 2.67 2.27 1.95

9 Mv-3-O -(6-ac)-glc 6.04 9.35 15.07 19.57 16.93 14.90 16.54 15.30 13.71 13.93 13.89 14.22 12.95 11.77 11.80 10.01

10 Mv-3-O -(6-caff)-glc 1.14 1.69 2.75 4.17 5.27 5.26 4.96 3.34 4.72 6.03 4.88 5.02 5.86 5.19 5.61 3.26

11 Pt-3-O -(6-p -coum)-glc 0.74 1.80 4.79 6.68 5.75 4.83 5.03 5.09 4.30 4.45 4.43 4.70 4.13 3.62 3.78 3.37

12 Pn-3-O -(6-p -coum)-glc 7.91 13.71 33.46 42.21 38.38 32.44 33.15 30.81 24.92 25.30 24.95 25.56 23.04 20.36 19.54 15.28

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 19

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 7.87 15.58 15.95 15.65 13.57 14.23 14.41 12.78 11.92 11.40 11.64 11.59 10.50 10.01 10.35 9.28

2 Cy-3-O -glc 4.72 2.89 2.17 2.10 2.05 1.71 2.09 1.98 1.72 1.67 1.64 1.63 1.83 1.96 1.79 1.96

3 Pt-3-O -glc 12.27 19.59 25.90 27.53 23.78 24.43 25.39 22.78 21.23 20.26 20.01 20.47 18.83 17.75 17.39 15.72

4 Pn-3-O -glc 13.10 10.32 6.34 8.17 8.21 8.25 7.61 6.85 6.36 6.58 6.38 6.15 6.57 6.69 5.48 3.53

5 Mv-3-O -glc 92.80 107.91 146.03 156.94 147.71 148.64 152.24 142.40 136.34 132.25 129.44 129.07 122.51 116.19 111.47 98.38

6 Dp-3-O -(6-ac)-glc 0.77 1.77 2.97 3.34 3.00 2.86 3.34 3.09 2.69 2.64 2.46 2.51 2.38 2.32 2.34 3.48

7 Pt-3-O -(6-ac)-glc 1.51 1.96 3.50 4.74 4.02 4.16 3.68 4.11 4.02 3.95 3.82 3.92 3.72 3.68 3.60 2.44

8 Pn-3-O -(6-ac)-glc 1.52 1.75 3.37 3.54 3.13 3.21 3.45 3.17 3.07 3.02 2.36 3.05 2.97 3.05 2.22 1.94

9 Mv-3-O -(6-ac)-glc 7.14 9.72 17.65 19.06 15.70 16.45 17.34 14.62 13.94 13.71 13.34 13.41 12.45 11.81 11.73 10.14

10 Mv-3-O -(6-caff)-glc 1.49 1.97 3.17 4.88 4.74 5.63 5.07 4.78 4.76 5.94 4.64 5.96 5.66 5.75 5.62 3.30

11 Pt-3-O -(6-p -coum)-glc 1.11 1.86 5.96 6.61 5.14 5.69 5.41 4.70 4.42 4.39 4.27 4.40 4.01 3.87 3.76 3.53

12 Pn-3-O -(6-p -coum)-glc 10.21 12.04 40.28 41.13 35.13 36.54 34.94 29.37 25.54 24.77 23.59 23.97 22.27 21.31 19.51 15.71

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 20

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 7.93 16.55 13.09 17.70 15.86 13.10 14.30 14.89 12.29 12.93 12.45 12.04 11.29 10.58 8.39 9.15

2 Cy-3-O -glc 4.77 3.49 2.28 2.18 2.26 1.76 2.07 2.00 1.70 1.61 1.72 1.71 1.87 1.98 1.73 1.65

3 Pt-3-O -glc 12.38 19.54 21.38 27.24 26.12 20.95 24.65 25.79 21.54 19.87 21.12 21.00 19.69 18.53 15.19 15.38

4 Pn-3-O -glc 13.31 11.98 5.51 8.31 8.84 6.89 7.66 7.27 6.64 6.38 5.97 6.47 6.76 6.52 5.24 2.47

5 Mv-3-O -glc 94.94 110.77 128.52 154.01 157.64 134.07 150.15 151.19 135.70 126.16 131.86 131.50 125.81 119.62 103.31 103.45

6 Dp-3-O -(6-ac)-glc 0.78 2.16 1.77 3.42 3.19 2.98 3.24 3.24 2.70 2.47 2.70 2.71 2.54 2.35 2.18 2.97

7 Pt-3-O -(6-ac)-glc 1.54 2.27 2.59 4.78 4.31 3.27 3.60 3.72 4.02 3.73 4.10 4.10 3.82 3.72 3.28 2.37

8 Pn-3-O -(6-ac)-glc 1.60 2.15 2.53 3.57 3.30 3.28 3.44 3.24 3.05 2.81 3.09 3.14 3.06 3.03 2.06 1.88

9 Mv-3-O -(6-ac)-glc 7.29 10.77 13.53 19.25 17.08 15.34 16.94 16.00 14.17 13.05 13.93 13.79 12.97 12.28 10.49 10.37

10 Mv-3-O -(6-caff)-glc 1.50 2.26 2.29 4.96 5.22 4.46 4.98 6.25 4.77 5.51 4.79 4.85 5.86 5.74 4.99 3.28

11 Pt-3-O -(6-p -coum)-glc 1.19 2.59 3.90 6.68 5.70 4.56 5.12 5.45 4.58 4.21 4.61 4.54 4.17 3.99 3.16 3.52

12 Pn-3-O -(6-p -coum)-glc 10.35 18.62 28.41 41.34 38.06 30.67 33.54 31.46 25.43 22.37 24.70 24.27 22.68 21.50 16.43 16.39

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

continued



Table S1. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Mendavia 2018, expressed in mg of Mv-3- O -glc equiv./L.

Tank 21

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 10.36 12.78 12.38 16.00 15.56 13.98 14.15 13.77 11.47 10.92 11.13 11.27 11.51 9.73 10.17 8.71

2 Cy-3-O -glc 4.82 2.82 1.72 2.04 1.98 1.43 1.76 1.67 1.54 1.53 1.55 1.61 1.69 1.75 1.62 2.32

3 Pt-3-O -glc 14.30 16.73 19.96 24.40 23.34 22.01 21.72 21.20 19.49 18.18 18.73 18.54 17.15 16.10 15.51 14.75

4 Pn-3-O -glc 13.19 10.39 9.44 7.70 8.22 6.77 7.03 6.44 6.27 6.29 5.57 6.10 6.34 6.17 5.36 4.71

5 Mv-3-O -glc 96.50 103.76 120.14 143.02 140.39 133.85 132.76 128.74 122.23 118.18 118.73 115.82 110.13 104.89 98.65 92.10

6 Dp-3-O -(6-ac)-glc 1.08 1.12 1.79 3.11 2.89 2.89 2.98 2.91 2.49 2.33 2.34 2.37 2.21 2.11 2.15 3.33

7 Pt-3-O -(6-ac)-glc 1.72 1.80 2.55 3.53 4.03 3.39 3.33 3.96 3.80 3.58 3.77 3.73 3.48 3.44 3.31 2.30

8 Pn-3-O -(6-ac)-glc 1.32 1.55 2.41 3.28 3.02 3.23 3.17 2.94 2.83 2.68 2.79 2.80 2.68 2.73 1.96 1.82

9 Mv-3-O -(6-ac)-glc 8.15 9.12 13.34 17.28 15.41 15.62 15.14 13.54 12.86 12.27 12.52 12.26 11.30 10.78 10.50 9.61

10 Mv-3-O -(6-caff)-glc 1.84 2.03 2.29 4.98 6.36 4.58 5.02 6.04 4.94 5.80 4.79 4.78 5.61 5.59 4.32 3.41

11 Pt-3-O -(6-p -coum)-glc 1.63 1.92 4.06 5.89 5.30 4.99 4.68 4.56 4.33 4.00 4.15 4.11 3.70 3.58 3.49 3.34

12 Pn-3-O -(6-p -coum)-glc 14.40 14.77 28.34 39.47 35.18 32.18 30.88 27.97 24.83 23.00 23.46 22.81 20.68 19.99 18.36 15.60

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 22

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 21.17 12.42 14.87 14.85 14.10 13.01 12.81 12.62 11.60 10.65 11.19 10.91 10.35 9.23 9.89 8.72

2 Cy-3-O -glc 6.49 4.01 1.78 2.01 1.98 1.50 1.76 1.62 1.46 1.49 1.58 1.53 1.70 1.48 1.61 1.83

3 Pt-3-O -glc 23.96 15.29 23.54 22.88 23.39 22.44 21.85 19.81 17.89 17.76 18.76 18.10 17.14 15.20 15.26 14.81

4 Pn-3-O -glc 17.58 11.95 4.94 7.61 8.37 6.94 7.13 6.41 5.69 5.34 5.69 5.85 6.22 4.68 5.21 4.70

5 Mv-3-O -glc 126.79 99.63 132.23 136.00 140.97 135.79 133.86 125.08 115.55 117.56 119.43 114.55 110.96 103.44 98.48 93.06

6 Dp-3-O -(6-ac)-glc 1.30 1.74 3.21 3.01 2.85 2.92 2.94 2.81 2.30 2.29 2.35 2.32 2.30 1.22 1.58 3.34

7 Pt-3-O -(6-ac)-glc 2.05 2.04 3.48 4.37 4.03 3.40 4.30 3.83 3.71 3.54 3.75 3.65 3.56 2.93 3.30 2.34

8 Pn-3-O -(6-ac)-glc 1.72 2.03 3.33 3.22 3.01 3.21 3.17 2.86 2.73 2.14 2.75 2.73 2.72 2.37 2.00 1.85

9 Mv-3-O -(6-ac)-glc 10.43 9.84 15.80 16.73 15.51 14.66 15.26 12.95 11.93 12.13 12.52 12.08 11.58 10.47 10.52 9.74

10 Mv-3-O -(6-caff)-glc 2.01 2.28 4.03 4.97 6.48 4.82 5.23 5.99 4.64 4.72 4.89 4.80 5.84 5.09 5.51 3.54

11 Pt-3-O -(6-p -coum)-glc 2.43 2.17 5.71 5.76 5.40 5.08 4.71 4.22 3.89 3.87 4.11 4.02 3.78 3.26 3.47 3.39

12 Pn-3-O -(6-p -coum)-glc 20.91 16.15 35.79 36.93 36.04 32.95 30.63 26.75 22.66 22.52 23.35 22.27 21.22 18.50 18.17 15.69

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 23

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 15.95 13.11 15.83 14.80 15.93 13.49 14.74 12.65 12.75 11.34 11.25 12.30 10.20 11.49 9.12 10.10

2 Cy-3-O -glc 5.51 3.84 1.94 1.95 1.99 1.40 1.74 1.67 1.56 1.35 1.42 1.51 1.66 1.73 1.54 1.81

3 Pt-3-O -glc 18.64 16.02 24.36 22.31 23.66 20.98 22.38 21.04 19.55 17.18 18.33 18.15 16.60 16.65 14.85 14.41

4 Pn-3-O -glc 14.83 11.63 5.52 7.57 8.38 6.75 7.17 6.61 6.65 5.99 5.54 5.99 6.25 5.98 5.21 4.72

5 Mv-3-O -glc 107.40 99.29 138.10 132.01 140.59 129.20 135.33 129.03 122.10 114.75 116.56 114.11 106.70 105.56 93.97 88.37

6 Dp-3-O -(6-ac)-glc 1.26 1.46 2.84 2.88 2.80 2.75 2.91 2.88 2.73 2.15 2.21 2.29 2.24 2.14 2.08 3.25

7 Pt-3-O -(6-ac)-glc 1.44 1.78 3.02 4.18 4.01 3.23 4.27 3.26 3.75 3.42 3.58 3.65 3.50 3.44 3.25 2.28

8 Pn-3-O -(6-ac)-glc 1.16 1.69 2.16 3.11 2.99 3.12 3.08 2.97 2.88 2.55 2.68 2.74 2.70 2.70 1.96 1.85

9 Mv-3-O -(6-ac)-glc 9.35 8.98 16.13 16.25 15.58 13.99 15.56 13.50 12.72 11.88 12.21 12.05 11.31 11.14 10.43 9.45

10 Mv-3-O -(6-caff)-glc 1.81 1.79 3.10 4.64 6.27 4.34 5.01 4.87 4.76 5.41 4.53 4.61 5.63 5.59 5.30 3.38

11 Pt-3-O -(6-p -coum)-glc 2.03 1.72 5.82 5.66 5.51 4.87 4.91 4.58 4.26 3.80 4.02 4.00 3.79 3.76 3.47 3.37

12 Pn-3-O -(6-p -coum)-glc 17.53 11.80 36.94 36.21 36.37 31.82 31.50 28.20 24.48 21.93 22.63 22.07 20.83 20.35 17.59 15.06

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -

Tank 24

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

1 Dp-3-O -glc 9.28 13.74 11.43 15.86 14.65 14.14 12.05 12.82 11.60 5.39 11.64 12.68 11.53 10.14 10.19 8.93

2 Cy-3-O -glc 4.49 2.53 1.63 2.08 1.90 1.42 1.75 1.74 1.54 0.73 1.54 1.50 1.60 1.70 1.55 1.77

3 Pt-3-O -glc 14.17 17.17 17.00 23.47 21.59 21.76 18.57 21.14 19.40 8.69 18.89 18.63 17.16 16.28 15.09 14.47

4 Pn-3-O -glc 13.32 9.34 5.76 7.86 7.95 6.90 6.64 6.52 5.80 2.51 5.78 5.94 5.57 5.79 5.29 4.62

5 Mv-3-O -glc 101.80 101.54 114.27 135.86 132.84 132.91 120.52 127.97 121.57 57.82 118.49 116.21 109.28 105.10 96.58 89.22

6 Dp-3-O -(6-ac)-glc 0.69 1.94 2.19 2.99 2.54 2.83 2.72 2.93 2.50 1.16 2.32 2.30 2.23 2.09 2.12 3.21

7 Pt-3-O -(6-ac)-glc 1.63 2.18 2.77 4.25 3.69 3.28 3.61 3.23 3.68 1.74 3.65 3.65 3.51 3.36 3.28 2.26

8 Pn-3-O -(6-ac)-glc 1.23 1.99 2.81 3.14 2.81 3.18 2.83 2.90 2.83 1.09 2.69 2.73 2.72 2.61 1.97 1.80

9 Mv-3-O -(6-ac)-glc 8.18 9.92 13.13 16.39 14.46 14.14 13.50 13.38 12.62 6.00 12.39 12.23 11.31 10.85 10.32 9.42

10 Mv-3-O -(6-caff)-glc 1.76 1.87 4.10 4.59 4.66 4.22 5.10 4.62 5.66 2.65 4.51 5.65 5.31 5.23 5.26 3.26

11 Pt-3-O -(6-p -coum)-glc 1.60 2.15 3.96 5.62 4.87 4.84 3.90 4.49 4.18 1.89 4.07 4.07 3.69 3.52 3.48 3.35

12 Pn-3-O -(6-p -coum)-glc 14.97 14.13 26.25 35.81 32.96 31.92 26.60 27.69 24.30 10.30 23.06 22.45 20.66 19.19 18.14 15.23

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - -



Table S2. Anthocyanin derivatives concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of Mv-3-O -glc equiv./L.

Tank 01

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.080 0.066 0.101 0.160 0.153 0.176 0.138 0.160 0.161 0.093 0.064 0.074 0.048 0.074 0.083 0.062

15 Epicatechin-Mv-3-O -glc 0.019 0.022 0.028 0.048 0.046 0.042 0.041 0.037 0.051 0.030 0.018 0.030 0.013 0.020 0.023 0.020

16 Mv-3-O -glc-(epi)catechin 0.003 0.003 0.004 0.004 0.003 0.004 0.004 0.003 0.004 0.003 0.001 0.002 0.001 0.002 0.001 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.003 0.003 0.004 0.003 0.002 0.003 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.114 0.240 0.450 0.529 0.626 0.512 0.490 0.470 0.530 0.477 0.308 0.471 0.301 0.417 0.377 0.351

19 Mv-3-O -glc-acetaldehyde 0.372 0.671 0.905 2.083 2.269 1.174 0.924 0.920 1.392 1.425 0.594 1.503 0.487 0.306 0.525 0.325

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001

21 Mv-3-O -glc-8-ethyl-catechin 1 0.003 0.002 0.005 0.007 0.008 0.005 0.005 0.006 0.011 0.006 0.004 0.007 0.004 0.004 0.004 0.003

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.003 0.005 0.008 0.008 0.006 0.007 0.009 0.010 0.007 0.004 0.007 0.004 0.005 0.005 0.004

23 Mv-3-O -glc-8-ethyl-epicatechin 0.003 0.004 0.007 0.010 0.016 0.009 0.009 0.010 0.013 0.010 0.005 0.009 0.005 0.006 0.004 0.003

24 Mv-3-O -(6-p -coum)-glc cis 1.500 0.789 1.157 1.866 1.887 1.128 0.896 0.673 0.000 0.702 0.422 0.496 0.358 0.480 0.476 0.265

25 Mv-3-O -(6-p -coum)-glc trans 65.851 61.821 89.625 110.899 100.513 82.624 75.043 47.981 0.031 50.894 38.326 58.694 30.438 37.967 34.764 28.597

26 Mv-3-O -glc-4-vinylphenol 0.008 0.014 0.126 0.165 0.183 0.185 0.242 0.264 0.001 0.437 0.237 0.449 0.198 0.353 0.335 0.277

Tank 02

# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.098 0.063 0.101 0.149 0.133 0.163 0.144 0.162 0.171 0.095 0.067 0.069 0.048 0.073 0.080 0.064

15 Epicatechin-Mv-3-O -glc 0.025 0.019 0.032 0.043 0.045 0.041 0.042 0.033 0.052 0.029 0.022 0.025 0.012 0.018 0.020 0.016

16 Mv-3-O -glc-(epi)catechin 0.004 0.002 0.004 0.004 0.003 0.003 0.004 0.003 0.004 0.002 0.002 0.002 0.001 0.001 0.002 0.002

17 Mv-3-O -glc-A-catechin 0.003 0.002 0.003 0.002 0.002 0.001 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.106 0.210 0.400 0.576 0.436 0.516 0.500 0.450 0.529 0.447 0.341 0.491 0.295 0.498 0.424 0.390

19 Mv-3-O -glc-acetaldehyde 0.403 0.562 0.683 2.101 1.412 1.102 1.118 0.823 1.661 2.264 1.782 3.154 1.953 2.074 0.873 0.609

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.002

21 Mv-3-O -glc-8-ethyl-catechin 1 0.003 0.002 0.005 0.007 0.006 0.005 0.005 0.005 0.013 0.006 0.004 0.007 0.004 0.004 0.004 0.003

22 Mv-3-O -glc-8-ethyl-catechin 2 0.004 0.002 0.005 0.007 0.007 0.006 0.006 0.007 0.011 0.006 0.005 0.007 0.004 0.005 0.006 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.003 0.002 0.007 0.010 0.008 0.007 0.008 0.008 0.015 0.009 0.006 0.009 0.005 0.006 0.005 0.004

24 Mv-3-O -(6-p -coum)-glc cis 1.544 0.838 0.962 1.344 0.930 0.772 0.937 0.728 0.846 0.850 0.561 0.832 0.289 0.450 0.418 0.247

25 Mv-3-O -(6-p -coum)-glc trans 59.302 40.170 83.928 112.070 82.020 84.610 77.422 45.301 67.176 46.182 43.506 57.010 26.616 34.483 29.746 26.113

26 Mv-3-O -glc-4-vinylphenol 0.008 0.011 0.101 0.181 0.149 0.185 0.256 0.242 0.465 0.335 0.199 0.375 0.142 0.287 0.246 0.219

Tank 03
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.082 0.055 0.095 0.152 0.131 0.166 0.147 0.185 0.171 0.088 0.067 0.066 0.049 0.073 0.079 0.066

15 Epicatechin-Mv-3-O -glc 0.029 0.016 0.025 0.043 0.045 0.054 0.042 0.048 0.043 0.023 0.018 0.021 0.014 0.020 0.021 0.023

16 Mv-3-O -glc-(epi)catechin 0.003 0.002 0.003 0.004 0.003 0.004 0.003 0.005 0.004 0.002 0.001 0.002 0.002 0.002 0.002 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.002 0.003 0.003 0.002 0.002 0.002 0.004 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.102 0.229 0.421 0.500 0.454 0.544 0.493 0.498 0.555 0.481 0.347 0.452 0.314 0.467 0.405 0.375

19 Mv-3-O -glc-acetaldehyde 0.400 0.553 0.975 1.702 1.394 1.128 0.950 0.789 1.905 2.106 1.198 1.997 1.201 1.091 0.656 0.398

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.002 0.002

21 Mv-3-O -glc-8-ethyl-catechin 1 0.003 0.002 0.004 0.005 0.005 0.005 0.005 0.008 0.013 0.006 0.004 0.006 0.004 0.005 0.005 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.003 0.005 0.008 0.006 0.006 0.007 0.009 0.011 0.007 0.004 0.006 0.005 0.005 0.006 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.004 0.003 0.005 0.009 0.007 0.008 0.007 0.012 0.012 0.008 0.004 0.008 0.006 0.007 0.004 0.004

24 Mv-3-O -(6-p -coum)-glc cis 1.006 0.858 1.029 1.258 0.767 0.719 0.983 0.735 1.003 0.873 0.522 0.695 0.449 0.578 0.545 0.461

25 Mv-3-O -(6-p -coum)-glc trans 62.486 41.915 80.892 95.038 77.257 92.005 76.711 67.978 67.313 47.519 41.231 52.640 38.679 45.584 35.610 40.150

26 Mv-3-O -glc-4-vinylphenol 0.008 0.011 0.100 0.144 0.152 0.210 0.240 0.296 0.441 0.400 0.237 0.359 0.209 0.359 0.284 0.276

Tank 04
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.063 0.052 0.090 0.149 0.143 0.177 0.146 0.175 0.183 0.096 0.065 0.068 0.050 0.072 0.081 0.063

15 Epicatechin-Mv-3-O -glc 0.015 0.015 0.027 0.046 0.043 0.045 0.034 0.043 0.056 0.030 0.020 0.023 0.017 0.022 0.020 0.018

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.004 0.004 0.003 0.003 0.003 0.003 0.007 0.002 0.002 0.002 0.002 0.002 0.002 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.002 0.003 0.004 0.002 0.003 0.002 0.004 0.004 0.001 0.001 0.001 0.001 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.087 0.219 0.412 0.451 0.483 0.454 0.489 0.430 0.577 0.484 0.335 0.411 0.293 0.429 0.383 0.358

19 Mv-3-O -glc-acetaldehyde 0.320 0.494 0.606 1.642 1.761 1.033 1.189 0.858 2.786 3.036 2.275 3.148 1.911 1.924 0.876 0.658

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.002 0.002 0.002 0.002 0.002

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.001 0.005 0.005 0.006 0.006 0.006 0.008 0.012 0.007 0.005 0.007 0.005 0.006 0.005 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.002 0.005 0.008 0.007 0.007 0.008 0.009 0.012 0.009 0.007 0.007 0.006 0.007 0.006 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.003 0.002 0.006 0.010 0.008 0.008 0.009 0.012 0.015 0.011 0.007 0.010 0.007 0.007 0.006 0.004

24 Mv-3-O -(6-p -coum)-glc cis 1.009 0.750 1.023 1.284 1.134 0.962 0.900 0.781 1.011 0.930 0.480 0.685 0.373 0.487 0.413 0.211

25 Mv-3-O -(6-p -coum)-glc trans 53.872 37.222 76.298 102.558 86.148 94.625 79.548 47.956 76.941 53.033 46.034 54.552 36.943 38.616 31.334 23.451

26 Mv-3-O -glc-4-vinylphenol 0.004 0.009 0.091 0.138 0.133 0.192 0.235 0.196 0.463 0.339 0.180 0.308 0.122 0.258 0.244 0.186

Tank 05
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.083 0.059 0.094 0.130 0.134 0.171 0.140 0.189 0.168 0.101 0.068 0.074 0.049 0.072 0.079 0.069

15 Epicatechin-Mv-3-O -glc 0.020 0.020 0.025 0.039 0.049 0.057 0.039 0.045 0.046 0.030 0.021 0.025 0.014 0.022 0.023 0.020

16 Mv-3-O -glc-(epi)catechin 0.002 0.002 0.003 0.003 0.004 0.004 0.002 0.004 0.005 0.002 0.002 0.002 0.001 0.002 0.002 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.002 0.002 0.003 0.002 0.002 0.001 0.003 0.004 0.001 0.001 0.001 0.001 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.095 0.251 0.368 0.513 0.494 0.477 0.478 0.444 0.474 0.368 0.263 0.339 0.235 0.345 0.330 0.268

19 Mv-3-O -glc-acetaldehyde 0.296 0.574 0.938 2.056 1.876 0.771 0.936 0.878 1.637 1.355 0.674 1.250 0.803 0.682 0.650 0.431

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.001 0.004 0.006 0.008 0.006 0.006 0.008 0.010 0.008 0.005 0.008 0.004 0.006 0.005 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.002 0.006 0.008 0.008 0.007 0.007 0.010 0.011 0.009 0.007 0.009 0.005 0.007 0.006 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.002 0.006 0.010 0.009 0.009 0.009 0.011 0.015 0.011 0.007 0.010 0.006 0.008 0.004 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.590 0.786 0.929 0.628 1.017 0.651 0.712 0.851 0.832 0.863 0.378 0.701 0.241 0.462 0.424 0.187

25 Mv-3-O -(6-p -coum)-glc trans 52.578 38.756 62.966 88.145 78.372 83.615 65.753 59.706 54.505 45.055 34.625 47.005 27.514 35.244 26.141 19.066

26 Mv-3-O -glc-4-vinylphenol 0.006 0.010 0.060 0.103 0.120 0.156 0.191 0.259 0.368 0.304 0.161 0.291 0.165 0.297 0.283 0.211

Tank 06
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.087 0.066 0.094 0.130 0.142 0.158 0.147 0.190 0.165 0.092 0.000 0.075 0.052 0.075 0.088 0.072

15 Epicatechin-Mv-3-O -glc 0.026 0.020 0.026 0.039 0.044 0.045 0.039 0.046 0.051 0.027 0.000 0.028 0.013 0.023 0.021 0.021

16 Mv-3-O -glc-(epi)catechin 0.003 0.003 0.004 0.003 0.003 0.003 0.003 0.004 0.005 0.001 0.000 0.003 0.002 0.002 0.002 0.002

17 Mv-3-O -glc-A-catechin 0.003 0.002 0.003 0.002 0.002 0.002 0.002 0.002 0.003 0.001 0.000 0.001 0.001 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.098 0.213 0.306 0.484 0.450 0.432 0.452 0.413 0.468 0.294 0.000 0.378 0.243 0.378 0.339 0.355

19 Mv-3-O -glc-acetaldehyde 0.321 0.497 0.859 1.777 1.512 0.874 0.935 0.855 1.992 1.383 0.000 2.519 1.884 1.786 0.918 0.659

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.002 0.003 0.001 0.000 0.002 0.001 0.002 0.003 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.003 0.001 0.005 0.008 0.007 0.007 0.008 0.008 0.013 0.007 0.000 0.008 0.005 0.006 0.005 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.003 0.005 0.008 0.008 0.007 0.008 0.010 0.012 0.008 0.000 0.008 0.006 0.007 0.006 0.006

23 Mv-3-O -glc-8-ethyl-epicatechin 0.003 0.002 0.006 0.009 0.008 0.009 0.009 0.011 0.015 0.009 0.000 0.010 0.006 0.007 0.004 0.004

24 Mv-3-O -(6-p -coum)-glc cis 1.237 0.735 0.913 1.026 1.053 0.787 0.895 0.861 0.792 0.628 0.000 0.686 0.232 0.413 0.340 0.268

25 Mv-3-O -(6-p -coum)-glc trans 56.542 35.175 57.232 97.312 76.241 77.872 66.864 54.453 58.999 34.866 0.002 51.172 27.481 34.276 22.239 27.197

26 Mv-3-O -glc-4-vinylphenol 0.008 0.010 0.057 0.110 0.105 0.149 0.191 0.205 0.367 0.198 - 0.281 0.137 0.267 0.194 0.212

continued



Table S2. Anthocyanin derivatives concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of Mv-3-O -glc equiv./L.

Tank 07
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.096 0.059 0.102 0.138 0.139 0.183 0.161 0.208 0.189 0.102 0.078 0.086 0.063 0.086 0.100 0.079

15 Epicatechin-Mv-3-O -glc 0.028 0.019 0.024 0.038 0.044 0.048 0.029 0.046 0.045 0.027 0.022 0.026 0.017 0.023 0.025 0.021

16 Mv-3-O -glc-(epi)catechin 0.003 0.002 0.003 0.003 0.003 0.003 0.003 0.004 0.006 0.002 0.002 0.002 0.002 0.002 0.001 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.097 0.222 0.268 0.379 0.409 0.418 0.431 0.435 0.438 0.389 0.280 0.331 0.213 0.328 0.364 0.264

19 Mv-3-O -glc-acetaldehyde 0.264 0.467 0.654 0.725 1.022 1.017 0.986 0.865 1.234 1.475 1.243 1.175 0.637 0.838 0.796 0.409

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.002 0.002

21 Mv-3-O -glc-8-ethyl-catechin 1 0.003 0.002 0.004 0.005 0.006 0.005 0.006 0.008 0.011 0.006 0.005 0.007 0.005 0.006 0.005 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.002 0.005 0.006 0.007 0.006 0.007 0.011 0.011 0.008 0.006 0.007 0.005 0.006 0.006 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.004 0.002 0.005 0.007 0.008 0.007 0.008 0.010 0.012 0.008 0.007 0.008 0.006 0.007 0.004 0.003

24 Mv-3-O -(6-p -coum)-glc cis 0.881 0.674 0.760 0.893 0.676 0.952 0.789 0.882 0.821 0.704 0.508 0.640 0.308 0.496 0.518 0.190

25 Mv-3-O -(6-p -coum)-glc trans 58.056 35.210 50.966 70.246 63.967 69.671 64.245 54.637 57.584 42.854 40.261 47.393 28.221 36.216 32.282 19.700

26 Mv-3-O -glc-4-vinylphenol 0.006 0.007 0.052 0.075 0.087 0.133 0.168 0.190 0.317 0.283 0.202 0.206 0.001 0.207 0.273 0.158

Tank 08
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.067 0.054 0.090 0.124 0.114 0.162 0.144 0.180 0.171 0.093 0.064 0.071 0.054 0.070 0.086 0.069

15 Epicatechin-Mv-3-O -glc 0.024 0.018 0.027 0.033 0.040 0.047 0.039 0.045 0.046 0.029 0.018 0.025 0.016 0.019 0.020 0.021

16 Mv-3-O -glc-(epi)catechin 0.003 0.002 0.004 0.003 0.003 0.003 0.003 0.004 0.005 0.002 0.001 0.002 0.002 0.002 0.002 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.002 0.002 0.001 0.002 0.003 0.002 0.003 0.004 0.001 0.001 0.001 0.001 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.090 0.227 0.312 0.384 0.380 0.439 0.449 0.468 0.478 0.379 0.327 0.377 0.259 0.394 0.378 0.322

19 Mv-3-O -glc-acetaldehyde 0.273 0.470 0.767 1.096 0.966 0.770 0.695 1.077 1.300 1.879 2.157 2.160 1.734 1.723 0.884 0.505

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.002 0.003 0.002 0.003 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.001 0.004 0.005 0.006 0.006 0.006 0.008 0.010 0.007 0.004 0.007 0.006 0.006 0.006 0.005

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.002 0.005 0.006 0.007 0.007 0.007 0.010 0.012 0.008 0.006 0.008 0.007 0.007 0.007 0.006

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.002 0.005 0.007 0.007 0.008 0.009 0.010 0.017 0.009 0.006 0.009 0.007 0.007 0.005 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.878 0.684 0.838 0.839 0.763 0.828 0.882 0.855 0.707 0.720 0.455 0.687 0.463 0.469 0.452 0.223

25 Mv-3-O -(6-p -coum)-glc trans 41.064 38.753 53.981 67.286 62.434 74.027 63.299 52.128 58.069 43.540 31.993 46.066 31.140 34.300 28.643 25.237

26 Mv-3-O -glc-4-vinylphenol 0.005 0.010 0.062 0.081 0.100 0.149 0.188 0.211 0.404 0.299 0.225 0.235 0.141 0.263 0.252 0.201

Tank 09
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.067 0.045 0.092 0.117 0.111 0.143 0.138 0.186 0.173 0.103 0.066 0.070 0.056 0.079 0.088 0.069

15 Epicatechin-Mv-3-O -glc 0.022 0.015 0.029 0.036 0.041 0.041 0.038 0.048 0.045 0.033 0.018 0.023 0.014 0.026 0.029 0.017

16 Mv-3-O -glc-(epi)catechin 0.002 0.002 0.003 0.003 0.003 0.004 0.002 0.004 0.005 0.003 0.002 0.002 0.002 0.002 0.002 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.001 0.003 0.003 0.002 0.002 0.001 0.003 0.004 0.002 0.001 0.001 0.001 0.002 0.001 0.002

18 Mv-3-O -glc-pyruvic 0.093 0.183 0.340 0.448 0.430 0.370 0.422 0.513 0.482 0.430 0.293 0.423 0.306 0.405 0.405 0.324

19 Mv-3-O -glc-acetaldehyde 0.321 0.418 0.992 0.950 0.956 0.959 0.890 0.924 1.082 1.140 0.911 1.329 0.902 0.462 0.714 0.346

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.002

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.001 0.004 0.004 0.006 0.006 0.006 0.008 0.012 0.009 0.005 0.007 0.005 0.007 0.006 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.002 0.005 0.006 0.007 0.007 0.007 0.010 0.011 0.008 0.007 0.007 0.005 0.007 0.007 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.002 0.007 0.009 0.009 0.009 0.009 0.015 0.018 0.014 0.009 0.012 0.008 0.009 0.006 0.005

24 Mv-3-O -(6-p -coum)-glc cis 1.016 0.669 0.828 0.884 0.848 0.738 0.716 0.885 0.842 0.870 0.726 0.818 0.370 0.687 0.551 0.226

25 Mv-3-O -(6-p -coum)-glc trans 31.368 35.326 59.629 76.205 66.165 72.538 59.672 59.120 60.154 47.715 39.914 45.045 29.987 46.500 37.738 22.684

26 Mv-3-O -glc-4-vinylphenol 0.004 0.007 0.070 0.110 0.086 0.143 0.205 0.309 0.471 0.437 0.262 0.382 0.271 0.408 0.371 0.295

Tank 10
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.071 0.049 0.076 0.117 0.120 0.145 0.124 0.181 0.158 0.096 0.062 0.068 0.062 0.075 0.084 0.060

15 Epicatechin-Mv-3-O -glc 0.026 0.018 0.024 0.036 0.047 0.041 0.035 0.054 0.044 0.032 0.020 0.023 0.016 0.022 0.025 0.016

16 Mv-3-O -glc-(epi)catechin 0.003 0.002 0.003 0.003 0.003 0.004 0.002 0.005 0.005 0.002 0.001 0.002 0.002 0.002 0.002 0.002

17 Mv-3-O -glc-A-catechin 0.003 0.002 0.002 0.003 0.002 0.002 0.002 0.004 0.004 0.002 0.001 0.002 0.002 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.082 0.199 0.329 0.446 0.447 0.414 0.410 0.513 0.497 0.389 0.299 0.419 0.346 0.434 0.413 0.318

19 Mv-3-O -glc-acetaldehyde 0.290 0.396 0.989 0.892 0.936 1.024 0.883 0.916 1.168 1.280 1.025 1.814 1.044 1.054 0.770 0.442

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.001 0.004 0.005 0.007 0.005 0.005 0.009 0.013 0.007 0.005 0.006 0.005 0.006 0.005 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.002 0.005 0.006 0.007 0.006 0.007 0.010 0.011 0.009 0.005 0.007 0.006 0.007 0.006 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.002 0.006 0.009 0.010 0.010 0.009 0.015 0.017 0.012 0.008 0.012 0.009 0.009 0.006 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.868 0.616 0.618 0.935 1.422 1.000 0.719 1.005 0.829 0.725 0.382 0.670 0.405 0.557 0.429 0.158

25 Mv-3-O -(6-p -coum)-glc trans 32.574 35.574 59.013 82.278 77.240 67.240 63.014 66.249 58.926 45.289 29.607 39.047 27.882 36.572 30.510 15.125

26 Mv-3-O -glc-4-vinylphenol 0.004 0.007 0.070 0.116 0.087 0.131 0.200 0.316 0.503 0.362 0.240 0.353 0.263 0.355 0.346 0.227

Tank 11
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.077 0.042 0.082 0.111 0.107 0.137 0.136 0.181 0.164 0.088 0.064 0.069 0.054 0.079 0.086 0.077

15 Epicatechin-Mv-3-O -glc 0.024 0.014 0.023 0.033 0.039 0.033 0.034 0.051 0.039 0.025 0.020 0.022 0.015 0.025 0.030 0.022

16 Mv-3-O -glc-(epi)catechin 0.004 0.002 0.003 0.003 0.003 0.003 0.002 0.004 0.004 0.001 0.001 0.002 0.002 0.002 0.001 0.003

17 Mv-3-O -glc-A-catechin 0.003 0.001 0.002 0.002 0.001 0.003 0.002 0.003 0.004 0.001 0.001 0.002 0.001 0.001 0.001 0.002

18 Mv-3-O -glc-pyruvic 0.078 0.200 0.358 0.442 0.389 0.463 0.468 0.524 0.490 0.445 0.289 0.413 0.287 0.391 0.414 0.331

19 Mv-3-O -glc-acetaldehyde 0.302 0.379 1.014 0.884 0.837 1.045 1.002 1.056 1.238 1.350 0.774 1.301 0.876 0.482 0.646 0.394

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.001 0.000 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.001 0.004 0.004 0.005 0.006 0.005 0.010 0.012 0.006 0.004 0.007 0.005 0.006 0.006 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.001 0.004 0.005 0.007 0.007 0.006 0.010 0.012 0.006 0.006 0.007 0.006 0.007 0.007 0.006

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.002 0.005 0.007 0.008 0.009 0.009 0.015 0.015 0.011 0.007 0.012 0.008 0.009 0.006 0.005

24 Mv-3-O -(6-p -coum)-glc cis 0.990 0.575 0.682 0.757 0.899 0.842 0.740 0.850 0.747 0.436 0.395 0.692 0.334 0.726 0.650 0.358

25 Mv-3-O -(6-p -coum)-glc trans 32.253 36.119 53.320 69.416 59.712 76.177 62.311 60.164 51.342 33.339 23.262 43.531 30.690 44.153 36.778 30.095

26 Mv-3-O -glc-4-vinylphenol 0.004 0.008 0.059 0.090 0.093 0.142 0.209 0.276 0.461 0.400 0.221 0.403 0.222 0.370 0.406 0.342

Tank 12
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.071 0.048 0.096 0.124 0.097 0.152 0.140 0.179 0.171 0.097 0.061 0.067 0.054 0.072 0.095 0.067

15 Epicatechin-Mv-3-O -glc 0.025 0.016 0.028 0.038 0.036 0.035 0.036 0.035 0.052 0.025 0.020 0.023 0.015 0.022 0.034 0.021

16 Mv-3-O -glc-(epi)catechin 0.003 0.002 0.003 0.004 0.003 0.003 0.003 0.004 0.006 0.002 0.002 0.002 0.002 0.002 0.002 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.002 0.002 0.003 0.002 0.002 0.002 0.004 0.004 0.002 0.001 0.002 0.002 0.001 0.001 0.001

18 Mv-3-O -glc-pyruvic 0.088 0.182 0.367 0.447 0.434 0.444 0.407 0.429 0.507 0.422 0.322 0.407 0.249 0.447 0.420 0.364

19 Mv-3-O -glc-acetaldehyde 0.331 0.338 0.994 0.972 0.821 0.672 0.920 0.731 1.456 1.503 1.156 1.698 0.920 1.148 0.770 0.462

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.002 0.003 0.001 0.002 0.002 0.002 0.002 0.003 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.001 0.005 0.006 0.006 0.005 0.006 0.010 0.012 0.007 0.005 0.008 0.006 0.007 0.007 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.002 0.006 0.006 0.006 0.007 0.007 0.011 0.013 0.008 0.006 0.008 0.007 0.008 0.008 0.006

23 Mv-3-O -glc-8-ethyl-epicatechin 0.003 0.002 0.007 0.009 0.009 0.010 0.010 0.014 0.019 0.012 0.009 0.012 0.010 0.010 0.008 0.005

24 Mv-3-O -(6-p -coum)-glc cis 0.902 0.565 0.859 0.629 0.891 0.906 0.708 0.000 1.026 0.625 0.420 0.627 0.351 0.469 0.585 0.231

25 Mv-3-O -(6-p -coum)-glc trans 35.781 28.241 64.882 89.466 62.644 71.024 58.141 0.037 67.879 40.303 35.370 48.138 33.761 41.772 36.616 21.317

26 Mv-3-O -glc-4-vinylphenol 0.004 0.006 0.071 0.103 0.079 0.145 0.179 0.002 0.458 0.334 0.250 0.287 0.177 0.329 0.313 0.266

continued



Table S2. Anthocyanin derivatives concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of Mv-3-O -glc equiv./L.

Tank 13
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.072 0.056 0.103 0.111 0.124 0.154 0.152 0.199 0.145 0.097 - 0.066 0.058 0.071 0.130 0.071

15 Epicatechin-Mv-3-O -glc 0.022 0.018 0.027 0.035 0.031 0.041 0.042 0.046 0.037 0.038 - 0.025 0.016 0.026 0.050 0.018

16 Mv-3-O -glc-(epi)catechin 0.003 0.003 0.003 0.004 0.003 0.003 0.003 0.005 0.003 0.003 - 0.003 0.002 0.002 0.004 0.003

17 Mv-3-O -glc-A-catechin 0.002 0.003 0.003 0.003 0.002 0.003 0.002 0.005 0.003 0.002 - 0.002 0.001 0.001 0.002 0.002

18 Mv-3-O -glc-pyruvic 0.076 0.223 0.461 0.462 0.401 0.421 0.498 0.406 0.474 0.398 - 0.423 0.217 0.339 0.409 0.357

19 Mv-3-O -glc-acetaldehyde 0.289 0.408 0.969 1.227 0.816 0.654 1.196 1.031 1.303 1.743 - 2.273 0.728 1.712 0.926 0.651

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.002 - 0.002 0.002 0.002 0.006 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.005 0.006 0.006 0.007 0.007 0.011 0.011 0.010 - 0.010 0.007 0.008 0.015 0.005

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.003 0.006 0.006 0.008 0.009 0.009 0.012 0.011 0.009 - 0.004 0.008 0.009 0.018 0.007

23 Mv-3-O -glc-8-ethyl-epicatechin 0.003 0.004 0.006 0.009 0.009 0.010 0.012 0.017 0.016 0.014 - 0.010 0.008 0.011 0.015 0.006

24 Mv-3-O -(6-p -coum)-glc cis 0.936 0.645 0.523 0.833 0.630 0.816 0.885 0.812 0.512 0.659 - 0.641 0.318 0.554 0.527 0.301

25 Mv-3-O -(6-p -coum)-glc trans 35.877 35.132 60.555 76.987 60.407 59.081 61.509 52.197 37.742 39.349 - 37.525 25.308 35.984 35.674 23.555

26 Mv-3-O -glc-4-vinylphenol 0.005 0.008 0.080 0.087 0.087 0.136 0.209 0.208 0.358 0.314 - 0.247 0.110 0.227 0.310 0.261

Tank 14
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.071 0.054 0.109 0.116 0.140 0.146 0.152 0.178 0.157 0.097 0.059 0.072 0.060 0.074 0.124 0.059

15 Epicatechin-Mv-3-O -glc 0.023 0.020 0.034 0.033 0.034 0.036 0.038 0.040 0.040 0.030 0.017 0.031 0.017 0.022 0.043 0.014

16 Mv-3-O -glc-(epi)catechin 0.003 0.003 0.004 0.004 0.003 0.003 0.003 0.003 0.005 0.003 0.002 0.003 0.002 0.001 0.003 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.002 0.003 0.003 0.002 0.002 0.003 0.003 0.004 0.002 0.001 0.002 0.001 0.001 0.002 0.002

18 Mv-3-O -glc-pyruvic 0.076 0.214 0.400 0.454 0.429 0.420 0.434 0.404 0.471 0.406 0.238 0.404 0.225 0.338 0.406 0.308

19 Mv-3-O -glc-acetaldehyde 0.300 0.477 0.729 1.187 0.910 0.668 1.096 1.006 1.365 1.542 0.892 2.047 0.622 1.341 0.868 0.465

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.002 0.002 0.002 0.001 0.002 0.002 0.002 0.001 0.002 0.002 0.002 0.007 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.005 0.005 0.006 0.006 0.007 0.010 0.013 0.008 0.005 0.010 0.006 0.007 0.015 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.003 0.006 0.007 0.008 0.007 0.008 0.012 0.013 0.010 0.006 0.010 0.008 0.008 0.018 0.006

23 Mv-3-O -glc-8-ethyl-epicatechin 0.003 0.003 0.008 0.008 0.009 0.009 0.011 0.014 0.019 0.013 0.007 0.008 0.010 0.010 0.014 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.913 0.652 0.963 0.956 0.798 0.721 0.757 0.764 0.753 0.632 0.266 0.635 0.372 0.484 0.580 0.196

25 Mv-3-O -(6-p -coum)-glc trans 37.526 40.617 69.293 79.827 62.702 57.786 60.716 53.098 44.296 37.959 26.707 33.999 25.500 34.115 36.852 15.953

26 Mv-3-O -glc-4-vinylphenol 0.005 0.007 0.082 0.080 0.091 0.132 0.166 0.191 0.376 0.341 0.132 0.239 0.106 0.241 0.292 0.138

Tank 15
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.054 0.051 0.086 0.113 0.136 0.171 0.152 0.197 0.136 0.102 0.050 0.070 0.057 0.067 0.118 0.070

15 Epicatechin-Mv-3-O -glc 0.016 0.018 0.025 0.031 0.037 0.048 0.038 0.049 0.034 0.034 0.012 0.029 0.016 0.020 0.044 0.014

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.003 0.003 0.003 0.004 0.003 0.005 0.002 0.003 0.001 0.002 0.002 0.002 0.004 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.002 0.003 0.002 0.003 0.004 0.003 0.004 0.003 0.002 0.001 0.002 0.001 0.001 0.002 0.001

18 Mv-3-O -glc-pyruvic 0.071 0.212 0.367 0.467 0.437 0.458 0.482 0.448 0.477 0.385 0.210 0.480 0.279 0.370 0.430 0.292

19 Mv-3-O -glc-acetaldehyde 0.257 0.473 0.976 1.035 0.797 0.759 1.104 0.726 1.196 1.369 0.993 1.778 0.894 1.415 0.806 0.378

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.001 0.000 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.002 0.001 0.002 0.002 0.002 0.006 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.004 0.005 0.006 0.007 0.007 0.009 0.010 0.009 0.003 0.010 0.007 0.007 0.014 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.003 0.006 0.006 0.007 0.008 0.008 0.010 0.011 0.009 0.004 0.003 0.007 0.008 0.016 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.003 0.006 0.008 0.009 0.009 0.011 0.015 0.013 0.011 0.005 0.008 0.010 0.010 0.013 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.904 0.669 0.641 0.775 0.776 1.333 0.861 0.820 0.511 0.687 0.157 0.686 0.455 0.506 0.465 0.198

25 Mv-3-O -(6-p -coum)-glc trans 39.225 34.964 56.868 73.764 59.539 64.912 61.018 52.853 30.415 36.693 4.593 41.228 27.607 36.441 34.471 17.181

26 Mv-3-O -glc-4-vinylphenol 0.004 0.007 0.062 0.081 0.091 0.125 0.183 0.227 0.352 0.277 0.099 0.325 0.164 0.253 0.260 0.127

Tank 16
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.072 0.050 0.096 0.110 0.154 0.159 0.151 0.195 0.163 0.097 0.061 0.068 0.058 0.072 0.125 0.074

15 Epicatechin-Mv-3-O -glc 0.028 0.018 0.025 0.035 0.040 0.040 0.038 0.048 0.050 0.035 0.014 0.026 0.016 0.023 0.043 0.019

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.003 0.002 0.004 0.004 0.004 0.005 0.005 0.003 0.001 0.003 0.002 0.002 0.004 0.003

17 Mv-3-O -glc-A-catechin 0.002 0.002 0.002 0.003 0.003 0.004 0.003 0.004 0.004 0.002 0.001 0.002 0.002 0.001 0.002 0.002

18 Mv-3-O -glc-pyruvic 0.080 0.206 0.362 0.441 0.452 0.443 0.448 0.462 0.481 0.386 0.224 0.437 0.253 0.366 0.287 0.387

19 Mv-3-O -glc-acetaldehyde 0.276 0.502 0.959 0.934 1.004 1.024 0.984 1.039 1.209 1.329 0.621 2.038 0.970 1.592 0.515 0.586

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.001 0.000 0.001 0.001 0.001 0.001 0.001 0.002 0.003 0.002 0.001 0.003 0.002 0.003 0.007 0.004

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.004 0.005 0.007 0.007 0.007 0.009 0.014 0.009 0.004 0.010 0.008 0.008 0.013 0.006

22 Mv-3-O -glc-8-ethyl-catechin 2 0.002 0.003 0.005 0.006 0.009 0.007 0.008 0.012 0.014 0.010 0.005 0.004 0.008 0.008 0.015 0.007

23 Mv-3-O -glc-8-ethyl-epicatechin 0.003 0.003 0.007 0.008 0.011 0.010 0.011 0.018 0.019 0.013 0.007 0.011 0.009 0.013 0.014 0.006

24 Mv-3-O -(6-p -coum)-glc cis 0.798 0.637 0.717 0.821 0.720 1.040 0.893 1.004 0.961 0.718 0.299 0.765 0.545 0.595 0.408 0.348

25 Mv-3-O -(6-p -coum)-glc trans 36.231 30.364 62.208 75.388 73.757 60.870 61.529 60.932 51.635 34.933 16.877 37.789 27.478 36.792 30.733 29.251

26 Mv-3-O -glc-4-vinylphenol 0.004 0.006 0.085 0.107 0.094 0.120 0.166 0.245 0.389 0.270 0.115 0.260 0.145 0.238 0.235 0.236

Tank 17
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.057 0.053 0.091 0.124 0.156 0.139 0.141 0.162 0.152 0.090 0.051 0.063 0.051 0.071 0.121 0.068

15 Epicatechin-Mv-3-O -glc 0.014 0.016 0.021 0.032 0.042 0.029 0.032 0.035 0.037 0.032 0.014 0.024 0.012 0.022 0.036 0.017

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.003 0.004 0.005 0.002 0.002 0.004 0.004 0.002 0.002 0.002 0.001 0.002 0.004 0.002

17 Mv-3-O -glc-A-catechin 0.001 0.002 0.003 0.003 0.003 0.002 0.002 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.002 0.002

18 Mv-3-O -glc-pyruvic 0.070 0.186 0.365 0.407 0.387 0.388 0.475 0.383 0.436 0.404 0.233 0.404 0.251 0.309 0.355 0.288

19 Mv-3-O -glc-acetaldehyde 0.298 0.402 0.772 1.046 0.692 0.959 1.066 0.845 0.977 1.012 0.990 1.173 0.402 0.968 0.562 0.382

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.004 0.002

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.005 0.005 0.007 0.005 0.006 0.008 0.011 0.007 0.004 0.007 0.004 0.006 0.011 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.002 0.003 0.006 0.006 0.009 0.006 0.008 0.010 0.011 0.009 0.005 0.009 0.005 0.007 0.013 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.003 0.006 0.007 0.010 0.008 0.009 0.010 0.014 0.009 0.005 0.010 0.006 0.006 0.009 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.821 0.683 0.989 0.000 2.028 0.937 1.038 0.749 0.846 0.777 0.489 0.879 0.488 0.600 0.502 0.413

25 Mv-3-O -(6-p -coum)-glc trans 41.531 29.923 72.479 0.038 75.194 52.677 62.299 44.529 34.257 36.523 21.631 33.652 29.215 35.044 31.393 24.451

26 Mv-3-O -glc-4-vinylphenol 0.005 0.010 0.119 0.003 0.225 0.267 0.459 0.433 0.746 0.832 0.371 0.734 0.549 0.664 0.616 0.681

Tank 18
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.051 0.055 0.088 0.118 0.156 0.139 0.139 0.174 0.148 0.095 0.059 0.061 0.050 0.071 0.120 0.065

15 Epicatechin-Mv-3-O -glc 0.018 0.016 0.023 0.030 0.043 0.032 0.029 0.037 0.032 0.028 0.016 0.022 0.012 0.021 0.037 0.013

16 Mv-3-O -glc-(epi)catechin 0.003 0.003 0.003 0.003 0.004 0.003 0.003 0.003 0.003 0.003 0.002 0.003 0.001 0.002 0.004 0.002

17 Mv-3-O -glc-A-catechin 0.001 0.002 0.003 0.002 0.003 0.002 0.002 0.002 0.002 0.001 0.001 0.002 0.001 0.001 0.002 0.002

18 Mv-3-O -glc-pyruvic 0.066 0.193 0.329 0.386 0.401 0.390 0.467 0.408 0.485 0.418 0.239 0.423 0.250 0.320 0.376 0.317

19 Mv-3-O -glc-acetaldehyde 0.279 0.424 0.600 0.941 0.823 0.995 1.114 0.862 1.272 1.253 0.619 1.441 0.703 0.727 0.657 0.775

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.001 0.000 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.001 0.002 0.006 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.005 0.005 0.008 0.005 0.006 0.008 0.009 0.008 0.004 0.008 0.005 0.006 0.010 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.002 0.003 0.006 0.005 0.009 0.007 0.008 0.010 0.011 0.008 0.006 0.009 0.005 0.007 0.013 0.006

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.003 0.006 0.006 0.009 0.007 0.009 0.012 0.012 0.009 0.006 0.004 0.006 0.006 0.009 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.488 0.641 0.983 0.852 1.647 0.879 0.878 0.030 0.733 0.779 0.545 0.812 0.485 0.646 0.453 0.323

25 Mv-3-O -(6-p -coum)-glc trans 41.554 34.965 69.092 74.885 76.637 50.417 56.259 0.000 34.408 37.273 24.617 37.610 24.239 33.950 27.906 18.910

26 Mv-3-O -glc-4-vinylphenol 0.005 0.012 0.114 0.164 0.239 0.247 0.410 0.000 0.765 0.786 0.366 0.710 0.451 0.617 0.414 0.584

continued



Table S2. Anthocyanin derivatives concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of Mv-3-O -glc equiv./L.

Tank 19
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.048 0.066 0.101 0.000 0.171 0.171 0.159 0.184 0.168 0.099 0.068 0.089 0.061 0.089 0.151 0.083

15 Epicatechin-Mv-3-O -glc 0.014 0.019 0.027 0.000 0.041 0.040 0.032 0.043 0.035 0.026 0.021 0.030 0.016 0.024 0.047 0.023

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.004 0.000 0.005 0.004 0.004 0.004 0.004 0.003 0.002 0.002 0.001 0.002 0.004 0.002

17 Mv-3-O -glc-A-catechin 0.001 0.002 0.003 0.000 0.003 0.003 0.002 0.002 0.003 0.001 0.001 0.002 0.001 0.001 0.002 0.001

18 Mv-3-O -glc-pyruvic 0.062 0.234 0.337 0.000 0.380 0.453 0.457 0.445 0.445 0.377 0.279 0.409 0.174 0.276 0.403 0.313

19 Mv-3-O -glc-acetaldehyde 0.246 0.432 0.702 0.000 0.734 0.829 0.993 0.998 0.987 1.212 1.292 1.928 0.448 0.822 0.792 0.543

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.000 0.002 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.001 0.002 0.006 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.001 0.002 0.004 0.000 0.007 0.006 0.005 0.009 0.010 0.006 0.005 0.009 0.005 0.006 0.014 0.005

22 Mv-3-O -glc-8-ethyl-catechin 2 0.002 0.004 0.006 0.000 0.008 0.007 0.007 0.009 0.011 0.007 0.006 0.010 0.006 0.007 0.015 0.006

23 Mv-3-O -glc-8-ethyl-epicatechin 0.001 0.003 0.007 0.000 0.009 0.008 0.007 0.011 0.014 0.009 0.007 0.006 0.007 0.007 0.012 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.674 0.892 0.615 0.972 1.752 0.944 0.898 0.770 0.742 0.000 0.585 0.806 0.490 0.742 0.676 0.588

25 Mv-3-O -(6-p -coum)-glc trans 37.807 40.828 71.528 75.030 71.872 65.998 59.859 51.006 39.734 0.000 30.396 45.721 28.069 38.888 42.868 31.891

26 Mv-3-O -glc-4-vinylphenol 0.004 0.012 0.113 0.142 0.182 0.299 0.364 0.448 0.625 0.000 0.401 0.683 0.303 0.480 0.702 0.665

Tank 20
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.054 0.056 0.086 0.106 0.165 0.156 0.130 - 0.149 0.097 0.047 0.056 0.051 0.077 0.125 0.066

15 Epicatechin-Mv-3-O -glc 0.015 0.018 0.023 0.027 0.041 0.038 0.031 - 0.035 0.028 0.011 0.017 0.013 0.023 0.039 0.014

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.004 0.004 0.004 0.004 0.003 - 0.004 0.002 0.001 0.002 0.002 0.002 0.004 0.002

17 Mv-3-O -glc-A-catechin 0.001 0.002 0.003 0.002 0.004 0.004 0.002 - 0.003 0.002 0.001 0.001 0.001 0.001 0.002 0.001

18 Mv-3-O -glc-pyruvic 0.063 0.178 0.327 0.413 0.399 0.450 0.459 - 0.413 0.401 0.226 0.388 0.180 0.322 0.412 0.315

19 Mv-3-O -glc-acetaldehyde 0.238 0.428 0.734 1.073 0.879 0.965 1.055 - 0.879 1.072 0.801 1.880 0.960 0.689 0.704 0.504

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.002 0.001 0.001 0.001 - 0.002 0.002 0.001 0.002 0.001 0.002 0.007 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.005 0.005 0.008 0.008 0.005 - 0.011 0.006 0.003 0.008 0.005 0.007 0.013 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.004 0.006 0.005 0.009 0.009 0.007 - 0.011 0.007 0.004 0.008 0.006 0.008 0.015 0.005

23 Mv-3-O -glc-8-ethyl-epicatechin 0.003 0.003 0.005 0.006 0.010 0.009 0.008 - 0.013 0.009 0.005 0.010 0.007 0.008 0.011 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.548 0.729 0.947 0.030 1.909 1.743 0.767 - 0.744 0.826 0.351 0.785 0.484 0.743 0.685 0.384

25 Mv-3-O -(6-p -coum)-glc trans 42.856 38.871 62.551 0.000 80.157 71.934 58.289 - 38.413 37.345 15.345 32.415 26.096 41.485 41.055 19.973

26 Mv-3-O -glc-4-vinylphenol 0.005 0.010 0.102 0.002 0.213 0.286 0.388 - 0.651 0.710 0.337 0.647 0.349 0.610 0.669 0.585

Tank 21
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.051 0.046 0.077 0.132 0.163 0.141 0.144 0.183 0.155 0.090 0.058 0.059 0.041 0.072 0.120 0.066

15 Epicatechin-Mv-3-O -glc 0.015 0.014 0.019 0.037 0.044 0.029 0.032 0.041 0.043 0.028 0.017 0.027 0.012 0.021 0.036 0.016

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.003 0.003 0.005 0.003 0.003 0.004 0.005 0.002 0.002 0.002 0.002 0.001 0.004 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.003 0.003 0.002 0.003 0.003 0.002 0.003 0.003 0.002 0.001 0.001 0.001 0.001 0.002 0.001

18 Mv-3-O -glc-pyruvic 0.070 0.178 0.336 0.460 0.407 0.362 0.462 0.363 0.434 0.397 0.233 0.386 0.169 0.299 0.321 0.275

19 Mv-3-O -glc-acetaldehyde 0.228 0.428 0.872 1.324 1.017 0.698 1.081 0.856 1.234 1.369 1.336 1.622 0.990 0.892 0.511 0.493

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.001 0.001 0.002 0.002 0.001 0.002 0.003 0.003 0.002 0.002 0.001 0.002 0.005 0.002

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.004 0.005 0.008 0.006 0.006 0.010 0.012 0.008 0.006 0.009 0.006 0.007 0.012 0.004

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.003 0.006 0.006 0.010 0.007 0.008 0.011 0.014 0.009 0.006 0.003 0.007 0.008 0.015 0.006

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.003 0.005 0.007 0.009 0.008 0.009 0.013 0.016 0.009 0.007 0.004 0.007 0.007 0.010 0.003

24 Mv-3-O -(6-p -coum)-glc cis 0.901 0.589 0.830 0.957 1.703 0.849 0.839 0.764 0.863 0.773 0.577 0.734 0.454 0.633 0.527 0.313

25 Mv-3-O -(6-p -coum)-glc trans 42.732 21.637 67.054 78.658 74.987 51.382 57.381 45.904 48.339 40.746 30.480 39.390 26.451 39.729 31.755 20.550

26 Mv-3-O -glc-4-vinylphenol 0.004 0.005 0.105 0.182 0.172 0.165 0.283 0.293 0.612 0.581 0.351 0.551 0.276 0.526 0.425 0.484

Tank 22
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.049 0.052 0.093 0.111 0.161 0.155 0.135 0.181 0.146 0.101 0.055 0.062 0.048 0.072 0.119 0.068

15 Epicatechin-Mv-3-O -glc 0.016 0.013 0.022 0.028 0.040 0.035 0.030 0.040 0.036 0.034 0.015 0.025 0.012 0.020 0.039 0.018

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.003 0.003 0.004 0.004 0.003 0.004 0.004 0.003 0.002 0.002 0.001 0.002 0.005 0.002

17 Mv-3-O -glc-A-catechin 0.001 0.002 0.003 0.002 0.003 0.003 0.002 0.002 0.003 0.002 0.001 0.001 0.001 0.001 0.003 0.001

18 Mv-3-O -glc-pyruvic 0.063 0.136 0.346 0.450 0.373 0.425 0.473 0.375 0.426 0.335 0.253 0.431 0.200 0.301 0.393 0.303

19 Mv-3-O -glc-acetaldehyde 0.195 0.381 0.685 1.472 0.948 1.031 1.161 0.935 1.183 1.118 1.151 2.097 0.482 1.096 0.842 0.579

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.001 0.001 0.001 0.002 0.002 0.002 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.008 0.003

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.004 0.006 0.009 0.007 0.006 0.009 0.012 0.010 0.006 0.010 0.005 0.007 0.014 0.005

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.004 0.006 0.006 0.010 0.009 0.007 0.011 0.012 0.010 0.006 0.004 0.006 0.008 0.016 0.006

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.002 0.006 0.007 0.009 0.009 0.010 0.013 0.014 0.009 0.007 0.007 0.006 0.008 0.012 0.003

24 Mv-3-O -(6-p -coum)-glc cis 0.700 0.662 0.901 1.106 1.496 0.818 0.805 0.832 0.708 0.809 0.594 0.794 0.429 0.678 0.662 0.397

25 Mv-3-O -(6-p -coum)-glc trans 46.329 35.451 69.438 81.846 70.105 64.342 55.486 47.662 38.141 38.106 26.130 45.286 27.887 39.355 37.844 25.224

26 Mv-3-O -glc-4-vinylphenol 0.004 0.007 0.148 0.180 0.153 0.224 0.301 0.306 0.567 0.465 0.334 0.602 0.305 0.495 0.565 0.511

Tank 23
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.055 0.065 0.089 0.109 0.159 0.143 0.145 0.167 0.146 0.089 0.056 0.094 0.047 0.069 0.130 0.062

15 Epicatechin-Mv-3-O -glc 0.016 0.019 0.022 0.027 0.038 0.033 0.030 0.038 0.033 0.026 0.014 0.019 0.012 0.021 0.038 0.016

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.004 0.003 0.005 0.004 0.003 0.004 0.004 0.003 0.002 0.002 0.001 0.002 0.004 0.002

17 Mv-3-O -glc-A-catechin 0.002 0.003 0.003 0.002 0.003 0.002 0.002 0.004 0.003 0.002 0.001 0.001 0.001 0.001 0.003 0.001

18 Mv-3-O -glc-pyruvic 0.063 0.144 0.363 0.394 0.410 0.436 0.459 0.361 0.405 0.384 0.208 0.358 0.206 0.307 0.408 0.335

19 Mv-3-O -glc-acetaldehyde 0.212 0.373 0.775 1.232 0.979 1.019 1.106 0.896 1.152 1.562 1.196 2.063 1.016 1.346 0.894 0.809

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.000 0.000 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.002 0.003 0.002 0.003 0.009 0.004

21 Mv-3-O -glc-8-ethyl-catechin 1 0.002 0.002 0.005 0.005 0.009 0.007 0.006 0.009 0.011 0.010 0.005 0.008 0.006 0.007 0.015 0.006

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.003 0.006 0.007 0.009 0.008 0.008 0.010 0.011 0.009 0.006 0.003 0.007 0.009 0.017 0.007

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.003 0.006 0.008 0.010 0.009 0.010 0.011 0.014 0.011 0.007 0.003 0.007 0.008 0.012 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.797 0.790 0.842 0.882 1.776 1.280 0.910 0.703 0.676 0.000 0.480 0.573 0.426 0.725 0.623 0.369

25 Mv-3-O -(6-p -coum)-glc trans 47.749 38.931 70.144 74.982 74.955 67.286 57.173 41.417 31.882 0.000 20.790 31.573 26.975 36.698 36.159 24.670

26 Mv-3-O -glc-4-vinylphenol 0.005 0.009 0.128 0.167 0.203 0.255 0.338 0.321 0.542 0.000 0.287 0.466 0.329 0.450 0.552 0.615

Tank 24
# Time (days) 0 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

14 Catechin-Mv-3-O -glc 0.048 0.060 0.095 0.111 0.149 0.144 0.138 0.179 0.143 0.103 0.059 - 0.051 0.070 0.119 0.072

15 Epicatechin-Mv-3-O -glc 0.015 0.017 0.022 0.030 0.034 0.031 0.028 0.041 0.032 0.034 0.016 - 0.012 0.018 0.036 0.017

16 Mv-3-O -glc-(epi)catechin 0.002 0.003 0.003 0.003 0.004 0.003 0.003 0.005 0.004 0.003 0.002 - 0.002 0.002 0.004 0.002

17 Mv-3-O -glc-A-catechin 0.001 0.003 0.003 0.002 0.003 0.002 0.002 0.003 0.003 0.002 0.001 - 0.001 0.001 0.003 0.002

18 Mv-3-O -glc-pyruvic 0.088 0.253 0.348 0.417 0.399 0.345 0.431 0.334 0.420 0.373 0.204 - 0.223 0.270 0.399 0.309

19 Mv-3-O -glc-acetaldehyde 0.262 0.587 1.014 1.252 0.875 1.003 1.107 0.877 1.319 1.298 0.930 - 0.951 1.104 0.828 0.654

20 Pyruvic acid derivative-vinyl-catechin-catechin 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.003 0.002 0.003 0.002 - 0.002 0.003 0.009 0.004

21 Mv-3-O -glc-8-ethyl-catechin 1 0.001 0.003 0.006 0.006 0.008 0.007 0.006 0.010 0.011 0.009 0.005 - 0.006 0.007 0.015 0.006

22 Mv-3-O -glc-8-ethyl-catechin 2 0.003 0.004 0.007 0.007 0.009 0.007 0.007 0.013 0.012 0.010 0.006 - 0.007 0.009 0.017 0.008

23 Mv-3-O -glc-8-ethyl-epicatechin 0.002 0.004 0.007 0.008 0.009 0.009 0.009 0.012 0.013 0.010 0.007 - 0.008 0.009 0.012 0.004

24 Mv-3-O -(6-p -coum)-glc cis 0.875 0.667 0.894 0.917 1.134 1.021 0.832 0.807 0.722 0.997 0.466 - 0.605 0.601 0.624 0.452

25 Mv-3-O -(6-p -coum)-glc trans 34.690 38.690 55.406 75.037 67.760 52.009 50.494 42.527 32.937 42.161 18.526 - 31.786 37.283 38.676 27.323

26 Mv-3-O -glc-4-vinylphenol 0.004 0.013 0.066 0.129 0.179 0.185 0.311 0.303 0.590 0.632 0.324 - 0.422 0.561 0.656 0.623



Table S3. Anthocyanin derivatives concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of Mv-3-O -glc equiv./L.

Tank 01 Tank 02

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 0.001 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 <LQ <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 0.000 <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 <LQ <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LD <LQ <LD 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LQ <LD <LQ <LD <LD

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD 0.001 <LD <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LQ <LD <LQ <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.014 0.040 0.037 0.015 0.012 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.017 0.038 0.037 0.018 0.011

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.004 0.004 0.005 0.001 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.003 0.004 0.002 0.002 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.142 0.372 <LD 0.242 0.048 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.141 0.387 0.339 0.484 0.007

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.022 0.100 0.082 0.042 0.036 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.017 0.113 0.088 0.052 0.044

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.012 <LD 0.007 0.003 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.010 0.011 0.008 0.004

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 <LD 0.002 0.002 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.003 0.003 0.003 0.002

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LQ <LD <LD <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD 0.001 <LQ <LD <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LQ <LD <LD <LQ 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.003 0.095 <LD 0.099 0.001 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol <LQ 0.115 0.131 0.101 0.001

Tank 03 Tank 04

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ <LQ 0.000 <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 0.000 <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LD <LD <LD 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LD <LD <LD <LD

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LD <LQ <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD 0.001 <LQ <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.017 0.043 0.061 0.016 0.017 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.011 0.051 0.041 0.017 0.011

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.003 0.006 0.007 0.002 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.003 0.004 0.004 0.003 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.148 0.425 0.513 0.388 0.005 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.096 0.449 0.402 0.530 0.009

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.022 0.138 0.152 0.049 0.051 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.018 0.121 0.100 0.047 0.038

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.005 0.011 0.017 0.007 0.005 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.013 0.016 0.009 0.005

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 0.003 0.002 0.002 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 0.004 0.003 0.002

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LD <LD <LD <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LQ <LD <LD <LD <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.001 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LD 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.003 0.146 0.213 0.101 0.007 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.119 0.122 0.090 0.001

Tank 05 Tank 06

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LD <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.002 <LD <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 0.001 <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 0.001 <LD <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LQ <LQ <LQ 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LQ <LQ <LQ <LD <LQ

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LQ 0.001 <LQ <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LQ 0.001 <LQ <LD <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.017 0.044 0.049 0.016 0.012 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.018 0.039 0.050 <LD 0.013

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.003 0.004 0.002 0.002 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.003 0.003 0.002 <LD 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.118 0.408 0.412 0.261 0.000 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.124 0.377 0.435 <LD 0.011

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.021 0.117 0.118 0.038 0.031 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.020 0.116 0.120 <LD 0.048

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.012 0.015 0.009 0.004 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.011 0.018 <LD 0.005

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.005 0.006 0.003 0.002 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 0.005 <LD 0.003

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LD <LD <LD <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD 0.001 <LD <LD <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.001 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LD 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.002 0.094 0.150 0.069 0.002 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.003 0.088 0.134 <LD 0.004

Tank 07 Tank 08

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 0.002 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 0.001 <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ <LQ <LQ <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LQ <LQ <LQ <LQ <LQ 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LQ <LD <LQ

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LQ 0.001 <LQ <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD 0.001 0.001 <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.019 0.043 0.056 0.017 0.013 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.013 0.044 0.049 0.015 0.016

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.005 0.005 0.001 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.004 0.003 0.001 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.136 0.343 0.477 0.423 0.006 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.101 0.391 0.483 0.438 0.010

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.023 0.103 0.130 0.047 0.038 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.017 0.128 0.132 0.044 0.048

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.005 0.011 0.017 0.009 0.005 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.011 0.016 0.009 0.007

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 0.007 0.003 0.003 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 0.005 0.003 0.003

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD 0.001 <LQ <LQ <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LQ 0.001 <LQ <LQ <LQ

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LQ <LQ <LQ 0.002 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD 0.001 <LQ <LQ 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.002 0.084 0.136 0.098 0.003 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.116 0.141 0.090 0.006

Tank 09 Tank 10

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 0.001 <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ <LQ 0.000 <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LQ <LD <LD 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LQ <LD <LD

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ <LQ <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ <LQ <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.011 0.043 0.049 0.017 0.014 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.014 0.038 0.054 0.015 0.011

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.002 0.003 0.002 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.003 0.004 0.002 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.084 0.326 0.465 0.335 0.061 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.091 0.313 0.485 0.249 0.002

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.015 0.091 0.138 0.046 0.036 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.014 0.084 0.144 0.035 0.035

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.012 0.018 0.010 0.006 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.011 0.019 0.008 0.005

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 <LQ 0.005 0.006 0.003 0.003 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 <LQ 0.004 0.007 0.003 0.003

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LQ <LQ 0.001 <LQ <LQ 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LQ 0.000 <LQ <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.002 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol <LQ 0.082 0.192 0.117 0.007 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.071 0.209 0.095 0.004

continued



Table S3. Anthocyanin derivatives concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of Mv-3-O -glc equiv./L.

Tank 11 Tank 12

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.000 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.000 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.000 <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ <LQ <LQ <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ <LQ <LQ <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LD <LQ <LQ 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LQ <LD <LQ

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ <LQ <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ <LQ <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.015 0.032 0.045 0.015 0.018 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.014 0.036 0.046 0.015 0.014

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.004 0.004 0.002 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.003 0.003 0.001 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.094 0.346 0.504 0.209 0.004 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.093 0.324 0.423 0.343 0.003

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.013 0.126 0.147 0.033 0.047 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.013 0.091 0.131 0.043 0.041

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.012 0.018 0.008 0.008 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.011 0.017 0.010 0.006

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 <LQ 0.005 0.006 0.002 0.004 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 0.007 0.003 0.003

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LQ <LQ <LQ <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LQ <LQ <LQ <LQ

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LQ <LQ 0.002 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LQ <LD <LQ 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.089 0.178 0.068 0.015 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol <LQ 0.079 0.156 0.080 0.005

Tank 13 Tank 14

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 0.001 - <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 <LQ <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 - <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 0.001 - <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 <LQ <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LQ - <LQ 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LD <LQ <LQ

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ 0.001 - <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ <LQ <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.015 0.039 0.048 - 0.017 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.013 0.035 0.041 0.017 0.015

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.003 0.004 - 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.002 0.003 0.002 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.073 0.338 0.411 - 0.012 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.075 0.327 0.407 0.321 0.010

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.013 0.104 0.128 - 0.045 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.013 0.101 0.131 0.045 0.045

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.013 0.017 - 0.009 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.011 0.016 0.010 0.007

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.005 0.005 - 0.004 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 0.005 0.003 0.003

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD 0.001 <LQ - <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LD <LQ <LQ <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LQ <LQ - 0.002 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.075 0.145 - 0.007 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.078 0.130 0.075 0.004

Tank 15 Tank 16

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 0.002 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LD 0.001 <LQ <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 0.001 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LD 0.001 0.001 <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.002 0.001 <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LD 0.001 0.001 <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LQ <LD <LQ 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LD <LQ <LQ <LQ

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD 0.001 <LQ <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ 0.001 <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.011 0.054 0.049 0.010 0.015 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.015 0.039 0.050 0.015 0.019

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.003 0.002 0.001 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.001 0.003 0.004 0.001 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.068 0.387 0.429 0.132 0.009 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.074 0.343 0.449 0.217 0.011

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.013 0.134 0.139 0.023 0.049 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.013 0.122 0.145 0.035 0.052

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.013 0.017 0.005 0.007 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.011 0.018 0.009 0.010

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.005 0.006 0.001 0.003 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 <LQ 0.005 0.006 0.003 0.004

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LQ 0.001 <LQ <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LQ <LQ <LQ <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LQ <LQ 0.002 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.003

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.078 0.153 0.046 0.006 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.072 0.171 0.069 0.004

Tank 17 Tank 18

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 0.001 <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 <LQ <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ <LQ 0.001 <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LQ <LD <LQ 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LQ <LD <LQ <LQ <LD

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LD <LQ <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LQ <LQ <LQ <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.011 0.034 0.041 0.016 0.017 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.011 0.033 0.041 0.020 0.014

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.003 0.003 0.004 0.003 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.004 0.002 0.003 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.091 0.289 0.358 0.199 0.000 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.089 0.296 0.369 0.259 0.008

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.014 0.088 0.090 0.040 0.041 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.015 0.085 0.102 0.044 0.036

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.011 0.015 0.009 0.005 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.011 0.013 0.010 0.005

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.003 0.004 0.003 0.002 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 0.003 0.003 0.002

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LQ 0.002 0.001 <LQ <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD 0.001 0.001 <LQ <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.002 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.001

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.144 0.222 0.115 0.024 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.130 0.210 0.146 0.011

Tank 19 Tank 20

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LD 0.001 0.001 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 - <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LD 0.002 0.001 <LQ 0.001 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 - <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LD 0.001 0.001 <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 - <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LQ <LD <LD 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ - <LD <LD

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ <LQ <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ - <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.008 0.045 0.042 0.019 0.020 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.012 0.050 - 0.013 0.015

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.003 0.003 0.004 0.003 0.002 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.003 0.003 - 0.002 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.079 0.394 0.446 0.320 0.009 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.093 0.417 - 0.170 0.001

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.014 0.126 0.136 0.048 0.048 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.015 0.133 - 0.032 0.037

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.003 0.012 0.016 0.010 0.007 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.015 - 0.007 0.005

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 <LQ 0.005 0.005 0.003 0.003 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.002 0.006 - 0.002 0.002

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LQ 0.001 0.002 <LD <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LQ - <LQ <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.002 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD 0.001 - <LQ 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol <LQ 0.196 0.239 0.130 0.026 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.002 0.190 - 0.063 0.010

continued



Table S3. Anthocyanin derivatives concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of Mv-3-O -glc equiv./L.

Tank 21 Tank 22

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LD 0.002 0.001 <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 0.001 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LD 0.001 0.002 <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 0.001 <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LD 0.001 0.001 <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LQ <LD <LQ <LD <LQ 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LD <LD <LQ <LQ

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ 0.001 <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ <LQ <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.010 0.037 0.046 0.019 0.015 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.010 0.044 0.052 0.019 0.018

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.004 0.003 0.004 0.003 0.001 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.004 0.002 0.005 0.003 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.083 0.276 0.391 0.346 0.004 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.077 0.421 0.460 0.326 0.010

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.014 0.074 0.097 0.045 0.038 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.013 0.132 0.129 0.045 0.049

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.011 0.015 0.011 0.006 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.014 0.019 0.011 0.008

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.004 0.005 0.004 0.003 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.005 0.006 0.004 0.003

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LQ <LQ <LQ <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD <LQ <LQ <LQ <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.002 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LD <LQ 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.002 0.052 0.194 0.129 0.014 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.002 0.142 0.204 0.131 0.021

Tank 23 Tank 24

# Time (days) 0 6 10 20 61 # Time (days) 0 6 10 20 61

27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 27 (Epi)gallocatechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 0.001 <LQ <LQ

28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.001 0.001 <LQ <LQ 28 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 1 <LQ 0.002 0.001 <LQ <LQ

29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LQ 0.001 0.001 <LQ <LQ 29 (Epi)catechin-Mv-3-O -glc-A-(epi)catechin 2 <LD 0.001 <LQ <LQ <LQ

30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LD <LD <LQ 30 (Epi)catechin-A-(epi)catechin-Mv-3-O -glc <LD <LQ <LD <LQ <LQ

31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LQ <LQ <LQ <LQ <LQ 31 Mv-3-O -glc-(epi)catechin-A-(epi)catechin <LD <LQ <LD <LQ <LQ

32 Catechin-Mv-3-O -(6-p -coum)-glc 0.013 0.040 0.042 0.017 0.016 32 Catechin-Mv-3-O -(6-p -coum)-glc 0.009 0.040 0.048 0.020 0.018

33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.003 0.004 0.002 0.002 0.001 33 Epicatechin-Mv-3-O -(6-p -coum)-glc 0.002 0.002 0.004 0.003 0.002

34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.073 0.420 0.388 0.302 0.013 34 Mv-3-O -(6-p -coum)-glc-acetaldehyde 0.081 0.315 0.404 0.282 0.011

35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.014 0.135 0.095 0.037 0.049 35 Mv-3-O -(6-p -coum)-glc-pyruvic 0.021 0.090 0.095 0.039 0.048

36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.015 0.015 0.010 0.008 36 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 1 0.004 0.011 0.016 0.010 0.009

37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 0.001 0.006 0.005 0.003 0.003 37 Mv-3-O -(6-p -coum)-glc-8-ethyl-(epi)catechin 2 <LQ 0.004 0.005 0.003 0.004

38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD 0.001 <LQ <LQ <LD 38 Mv-3-O -(6-p -coum)-glc-4-vinylcatechin <LD 0.001 <LQ <LQ <LD

39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LQ <LQ 0.002 39 Mv-3-O -(6-p -coum)-glc-4-vinylepicatechin <LD <LD <LQ <LQ 0.002

40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.002 0.157 0.183 0.081 0.018 40 Mv-3-O -(6-p -coum)-glc-4-vinylphenol 0.001 0.099 0.194 0.105 0.023



Table S4. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of (+)-cat equiv./L.

Tank 01

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 1.09 2.67 1.74 1.73 0.63 1.39 1.51 1.61 2.05 2.74 1.18 1.57 0.57 0.66 1.42

42 ((Epi)gallocatechin)2 2 0.35 0.68 0.53 0.46 0.22 0.29 0.29 0.39 0.46 0.57 0.29 0.39 0.17 0.21 0.44

43 ((Epi)gallocatechin)2 3 0.06 0.11 0.09 0.15 0.05 0.08 0.05 0.09 0.12 0.10 0.04 0.11 <LQ 0.05 0.05

44 Gallocatechin 0.84 1.49 1.48 1.75 0.80 1.48 1.50 0.82 1.53 1.59 1.13 1.13 0.66 0.61 1.23

45 Epigallocatechin 0.38 0.49 0.50 0.54 0.27 0.38 0.35 0.26 0.49 0.32 0.33 0.41 0.34 0.21 0.41

46 ((Epi)gallocatechin-(epi)catechin) 2 0.34 0.99 1.46 1.46 0.82 1.33 1.36 1.36 1.50 1.97 0.93 1.17 0.45 0.57 1.30

47 ((Epi)catechin-(epi)gallocatechin) 2 0.70 1.39 1.45 1.39 0.86 0.88 0.93 0.85 0.93 1.59 0.79 1.11 0.42 0.57 1.14

48 ((Epi)gallocatechin-(epi)catechin) 1 2.35 5.57 3.98 3.86 2.27 3.36 3.08 4.20 5.19 6.80 3.15 3.94 1.65 2.04 3.67

49 ((Epi)catechin-(epi)gallocatechin) 1 2.69 5.57 4.57 4.31 2.68 4.43 3.39 4.18 5.52 7.07 3.51 4.49 2.15 2.25 3.84

50 ((Epi)catechin-(epi)gallocatechin) A 0.06 0.15 0.51 0.43 0.42 0.16 0.11 <LD <LD <LD 0.04 0.05 <LD <LD <LD

51 ((Epi)catechin)2 1 3.38 7.05 5.01 4.45 3.16 6.44 4.65 3.95 7.46 8.66 4.98 5.57 2.76 2.98 5.00

52 Procyanidin B 1 15.11 42.14 24.94 22.73 12.40 28.26 20.42 30.96 44.63 62.01 28.69 33.64 16.14 11.17 28.97

53 Procyanidin B 2 3.18 6.60 5.66 5.50 3.61 5.71 5.81 6.56 10.60 13.07 6.78 8.76 5.08 4.38 7.18

54 Catechin 1.45 2.28 2.16 2.73 2.00 2.83 2.34 2.03 2.63 2.99 2.18 2.32 1.89 1.54 2.31

55 Epicatechin 0.45 0.60 0.69 0.93 0.70 0.68 1.37 0.76 1.27 1.27 0.88 0.84 0.77 0.63 1.17

56 p -vinyl(epi)catechin 1 2.19 3.43 3.28 3.03 2.67 3.14 1.73 1.47 1.72 1.65 1.27 1.29 0.76 0.84 1.18

57 p -vinyl(epi)catechin 2 <LD 0.20 <LD 0.26 <LD 0.26 <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 0.07 0.48 0.53 0.82 <LD 1.33 0.86 0.42 0.54 0.58 0.27 0.42 0.17 0.27 0.24

Tank 02

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.51 0.52 1.64 1.74 0.90 0.89 1.45 1.61 1.82 2.04 1.21 1.28 0.53 0.65 0.88

42 ((Epi)gallocatechin)2 2 0.18 0.18 0.55 0.46 0.33 0.23 0.33 0.41 0.47 0.54 0.27 0.39 0.16 0.20 0.32

43 ((Epi)gallocatechin)2 3 <LQ 0.14 0.12 0.15 0.33 0.04 0.07 0.11 0.06 0.12 0.07 0.06 0.04 0.05 0.08

44 Gallocatechin 0.80 0.70 1.52 1.75 1.25 1.26 1.49 1.39 1.36 1.97 0.73 1.15 0.58 0.54 1.20

45 Epigallocatechin 0.36 0.21 0.50 0.54 0.35 0.31 0.41 0.44 0.62 0.42 0.31 0.35 0.33 0.23 0.43

46 ((Epi)gallocatechin-(epi)catechin) 2 0.26 0.41 1.45 1.46 0.76 0.72 0.94 1.44 1.20 1.66 0.82 1.12 0.37 0.54 0.92

47 ((Epi)catechin-(epi)gallocatechin) 2 0.44 0.33 1.44 1.39 0.98 0.63 0.76 0.93 1.19 1.46 0.66 0.95 0.41 0.52 0.96

48 ((Epi)gallocatechin-(epi)catechin) 1 1.40 1.57 3.73 3.86 2.67 3.02 2.99 4.06 4.82 5.14 2.68 3.52 1.38 1.93 2.55

49 ((Epi)catechin-(epi)gallocatechin) 1 1.87 1.85 4.65 4.31 3.28 4.02 3.06 4.57 5.28 6.29 2.89 3.91 1.91 2.16 3.09

50 ((Epi)catechin-(epi)gallocatechin) A 0.08 0.19 0.40 0.43 0.37 0.13 <LD <LD <LD <LD 0.06 <LD <LD <LD <LD

51 ((Epi)catechin)2 1 2.46 2.64 5.10 4.45 3.78 5.17 3.95 5.61 8.02 9.46 4.09 5.04 2.42 2.64 3.86

52 Procyanidin B 1 8.38 9.93 23.50 22.73 17.69 24.21 19.23 33.60 44.46 48.18 24.46 28.65 12.34 10.16 20.75

53 Procyanidin B 2 2.33 1.76 5.05 5.50 3.98 4.53 5.25 8.56 9.64 10.68 5.57 7.22 4.22 3.90 5.48

54 Catechin 1.40 1.65 2.09 2.73 1.91 2.20 2.23 2.37 2.62 3.46 1.97 2.40 1.56 1.41 2.24

55 Epicatechin 0.46 0.26 0.58 0.93 0.50 0.59 0.85 0.87 1.21 1.27 0.70 0.83 0.59 0.61 0.96

56 p -vinyl(epi)catechin 1 2.04 3.04 3.25 2.97 2.59 3.01 1.78 1.69 1.60 1.56 1.42 1.31 0.79 1.13 1.40

57 p -vinyl(epi)catechin 2 <LD 0.63 <LD 0.27 <LD 0.35 0.23 <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.29 0.69 0.83 0.33 0.84 0.75 0.44 0.47 0.59 0.30 0.31 0.14 0.28 0.25

Tank 03

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.41 3.04 1.47 1.48 1.46 1.76 0.97 1.31 1.51 1.92 1.23 0.93 0.57 0.61 1.22

42 ((Epi)gallocatechin)2 2 0.17 0.80 0.33 0.48 0.40 0.35 0.28 0.25 0.36 0.56 0.33 0.28 0.16 0.22 0.33

43 ((Epi)gallocatechin)2 3 0.07 0.17 0.15 0.07 0.08 0.12 0.08 <LQ 0.04 0.25 0.04 0.04 <LQ <LQ 0.08

44 Gallocatechin 0.82 1.63 1.54 1.56 1.31 1.49 1.48 1.29 1.46 1.44 0.99 0.98 0.65 0.63 1.22

45 Epigallocatechin 0.35 0.73 0.59 0.42 0.45 0.33 0.38 0.35 0.52 0.33 0.40 0.28 0.26 0.29 0.48

46 ((Epi)gallocatechin-(epi)catechin) 2 0.19 1.60 1.62 0.99 1.27 0.99 0.91 1.25 1.21 1.39 1.18 0.76 0.43 0.49 1.22

47 ((Epi)catechin-(epi)gallocatechin) 2 0.43 1.49 1.42 1.37 1.46 0.93 0.69 0.82 0.93 0.91 0.79 0.79 0.45 0.56 1.00

48 ((Epi)gallocatechin-(epi)catechin) 1 1.32 6.58 3.46 3.26 3.47 4.52 2.60 3.13 3.77 5.07 3.12 2.55 1.59 1.89 3.10

49 ((Epi)catechin-(epi)gallocatechin) 1 1.79 6.38 4.08 3.91 4.03 5.08 2.82 3.35 4.78 5.60 3.63 3.25 1.98 2.22 3.37

50 ((Epi)catechin-(epi)gallocatechin) A 0.06 0.40 0.35 0.38 0.44 0.19 0.11 <LD <LD <LD 0.08 0.04 <LD <LD <LD

51 ((Epi)catechin)2 1 1.98 6.98 4.22 3.71 4.14 5.01 3.53 3.61 6.64 9.08 4.50 4.65 2.44 2.84 3.66

52 Procyanidin B 1 8.58 49.40 21.18 19.04 21.46 28.84 17.37 25.13 37.95 51.11 25.38 24.59 12.54 9.51 22.44

53 Procyanidin B 2 2.17 7.41 4.66 4.68 4.95 6.32 4.63 5.98 9.63 12.43 6.33 6.44 4.39 3.90 5.99

54 Catechin 1.34 2.91 2.04 2.25 2.04 2.47 2.20 1.95 2.76 2.86 2.48 1.99 1.76 1.71 2.28

55 Epicatechin 0.43 0.77 0.64 0.85 0.68 0.65 0.81 0.73 1.24 1.40 1.16 0.77 0.69 0.67 1.00

56 p -vinyl(epi)catechin 1 1.94 3.29 3.05 2.91 2.34 2.12 1.75 1.51 1.65 1.66 1.28 1.13 0.62 1.09 0.99

57 p -vinyl(epi)catechin 2 <LD 0.18 <LD <LD <LD 0.41 <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.56 0.60 0.56 0.60 0.63 0.70 0.30 0.37 0.43 0.32 0.38 0.14 0.25 0.22

continued



Table S4. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of (+)-cat equiv./L.

Tank 04

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.73 3.51 1.79 1.87 0.36 4.80 1.38 2.53 2.47 2.42 1.47 1.38 0.80 0.92 1.40

42 ((Epi)gallocatechin)2 2 0.24 0.80 0.52 0.51 0.10 0.94 0.31 0.47 0.58 0.72 0.34 0.38 0.23 0.26 0.43

43 ((Epi)gallocatechin)2 3 0.06 0.14 0.09 0.14 0.07 0.19 <LQ 0.16 0.08 0.11 0.07 0.11 0.03 0.08 0.14

44 Gallocatechin 0.77 1.87 1.50 1.59 0.74 1.93 1.39 1.48 1.58 1.78 0.93 0.95 0.64 0.74 1.18

45 Epigallocatechin 0.28 0.69 0.49 0.52 0.16 0.40 0.41 0.51 0.37 0.42 0.35 0.29 0.29 0.29 0.34

46 ((Epi)gallocatechin-(epi)catechin) 2 0.28 1.73 1.44 1.58 0.56 2.49 0.99 2.20 1.78 1.91 1.24 1.16 0.51 0.73 1.43

47 ((Epi)catechin-(epi)gallocatechin) 2 0.53 1.64 1.38 1.41 0.41 2.10 0.81 1.49 1.43 1.79 1.11 0.80 0.48 0.69 1.16

48 ((Epi)gallocatechin-(epi)catechin) 1 1.94 7.20 4.04 4.21 1.52 10.04 2.95 6.50 6.08 6.37 4.04 3.68 2.04 2.56 3.72

49 ((Epi)catechin-(epi)gallocatechin) 1 2.31 7.17 4.58 4.58 2.00 10.47 3.20 6.37 6.14 6.78 3.84 3.69 2.41 2.72 3.80

50 ((Epi)catechin-(epi)gallocatechin) A 0.07 0.57 0.48 0.25 0.32 0.22 <LD <LD <LD <LD 0.06 <LD <LD <LD <LD

51 ((Epi)catechin)2 1 2.75 7.72 4.79 5.00 1.82 9.51 4.50 4.88 8.28 9.49 5.13 5.85 2.81 3.59 4.35

52 Procyanidin B 1 11.78 50.97 23.79 25.64 8.93 54.71 21.40 42.80 45.12 57.48 29.75 32.17 15.21 14.17 25.62

53 Procyanidin B 2 3.00 8.11 4.73 5.92 1.93 10.31 6.26 8.64 11.20 13.38 7.31 8.11 5.08 4.82 6.77

54 Catechin 1.28 2.72 1.97 2.52 1.69 2.80 2.23 2.71 3.00 3.85 2.29 2.50 1.84 1.90 2.26

55 Epicatechin 0.46 0.86 0.59 0.87 0.42 1.38 0.97 0.94 1.51 1.70 1.13 0.97 0.79 0.84 1.15

56 p -vinyl(epi)catechin 1 2.03 3.65 3.25 3.11 2.57 2.93 1.74 2.03 1.89 1.90 1.43 1.29 0.86 1.35 1.41

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD 0.51 <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.43 0.53 0.95 0.53 0.89 0.52 0.51 0.49 0.89 0.30 0.45 0.20 0.25 0.29

Tank 05

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.48 2.47 1.46 1.45 1.46 0.99 1.75 1.27 1.68 2.05 1.18 1.00 0.53 0.67 0.90

42 ((Epi)gallocatechin)2 2 0.12 0.64 0.38 0.31 0.32 0.31 0.44 0.23 0.39 0.49 0.27 0.27 0.15 0.18 0.27

43 ((Epi)gallocatechin)2 3 0.06 0.13 0.13 0.16 0.09 0.03 0.06 0.06 0.10 0.10 <LQ 0.06 <LQ 0.07 0.09

44 Gallocatechin 0.70 1.56 1.43 1.62 1.00 1.29 1.58 0.73 1.54 1.67 0.94 1.10 0.58 0.70 1.17

45 Epigallocatechin 0.22 0.54 0.47 0.40 0.38 0.29 0.44 0.26 0.30 0.37 0.39 0.33 0.26 0.24 0.30

46 ((Epi)gallocatechin-(epi)catechin) 2 0.22 1.26 1.45 1.42 1.42 0.83 1.62 1.28 1.45 1.56 0.84 0.96 0.49 0.70 1.33

47 ((Epi)catechin-(epi)gallocatechin) 2 0.38 1.30 0.97 1.36 1.33 0.68 0.96 0.77 1.41 1.33 0.83 0.76 0.44 0.55 0.80

48 ((Epi)gallocatechin-(epi)catechin) 1 1.56 5.43 3.40 3.08 3.43 3.25 3.74 3.41 4.34 5.71 3.01 3.19 1.45 2.09 2.76

49 ((Epi)catechin-(epi)gallocatechin) 1 2.03 5.63 4.06 3.53 4.42 4.24 3.98 3.57 5.07 5.96 3.41 3.71 1.93 2.21 2.98

50 ((Epi)catechin-(epi)gallocatechin) A 2 0.06 0.39 0.17 0.16 0.49 0.14 0.17 0.09 <LD <LD <LD 0.06 <LD <LD <LD

51 ((Epi)catechin)2 1 2.47 6.42 4.83 4.12 4.50 5.05 4.66 4.02 7.60 9.57 4.44 5.02 2.33 2.93 3.22

52 Procyanidin B 1 9.28 43.73 23.96 20.09 22.92 27.30 23.69 30.91 42.17 52.85 27.01 32.25 11.99 11.00 19.82

53 Procyanidin B 2 2.85 7.67 5.31 5.27 5.53 6.76 6.35 6.17 10.66 12.19 6.78 8.05 4.44 4.10 5.63

54 Catechin 1.33 2.66 2.18 2.34 2.14 2.44 2.43 2.02 2.71 3.24 2.28 2.14 1.65 <LD 2.06

55 Epicatechin 0.36 0.69 0.76 0.95 0.69 0.61 1.38 0.59 1.49 1.41 0.87 0.78 0.69 <LD 0.93

56 p -vinyl(epi)catechin 1 1.97 2.92 3.30 2.91 2.22 1.94 1.87 1.46 1.93 1.73 1.36 1.32 0.61 0.99 1.22

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD 0.18 <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.45 0.70 0.44 0.32 0.45 0.73 0.36 0.29 0.55 0.22 0.26 0.13 0.17 0.16

Tank 06

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.41 2.35 1.54 1.45 0.98 1.62 1.43 0.94 1.99 2.31 0.97 1.31 0.49 0.65 1.23

42 ((Epi)gallocatechin)2 2 0.18 0.59 0.36 0.35 0.25 0.42 0.27 0.20 0.51 0.59 0.26 0.34 0.16 0.16 0.33

43 ((Epi)gallocatechin)2 3 0.06 0.17 0.12 0.09 <LD <LD 0.04 0.06 0.06 0.07 0.04 0.05 <LQ <LQ 0.10

44 Gallocatechin 0.72 1.48 1.52 1.51 1.34 1.43 1.38 0.75 1.59 1.53 0.89 1.11 0.63 0.57 1.14

45 Epigallocatechin 0.20 0.56 0.45 0.45 0.44 0.39 0.37 0.21 0.36 0.49 0.40 0.30 0.25 0.21 0.40

46 ((Epi)gallocatechin-(epi)catechin) 2 0.23 1.22 1.53 1.35 0.70 1.32 1.37 0.98 1.31 1.79 0.76 1.01 0.34 0.61 0.97

47 ((Epi)catechin-(epi)gallocatechin) 2 0.38 1.00 1.53 1.34 0.88 0.97 0.84 0.68 1.45 1.46 0.64 0.90 0.46 0.66 0.87

48 ((Epi)gallocatechin-(epi)catechin) 1 1.18 5.18 3.58 3.05 2.72 4.59 2.94 2.84 4.99 5.92 2.60 3.63 1.50 2.04 3.00

49 ((Epi)catechin-(epi)gallocatechin) 1 1.59 5.89 4.17 3.75 3.89 5.24 3.10 2.99 5.36 6.81 3.12 4.07 1.97 2.32 3.37

50 ((Epi)catechin-(epi)gallocatechin) A 0.11 0.23 0.19 0.20 0.30 <LD 0.08 <LD <LD 0.06 <LD <LD <LQ <LD <LD

51 ((Epi)catechin)2 1 2.13 6.34 4.68 4.05 4.71 6.39 4.26 3.35 7.97 9.94 4.44 5.07 2.67 3.06 4.38

52 Procyanidin B 1 8.15 42.89 22.92 20.51 21.04 35.29 19.87 25.58 48.41 58.64 24.02 33.23 12.81 13.44 26.56

53 Procyanidin B 2 1.87 7.54 4.57 5.11 5.50 6.61 5.45 5.31 9.75 11.85 5.75 7.69 4.20 4.28 6.15

54 Catechin 1.20 2.32 2.28 2.06 2.22 2.38 2.16 1.77 2.76 3.05 1.92 2.05 1.47 1.67 2.10

55 Epicatechin 0.36 0.74 0.57 0.68 0.83 0.69 0.82 0.52 1.24 1.29 0.75 0.81 0.63 0.64 0.84

56 p -vinyl(epi)catechin 1 1.92 2.83 3.15 2.67 2.39 2.59 1.79 1.54 1.64 1.91 1.38 1.41 0.73 0.95 1.19

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.37 0.72 0.36 <LD 0.46 0.48 0.37 0.31 0.45 0.27 0.22 0.11 0.17 0.16

continued



Table S4. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of (+)-cat equiv./L.

Tank 07

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.48 2.37 2.01 1.79 1.41 <LD 1.55 1.37 1.96 2.27 1.25 1.34 0.22 0.78 0.98

42 ((Epi)gallocatechin)2 2 0.20 0.70 0.46 0.36 0.33 <LD 0.30 0.40 0.54 0.55 0.26 0.35 0.07 0.21 0.28

43 ((Epi)gallocatechin)2 3 0.07 0.16 0.11 0.07 0.05 <LD 0.09 0.12 0.07 0.06 0.06 0.08 <LQ 0.05 0.13

44 Gallocatechin 0.73 1.32 1.76 1.71 1.47 <LD 1.70 1.61 1.61 1.83 1.15 1.16 0.32 0.67 1.29

45 Epigallocatechin 0.28 0.74 0.53 0.46 0.52 <LD 0.39 0.38 0.44 0.45 0.24 0.27 0.11 0.23 0.35

46 ((Epi)gallocatechin-(epi)catechin) 2 0.22 0.99 1.66 1.46 1.31 <LD 1.35 0.87 1.31 1.87 0.94 0.88 0.19 0.69 1.18

47 ((Epi)catechin-(epi)gallocatechin) 2 0.38 1.27 1.45 1.44 0.85 <LD 0.94 0.89 1.40 1.59 0.71 0.85 0.20 0.49 0.87

48 ((Epi)gallocatechin-(epi)catechin) 1 1.65 4.82 3.92 3.36 3.18 <LD 2.89 3.12 4.79 5.87 3.10 3.53 0.70 2.24 2.75

49 ((Epi)catechin-(epi)gallocatechin) 1 2.12 5.32 4.87 3.83 4.11 <LD 3.57 3.82 5.53 6.50 3.50 4.04 0.97 2.39 3.07

50 ((Epi)catechin-(epi)gallocatechin) A 2 <LQ 0.26 0.18 0.17 0.42 <LD 0.12 <LD <LD <LD <LD <LD <LD <LD <LD

51 ((Epi)catechin)2 1 2.82 6.65 5.72 4.31 4.65 <LD 5.11 5.68 7.57 9.80 4.66 5.43 1.29 3.09 4.29

52 Procyanidin B 1 11.92 40.21 26.79 21.95 21.96 <LD 22.73 29.89 45.59 65.57 24.92 33.18 6.97 13.03 22.13

53 Procyanidin B 2 2.73 6.24 5.41 4.72 5.22 <LD 5.91 7.09 9.57 13.44 6.18 7.85 1.86 4.26 6.10

54 Catechin 1.25 2.45 2.54 2.33 2.19 <LD 2.53 2.81 2.99 3.57 2.03 2.06 0.89 1.54 2.22

55 Epicatechin 0.38 0.61 0.79 0.82 0.70 <LD 0.89 0.85 1.32 1.38 0.85 0.75 0.28 0.62 0.95

56 p -vinyl(epi)catechin 1 1.69 3.29 3.52 2.79 2.55 <LD 1.85 1.87 1.81 1.96 1.26 1.15 0.63 0.99 1.25

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.33 0.77 0.64 0.27 <LD 0.36 0.32 0.30 0.38 0.20 0.30 0.09 0.17 0.15

Tank 08

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.43 2.90 1.93 0.52 1.28 1.26 1.48 1.30 2.24 2.16 0.83 0.95 0.64 0.62 0.87

42 ((Epi)gallocatechin)2 2 0.14 0.66 0.55 0.17 0.35 0.28 0.33 0.30 0.45 0.47 0.21 0.25 0.14 0.21 0.30

43 ((Epi)gallocatechin)2 3 <LQ 0.14 0.10 <LD 0.10 0.04 0.05 0.04 0.05 0.06 0.04 0.07 <LQ 0.07 0.09

44 Gallocatechin 0.68 1.58 1.58 0.95 1.38 1.47 1.43 1.34 1.55 1.60 0.78 1.14 0.50 0.62 1.23

45 Epigallocatechin 0.22 0.59 0.55 0.32 0.43 0.30 0.34 0.37 0.37 0.45 0.32 0.31 0.22 0.21 0.27

46 ((Epi)gallocatechin-(epi)catechin) 2 0.29 1.77 1.55 0.63 0.97 0.90 1.37 1.34 1.44 1.75 0.63 0.84 0.44 0.57 0.82

47 ((Epi)catechin-(epi)gallocatechin) 2 0.41 1.40 1.67 0.50 1.33 0.90 0.93 0.89 1.32 1.52 0.76 0.78 0.45 0.50 0.94

48 ((Epi)gallocatechin-(epi)catechin) 1 1.25 6.63 4.40 1.81 3.08 3.86 3.04 3.00 5.06 6.15 2.52 3.03 1.58 1.86 2.62

49 ((Epi)catechin-(epi)gallocatechin) 1 1.53 6.94 5.02 2.09 4.11 4.43 3.69 3.61 5.60 6.97 2.86 3.67 2.05 2.02 2.92

50 ((Epi)catechin-(epi)gallocatechin) A 2 0.09 0.48 0.15 0.22 0.24 0.10 0.10 0.11 <LD <LD 0.03 0.12 <LD <LD <LD

51 ((Epi)catechin)2 1 2.35 7.44 5.80 2.59 4.53 6.85 4.21 4.74 8.87 9.18 4.30 4.94 2.34 2.53 3.58

52 Procyanidin B 1 8.91 49.15 28.02 9.49 22.64 28.01 20.50 28.50 47.41 60.62 22.71 29.83 10.75 8.60 20.49

53 Procyanidin B 2 2.10 8.10 5.80 2.75 5.63 6.20 5.40 7.49 11.41 14.53 5.77 7.26 3.96 3.81 5.73

54 Catechin 1.11 2.74 2.15 1.82 2.31 2.55 2.43 2.65 2.91 3.10 2.07 2.25 1.34 1.43 2.02

55 Epicatechin 0.28 0.86 0.69 0.52 0.78 0.77 0.86 1.43 1.27 1.47 0.72 0.87 0.59 0.59 0.86

56 p -vinyl(epi)catechin 1 1.89 2.96 2.93 2.73 2.20 3.04 1.85 1.70 1.72 1.68 1.28 1.29 0.64 0.87 1.17

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD 0.12 <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.36 0.72 0.56 0.37 0.62 0.44 0.66 0.33 0.44 0.16 0.34 0.11 0.19 0.18

Tank 09

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.48 2.38 1.49 1.54 1.50 1.72 1.43 1.23 1.70 1.96 1.33 1.26 0.55 1.07 1.56

42 ((Epi)gallocatechin)2 2 0.18 0.69 0.46 0.44 0.44 0.42 0.39 0.35 0.51 0.49 0.36 0.45 0.17 0.34 0.49

43 ((Epi)gallocatechin)2 3 <LD 0.10 0.08 0.08 0.08 0.04 0.05 0.06 0.13 0.14 0.07 0.09 0.05 0.06 0.13

44 Gallocatechin 0.70 2.41 1.66 1.70 1.47 1.52 1.70 1.54 1.62 1.97 0.84 1.22 0.60 0.76 1.30

45 Epigallocatechin 0.32 0.64 0.47 0.58 0.45 0.32 0.56 0.40 0.63 0.63 0.37 0.36 0.31 0.32 0.44

46 ((Epi)gallocatechin-(epi)catechin) 2 0.25 2.34 1.79 1.51 1.67 1.62 1.72 1.95 2.11 2.94 0.89 1.16 0.45 0.99 1.51

47 ((Epi)catechin-(epi)gallocatechin) 2 0.41 1.78 1.49 1.35 1.43 1.31 0.98 1.26 1.42 1.59 0.87 0.97 0.47 0.73 1.19

48 ((Epi)gallocatechin-(epi)catechin) 1 1.40 6.31 3.60 3.55 3.61 4.73 3.13 3.49 4.92 5.90 3.29 3.55 1.50 2.59 3.76

49 ((Epi)catechin-(epi)gallocatechin) 1 1.76 6.93 4.11 4.07 4.21 5.69 3.63 3.96 5.35 6.24 3.70 4.04 1.84 2.65 3.90

50 ((Epi)catechin-(epi)gallocatechin) A 2 <LD 0.49 0.46 0.27 0.40 0.21 0.11 <LD <LD 0.20 0.04 0.08 0.04 <LD <LD

51 ((Epi)catechin)2 1 2.87 6.92 4.40 4.30 4.70 6.43 5.02 5.00 6.62 8.01 4.80 5.18 <LD 3.17 4.53

52 Procyanidin B 1 10.80 51.15 21.42 23.91 22.27 36.84 23.75 31.43 40.04 47.34 27.89 33.13 <LD 14.67 28.49

53 Procyanidin B 2 2.69 10.60 6.23 6.09 6.94 8.86 7.90 9.67 13.26 15.23 8.02 9.58 <LD 5.82 8.69

54 Catechin 1.14 3.95 2.36 2.42 2.57 2.72 2.63 2.97 3.61 4.21 2.03 2.61 1.68 1.75 2.49

55 Epicatechin 0.41 1.62 1.36 1.39 1.38 1.30 1.71 1.51 1.88 2.20 1.32 1.43 0.97 1.09 1.43

56 p -vinyl(epi)catechin 1 1.78 2.92 2.97 2.35 2.23 2.05 1.73 1.55 1.53 1.76 0.81 0.92 0.57 0.73 0.81

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD 0.42 0.13 0.30 0.37 <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.20 0.87 1.35 0.99 1.64 1.60 0.95 0.79 0.87 0.49 0.78 0.19 0.29 0.23

continued



Table S4. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of (+)-cat equiv./L.

Tank 10

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.55 0.40 2.44 1.72 1.61 1.80 1.49 1.30 1.44 1.67 1.10 1.47 0.54 1.09 1.41

42 ((Epi)gallocatechin)2 2 0.21 0.17 0.70 0.52 0.52 0.56 0.45 0.39 0.42 0.47 0.25 0.38 0.17 0.31 0.44

43 ((Epi)gallocatechin)2 3 <LQ 0.07 0.11 0.12 0.11 0.04 0.06 0.07 0.18 0.11 0.04 0.10 <LQ 0.06 0.10

44 Gallocatechin 0.67 1.33 1.53 1.58 1.47 1.49 1.71 1.57 1.74 2.06 0.72 1.21 0.53 0.71 1.15

45 Epigallocatechin 0.22 0.41 0.60 0.55 0.58 0.39 0.47 0.50 0.44 0.38 0.22 0.31 0.23 0.27 0.39

46 ((Epi)gallocatechin-(epi)catechin) 2 0.27 0.62 1.94 1.55 1.78 1.54 1.59 1.72 2.07 2.73 0.76 1.25 0.48 0.80 1.32

47 ((Epi)catechin-(epi)gallocatechin) 2 0.40 0.43 1.76 1.35 1.72 1.38 1.40 1.30 1.41 1.49 0.83 0.90 0.43 0.74 1.24

48 ((Epi)gallocatechin-(epi)catechin) 1 1.40 1.77 5.35 3.79 3.92 4.97 3.19 3.66 4.20 5.40 2.74 3.82 1.43 2.53 3.38

49 ((Epi)catechin-(epi)gallocatechin) 1 2.01 2.32 5.31 3.77 4.52 5.14 3.52 3.87 4.11 5.42 3.04 4.29 1.85 2.61 3.68

50 ((Epi)catechin-(epi)gallocatechin) A 2 <LD 0.21 0.26 0.25 0.51 0.13 0.14 <LD <LD 0.11 <LD <LD <LD <LD <LD

51 ((Epi)catechin)2 1 2.34 3.38 5.46 4.92 4.83 6.23 4.75 5.94 5.84 8.60 3.54 5.71 2.30 3.22 4.62

52 Procyanidin B 1 9.13 15.04 27.30 24.77 25.08 36.42 22.04 32.40 35.22 45.67 22.73 36.33 10.12 15.25 26.87

53 Procyanidin B 2 2.58 4.48 6.65 6.36 6.57 8.93 7.07 8.49 11.22 14.14 6.59 8.41 4.26 5.83 8.11

54 Catechin 1.50 2.58 2.41 2.45 2.56 2.62 2.70 3.14 3.31 4.57 1.82 2.63 1.47 1.65 2.13

55 Epicatechin 0.45 0.82 0.91 1.35 1.39 1.43 1.65 1.79 1.86 1.98 0.79 1.24 0.78 0.87 1.25

56 p -vinyl(epi)catechin 1 1.69 2.75 2.54 2.33 2.16 1.95 1.68 1.41 1.43 1.91 0.79 0.92 0.45 0.69 0.79

57 p -vinyl(epi)catechin 2 <LD <LD 0.28 <LD 0.48 0.18 0.27 0.31 <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.33 1.39 1.46 1.00 1.72 1.56 0.80 0.72 0.79 0.53 0.61 0.20 0.26 0.27

Tank 11

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.50 1.19 2.27 1.51 0.48 0.99 1.42 1.25 1.28 1.86 1.13 0.94 0.41 0.80 1.23

42 ((Epi)gallocatechin)2 2 0.19 0.47 0.75 0.43 0.17 0.33 0.38 0.35 0.48 0.47 0.29 0.27 0.15 0.31 0.42

43 ((Epi)gallocatechin)2 3 <LQ 0.13 0.16 0.05 0.05 0.03 0.06 0.11 0.08 0.21 0.06 0.06 0.04 0.07 0.08

44 Gallocatechin 0.73 1.97 1.60 1.66 0.87 1.45 1.57 1.61 1.74 1.86 1.10 1.18 0.59 0.68 1.31

45 Epigallocatechin 0.23 0.68 0.61 0.53 0.29 0.42 0.50 0.46 0.48 0.43 0.37 0.37 0.21 0.30 0.37

46 ((Epi)gallocatechin-(epi)catechin) 2 0.23 0.98 1.99 1.55 0.61 1.44 1.48 1.66 1.97 2.40 0.99 1.11 0.49 0.70 1.42

47 ((Epi)catechin-(epi)gallocatechin) 2 0.39 1.51 1.76 1.44 0.76 1.25 0.99 0.99 1.45 1.51 0.85 0.83 0.43 0.67 1.00

48 ((Epi)gallocatechin-(epi)catechin) 1 1.41 3.27 5.08 3.33 1.67 3.75 2.88 3.53 3.79 5.59 2.94 3.06 1.25 2.23 3.09

49 ((Epi)catechin-(epi)gallocatechin) 1 1.74 3.69 5.40 3.94 2.10 4.79 3.22 3.86 4.15 5.84 3.08 3.65 1.52 2.44 3.33

50 ((Epi)catechin-(epi)gallocatechin) A 2 <LD 0.43 0.34 0.30 0.43 0.20 0.09 <LD <LD 0.18 0.07 0.07 0.06 <LD <LD

51 ((Epi)catechin)2 1 2.42 4.31 5.40 4.61 2.08 5.51 4.59 5.52 6.36 8.00 4.23 4.73 1.96 3.05 4.18

52 Procyanidin B 1 8.38 20.81 27.13 21.95 8.47 30.52 20.02 30.59 32.30 48.64 24.36 31.13 6.31 12.33 22.43

53 Procyanidin B 2 2.22 6.14 6.93 6.24 2.79 7.17 6.73 8.66 10.09 13.53 7.26 8.62 4.31 5.34 7.23

54 Catechin 1.15 3.14 2.37 2.51 1.97 2.68 2.55 3.13 3.45 3.62 2.24 2.73 1.67 1.75 2.33

55 Epicatechin 0.33 1.18 1.31 1.42 0.59 0.90 1.53 1.56 1.79 1.87 1.26 1.23 0.83 0.99 1.38

56 p -vinyl(epi)catechin 1 1.68 2.86 2.70 2.22 1.84 2.00 1.53 1.38 1.23 1.45 0.72 0.87 0.36 0.58 0.69

57 p -vinyl(epi)catechin 2 <LD <LD 0.34 <LD 0.28 <LD <LD 0.29 <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.45 1.43 1.39 0.72 1.47 1.39 0.91 0.74 0.85 0.47 0.66 0.18 0.30 0.24

Tank 12

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.46 0.90 2.11 1.77 1.58 1.70 1.66 1.29 1.32 <LD 1.25 1.60 0.62 0.73 1.32

42 ((Epi)gallocatechin)2 2 0.22 0.34 0.62 0.53 0.47 0.38 0.46 0.28 0.46 <LD 0.32 0.35 0.18 0.23 0.37

43 ((Epi)gallocatechin)2 3 0.07 0.08 0.17 0.08 0.05 0.07 0.04 0.05 0.11 <LD 0.03 0.07 <LQ 0.05 0.07

44 Gallocatechin 0.60 1.64 1.65 1.53 1.51 1.42 1.68 1.63 1.70 <LD 0.85 1.27 0.56 0.73 1.19

45 Epigallocatechin 0.24 0.39 0.43 0.52 0.41 0.47 0.50 0.36 0.50 <LD 0.28 0.34 0.24 0.21 0.33

46 ((Epi)gallocatechin-(epi)catechin) 2 0.35 1.53 1.91 1.48 1.59 1.52 1.60 1.85 1.97 <LD 0.90 1.48 0.46 0.75 1.40

47 ((Epi)catechin-(epi)gallocatechin) 2 0.36 0.79 1.53 1.47 1.45 1.41 1.38 1.49 1.31 <LD 0.76 0.95 0.43 0.54 0.95

48 ((Epi)gallocatechin-(epi)catechin) 1 1.26 3.31 4.92 3.82 3.50 4.89 3.61 3.67 4.08 <LD 3.18 4.36 1.70 2.14 3.35

49 ((Epi)catechin-(epi)gallocatechin) 1 1.88 3.88 4.91 4.37 4.36 5.09 4.03 4.02 4.28 <LD 3.53 4.08 2.23 2.31 3.56

50 ((Epi)catechin-(epi)gallocatechin) A 2 <LD 0.49 0.33 0.32 0.38 0.22 0.12 0.13 <LD <LD <LD 0.06 <LD <LD <LD

51 ((Epi)catechin)2 1 2.40 5.70 5.32 4.58 4.77 6.76 5.36 4.99 6.00 <LD 4.71 5.43 2.48 2.97 3.83

52 Procyanidin B 1 9.07 30.86 25.40 24.62 24.75 34.34 24.74 30.39 32.60 <LD 25.54 32.97 10.96 12.40 24.96

53 Procyanidin B 2 2.68 7.85 6.01 6.40 6.39 9.22 8.21 9.42 10.52 <LD 7.79 9.00 5.03 5.05 7.20

54 Catechin 1.19 2.62 2.53 2.30 2.46 2.55 2.52 3.25 3.27 <LD 2.03 2.57 1.37 1.77 1.92

55 Epicatechin 0.44 1.17 0.99 1.00 1.30 1.37 1.72 1.78 1.82 <LD 1.20 1.31 0.85 0.95 1.25

56 p -vinyl(epi)catechin 1 1.68 3.24 2.66 2.48 2.20 2.30 1.65 1.56 1.36 <LD 0.75 1.13 0.45 0.78 0.84

57 p -vinyl(epi)catechin 2 <LD <LD 0.39 <LD <LD <LD <LD 0.32 <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.42 1.57 1.42 0.77 1.44 1.50 0.90 0.81 <LD 0.43 0.71 0.22 0.30 0.22

continued



Table S4. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of (+)-cat equiv./L.

Tank 13

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.59 1.48 1.76 1.66 1.58 1.42 1.48 0.92 1.22 1.58 1.83 1.31 1.13 0.92 1.33

42 ((Epi)gallocatechin)2 2 0.22 0.49 0.53 0.48 0.44 0.37 0.34 0.33 0.41 0.27 0.50 0.36 0.33 0.27 0.35

43 ((Epi)gallocatechin)2 3 0.05 0.19 0.07 0.08 0.12 0.02 0.05 0.12 0.09 0.16 0.06 0.06 0.09 0.08 0.10

44 Gallocatechin 0.85 1.97 1.74 1.73 1.53 1.56 1.72 1.54 1.70 1.61 1.30 1.26 0.81 0.81 0.96

45 Epigallocatechin 0.30 0.72 0.48 0.54 0.59 0.53 0.57 0.43 0.45 0.43 0.38 0.46 0.33 0.31 0.30

46 ((Epi)gallocatechin-(epi)catechin) 2 0.24 1.75 1.75 1.65 1.75 1.61 1.43 1.63 1.53 2.14 1.49 1.15 0.90 0.76 1.23

47 ((Epi)catechin-(epi)gallocatechin) 2 0.45 1.38 1.61 1.45 1.46 1.26 1.36 1.26 1.38 1.49 1.30 0.91 0.75 0.69 0.95

48 ((Epi)gallocatechin-(epi)catechin) 1 1.74 4.22 4.18 3.74 3.82 4.03 3.15 3.26 3.92 5.57 4.20 3.89 2.93 2.47 3.22

49 ((Epi)catechin-(epi)gallocatechin) 1 2.52 4.32 4.68 4.18 4.48 5.19 3.44 3.73 4.45 5.38 4.57 4.51 3.32 2.78 3.18

50 ((Epi)catechin-(epi)gallocatechin) A 0.05 0.45 0.15 0.19 0.46 0.14 0.09 <LD <LD 0.07 <LD <LD <LD <LD <LD

51 ((Epi)catechin)2 1 3.03 5.41 4.87 4.45 5.17 5.20 4.82 5.10 5.84 7.43 5.60 5.82 3.53 3.28 3.40

52 Procyanidin B 1 12.89 27.03 28.08 23.46 26.89 35.36 23.19 30.70 34.57 48.05 36.76 38.51 20.87 13.73 22.77

53 Procyanidin B 2 3.42 7.05 6.47 6.00 7.49 7.56 6.83 9.35 10.74 10.65 8.12 10.07 6.26 5.49 6.53

54 Catechin 1.60 3.19 2.47 2.44 2.83 2.56 2.59 2.84 3.56 3.85 2.62 2.59 1.89 1.78 1.86

55 Epicatechin 0.53 1.12 0.89 1.36 1.52 1.21 1.58 1.43 1.88 1.89 1.56 1.25 1.02 0.92 0.94

56 p -vinyl(epi)catechin 1 1.92 3.06 2.94 2.38 2.24 2.13 1.67 1.47 1.57 1.72 1.33 1.21 0.61 0.85 0.68

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD 0.15 <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.42 1.39 0.91 0.53 1.20 0.87 0.58 0.54 0.48 0.52 0.63 0.23 0.30 0.24

Tank 14

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.74 1.28 2.70 1.63 0.91 1.35 0.91 1.35 1.58 1.35 1.49 1.38 0.69 0.90 0.98

42 ((Epi)gallocatechin)2 2 0.23 0.50 0.76 0.52 0.36 0.29 0.29 0.39 0.40 0.36 0.40 0.40 0.23 0.27 0.32

43 ((Epi)gallocatechin)2 3 0.13 0.19 0.22 0.03 0.14 0.03 0.12 0.11 0.13 0.12 0.02 0.08 0.06 0.07 0.07

44 Gallocatechin 0.79 1.84 1.87 1.68 1.62 1.52 1.65 1.74 1.61 1.33 1.23 1.17 0.72 0.75 1.14

45 Epigallocatechin 0.35 0.72 0.64 0.59 0.65 0.38 0.41 0.39 0.42 0.25 0.40 0.34 0.35 0.29 0.35

46 ((Epi)gallocatechin-(epi)catechin) 2 0.35 1.42 2.32 1.49 1.37 1.45 1.41 2.03 1.66 1.77 0.97 0.99 0.51 0.77 1.00

47 ((Epi)catechin-(epi)gallocatechin) 2 0.45 1.31 1.89 1.44 1.34 1.15 0.91 0.93 1.34 1.18 1.22 0.89 0.47 0.69 0.85

48 ((Epi)gallocatechin-(epi)catechin) 1 2.13 3.77 6.73 3.60 2.93 3.98 2.53 3.69 4.22 5.38 3.53 3.91 1.77 2.38 2.69

49 ((Epi)catechin-(epi)gallocatechin) 1 2.61 4.35 6.75 4.39 3.77 5.14 3.05 3.88 4.57 5.66 4.26 4.41 2.36 2.72 2.99

50 ((Epi)catechin-(epi)gallocatechin) A <LD 0.55 0.18 0.20 0.35 0.24 0.04 <LD 0.12 <LD <LD <LD <LD <LD <LD

51 ((Epi)catechin)2 1 3.00 5.28 6.24 4.87 4.40 5.75 4.38 5.10 5.80 7.28 5.43 6.03 2.94 3.15 3.57

52 Procyanidin B 1 15.11 28.14 34.40 25.32 22.29 32.93 19.19 32.98 38.29 48.49 33.25 38.79 14.99 14.02 21.37

53 Procyanidin B 2 3.65 7.30 7.74 6.63 6.27 7.96 6.38 9.21 10.14 10.97 9.09 9.22 5.30 5.02 6.44

54 Catechin 1.55 3.28 2.73 2.55 2.63 2.87 2.70 3.13 3.45 3.77 2.56 2.33 1.76 1.55 1.82

55 Epicatechin 0.43 1.27 1.52 1.43 1.27 1.42 1.55 1.60 1.76 1.53 1.44 1.30 0.89 0.81 0.83

56 p -vinyl(epi)catechin 1 2.27 2.95 3.08 2.58 2.16 2.34 1.73 1.54 1.63 1.75 1.26 1.14 0.70 0.88 0.68

57 p -vinyl(epi)catechin 2 <LD <LD 0.46 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 0.09 0.46 1.34 0.82 0.67 1.14 0.79 0.61 0.57 0.58 0.49 0.50 0.24 0.30 0.20

Tank 15

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.51 1.20 1.96 1.37 0.91 0.89 1.48 0.72 0.86 1.22 1.35 1.22 0.74 0.79 0.74

42 ((Epi)gallocatechin)2 2 0.09 0.39 0.59 0.32 0.36 0.21 0.29 0.30 0.40 0.37 0.36 0.37 0.24 0.24 0.29

43 ((Epi)gallocatechin)2 3 0.05 0.16 0.07 0.05 0.14 <LD 0.02 0.10 0.15 0.12 0.05 0.04 0.05 0.05 0.08

44 Gallocatechin 0.74 1.81 1.92 1.66 1.62 1.63 1.57 1.57 1.70 1.72 1.28 1.33 0.74 0.80 1.16

45 Epigallocatechin 0.13 0.75 0.55 0.41 0.65 0.40 0.47 0.51 0.60 0.43 0.40 0.38 0.34 0.30 0.38

46 ((Epi)gallocatechin-(epi)catechin) 2 0.26 1.45 2.16 1.36 1.37 1.20 1.52 1.42 1.72 1.50 1.23 1.21 0.73 0.82 0.85

47 ((Epi)catechin-(epi)gallocatechin) 2 0.34 1.02 1.73 1.42 1.34 0.97 1.45 0.98 1.26 1.00 0.96 0.91 0.53 0.68 0.73

48 ((Epi)gallocatechin-(epi)catechin) 1 1.53 3.60 4.76 3.23 2.93 3.39 3.08 2.79 3.20 3.83 3.22 3.39 1.93 2.22 2.31

49 ((Epi)catechin-(epi)gallocatechin) 1 2.14 4.16 4.92 3.92 3.77 4.36 3.75 3.32 3.75 4.56 3.69 4.04 2.33 2.35 2.66

50 ((Epi)catechin-(epi)gallocatechin) A <LD 0.63 0.30 0.14 0.35 0.23 0.11 <LD <LD <LD <LD <LD <LD 0.07 <LD

51 ((Epi)catechin)2 1 2.81 4.97 5.50 4.65 4.40 5.35 5.13 4.91 5.93 7.81 4.92 5.78 2.81 2.97 3.51

52 Procyanidin B 1 11.17 25.56 28.39 20.44 22.29 30.91 22.74 25.48 30.49 41.61 29.75 32.89 12.49 11.99 17.98

53 Procyanidin B 2 3.30 7.01 7.06 6.18 6.27 7.60 8.08 8.15 9.15 10.44 8.61 9.95 5.16 5.20 6.05

54 Catechin 1.35 3.13 2.77 2.46 2.63 2.60 2.75 3.20 3.72 3.86 2.60 2.86 1.81 1.81 1.92

55 Epicatechin 0.43 1.10 1.49 1.49 1.27 1.23 1.57 1.81 1.96 1.93 1.38 1.47 1.04 0.92 1.19

56 p -vinyl(epi)catechin 1 1.98 3.01 2.94 2.43 2.16 2.00 1.68 1.45 1.45 1.27 1.23 0.96 0.55 0.79 0.69

57 p -vinyl(epi)catechin 2 <LD <LD 0.26 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.50 1.35 0.82 0.67 0.91 0.80 0.51 0.56 0.58 0.43 0.51 0.21 0.27 0.16

continued



Table S4. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of (+)-cat equiv./L.

Tank 16

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.59 1.81 1.37 1.56 0.48 1.69 0.87 1.48 1.68 1.19 1.60 0.96 0.75 0.76 1.18

42 ((Epi)gallocatechin)2 2 0.12 0.71 0.42 0.41 0.17 0.45 0.25 0.44 0.48 0.44 0.48 0.30 0.25 0.26 0.28

43 ((Epi)gallocatechin)2 3 0.02 0.19 0.07 0.04 0.10 0.04 0.04 0.07 0.11 0.12 0.04 0.10 0.05 0.08 0.07

44 Gallocatechin 0.73 1.90 1.81 1.64 0.96 1.65 1.63 1.67 1.79 1.71 1.33 1.26 0.83 0.68 0.95

45 Epigallocatechin 0.20 0.65 0.57 0.51 0.39 0.55 0.51 0.51 0.50 0.34 0.48 0.40 0.34 0.26 0.25

46 ((Epi)gallocatechin-(epi)catechin) 2 0.34 1.88 1.79 1.60 0.70 1.82 1.57 1.79 2.16 2.07 1.46 1.12 0.83 0.64 1.29

47 ((Epi)catechin-(epi)gallocatechin) 2 0.58 1.29 1.53 0.88 0.58 1.54 0.85 1.35 1.58 1.37 0.98 1.12 0.69 0.56 0.83

48 ((Epi)gallocatechin-(epi)catechin) 1 1.77 5.09 3.59 3.32 1.67 4.70 2.92 3.99 4.85 4.98 3.86 4.05 2.13 1.95 2.66

49 ((Epi)catechin-(epi)gallocatechin) 1 2.39 5.34 4.06 3.85 2.19 6.23 2.88 4.27 5.47 5.29 4.21 4.45 2.53 2.27 3.20

50 ((Epi)catechin-(epi)gallocatechin) A <LD 0.79 0.29 0.31 0.35 0.32 0.17 <LD <LD <LD <LD <LD <LD <LD <LD

51 ((Epi)catechin)2 1 2.94 5.68 5.39 4.84 2.87 6.88 3.87 6.40 7.50 8.51 5.82 7.41 3.21 2.92 3.76

52 Procyanidin B 1 12.44 35.18 25.49 22.34 10.56 35.19 19.02 34.43 42.21 46.78 35.45 44.77 17.04 10.88 20.34

53 Procyanidin B 2 3.57 8.92 6.20 6.43 3.13 8.78 6.42 10.23 13.93 14.24 9.73 14.09 6.21 5.29 6.92

54 Catechin 1.45 3.39 2.53 2.64 2.21 3.24 2.71 3.38 3.84 4.54 2.56 3.02 1.94 1.47 1.86

55 Epicatechin 0.45 1.39 1.39 1.60 0.72 1.52 1.67 1.96 2.10 2.02 1.62 1.62 1.14 0.92 1.15

56 p -vinyl(epi)catechin 1 1.83 3.09 3.31 2.93 2.45 2.35 1.59 1.59 1.78 1.85 1.45 1.23 0.77 0.86 0.72

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.38 1.42 0.84 0.59 1.18 0.95 0.73 0.75 0.62 0.56 0.49 0.23 0.33 0.20

Tank 17

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.91 3.18 1.93 1.50 1.82 1.77 1.58 1.00 2.03 2.30 1.68 1.89 0.54 1.30 0.93

42 ((Epi)gallocatechin)2 2 0.27 0.85 0.48 0.40 0.44 0.53 0.33 0.32 0.50 0.65 0.43 0.46 0.18 0.41 0.35

43 ((Epi)gallocatechin)2 3 0.03 0.10 0.06 0.04 0.08 0.00 0.06 0.07 0.09 0.10 0.09 0.04 <LQ 0.06 0.04

44 Gallocatechin 0.94 1.70 1.54 1.55 1.38 1.74 1.57 1.41 1.71 1.60 1.38 1.19 0.59 0.73 1.14

45 Epigallocatechin 0.29 0.62 0.33 0.53 0.44 0.32 0.33 0.33 0.35 0.46 0.35 0.39 0.23 0.30 0.29

46 ((Epi)gallocatechin-(epi)catechin) 2 0.20 1.37 1.57 0.88 1.57 1.56 1.55 1.53 1.69 1.99 1.51 1.23 0.40 0.84 0.72

47 ((Epi)catechin-(epi)gallocatechin) 2 0.65 1.36 1.43 1.37 1.45 1.54 0.97 0.87 1.61 1.79 1.38 1.01 0.50 0.85 0.78

48 ((Epi)gallocatechin-(epi)catechin) 1 2.44 6.59 4.68 3.02 4.62 4.92 3.39 3.17 5.15 6.68 4.24 4.88 1.53 3.07 2.39

49 ((Epi)catechin-(epi)gallocatechin) 1 3.17 6.35 5.24 3.47 4.94 6.38 3.63 3.32 5.78 7.38 4.43 5.34 1.97 3.10 2.67

50 ((Epi)catechin-(epi)gallocatechin) A <LD 0.28 0.23 0.24 0.25 0.12 0.14 <LD <LD <LD 0.07 <LD <LD 0.07 <LD

51 ((Epi)catechin)2 1 3.55 7.38 5.32 4.21 5.47 6.92 4.61 3.44 7.84 8.87 5.61 6.95 2.85 3.84 2.97

52 Procyanidin B 1 18.83 50.43 31.42 20.31 30.09 41.61 23.65 24.96 51.00 58.10 34.38 46.49 12.51 18.39 17.12

53 Procyanidin B 2 4.38 8.65 6.13 5.04 6.73 9.08 6.62 6.24 12.51 14.67 8.55 11.55 4.92 6.03 5.35

54 Catechin 1.58 2.77 2.30 2.21 2.49 2.71 2.51 2.81 3.09 3.45 2.58 2.62 1.45 1.64 1.82

55 Epicatechin 0.53 0.81 0.75 0.63 0.77 1.13 1.33 0.86 1.36 1.33 1.28 0.99 0.61 0.81 0.76

56 p -vinyl(epi)catechin 1 1.73 3.06 3.06 2.53 2.21 2.44 1.64 1.30 1.56 1.72 1.36 0.88 0.46 0.69 0.48

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.57 0.51 0.52 0.41 0.85 0.68 0.42 0.46 0.55 0.34 0.41 0.17 0.29 0.16

Tank 18

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.79 3.43 2.55 1.42 1.50 1.43 0.74 1.37 1.81 1.72 1.35 1.39 1.02 1.12 1.41

42 ((Epi)gallocatechin)2 2 0.28 0.82 0.52 0.35 0.40 0.42 0.26 0.37 0.62 0.48 0.43 0.38 0.29 0.31 0.47

43 ((Epi)gallocatechin)2 3 0.03 0.26 0.09 0.04 0.10 <LD 0.09 0.13 0.12 0.24 0.05 0.07 0.04 0.07 0.11

44 Gallocatechin 0.81 1.68 1.60 1.55 1.43 1.68 1.55 1.77 1.67 1.74 1.35 1.28 0.67 0.86 1.16

45 Epigallocatechin 0.36 0.53 0.36 0.31 0.36 0.51 0.29 0.36 0.35 0.49 0.35 0.41 0.22 0.27 0.38

46 ((Epi)gallocatechin-(epi)catechin) 2 0.32 1.91 1.69 0.88 1.36 1.24 1.36 1.76 1.68 1.64 1.34 1.11 0.58 0.92 1.36

47 ((Epi)catechin-(epi)gallocatechin) 2 0.55 1.65 1.60 0.89 1.33 1.25 1.37 1.26 1.60 1.42 0.99 0.85 0.62 0.79 1.15

48 ((Epi)gallocatechin-(epi)catechin) 1 2.13 7.48 5.58 3.06 4.04 4.90 2.72 3.72 5.02 5.27 3.42 3.70 2.28 2.61 3.11

49 ((Epi)catechin-(epi)gallocatechin) 1 3.03 7.73 6.07 3.44 5.00 5.82 3.56 3.88 5.74 5.55 3.88 4.37 2.60 2.96 3.38

50 ((Epi)catechin-(epi)gallocatechin) A <LD 0.43 0.17 0.13 0.29 0.10 0.15 <LD <LD <LD <LD 0.06 <LD <LD <LD

51 ((Epi)catechin)2 1 2.90 7.45 5.46 4.05 5.44 7.18 3.65 5.33 8.31 9.05 4.92 5.73 2.90 3.59 4.13

52 Procyanidin B 1 15.83 60.08 32.53 20.25 30.77 43.29 19.38 28.83 49.84 54.42 27.96 38.56 16.61 17.48 24.24

53 Procyanidin B 2 3.99 9.81 6.67 5.02 6.57 8.25 5.31 8.39 13.21 11.65 7.84 9.41 4.98 5.70 7.14

54 Catechin 1.67 2.83 2.05 2.03 2.45 2.62 2.11 3.40 3.23 3.69 2.74 2.61 1.48 1.74 2.16

55 Epicatechin 0.50 0.94 0.60 0.65 0.84 0.84 1.34 1.52 1.38 1.33 1.21 0.97 0.57 0.80 1.16

56 p -vinyl(epi)catechin 1 1.94 2.74 2.64 2.42 2.10 2.16 1.58 1.48 1.60 1.37 1.25 0.85 0.49 0.85 0.56

57 p -vinyl(epi)catechin 2 <LD <LD 0.16 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.52 0.58 0.61 0.21 1.14 0.59 0.40 0.41 0.54 0.41 0.53 0.18 0.29 <LD

continued



Table S4. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of (+)-cat equiv./L.

Tank 19

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 1.38 3.70 1.99 1.52 1.93 1.65 1.73 1.28 2.01 2.10 1.61 1.64 0.71 1.01 0.64

42 ((Epi)gallocatechin)2 2 0.33 0.82 0.54 0.36 0.51 0.48 0.36 0.29 0.50 0.51 0.43 0.44 0.23 0.32 0.18

43 ((Epi)gallocatechin)2 3 0.08 0.19 0.05 0.08 0.08 0.05 0.09 0.13 <LD 0.09 0.13 0.11 0.05 0.07 0.06

44 Gallocatechin 1.19 1.66 1.80 1.68 1.65 2.00 1.91 1.81 1.73 1.94 1.33 1.47 0.77 0.79 0.79

45 Epigallocatechin 0.30 0.58 0.49 0.43 0.46 0.41 0.51 0.56 0.38 0.60 0.28 0.43 0.22 0.26 0.30

46 ((Epi)gallocatechin-(epi)catechin) 2 0.45 1.72 1.64 1.44 1.49 1.31 1.53 1.92 1.59 1.89 1.34 1.20 0.57 0.75 0.65

47 ((Epi)catechin-(epi)gallocatechin) 2 0.70 1.51 1.54 1.46 1.55 1.50 1.49 0.98 1.47 1.26 1.28 1.14 0.57 0.77 0.80

48 ((Epi)gallocatechin-(epi)catechin) 1 3.23 7.81 4.16 3.37 4.63 4.76 3.75 3.50 4.90 6.10 3.99 4.52 2.01 2.54 1.97

49 ((Epi)catechin-(epi)gallocatechin) 1 3.65 7.83 5.20 3.75 4.95 5.65 4.51 3.92 5.89 6.74 4.54 5.04 2.45 2.86 2.36

50 ((Epi)catechin-(epi)gallocatechin) A <LD 0.39 0.18 <LD 0.44 0.28 0.11 0.13 <LD <LD <LD <LD <LD <LD <LD

51 ((Epi)catechin)2 1 3.80 7.94 5.70 4.95 5.91 7.35 6.13 5.29 7.95 8.33 5.86 7.38 2.86 3.50 3.06

52 Procyanidin B 1 20.80 60.80 31.75 22.98 33.27 39.14 26.27 27.22 51.62 56.09 32.77 45.33 12.82 17.55 17.68

53 Procyanidin B 2 4.37 9.30 6.09 5.41 6.96 7.66 7.31 7.93 11.44 12.81 8.64 10.35 4.63 5.38 5.62

54 Catechin 1.60 2.91 2.56 2.37 2.62 2.91 2.91 3.33 3.21 3.74 2.24 3.10 1.57 1.56 2.00

55 Epicatechin 0.45 0.90 0.72 0.75 0.84 1.31 1.37 1.53 1.42 1.42 0.95 1.11 0.74 0.69 0.93

56 p -vinyl(epi)catechin 1 1.91 2.62 3.07 2.40 2.14 2.64 1.84 1.48 1.46 1.68 0.96 1.12 0.55 0.78 0.75

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.28 0.50 0.59 0.43 0.88 0.84 0.37 0.41 0.39 0.29 0.45 0.16 0.25 0.16

Tank 20

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 1.49 2.73 1.92 1.52 1.56 1.65 1.56 0.90 2.16 2.30 2.04 <LD 0.90 1.21 0.70

42 ((Epi)gallocatechin)2 2 0.37 0.73 0.47 0.45 0.41 0.37 0.39 0.33 0.56 0.54 0.53 <LD 0.22 0.38 0.24

43 ((Epi)gallocatechin)2 3 0.08 0.17 0.05 0.06 0.10 0.01 0.03 0.13 0.09 0.12 0.10 <LD 0.08 0.08 0.07

44 Gallocatechin 1.28 1.68 1.61 1.53 1.42 1.53 1.84 1.72 1.63 1.70 1.32 <LD 0.64 0.76 0.91

45 Epigallocatechin 0.33 0.57 0.46 0.46 0.38 0.42 0.54 0.52 0.50 0.42 0.38 <LD 0.18 0.30 0.32

46 ((Epi)gallocatechin-(epi)catechin) 2 0.57 1.29 1.60 1.37 1.32 1.47 1.59 1.72 1.83 1.86 1.49 <LD 0.70 0.93 0.73

47 ((Epi)catechin-(epi)gallocatechin) 2 0.74 1.29 1.63 0.90 1.37 1.31 1.43 0.95 1.53 1.51 1.37 <LD 0.65 0.85 0.66

48 ((Epi)gallocatechin-(epi)catechin) 1 3.32 6.62 4.89 3.31 4.02 5.07 3.19 3.14 5.78 6.78 4.94 <LD 2.32 3.01 2.03

49 ((Epi)catechin-(epi)gallocatechin) 1 3.86 6.66 5.07 3.87 4.46 5.92 3.75 3.28 5.90 6.90 4.85 <LD 2.57 3.20 2.28

50 ((Epi)catechin-(epi)gallocatechin) A <LD 0.30 0.21 0.18 0.42 0.15 0.16 <LD <LD <LD 0.07 <LD <LD <LD <LD

51 ((Epi)catechin)2 1 4.05 6.32 5.13 4.42 4.57 6.44 4.77 5.28 7.80 8.86 5.62 <LD 2.88 3.47 2.90

52 Procyanidin B 1 19.81 45.42 31.83 20.90 26.23 39.83 23.06 24.97 53.81 55.24 37.16 <LD 15.78 18.35 15.10

53 Procyanidin B 2 4.64 8.88 6.03 5.30 5.80 7.83 6.63 7.36 12.99 14.09 8.81 <LD 4.41 5.66 5.45

54 Catechin 1.98 2.92 2.31 2.23 2.23 2.80 2.77 3.21 3.22 3.87 2.46 <LD 1.45 1.69 2.07

55 Epicatechin 0.61 1.27 0.69 0.82 0.66 0.92 1.58 1.49 1.53 1.39 1.23 <LD 0.60 0.78 0.94

56 p -vinyl(epi)catechin 1 2.11 2.86 3.13 2.60 2.03 2.52 1.78 1.51 1.63 1.64 1.27 <LD 0.54 0.89 0.76

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD 0.35 <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.34 0.51 0.54 0.41 0.70 0.74 0.40 0.32 0.42 0.37 <LD 0.16 0.26 0.19

Tank 21

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.64 2.13 1.62 0.97 1.43 1.18 1.59 0.82 1.90 1.79 1.44 2.55 0.56 0.84 0.68

42 ((Epi)gallocatechin)2 2 0.13 0.71 0.50 0.26 0.35 0.30 0.35 0.27 0.40 0.49 0.37 0.52 0.18 0.30 0.21

43 ((Epi)gallocatechin)2 3 0.03 0.14 0.05 0.07 0.07 0.04 0.08 0.17 0.12 0.10 0.11 0.11 0.05 <LQ 0.06

44 Gallocatechin 0.78 1.64 1.64 1.59 1.44 1.25 1.66 1.60 1.54 1.67 1.00 1.29 0.60 0.79 0.88

45 Epigallocatechin 0.18 0.63 0.54 0.41 0.40 0.50 0.47 0.32 0.36 0.42 0.36 0.30 0.22 0.23 0.29

46 ((Epi)gallocatechin-(epi)catechin) 2 0.30 0.97 1.33 1.41 1.38 0.93 1.48 1.55 1.61 1.84 1.00 1.36 0.49 0.70 0.64

47 ((Epi)catechin-(epi)gallocatechin) 2 0.42 0.93 1.54 1.37 1.36 1.13 1.33 0.84 1.36 1.53 0.74 1.12 0.61 0.72 0.61

48 ((Epi)gallocatechin-(epi)catechin) 1 1.99 4.97 3.94 2.76 3.76 3.74 3.39 3.17 4.70 5.52 3.51 6.16 1.74 2.49 2.06

49 ((Epi)catechin-(epi)gallocatechin) 1 2.76 5.55 4.62 3.32 4.60 4.49 3.87 3.31 5.31 6.41 3.83 6.06 2.30 2.73 2.31

50 ((Epi)catechin-(epi)gallocatechin) A <LD 0.16 <LD 0.17 0.48 0.16 0.11 <LD <LD <LD 0.06 0.04 <LD <LD <LD

51 ((Epi)catechin)2 1 2.95 6.21 5.21 3.98 4.71 5.85 5.48 4.74 7.38 9.30 4.60 6.95 2.81 3.55 2.99

52 Procyanidin B 1 15.86 44.02 27.85 17.28 25.17 32.88 24.82 23.09 46.79 54.40 30.68 48.23 13.75 16.37 15.71

53 Procyanidin B 2 3.99 8.31 6.37 5.15 6.05 6.94 7.86 7.71 10.67 13.54 7.51 10.91 4.31 5.34 5.00

54 Catechin 1.70 2.82 2.25 2.23 2.46 2.24 2.87 3.01 2.95 3.65 2.28 2.27 1.42 1.73 1.90

55 Epicatechin 0.48 0.90 0.75 0.77 0.89 0.66 1.56 1.37 1.32 1.43 0.86 0.91 0.64 0.73 0.82

56 p -vinyl(epi)catechin 1 1.78 2.43 3.03 2.29 2.07 2.17 1.64 1.29 1.47 1.26 1.00 0.95 0.49 0.90 0.68

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.26 0.49 0.47 0.28 0.42 0.50 0.25 0.30 0.32 0.26 0.37 0.12 0.20 0.14

continued



Table S4. Tannin concentrations determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Mendavia 2018, expressed in mg of (+)-cat equiv./L.

Tank 22

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.95 3.52 1.51 1.44 1.68 1.63 1.42 0.56 1.65 2.20 1.46 1.34 0.59 0.92 0.55

42 ((Epi)gallocatechin)2 2 0.16 1.01 0.41 0.37 0.41 0.44 0.33 0.16 0.42 0.51 0.26 0.33 0.19 0.26 0.20

43 ((Epi)gallocatechin)2 3 0.06 0.12 0.05 0.04 0.08 0.06 0.09 0.07 0.13 0.02 0.07 0.05 0.03 <LQ 0.10

44 Gallocatechin 0.77 1.90 1.51 1.64 1.45 1.57 1.52 1.41 1.59 1.61 0.95 1.19 0.58 0.77 0.91

45 Epigallocatechin 0.28 0.67 0.58 0.37 0.42 0.43 0.34 0.37 0.56 0.44 0.38 0.40 0.16 0.26 0.24

46 ((Epi)gallocatechin-(epi)catechin) 2 0.40 1.63 0.84 1.44 1.44 1.46 1.46 1.28 1.42 1.72 1.18 0.81 0.34 0.79 0.54

47 ((Epi)catechin-(epi)gallocatechin) 2 0.57 1.49 1.34 1.50 1.30 1.41 1.33 0.74 1.56 1.52 0.82 0.89 0.43 0.64 0.60

48 ((Epi)gallocatechin-(epi)catechin) 1 2.59 7.60 3.48 3.25 4.00 5.25 3.13 2.29 4.72 5.99 3.61 3.72 1.56 2.26 1.72

49 ((Epi)catechin-(epi)gallocatechin) 1 3.44 6.61 4.18 3.69 4.80 6.03 3.32 2.58 5.22 6.71 3.99 4.19 1.87 2.52 2.01

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD <LD 0.25 0.39 0.14 <LD 0.07 0.10 <LD 0.08 <LD <LD 0.05 <LD

51 ((Epi)catechin)2 1 3.19 7.70 4.66 4.34 5.28 6.74 4.14 3.51 8.15 9.87 4.49 5.58 2.26 3.31 2.69

52 Procyanidin B 1 20.34 56.36 26.41 21.55 28.19 40.19 21.36 19.04 51.69 64.61 30.77 38.76 9.85 13.39 8.93

53 Procyanidin B 2 4.51 9.88 6.03 5.63 6.71 8.28 6.24 5.44 12.79 15.75 7.54 9.97 3.86 5.04 4.60

54 Catechin 1.60 2.78 2.03 2.43 2.09 2.64 2.57 2.57 3.29 3.47 2.12 2.02 1.18 1.65 2.09

55 Epicatechin 0.54 0.91 0.61 0.93 0.70 0.92 1.40 0.89 1.37 1.32 0.86 0.91 0.48 0.76 0.82

56 p -vinyl(epi)catechin 1 1.90 3.22 2.79 2.58 2.07 2.26 1.72 1.40 1.56 1.68 1.25 0.91 0.45 0.71 0.66

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.39 0.58 0.39 0.30 0.59 0.48 0.30 0.31 0.38 0.26 0.32 0.14 0.24 0.15

Tank 23

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 0.98 3.19 2.19 1.44 1.73 1.39 1.47 0.57 1.56 1.70 1.27 1.40 0.61 0.93 0.63

42 ((Epi)gallocatechin)2 2 0.24 0.87 0.53 0.33 0.42 0.36 0.33 0.27 0.40 0.42 0.32 0.36 0.18 0.31 0.22

43 ((Epi)gallocatechin)2 3 <LD 0.17 0.07 <LQ 0.11 0.02 0.03 0.06 0.14 0.18 0.06 0.08 0.04 <LQ 0.05

44 Gallocatechin 0.81 1.65 1.71 1.55 1.38 1.43 1.47 1.52 1.65 1.85 1.21 1.16 0.64 0.82 0.85

45 Epigallocatechin 0.29 0.70 0.62 0.56 0.42 0.38 0.28 0.39 0.37 0.45 0.30 0.28 0.20 0.27 0.26

46 ((Epi)gallocatechin-(epi)catechin) 2 0.46 1.51 1.78 0.94 1.45 1.22 0.92 0.88 1.56 1.49 0.91 1.09 0.45 0.76 0.63

47 ((Epi)catechin-(epi)gallocatechin) 2 0.81 1.58 1.70 0.93 1.60 1.39 1.33 0.73 1.29 1.14 0.89 1.10 0.52 0.72 0.59

48 ((Epi)gallocatechin-(epi)catechin) 1 2.69 6.62 4.75 3.01 4.32 4.27 2.83 2.44 4.07 4.96 3.12 4.13 1.95 2.43 1.91

49 ((Epi)catechin-(epi)gallocatechin) 1 3.23 6.60 5.80 3.67 4.99 5.31 3.05 2.75 4.67 5.40 3.43 4.51 2.34 2.74 2.23

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.12 0.16 0.46 0.12 <LD 0.11 <LD <LD 0.06 <LD <LD 0.06 <LD

51 ((Epi)catechin)2 1 3.32 6.72 6.02 4.52 5.11 6.54 4.04 4.34 7.20 8.32 4.79 5.94 2.44 3.29 2.88

52 Procyanidin B 1 18.96 52.62 35.53 20.18 27.95 35.71 21.97 19.44 41.62 47.63 24.92 37.00 11.13 15.85 12.49

53 Procyanidin B 2 4.61 8.97 7.17 5.18 6.90 6.86 5.62 5.68 10.20 12.59 7.50 9.55 4.21 5.26 5.06

54 Catechin 1.92 2.65 2.44 2.19 2.41 2.56 2.30 2.89 3.16 3.75 2.42 2.85 1.52 1.75 2.00

55 Epicatechin 0.59 0.95 0.85 0.78 0.92 0.82 0.83 1.31 1.64 1.38 1.22 1.14 0.65 0.80 0.93

56 p -vinyl(epi)catechin 1 2.17 3.07 3.17 2.42 2.05 2.28 1.57 1.45 1.54 1.41 1.38 1.15 0.53 0.82 0.66

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.34 0.47 0.45 0.29 0.39 0.49 0.25 0.22 0.37 0.28 0.34 0.12 0.19 0.15

Tank 24

# Time (days) 1 3 4 5 6 7 10 15 18 20 24 28 33 52 61

41 ((Epi)gallocatechin)2 1 1.46 3.28 1.87 1.45 1.38 1.50 1.55 0.93 1.80 1.91 1.60 1.54 0.64 0.97 0.77

42 ((Epi)gallocatechin)2 2 0.35 0.75 0.57 0.29 0.40 0.36 0.33 0.21 0.46 0.49 0.34 0.36 0.19 0.33 0.20

43 ((Epi)gallocatechin)2 3 0.07 0.11 0.06 0.14 0.10 <LD 0.03 0.10 0.09 0.05 0.09 0.05 0.06 0.08 0.06

44 Gallocatechin 0.98 1.61 1.75 1.60 1.45 1.48 1.57 1.70 1.62 1.76 0.99 1.24 0.63 0.82 0.92

45 Epigallocatechin 0.33 0.65 0.53 0.33 0.35 0.40 0.45 0.35 0.53 0.47 0.35 0.31 0.20 0.29 0.27

46 ((Epi)gallocatechin-(epi)catechin) 2 0.26 1.66 1.52 0.80 1.32 1.67 1.36 1.47 1.57 1.70 1.31 1.15 0.48 0.77 0.76

47 ((Epi)catechin-(epi)gallocatechin) 2 0.58 1.27 1.73 0.93 1.27 1.21 0.97 0.89 1.28 1.39 1.27 1.29 0.55 0.74 0.61

48 ((Epi)gallocatechin-(epi)catechin) 1 3.17 7.23 4.85 3.16 3.28 4.00 3.32 3.04 4.37 5.67 3.90 4.24 1.79 2.62 2.17

49 ((Epi)catechin-(epi)gallocatechin) 1 3.64 6.66 5.63 3.46 4.07 5.20 3.70 3.51 4.83 6.70 4.33 4.66 2.19 2.94 2.52

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.05 0.12 0.47 0.14 <LD 0.18 <LD <LD 0.05 0.07 <LD <LD <LD

51 ((Epi)catechin)2 1 3.69 7.43 6.23 4.35 4.23 6.43 5.28 4.47 6.81 8.81 5.45 6.35 2.67 3.52 3.14

52 Procyanidin B 1 21.74 57.33 34.88 19.82 21.53 34.89 24.81 23.72 43.67 58.67 33.21 42.01 12.70 16.95 16.44

53 Procyanidin B 2 4.62 8.74 7.72 4.67 5.70 7.62 7.49 7.36 10.64 13.55 9.02 9.92 4.65 5.32 5.38

54 Catechin 1.55 3.26 2.26 2.34 2.26 2.68 2.45 2.91 3.41 3.49 2.33 2.62 1.51 1.80 1.92

55 Epicatechin 0.59 0.92 0.74 0.65 0.78 0.83 1.33 1.58 1.59 1.56 1.18 1.09 0.68 0.73 0.91

56 p -vinyl(epi)catechin 1 2.11 2.46 2.86 2.30 2.06 2.02 1.50 1.27 1.00 1.32 0.84 0.94 0.45 0.65 0.55

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.57 0.48 0.45 0.26 0.55 0.40 0.27 0.29 0.38 0.20 0.33 0.12 0.17 0.14



Table S5. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Alfaro 2019, expressed in mg of Mv-3-O -glc equiv./L.

Tank 02

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 20.67 24.46 19.77 14.38 13.16 11.07 10.99 10.25 9.58 8.54 9.08 8.02 6.65 7.14 6.05 5.48 5.02 4.04 4.36 4.94 4.74

2 Cy-3-O -glc 7.34 6.35 2.31 2.72 2.67 2.34 2.35 2.32 2.02 1.98 2.08 1.91 1.53 1.64 1.57 1.37 1.42 1.42 1.36 1.50 1.35

3 Pt-3-O -glc 18.28 21.84 23.36 24.82 23.87 21.92 22.10 21.52 19.61 18.14 19.01 17.47 14.93 15.66 13.22 11.69 10.89 8.85 9.48 11.00 10.67

4 Pn-3-O -glc 14.23 14.64 9.17 9.98 9.98 9.50 9.07 8.92 7.74 7.04 7.47 6.87 4.17 4.58 6.54 6.02 6.33 7.62 7.46 6.86 6.50

5 Mv-3-O -glc 78.70 95.15 110.92 120.04 119.13 114.56 117.23 119.12 112.74 111.23 114.66 109.58 105.69 104.47 92.32 83.63 72.43 64.46 66.91 72.44 72.56

6 Dp-3-O -(6-ac)-glc 0.61 0.78 0.90 2.26 2.32 1.97 1.97 1.99 1.26 1.23 1.27 1.89 0.92 1.84 2.05 1.20 0.75 0.75 0.82 1.78 0.86

7 Pt-3-O -(6-ac)-glc 1.24 1.55 2.13 2.95 3.08 3.00 3.03 3.06 2.54 2.52 2.58 2.93 2.59 2.96 3.00 2.62 2.39 1.83 1.80 2.19 2.38

8 Pn-3-O -(6-ac)-glc 0.66 0.82 2.28 3.02 3.07 3.06 2.97 3.02 2.41 2.35 2.36 2.59 1.60 2.24 2.42 2.28 2.21 2.28 2.17 2.42 2.16

9 Mv-3-O -(6-ac)-glc 5.21 6.79 10.24 11.89 12.27 11.91 12.23 12.15 11.05 10.72 11.03 10.71 10.40 10.38 9.39 8.58 7.78 7.00 7.28 8.08 7.82

10 Mv-3-O -(6-caff)-glc 1.09 1.09 2.30 3.22 3.40 3.55 3.64 3.73 3.27 4.15 3.34 3.54 3.25 3.43 4.48 4.29 4.11 4.04 3.89 4.36 3.94

11 Pt-3-O -(6-p -coum)-glc 1.27 1.73 4.05 5.12 5.36 5.37 5.38 5.28 4.45 4.07 4.25 4.06 3.19 3.43 3.16 3.10 2.93 2.77 2.78 3.06 2.83

12 Pn-3-O -(6-p -coum)-glc 8.09 11.02 27.68 32.69 33.76 33.88 33.97 33.28 28.06 26.34 26.78 25.10 17.86 17.83 16.94 16.51 15.52 17.55 14.92 15.65 15.03

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 03

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 20.33 24.82 21.03 14.63 14.14 12.03 12.11 10.74 10.23 8.56 9.07 8.45 6.15 6.49 5.90 5.08 5.00 3.79 4.17 4.54 3.61

2 Cy-3-O -glc 7.22 6.74 2.35 2.79 2.55 2.52 2.57 2.46 2.17 1.95 2.21 1.98 1.33 1.40 1.38 1.29 1.56 1.34 1.33 1.38 1.24

3 Pt-3-O -glc 17.69 21.38 23.80 24.32 23.91 22.83 23.51 21.62 20.59 18.12 18.90 17.76 13.37 14.37 12.85 10.97 11.01 8.20 8.88 9.65 8.95

4 Pn-3-O -glc 13.87 14.83 9.64 10.24 9.21 9.63 9.62 9.26 8.11 7.08 7.86 7.02 3.96 4.11 5.15 5.63 6.95 7.49 7.40 6.71 6.11

5 Mv-3-O -glc 75.33 91.39 109.22 115.39 117.47 117.99 122.57 120.04 111.84 107.31 112.42 107.47 96.41 102.91 94.91 83.01 75.47 61.41 65.03 67.02 64.05

6 Dp-3-O -(6-ac)-glc 0.59 0.80 0.90 2.22 0.97 2.07 2.07 2.04 1.91 1.18 1.72 2.10 0.80 0.84 1.27 1.15 1.78 0.77 0.88 1.73 0.78

7 Pt-3-O -(6-ac)-glc 1.20 1.54 2.21 2.83 2.61 3.08 3.18 3.07 2.97 2.43 2.82 3.03 2.47 2.60 2.84 2.65 2.23 1.79 1.87 2.09 1.75

8 Pn-3-O -(6-ac)-glc 0.63 0.83 2.36 2.99 2.74 3.21 3.14 3.11 2.76 2.27 2.61 2.68 1.56 2.09 2.36 2.35 2.62 2.30 2.33 2.44 2.04

9 Mv-3-O -(6-ac)-glc 4.94 6.93 10.41 11.37 11.96 12.42 12.93 12.32 11.77 10.45 10.98 10.66 9.47 10.02 9.55 8.44 8.18 6.76 7.24 7.59 7.01

10 Mv-3-O -(6-caff)-glc 0.99 1.29 2.46 3.03 3.90 4.80 3.74 3.72 4.78 3.98 3.48 4.67 3.06 4.07 4.51 4.44 4.72 4.02 4.18 4.37 3.77

11 Pt-3-O -(6-p -coum)-glc 1.22 1.98 4.24 4.90 5.24 5.65 5.74 5.38 5.03 4.04 4.33 4.09 2.91 3.08 3.11 2.94 3.07 2.67 2.78 2.88 2.54

12 Pn-3-O -(6-p -coum)-glc 7.24 12.62 28.75 31.73 33.72 36.15 35.98 34.57 31.34 26.07 28.25 25.58 16.28 17.01 17.27 16.08 16.44 16.97 17.28 14.72 13.51

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 04

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 23.10 26.15 21.82 15.76 15.07 12.55 12.02 10.34 10.54 8.61 9.16 8.74 6.94 7.89 6.31 5.89 5.51 4.91 4.90 5.28 5.18

2 Cy-3-O -glc 7.85 6.96 2.39 2.86 3.00 2.63 2.30 2.39 2.30 1.97 2.25 1.90 1.52 1.77 1.41 1.43 1.45 1.50 1.47 1.47 1.37

3 Pt-3-O -glc 19.74 22.49 24.40 25.66 26.27 23.79 23.09 21.07 21.11 18.28 18.75 18.56 15.23 17.11 13.51 12.77 12.00 10.68 10.70 11.39 11.24

4 Pn-3-O -glc 14.99 15.27 9.71 10.33 10.67 9.75 8.93 9.09 8.64 7.28 8.07 6.95 4.39 5.07 5.56 6.42 6.36 7.43 7.09 6.29 5.91

5 Mv-3-O -glc 82.63 95.24 110.17 118.65 124.47 120.29 120.00 114.19 113.39 106.46 108.96 112.08 103.85 109.57 92.44 90.12 77.31 70.60 70.42 73.77 73.71

6 Dp-3-O -(6-ac)-glc 0.68 0.85 0.94 2.50 2.77 2.05 0.99 1.79 2.26 1.20 1.86 1.16 0.86 1.94 1.30 1.25 0.84 0.87 0.96 1.62 0.93

7 Pt-3-O -(6-ac)-glc 1.33 1.60 2.21 3.03 3.43 3.05 2.80 2.85 3.15 2.44 2.88 2.50 2.61 3.10 2.79 2.78 2.51 2.46 2.46 2.58 2.37

8 Pn-3-O -(6-ac)-glc 0.71 0.86 2.40 3.15 3.50 3.26 2.96 2.99 3.01 2.31 2.72 2.30 2.13 1.85 2.35 2.48 2.38 2.37 2.29 2.32 2.12

9 Mv-3-O -(6-ac)-glc 5.66 7.21 10.32 12.28 13.59 12.76 12.97 11.72 12.26 10.59 10.88 10.86 10.45 11.04 9.53 9.26 8.47 7.69 7.82 7.96 8.06

10 Mv-3-O -(6-caff)-glc 1.13 1.33 2.31 3.02 4.70 2.61 3.34 4.36 4.79 3.79 4.41 3.84 3.95 3.44 4.28 4.47 4.22 4.06 4.00 4.01 3.73

11 Pt-3-O -(6-p -coum)-glc 1.47 2.03 4.37 5.46 6.17 5.91 5.89 5.21 5.33 4.20 4.42 4.13 3.36 3.70 3.28 3.35 3.23 3.02 3.03 2.84 2.84

12 Pn-3-O -(6-p -coum)-glc 8.90 13.08 29.40 34.57 38.30 37.74 36.83 33.56 32.41 27.02 28.79 25.74 18.70 19.90 18.15 18.61 17.13 18.73 18.20 15.37 15.30

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 05

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 23.05 28.38 22.65 21.41 20.95 16.69 17.25 15.29 16.38 15.40 15.83 15.46 12.54 13.86 12.23 12.44 11.65 11.01 9.46 9.11 8.47

2 Cy-3-O -glc 7.71 6.71 2.52 2.49 2.38 2.25 2.16 2.41 2.12 2.12 2.16 2.07 1.98 1.75 1.68 1.64 1.62 1.87 1.65 1.54 1.54

3 Pt-3-O -glc 19.83 23.26 24.58 25.02 24.04 23.40 23.70 21.83 22.95 21.96 22.86 22.16 18.83 19.47 17.97 17.69 16.27 15.82 14.16 13.44 12.66

4 Pn-3-O -glc 14.60 14.47 11.10 10.73 10.44 10.29 9.75 10.22 9.08 8.58 8.86 8.27 6.39 5.81 6.11 5.96 5.81 6.84 6.36 6.10 6.01

5 Mv-3-O -glc 84.11 100.59 107.63 111.37 109.27 109.68 109.89 103.53 115.28 115.69 113.34 115.84 103.49 103.87 97.73 94.18 81.79 80.69 74.25 69.27 66.86

6 Dp-3-O -(6-ac)-glc 0.69 1.02 0.96 0.99 1.08 0.96 1.03 1.90 1.03 0.93 0.98 1.00 1.77 0.95 1.45 1.45 1.16 1.90 1.16 0.84 0.99

7 Pt-3-O -(6-ac)-glc 1.35 1.88 2.30 2.76 2.76 2.84 2.89 3.03 2.67 2.68 2.75 2.92 3.16 2.93 3.18 3.22 2.85 3.31 2.86 2.77 2.81

8 Pn-3-O -(6-ac)-glc 0.70 1.03 2.31 2.83 2.77 2.94 2.76 2.90 2.41 2.32 2.39 2.49 2.32 2.17 2.35 2.32 2.19 2.43 2.20 2.17 2.24

9 Mv-3-O -(6-ac)-glc 5.74 8.77 10.82 12.25 12.13 12.04 12.33 11.37 11.84 11.89 11.89 11.98 10.69 10.81 10.48 10.42 9.26 9.33 8.49 8.20 7.91

10 Mv-3-O -(6-caff)-glc 1.18 1.57 1.73 2.90 3.23 3.60 3.59 3.54 3.42 3.47 3.47 3.79 4.58 3.46 4.74 4.75 4.30 4.74 4.36 4.47 4.42

11 Pt-3-O -(6-p -coum)-glc 1.42 2.82 4.52 5.28 5.18 5.22 5.30 4.72 4.66 4.42 4.52 4.52 3.54 3.70 3.69 3.65 3.33 3.32 3.05 3.08 2.99

12 Pn-3-O -(6-p -coum)-glc 8.67 16.60 29.34 33.54 33.17 34.09 32.87 29.56 28.01 26.28 26.52 26.34 18.05 18.70 18.35 17.72 15.91 15.39 15.38 15.65 15.43

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 06

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 21.26 25.55 21.01 19.70 18.97 15.65 16.35 14.74 15.96 15.10 14.36 12.99 13.22 13.74 11.70 11.94 10.95 9.96 9.16 8.81 8.24

2 Cy-3-O -glc 7.54 6.44 2.40 2.32 2.71 2.22 2.11 2.13 2.07 1.95 1.91 1.73 1.69 1.69 1.54 1.56 1.56 1.58 1.50 1.59 1.45

3 Pt-3-O -glc 19.04 20.86 22.85 22.86 25.04 21.75 22.30 20.66 21.98 20.66 20.01 18.08 18.38 18.86 16.48 16.62 15.21 14.12 13.01 12.74 11.79

4 Pn-3-O -glc 14.53 13.36 10.29 9.86 10.69 10.00 9.27 9.39 8.84 8.09 7.95 7.21 5.62 5.70 5.75 5.77 5.78 5.99 5.68 6.41 5.92

5 Mv-3-O -glc 80.52 89.54 99.53 100.80 107.57 100.93 102.75 98.61 104.03 106.10 97.50 93.92 98.88 99.01 87.34 87.42 76.34 71.57 64.93 64.36 60.03

6 Dp-3-O -(6-ac)-glc 0.65 0.88 0.87 0.94 2.28 0.87 0.91 0.88 0.98 0.93 1.61 0.82 0.93 0.93 1.34 1.40 0.99 1.13 0.99 1.59 0.91

7 Pt-3-O -(6-ac)-glc 1.31 1.60 2.15 2.50 3.17 2.67 2.49 2.64 2.53 2.65 2.39 2.41 2.82 2.85 2.95 3.11 2.80 2.79 2.71 2.79 2.56

8 Pn-3-O -(6-ac)-glc 0.69 0.85 2.20 2.57 3.00 2.83 2.40 2.66 2.30 2.35 2.12 2.06 2.07 2.11 2.18 2.27 2.11 2.17 2.12 2.29 2.04

9 Mv-3-O -(6-ac)-glc 5.47 7.21 10.15 10.75 12.11 11.26 11.12 10.76 11.17 11.07 10.27 9.79 10.32 10.25 9.68 9.72 8.60 8.32 7.82 7.62 7.05

10 Mv-3-O -(6-caff)-glc 1.20 1.22 1.62 2.56 3.24 3.20 2.93 3.13 3.05 3.22 2.82 2.99 4.11 4.16 4.26 4.45 4.10 4.17 4.23 4.37 3.89

11 Pt-3-O -(6-p -coum)-glc 1.40 2.03 4.18 4.73 5.40 5.02 4.77 4.62 4.53 4.31 3.90 3.73 3.54 3.58 3.37 3.48 3.09 3.04 3.01 2.94 2.72

12 Pn-3-O -(6-p -coum)-glc 8.48 11.13 27.11 30.29 33.91 32.46 29.27 30.18 27.26 25.87 22.78 21.91 18.01 18.00 16.53 16.72 14.88 14.46 15.21 15.01 13.78

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 07

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 23.16 30.24 21.39 18.99 16.70 14.24 14.99 15.58 13.57 13.75 12.76 14.98 11.31 11.09 10.35 10.25 9.44 8.48 8.18 7.71 7.39

2 Cy-3-O -glc 7.62 7.38 2.67 2.30 2.25 2.03 2.03 2.20 1.83 1.82 1.79 1.90 1.47 1.48 1.42 1.38 1.41 1.32 1.33 1.28 1.37

3 Pt-3-O -glc 19.57 24.04 23.00 21.72 21.57 19.48 20.64 21.54 18.59 18.80 17.97 20.88 15.75 15.57 14.90 14.03 13.32 11.92 11.80 11.06 10.85

4 Pn-3-O -glc 14.26 14.95 11.57 9.55 9.70 9.26 9.10 9.63 8.03 7.46 7.65 7.74 5.10 5.10 5.48 5.22 5.63 5.15 5.46 5.21 5.71

5 Mv-3-O -glc 81.37 98.80 97.18 95.10 96.60 91.06 96.38 103.47 94.46 96.13 88.86 105.93 85.54 84.69 81.02 76.69 67.63 60.74 59.95 56.46 55.79

6 Dp-3-O -(6-ac)-glc 0.71 1.02 1.58 0.85 0.86 0.77 0.84 0.86 0.83 0.77 0.77 0.98 0.82 0.78 1.23 1.18 0.90 0.87 0.90 0.71 0.81

7 Pt-3-O -(6-ac)-glc 1.32 1.75 2.35 2.23 2.32 2.43 2.34 2.68 2.23 2.26 2.22 2.69 2.49 2.46 2.72 2.66 2.48 2.39 2.39 2.24 2.33

8 Pn-3-O -(6-ac)-glc 0.70 0.91 2.25 2.23 2.32 2.56 2.26 2.63 2.04 1.92 1.96 2.29 1.50 1.84 1.96 1.94 1.94 1.80 1.87 1.82 1.91

9 Mv-3-O -(6-ac)-glc 5.61 8.52 9.83 10.32 10.32 10.25 10.24 11.23 9.74 9.98 9.43 10.94 9.12 8.97 8.89 8.44 7.72 7.10 7.10 6.63 6.67

10 Mv-3-O -(6-caff)-glc 1.08 1.37 2.06 2.37 2.72 3.08 2.93 3.33 2.80 2.88 2.76 3.23 3.72 3.67 3.95 3.84 3.82 3.52 3.64 3.60 3.72

11 Pt-3-O -(6-p -coum)-glc 1.45 2.80 4.01 4.40 4.53 4.51 4.43 4.72 3.85 3.81 3.60 4.27 3.06 3.01 3.06 2.93 2.86 2.58 2.65 2.51 2.54

12 Pn-3-O -(6-p -coum)-glc 8.53 16.08 25.23 27.84 28.74 29.84 27.50 30.53 23.50 21.73 21.29 24.65 15.58 15.37 15.33 14.50 14.14 12.22 12.64 13.04 13.33

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

continued



Table S5. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Alfaro 2019, expressed in mg of Mv-3-O -glc equiv./L.

Tank 08

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 22.13 26.66 21.96 20.32 19.00 16.80 16.86 12.95 15.86 16.52 14.81 15.29 13.55 12.61 12.27 12.21 11.64 10.10 8.86 8.29 8.54

2 Cy-3-O -glc 7.66 6.84 2.81 2.43 2.42 2.25 2.14 1.87 1.98 2.03 1.97 1.90 1.61 1.60 1.59 1.53 1.52 1.61 1.39 1.34 1.38

3 Pt-3-O -glc 19.28 21.75 23.76 23.08 24.27 22.85 22.56 17.97 21.18 22.09 20.69 20.93 18.11 17.51 17.15 16.56 15.52 13.96 12.44 11.56 11.74

4 Pn-3-O -glc 14.91 14.24 11.66 10.23 10.41 10.37 9.68 8.42 8.50 8.55 8.37 7.80 5.49 5.42 5.75 5.56 5.31 5.72 5.46 5.35 5.82

5 Mv-3-O -glc 84.11 94.10 101.83 102.48 107.58 104.45 104.17 85.90 104.00 111.81 102.91 106.46 94.93 94.28 91.17 87.71 77.67 68.49 65.02 58.85 60.14

6 Dp-3-O -(6-ac)-glc 0.68 0.92 1.60 0.92 1.02 0.86 1.00 0.68 0.99 1.01 0.88 0.96 0.93 0.91 1.42 1.41 1.16 1.79 1.02 0.77 0.89

7 Pt-3-O -(6-ac)-glc 1.37 1.73 2.48 2.51 2.73 2.50 2.76 2.15 2.69 2.81 2.50 2.71 2.79 2.80 3.16 3.19 2.89 3.09 2.76 2.52 2.61

8 Pn-3-O -(6-ac)-glc 0.73 0.93 2.40 2.53 2.70 2.61 2.63 2.15 2.44 2.42 2.17 2.29 1.63 1.66 1.77 2.31 2.11 2.25 2.13 2.05 2.07

9 Mv-3-O -(6-ac)-glc 5.81 8.21 10.18 11.10 11.95 11.30 11.66 9.29 11.06 11.85 10.63 11.02 10.26 10.16 10.18 9.94 8.97 8.32 7.82 7.17 7.18

10 Mv-3-O -(6-caff)-glc 1.39 1.35 1.69 2.64 3.16 3.14 3.39 2.70 3.37 3.59 3.10 3.49 4.13 4.18 4.54 4.62 4.19 4.46 4.26 4.13 4.11

11 Pt-3-O -(6-p -coum)-glc 1.53 2.56 4.27 4.79 5.23 4.91 5.04 3.80 4.58 4.62 4.08 4.25 3.48 3.41 3.48 3.48 3.17 3.03 2.89 2.69 2.70

12 Pn-3-O -(6-p -coum)-glc 9.42 15.22 27.58 30.26 33.25 31.70 30.27 24.48 27.26 27.23 23.86 24.47 17.05 17.00 16.85 16.34 14.79 13.42 13.21 12.26 11.78

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 09

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 17.68 20.51 19.17 19.82 15.55 13.55 12.29 11.77 10.66 9.75 9.05 9.11 7.93 8.38 6.82 6.73 6.02 6.34 6.29 6.14 6.38

2 Cy-3-O -glc 6.46 5.90 1.97 2.17 2.56 2.48 2.39 2.25 2.22 2.16 1.98 2.07 1.84 1.82 1.57 1.53 1.73 1.68 1.45 1.37 1.46

3 Pt-3-O -glc 16.16 18.92 23.38 25.40 26.60 25.10 24.64 23.08 22.46 20.29 19.19 19.50 16.66 17.31 14.21 13.82 12.75 12.75 12.38 12.21 12.68

4 Pn-3-O -glc 14.99 16.07 14.74 9.57 10.25 11.04 10.24 10.07 9.21 8.62 8.29 8.32 5.82 5.79 6.88 7.22 8.40 7.85 6.88 6.02 6.41

5 Mv-3-O -glc 79.69 95.85 121.32 133.79 144.35 144.46 145.55 141.77 138.98 133.01 127.79 132.21 121.53 121.87 110.29 104.99 90.45 87.28 85.33 84.96 87.54

6 Dp-3-O -(6-ac)-glc 0.56 0.74 1.04 1.12 2.36 2.40 2.49 2.10 2.37 2.24 1.75 2.23 2.00 2.03 1.34 1.31 1.98 1.79 1.17 0.92 1.03

7 Pt-3-O -(6-ac)-glc 1.23 1.63 2.42 2.76 3.38 3.49 3.63 3.35 3.52 3.41 3.04 3.42 3.32 3.35 3.01 2.99 3.06 2.93 2.66 2.10 2.63

8 Pn-3-O -(6-ac)-glc 0.82 1.12 2.54 2.86 3.28 3.56 3.56 3.39 3.30 3.19 2.87 3.14 2.74 2.68 2.70 2.72 2.86 2.60 2.41 2.38 2.35

9 Mv-3-O -(6-ac)-glc 5.73 7.93 11.43 13.05 14.20 14.23 14.56 13.66 13.88 13.21 12.20 12.93 12.26 12.36 10.73 10.20 9.39 9.27 9.10 9.03 9.19

10 Mv-3-O -(6-caff)-glc 1.13 1.32 2.34 3.03 3.67 4.24 4.40 4.22 4.46 4.29 3.89 4.25 3.98 3.97 3.81 5.06 5.05 4.69 4.45 4.39 4.37

11 Pt-3-O -(6-p -coum)-glc 1.22 1.82 3.83 4.49 4.84 5.06 5.08 4.64 4.66 4.21 3.83 3.97 3.37 3.43 3.11 3.20 3.12 2.97 2.88 2.81 2.81

12 Pn-3-O -(6-p -coum)-glc 8.12 13.11 27.93 30.83 33.32 35.67 35.02 32.75 31.15 27.80 25.13 25.82 18.86 18.63 20.09 19.89 19.32 15.92 15.51 15.02 14.90

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 10

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 16.32 21.85 18.84 19.26 15.03 13.77 12.26 11.77 10.81 8.97 9.64 9.54 7.88 8.52 7.53 7.28 6.70 5.99 6.23 6.09 6.25

2 Cy-3-O -glc 6.37 6.00 2.00 2.20 2.68 2.56 2.27 2.44 2.22 2.01 2.22 2.12 1.86 1.82 1.85 1.75 1.53 1.55 1.52 1.44 1.58

3 Pt-3-O -glc 15.38 19.85 21.50 24.76 26.18 25.47 23.97 24.20 22.47 18.77 20.81 20.23 16.68 17.49 15.46 14.86 13.62 12.65 13.08 12.75 12.86

4 Pn-3-O -glc 14.67 16.49 7.95 9.61 10.57 10.91 10.11 10.19 9.19 8.31 9.25 8.32 5.87 5.86 7.21 7.26 6.03 6.91 6.80 6.20 6.66

5 Mv-3-O -glc 78.24 99.21 122.20 132.33 145.34 147.01 139.79 147.56 138.61 126.35 138.48 136.24 122.42 122.68 115.62 107.96 94.90 91.82 93.75 91.27 90.84

6 Dp-3-O -(6-ac)-glc 0.54 0.80 1.02 1.11 2.38 2.48 2.37 2.49 2.35 2.12 2.35 2.30 2.01 2.07 2.32 2.38 1.13 1.19 1.23 1.00 1.72

7 Pt-3-O -(6-ac)-glc 1.23 1.66 2.35 2.74 3.36 3.51 3.51 3.65 3.51 3.24 3.51 3.49 3.28 3.39 3.45 3.49 2.80 2.79 2.87 2.22 2.92

8 Pn-3-O -(6-ac)-glc 0.82 1.12 2.48 2.98 3.34 3.65 3.44 3.65 3.32 3.06 3.35 3.21 2.76 2.73 2.93 2.96 2.56 2.63 2.61 2.54 2.59

9 Mv-3-O -(6-ac)-glc 5.61 8.18 11.39 13.18 14.37 14.70 14.09 14.66 14.01 12.40 13.53 13.49 12.33 12.50 11.69 10.99 10.00 9.57 9.92 9.68 9.68

10 Mv-3-O -(6-caff)-glc 1.17 1.30 2.19 2.92 3.52 4.10 4.10 4.38 4.27 3.90 4.26 4.21 3.85 3.89 3.97 4.03 4.65 4.60 4.73 3.39 4.65

11 Pt-3-O -(6-p -coum)-glc 1.18 1.89 3.65 4.61 4.87 5.26 5.00 5.08 4.74 3.91 4.29 4.18 3.35 3.51 3.35 3.43 3.06 2.92 3.06 2.91 2.94

12 Pn-3-O -(6-p -coum)-glc 8.27 13.59 27.62 32.87 34.49 37.30 34.49 35.74 31.69 26.47 28.85 27.33 19.00 19.02 18.69 18.32 16.55 15.98 16.67 15.59 15.71

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 11

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 15.06 21.32 20.92 21.98 16.86 19.77 13.28 12.22 12.20 10.32 9.94 10.04 8.79 9.35 7.72 7.17 6.34 6.19 6.44 6.38 6.65

2 Cy-3-O -glc 5.90 6.03 2.19 2.83 2.81 2.30 2.44 2.44 2.33 2.36 2.19 2.12 1.98 2.01 1.93 1.60 1.54 1.60 1.59 1.48 1.50

3 Pt-3-O -glc 14.58 18.93 24.42 27.49 27.79 25.65 25.37 24.34 24.22 21.63 20.58 20.59 18.10 18.86 15.62 14.31 12.81 12.71 13.11 12.82 13.04

4 Pn-3-O -glc 14.07 16.20 10.29 11.60 11.71 11.85 10.67 10.54 9.88 9.47 9.25 8.60 5.41 6.58 8.47 7.89 7.50 8.30 7.98 6.93 6.97

5 Mv-3-O -glc 75.91 95.44 125.71 141.17 147.42 130.12 144.56 145.52 141.54 136.69 132.96 133.42 128.59 129.93 114.60 107.27 88.46 91.51 92.26 90.13 92.25

6 Dp-3-O -(6-ac)-glc 0.51 0.78 1.06 2.94 2.95 1.13 2.50 2.21 2.48 2.39 2.28 2.33 2.15 2.37 2.49 1.36 0.88 0.93 1.21 1.00 1.18

7 Pt-3-O -(6-ac)-glc 1.18 1.60 2.43 3.57 3.80 3.06 3.66 3.49 3.61 3.60 3.43 3.50 3.52 3.73 3.66 3.14 2.80 2.25 2.82 2.20 2.79

8 Pn-3-O -(6-ac)-glc 0.80 1.10 2.60 3.57 3.74 3.08 3.62 3.56 3.44 3.40 3.27 3.23 2.92 3.05 3.21 2.87 2.68 2.83 2.64 2.65 2.58

9 Mv-3-O -(6-ac)-glc 5.36 7.76 11.71 14.35 15.28 13.98 14.79 14.30 14.56 13.98 13.03 13.37 13.27 13.50 11.67 10.75 9.38 9.73 9.72 9.74 9.89

10 Mv-3-O -(6-caff)-glc 1.10 1.19 2.29 3.53 4.15 3.22 4.41 4.29 4.53 4.40 4.22 4.32 4.18 3.10 5.73 4.01 4.87 5.00 4.74 3.54 3.52

11 Pt-3-O -(6-p -coum)-glc 1.07 1.65 3.77 5.04 5.40 4.87 5.32 4.98 5.07 4.55 4.22 4.26 3.62 3.80 3.52 3.40 3.08 3.15 3.04 3.00 3.02

12 Pn-3-O -(6-p -coum)-glc 7.39 11.30 28.40 35.48 37.27 32.91 36.69 35.00 33.53 30.43 28.34 27.66 20.51 20.86 22.24 21.50 19.24 19.84 18.67 18.50 16.35

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 12

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 20.98 22.95 25.12 23.64 18.90 18.97 15.18 13.50 14.33 12.18 11.42 11.66 9.87 9.98 7.72 8.36 8.14 6.16 7.37 7.24 7.58

2 Cy-3-O -glc 7.11 6.55 2.97 2.62 4.31 2.56 2.66 2.71 2.69 2.48 2.50 2.42 2.22 2.14 1.93 1.94 2.04 1.62 1.69 1.71 1.63

3 Pt-3-O -glc 18.38 20.32 29.03 28.64 30.30 24.75 27.84 26.17 27.89 23.13 23.73 23.99 20.11 20.11 15.62 16.52 16.32 13.43 14.73 14.67 14.77

4 Pn-3-O -glc 16.05 16.95 20.99 11.05 12.02 12.89 10.77 11.05 10.55 9.87 9.77 9.43 6.80 6.63 8.47 8.36 8.49 7.55 7.71 6.88 6.41

5 Mv-3-O -glc 86.13 99.15 136.54 142.20 150.98 123.16 147.86 148.52 154.53 137.93 142.40 144.86 132.77 129.62 114.60 110.51 102.96 87.77 97.90 96.88 96.81

6 Dp-3-O -(6-ac)-glc 0.72 0.85 2.74 1.23 3.01 2.02 2.55 2.37 2.70 2.47 2.53 2.51 2.57 2.29 2.49 2.57 2.33 1.01 1.31 2.01 1.33

7 Pt-3-O -(6-ac)-glc 1.39 1.69 3.21 3.06 3.98 3.27 3.77 3.65 3.97 3.69 3.75 3.84 3.85 3.68 3.66 3.78 3.54 2.28 3.00 2.57 2.96

8 Pn-3-O -(6-ac)-glc 0.91 1.13 3.15 3.24 3.82 3.30 3.67 3.70 3.73 3.47 3.52 3.49 3.17 2.99 3.21 3.20 3.17 2.75 2.79 2.87 2.68

9 Mv-3-O -(6-ac)-glc 6.43 7.97 13.27 14.50 15.86 13.47 14.96 14.68 15.76 13.99 14.16 14.55 13.78 13.36 11.67 11.37 11.28 9.38 10.22 10.25 10.57

10 Mv-3-O -(6-caff)-glc 1.17 1.26 2.75 3.20 4.12 3.19 4.18 4.17 4.65 4.26 4.34 4.44 4.26 4.04 5.73 4.18 5.53 4.65 3.57 3.59 3.53

11 Pt-3-O -(6-p -coum)-glc 1.43 1.66 4.51 5.09 5.68 5.00 5.37 5.08 5.45 4.61 4.62 4.66 3.89 3.76 3.52 3.68 3.67 3.05 3.11 3.05 3.12

12 Pn-3-O -(6-p -coum)-glc 9.12 10.64 31.36 35.19 38.00 34.11 36.15 34.88 35.61 29.84 29.74 29.48 21.24 20.28 22.24 21.47 21.56 18.28 19.14 16.41 16.62

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 13

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 16.50 20.18 22.04 23.83 22.55 17.46 19.34 16.18 18.78 16.97 16.16 16.81 13.71 13.53 13.52 14.12 12.01 12.34 12.13 11.39 11.52

2 Cy-3-O -glc 6.14 5.22 2.60 2.78 2.65 2.88 2.40 1.99 2.42 1.98 1.96 1.95 1.91 1.62 1.59 1.58 1.47 1.48 1.42 1.35 1.40

3 Pt-3-O -glc 15.05 17.81 23.84 26.56 26.34 30.06 24.85 21.03 24.45 22.05 21.18 21.96 18.52 17.96 17.52 17.82 15.05 15.23 14.66 14.01 13.73

4 Pn-3-O -glc 14.45 14.26 10.67 12.98 12.51 12.06 12.22 10.61 11.47 10.17 9.98 9.73 7.79 6.99 7.23 6.94 6.33 6.03 5.81 5.24 5.53

5 Mv-3-O -glc 77.24 88.91 114.04 123.61 127.21 156.90 125.37 113.61 125.08 119.30 115.37 119.73 108.07 105.70 102.79 102.03 83.41 80.59 78.27 75.13 74.82

6 Dp-3-O -(6-ac)-glc 0.55 0.86 2.04 2.25 2.11 2.42 2.06 0.97 2.21 1.08 0.92 1.07 1.93 0.93 1.43 1.45 1.02 1.15 1.26 0.89 1.24

7 Pt-3-O -(6-ac)-glc 1.23 1.69 2.77 3.23 3.31 3.69 3.25 2.76 3.42 2.91 2.83 2.94 3.38 2.94 3.15 3.26 2.85 3.02 3.01 3.04 3.12

8 Pn-3-O -(6-ac)-glc 0.82 1.16 2.68 3.15 3.21 3.72 3.17 2.87 3.17 2.72 2.73 2.69 2.63 2.36 2.43 2.38 2.25 2.35 2.27 2.68 2.40

9 Mv-3-O -(6-ac)-glc 5.67 8.43 11.67 13.73 14.27 15.58 14.00 12.36 14.21 13.30 12.56 13.06 11.99 11.37 11.38 11.35 9.79 10.04 9.66 9.12 9.52

10 Mv-3-O -(6-caff)-glc 0.97 1.26 2.20 2.73 3.07 4.06 3.26 2.95 3.54 3.35 3.13 3.39 3.45 3.10 3.31 3.32 2.95 3.11 3.06 4.49 4.59

11 Pt-3-O -(6-p -coum)-glc 1.10 2.25 3.94 5.14 5.15 5.50 5.04 4.36 5.06 4.52 4.28 4.38 3.74 3.47 3.54 3.57 3.10 3.25 3.11 3.15 3.14

12 Pn-3-O -(6-p -coum)-glc 7.41 14.52 27.73 34.62 34.57 37.28 33.84 30.31 32.34 28.94 27.69 27.54 20.22 18.80 18.52 18.07 15.66 15.68 14.34 14.41 14.35

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

continued



Table S5. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Alfaro 2019, expressed in mg of Mv-3-O -glc equiv./L.

Tank 14

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 16.85 23.72 25.19 24.93 24.15 14.34 20.39 18.09 21.20 19.64 17.17 17.13 15.22 14.13 13.54 14.69 14.31 12.18 12.83 11.53 11.50

2 Cy-3-O -glc 6.29 5.87 2.87 2.81 2.90 2.72 2.54 2.22 2.60 2.19 2.14 2.10 2.05 1.72 1.70 1.68 1.88 1.72 1.80 1.66 1.48

3 Pt-3-O -glc 15.38 20.77 26.84 28.14 28.31 26.63 26.76 23.71 27.64 25.70 23.22 22.97 20.68 18.89 17.57 18.71 18.20 15.25 16.23 14.61 14.08

4 Pn-3-O -glc 14.50 15.48 11.35 13.25 13.28 11.62 12.10 11.17 11.89 10.46 10.34 9.81 8.06 7.26 6.99 6.90 7.30 6.32 7.08 6.20 5.88

5 Mv-3-O -glc 78.36 100.42 123.81 137.26 136.20 149.78 132.58 123.45 142.68 133.60 123.57 124.82 114.68 107.98 103.06 104.12 94.34 79.50 83.35 74.39 73.81

6 Dp-3-O -(6-ac)-glc 0.57 0.97 2.17 1.85 2.30 2.70 2.14 1.03 2.28 1.23 1.11 1.10 1.90 1.49 1.48 1.56 2.13 1.84 2.12 1.79 1.27

7 Pt-3-O -(6-ac)-glc 1.31 1.86 3.07 3.05 3.66 3.78 3.53 3.03 3.65 3.27 3.12 2.92 3.63 3.14 3.43 3.67 3.67 3.48 3.84 3.70 3.49

8 Pn-3-O -(6-ac)-glc 0.89 1.22 2.90 2.90 3.45 3.83 3.27 3.06 3.24 2.94 2.89 2.51 2.80 2.48 2.64 2.75 2.79 2.81 2.95 3.20 2.73

9 Mv-3-O -(6-ac)-glc 6.15 9.46 12.93 13.99 15.47 15.26 14.81 13.38 15.33 14.80 13.43 13.27 12.68 11.83 11.72 11.98 11.44 9.86 10.83 9.39 9.59

10 Mv-3-O -(6-caff)-glc 1.18 1.36 2.49 2.64 3.53 4.39 3.61 3.32 3.91 3.84 3.50 3.30 3.73 3.38 4.86 5.22 3.69 4.73 5.57 5.52 5.31

11 Pt-3-O -(6-p -coum)-glc 1.40 2.46 4.44 4.76 5.52 5.47 5.22 4.58 5.25 4.90 4.47 4.08 3.91 3.59 3.62 3.80 3.63 3.26 3.62 3.45 3.43

12 Pn-3-O -(6-p -coum)-glc 10.00 15.82 29.48 31.13 36.42 38.67 33.60 30.56 32.16 30.04 27.69 24.70 19.81 18.57 18.07 18.38 16.69 13.98 15.57 14.30 14.04

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 15

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 20.35 26.88 26.05 26.07 24.71 13.30 22.81 18.87 21.28 19.55 18.44 17.06 16.58 14.05 14.23 15.87 14.38 13.02 12.53 10.72 12.13

2 Cy-3-O -glc 6.84 6.64 2.82 3.14 4.11 2.58 2.50 2.27 2.56 2.31 3.44 2.03 1.85 1.76 1.75 1.80 1.95 1.91 1.80 1.43 1.74

3 Pt-3-O -glc 17.81 22.45 26.70 28.94 28.41 25.63 26.40 24.09 27.57 25.67 23.94 21.58 20.85 18.53 18.37 19.75 18.03 16.38 15.69 13.30 15.07

4 Pn-3-O -glc 15.42 16.39 11.23 14.36 13.50 11.00 11.90 11.78 11.77 10.86 10.91 9.47 7.66 7.64 7.54 7.66 8.04 7.49 7.42 5.55 7.18

5 Mv-3-O -glc 84.48 104.01 123.13 132.70 134.26 148.03 127.23 122.55 131.38 135.99 121.82 115.69 115.00 106.94 103.94 107.22 92.90 84.77 80.94 72.22 77.30

6 Dp-3-O -(6-ac)-glc 0.68 1.08 1.15 2.37 2.28 2.61 1.95 1.10 2.11 1.20 2.00 1.01 1.08 1.49 1.51 1.69 2.04 2.19 0.95 0.81 1.87

7 Pt-3-O -(6-ac)-glc 1.40 1.99 2.68 3.55 3.59 3.66 3.41 3.07 3.51 3.33 3.40 2.93 3.35 3.19 3.39 3.71 3.57 3.69 3.58 3.01 3.51

8 Pn-3-O -(6-ac)-glc 0.91 1.30 2.67 3.32 3.36 3.72 3.08 3.06 3.06 2.95 2.99 2.57 2.60 2.52 2.62 2.75 2.69 2.52 2.69 2.41 2.74

9 Mv-3-O -(6-ac)-glc 6.52 9.92 13.00 14.83 14.94 14.82 14.17 13.48 14.56 14.79 13.41 12.48 12.66 11.80 11.64 12.21 11.16 10.73 10.17 8.70 9.82

10 Mv-3-O -(6-caff)-glc 1.18 1.57 2.51 3.35 3.68 4.13 3.69 3.57 3.96 4.12 3.90 3.52 3.74 3.53 4.96 3.95 3.70 3.84 3.71 4.67 5.29

11 Pt-3-O -(6-p -coum)-glc 1.50 2.78 4.65 5.39 5.29 5.21 5.10 4.78 5.23 5.02 4.53 4.04 3.91 3.59 3.67 3.92 3.60 3.57 3.42 2.97 3.40

12 Pn-3-O -(6-p -coum)-glc 9.71 17.29 31.22 35.32 34.61 37.26 31.77 31.86 31.28 30.91 27.76 24.51 20.34 18.86 18.52 19.10 16.96 16.33 15.41 13.38 14.61

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 16

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 19.04 25.17 25.06 25.14 24.44 12.74 20.70 17.49 20.07 18.90 17.12 16.20 15.80 14.55 14.29 14.83 14.06 12.07 11.77 11.45 12.27

2 Cy-3-O -glc 6.59 6.25 3.04 3.04 2.90 2.40 2.58 2.17 2.59 2.26 2.17 2.11 1.62 1.77 1.76 1.96 1.67 1.73 1.48 1.65 1.52

3 Pt-3-O -glc 17.21 21.33 26.60 27.98 28.21 24.87 27.12 22.52 26.59 25.01 22.91 21.66 18.28 19.22 18.32 18.78 17.15 15.18 14.37 14.28 14.92

4 Pn-3-O -glc 15.52 16.16 12.05 13.92 13.69 10.25 12.69 11.44 11.93 10.76 10.36 9.91 6.75 7.75 7.52 8.36 6.69 6.49 5.65 5.99 5.82

5 Mv-3-O -glc 83.88 102.82 123.32 131.40 136.27 144.02 133.96 120.24 133.03 135.94 124.03 124.49 103.41 110.05 105.55 103.11 90.23 81.76 77.70 75.22 78.39

6 Dp-3-O -(6-ac)-glc 0.63 1.01 2.19 2.40 2.30 2.15 2.03 1.02 2.14 1.17 1.02 1.07 0.93 1.49 1.51 2.31 1.34 1.77 1.30 1.78 1.33

7 Pt-3-O -(6-ac)-glc 1.37 1.95 3.06 3.55 3.65 3.32 3.55 2.97 3.53 3.23 3.13 3.08 2.89 3.15 3.46 3.86 3.22 3.45 3.28 3.56 3.50

8 Pn-3-O -(6-ac)-glc 0.93 1.30 2.89 3.36 3.41 3.37 3.25 3.05 3.14 2.86 2.86 2.73 2.29 2.48 2.62 2.79 2.48 2.52 2.58 3.09 3.00

9 Mv-3-O -(6-ac)-glc 6.52 9.84 12.94 14.67 15.17 13.91 14.82 13.13 14.73 14.63 13.45 13.14 11.15 11.95 11.90 11.69 10.75 9.81 9.84 9.29 9.69

10 Mv-3-O -(6-caff)-glc 1.22 1.49 2.55 3.30 3.73 3.95 3.95 3.54 4.03 4.04 3.89 3.78 3.39 3.52 3.77 3.95 3.45 5.13 4.96 5.33 5.27

11 Pt-3-O -(6-p -coum)-glc 1.51 2.60 4.33 5.20 5.27 4.79 5.18 4.46 5.00 4.73 4.35 4.06 3.50 3.52 3.60 3.76 3.32 3.20 3.20 3.20 3.31

12 Pn-3-O -(6-p -coum)-glc 10.28 16.62 29.14 34.51 34.52 33.84 33.42 30.35 30.79 29.40 27.42 25.20 18.14 18.59 18.18 17.77 15.59 14.40 14.05 13.44 14.02

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 17

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 24.55 29.63 23.93 16.42 14.95 16.09 11.97 10.46 9.99 9.72 8.56 8.17 7.17 7.06 6.01 5.60 4.84 4.34 4.49 4.75 5.02

2 Cy-3-O -glc 8.11 7.29 2.40 2.42 2.85 2.08 2.43 2.32 2.08 2.32 2.19 2.10 1.86 1.83 1.50 1.66 1.51 1.61 1.50 1.40 1.45

3 Pt-3-O -glc 21.05 25.05 27.46 27.19 27.92 21.23 23.92 22.58 21.46 21.50 19.69 18.59 16.81 16.73 13.88 12.69 11.16 9.72 10.07 11.02 11.24

4 Pn-3-O -glc 15.31 16.16 7.56 8.63 9.75 9.52 8.27 8.35 7.37 7.96 7.33 6.79 5.09 6.05 5.99 7.61 7.64 9.19 8.81 7.19 8.04

5 Mv-3-O -glc 88.93 105.74 120.85 129.06 137.97 98.21 125.67 123.72 122.45 128.44 122.59 117.63 110.85 113.05 100.23 90.02 77.34 68.12 71.42 74.92 76.07

6 Dp-3-O -(6-ac)-glc 0.76 0.98 1.14 1.21 2.48 0.88 2.42 1.98 1.35 2.57 2.18 2.35 2.35 2.48 1.41 2.32 0.90 1.67 0.96 0.82 1.00

7 Pt-3-O -(6-ac)-glc 1.45 1.78 2.53 2.96 3.57 2.39 3.55 3.23 2.84 3.73 3.42 3.43 3.56 3.57 3.07 3.40 2.74 2.23 2.66 2.10 2.69

8 Pn-3-O -(6-ac)-glc 0.77 0.95 2.47 2.88 3.29 2.40 3.17 3.03 2.54 3.21 2.99 2.93 2.06 2.66 2.55 2.83 2.59 2.77 2.52 2.43 2.43

9 Mv-3-O -(6-ac)-glc 6.31 8.03 11.93 13.70 14.61 10.50 13.36 12.91 12.58 13.76 12.53 12.04 11.76 11.63 10.32 9.67 8.47 7.91 8.10 8.40 8.53

10 Mv-3-O -(6-caff)-glc 1.16 1.34 2.53 3.48 4.15 2.88 4.37 4.22 3.95 4.78 5.71 5.61 4.19 5.25 5.06 5.43 4.78 4.90 4.67 4.57 4.55

11 Pt-3-O -(6-p -coum)-glc 1.65 2.09 4.66 5.73 6.04 4.51 5.55 5.33 4.92 5.37 4.75 4.47 4.03 3.83 3.49 3.60 3.29 3.27 3.22 3.20 3.22

12 Pn-3-O -(6-p -coum)-glc 10.28 13.35 30.33 35.05 37.03 28.81 34.81 32.62 29.54 31.86 28.96 26.87 20.32 20.07 21.00 21.07 20.01 19.91 19.70 19.20 16.74

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 18

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 21.40 28.48 22.96 16.99 16.02 15.04 12.04 10.27 9.59 9.20 9.07 7.37 7.65 7.19 6.39 5.36 5.06 4.33 4.85 4.93 4.87

2 Cy-3-O -glc 7.62 7.21 2.32 2.92 2.99 2.02 2.57 2.31 2.09 2.08 2.26 2.03 1.83 1.85 1.80 1.38 1.45 1.41 1.46 1.56 1.43

3 Pt-3-O -glc 19.38 24.68 26.39 28.43 28.31 20.12 24.87 21.65 20.89 20.43 20.13 17.85 16.80 17.04 14.87 12.16 11.74 9.85 11.07 11.51 11.36

4 Pn-3-O -glc 14.97 16.16 6.94 10.40 9.96 9.09 9.12 8.41 7.36 7.42 7.62 6.63 5.08 6.18 6.95 6.09 6.39 7.64 7.05 6.86 6.87

5 Mv-3-O -glc 84.62 105.00 117.79 132.92 137.15 92.80 133.36 120.42 121.17 124.40 126.59 114.43 113.85 115.34 104.44 90.17 80.39 70.32 76.26 77.33 77.35

6 Dp-3-O -(6-ac)-glc 0.66 0.94 1.10 2.99 2.91 0.82 2.56 2.06 1.31 1.41 1.40 2.24 2.13 2.63 2.50 1.32 0.99 0.79 1.00 1.66 1.19

7 Pt-3-O -(6-ac)-glc 1.35 1.76 2.44 3.62 3.80 2.27 3.67 3.23 2.79 2.89 2.92 3.32 3.42 3.73 3.59 2.93 2.72 1.98 2.16 2.77 2.68

8 Pn-3-O -(6-ac)-glc 0.73 0.95 2.37 3.38 3.46 2.27 3.41 3.07 2.53 2.59 2.64 2.86 2.63 2.76 2.86 2.51 2.45 2.52 2.54 2.45 2.36

9 Mv-3-O -(6-ac)-glc 5.73 8.11 11.43 14.31 14.63 10.23 14.36 12.64 12.15 12.55 12.40 11.55 11.89 12.02 10.71 9.44 8.74 7.89 8.58 8.47 8.60

10 Mv-3-O -(6-caff)-glc 1.17 1.43 2.50 3.89 4.02 2.80 4.49 4.05 3.75 3.91 4.99 4.06 4.08 4.25 5.50 4.85 4.63 4.50 4.66 4.55 4.53

11 Pt-3-O -(6-p -coum)-glc 1.44 2.30 4.44 6.03 6.14 4.34 6.10 5.32 4.79 4.73 4.59 4.31 4.03 4.04 3.73 3.34 3.22 3.11 3.29 3.11 3.17

12 Pn-3-O -(6-p -coum)-glc 9.16 15.29 29.26 36.71 37.86 27.49 38.35 33.00 29.93 28.75 28.23 26.77 21.01 21.28 19.98 17.78 16.94 18.94 17.23 16.30 16.76

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 19

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 24.79 29.09 24.59 16.61 15.48 12.92 11.93 11.05 10.43 9.85 8.32 8.62 7.38 7.56 6.77 5.98 4.92 3.47 4.65 5.18 -

2 Cy-3-O -glc 8.07 7.59 2.82 2.42 2.88 2.67 2.58 2.38 2.23 2.28 1.95 2.11 1.77 1.81 1.84 1.70 1.49 1.48 1.44 1.57 -

3 Pt-3-O -glc 20.98 24.31 27.25 26.23 27.16 25.13 24.14 22.90 21.69 20.91 19.18 18.90 16.41 17.00 15.06 12.70 11.00 9.01 10.09 11.41 -

4 Pn-3-O -glc 15.54 16.30 8.23 9.09 10.21 10.09 9.34 9.02 7.87 8.16 7.26 7.25 5.03 6.17 7.62 7.82 7.82 8.96 8.61 7.84 -

5 Mv-3-O -glc 88.27 102.97 116.43 123.75 129.94 128.85 127.47 128.22 121.88 120.76 116.16 116.38 107.04 110.78 102.86 86.88 73.65 65.23 69.87 73.59 -

6 Dp-3-O -(6-ac)-glc 0.75 0.97 2.19 1.11 2.80 2.52 2.47 1.47 1.36 2.42 1.29 2.32 2.00 2.48 2.45 2.27 0.92 0.71 0.81 1.64 -

7 Pt-3-O -(6-ac)-glc 1.43 1.73 2.91 2.79 3.67 3.54 3.60 2.91 2.88 3.51 2.69 3.40 3.23 3.55 3.57 3.34 2.64 1.91 1.97 2.21 -

8 Pn-3-O -(6-ac)-glc 0.78 0.94 2.72 2.82 3.41 3.45 3.36 2.86 2.61 3.09 2.46 2.92 2.48 2.60 2.87 2.78 2.51 2.59 2.51 2.50 -

9 Mv-3-O -(6-ac)-glc 6.22 7.90 11.52 12.92 13.99 13.79 13.76 12.94 12.50 12.85 11.35 11.97 11.09 11.61 10.58 9.48 8.23 7.53 8.04 8.44 -

10 Mv-3-O -(6-caff)-glc 1.19 1.32 2.85 4.21 4.22 5.91 4.55 5.27 4.02 4.55 3.76 4.32 3.91 4.12 5.59 5.32 4.68 4.54 4.55 4.68 -

11 Pt-3-O -(6-p -coum)-glc 1.67 2.15 4.54 5.46 6.00 6.04 5.91 5.36 5.02 5.11 4.30 4.56 3.77 3.94 3.79 3.57 3.22 3.09 3.18 3.27 -

12 Pn-3-O -(6-p -coum)-glc 10.05 13.28 29.64 34.31 36.45 38.83 36.18 34.38 30.95 30.93 27.08 27.89 19.40 20.42 22.43 20.84 19.54 19.12 19.29 16.76 -

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

continued



Table S5. Anthocyanin concentrations determined by HPLC-DAD in red wine samples from Alfaro 2019, expressed in mg of Mv-3-O -glc equiv./L.

Tank 20

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 23.43 31.10 24.03 16.61 14.61 17.20 11.96 10.58 9.96 9.34 8.42 8.20 6.95 7.23 6.13 5.61 4.84 4.17 2.28 4.66 5.13

2 Cy-3-O -glc 8.06 8.07 2.75 2.90 2.88 2.18 2.56 2.48 2.30 2.24 2.09 2.03 1.67 1.76 1.70 1.62 1.47 1.42 4.58 1.32 1.58

3 Pt-3-O -glc 20.30 26.01 26.70 27.11 26.36 23.33 24.18 22.18 21.12 19.98 18.46 18.01 15.42 16.39 13.83 12.18 10.89 9.16 1.38 10.06 11.29

4 Pn-3-O -glc 15.47 17.13 8.64 10.18 10.26 9.90 9.42 8.96 7.66 7.85 7.33 6.76 4.83 5.86 7.11 7.53 7.20 8.51 9.99 6.33 7.59

5 Mv-3-O -glc 85.72 106.19 113.51 125.98 127.30 107.99 127.02 122.34 123.19 120.36 110.86 110.82 102.79 108.02 96.53 86.15 73.85 64.88 8.00 67.26 73.57

6 Dp-3-O -(6-ac)-glc 0.72 1.00 2.54 2.88 2.81 0.92 2.51 2.40 1.35 2.18 2.23 2.23 1.91 2.39 2.31 2.11 0.88 0.80 69.01 0.78 1.78

7 Pt-3-O -(6-ac)-glc 1.41 1.82 2.88 3.51 3.61 2.58 3.59 3.43 2.89 3.34 3.28 3.26 3.13 3.40 3.33 3.15 2.02 1.88 0.71 1.94 2.27

8 Pn-3-O -(6-ac)-glc 0.77 0.97 2.67 3.26 3.40 2.52 3.36 3.30 2.65 2.98 2.89 2.80 1.86 2.49 2.71 2.63 2.46 2.53 - 2.25 2.60

9 Mv-3-O -(6-ac)-glc 6.02 8.45 11.24 13.25 13.64 11.70 13.66 12.92 12.54 12.54 11.43 11.36 10.55 11.18 10.00 9.12 8.13 7.52 - 7.68 8.46

10 Mv-3-O -(6-caff)-glc 1.25 1.46 2.91 4.86 5.52 3.18 4.53 4.48 4.02 4.37 4.12 4.11 3.76 3.98 5.25 5.05 4.64 4.49 - 4.27 4.82

11 Pt-3-O -(6-p -coum)-glc 1.64 2.55 4.38 5.55 5.84 4.95 5.86 5.46 5.00 4.93 4.52 4.37 3.61 3.75 3.43 3.34 3.17 3.03 - 2.92 3.27

12 Pn-3-O -(6-p -coum)-glc 10.00 16.08 28.68 34.16 35.69 31.25 35.55 35.37 31.06 30.13 27.42 26.40 18.39 19.62 20.56 17.62 18.95 18.62 - 15.18 16.24

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 21

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 22.94 26.44 24.25 22.72 19.35 13.27 17.14 14.48 15.81 15.18 13.80 14.10 12.48 12.36 11.73 11.90 10.80 9.81 9.47 9.64 9.37

2 Cy-3-O -glc 7.68 6.50 2.81 2.79 2.27 2.70 2.06 1.89 2.56 1.88 1.80 1.79 1.54 1.54 1.47 1.51 1.68 1.41 1.40 1.63 1.42

3 Pt-3-O -glc 19.60 21.36 25.93 25.98 24.49 24.67 23.42 19.89 21.21 20.90 19.26 19.58 17.53 17.75 16.39 16.44 15.10 13.71 13.46 13.76 13.26

4 Pn-3-O -glc 14.74 13.67 11.04 10.67 9.62 10.07 9.11 8.57 7.92 7.90 7.69 7.14 5.32 5.88 5.60 5.73 6.58 5.33 5.20 6.27 5.90

5 Mv-3-O -glc 84.19 92.81 113.50 114.60 109.43 123.56 109.61 95.31 102.64 106.66 96.24 102.90 94.94 94.69 87.74 87.80 76.63 68.55 67.65 67.40 66.87

6 Dp-3-O -(6-ac)-glc 0.70 0.96 2.10 2.23 1.09 2.17 1.11 0.88 0.86 0.96 0.85 0.91 0.91 1.40 1.36 1.43 1.81 0.99 0.92 1.89 0.83

7 Pt-3-O -(6-ac)-glc 1.34 1.69 2.87 3.17 2.79 3.20 2.88 2.54 2.43 2.72 2.39 2.67 2.75 2.86 2.96 3.07 3.01 2.65 2.69 3.09 2.73

8 Pn-3-O -(6-ac)-glc 0.72 0.90 2.57 2.91 2.66 3.28 2.68 2.52 2.09 2.37 2.11 2.29 2.06 2.05 2.15 2.25 2.27 2.04 1.82 2.37 2.08

9 Mv-3-O -(6-ac)-glc 5.71 7.84 11.62 12.39 12.33 13.32 12.40 10.50 10.75 11.47 10.36 10.87 10.38 10.32 9.88 10.03 8.97 8.22 8.23 8.39 8.08

10 Mv-3-O -(6-caff)-glc 1.07 1.18 2.47 2.10 2.89 3.47 3.26 2.96 2.82 3.19 2.74 3.15 4.01 3.91 4.14 4.40 4.26 3.87 4.06 4.60 4.21

11 Pt-3-O -(6-p -coum)-glc 1.43 2.24 4.81 5.33 5.37 6.08 5.32 4.50 4.46 4.61 3.91 4.27 3.55 3.55 3.44 3.57 3.29 2.97 3.03 3.21 3.01

12 Pn-3-O -(6-p -coum)-glc 8.73 12.67 30.17 32.14 33.11 38.24 31.94 28.56 25.28 26.84 22.78 24.76 18.03 17.88 16.76 17.24 15.81 13.91 13.92 14.40 15.06

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 22

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 22.27 25.40 22.54 20.86 18.40 12.33 16.61 13.97 14.77 14.13 13.19 12.76 11.66 11.07 10.79 10.36 9.69 8.72 8.88 7.90 7.97

2 Cy-3-O -glc 7.61 6.34 2.64 2.31 2.31 2.43 2.05 2.12 1.86 1.81 1.92 1.93 1.49 1.54 1.55 1.41 1.41 1.36 1.32 1.28 1.33

3 Pt-3-O -glc 19.19 20.61 24.59 24.16 24.86 22.98 23.23 20.10 20.59 19.86 19.04 18.99 16.34 16.40 15.68 14.62 13.78 12.79 12.83 11.40 11.45

4 Pn-3-O -glc 14.74 13.38 8.83 9.67 9.53 9.10 8.77 9.06 7.49 7.47 7.82 7.46 5.04 5.72 5.46 5.05 5.10 4.66 4.70 4.75 5.00

5 Mv-3-O -glc 83.25 90.36 109.44 107.42 115.88 116.29 113.38 104.18 103.43 103.34 95.93 100.06 89.72 91.65 87.03 80.15 70.64 66.66 66.40 59.26 60.04

6 Dp-3-O -(6-ac)-glc 0.68 0.93 1.72 1.09 1.09 1.98 1.02 1.19 0.85 0.91 1.13 1.75 0.82 1.39 1.32 1.33 1.03 0.99 0.88 0.80 0.62

7 Pt-3-O -(6-ac)-glc 1.36 1.65 2.54 2.63 2.92 3.02 2.63 2.50 2.45 2.66 2.48 2.90 2.67 2.86 3.05 3.02 2.71 2.67 2.74 2.58 2.61

8 Pn-3-O -(6-ac)-glc 0.74 0.88 2.30 2.53 2.66 3.03 2.34 2.37 2.09 2.28 2.11 2.33 1.60 2.08 2.21 2.18 2.01 2.09 2.13 2.05 2.13

9 Mv-3-O -(6-ac)-glc 5.88 7.62 10.77 11.88 12.59 12.41 11.65 10.32 10.46 10.76 10.16 10.34 9.74 9.95 9.72 9.21 8.20 8.00 8.04 7.22 7.33

10 Mv-3-O -(6-caff)-glc 1.16 1.16 1.70 2.88 3.49 4.62 3.36 3.15 3.18 3.46 3.09 3.62 4.12 4.19 4.53 4.48 4.04 4.08 4.36 4.16 4.34

11 Pt-3-O -(6-p -coum)-glc 1.55 2.13 4.37 5.03 5.33 5.62 4.74 4.09 4.13 4.20 3.70 3.91 3.25 3.26 3.28 3.22 2.87 2.80 2.90 2.71 2.78

12 Pn-3-O -(6-p -coum)-glc 9.74 12.04 27.32 31.05 32.71 35.15 28.57 25.77 23.72 24.49 21.49 22.50 16.18 16.66 15.84 15.08 13.37 12.80 13.14 12.09 12.14

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 23

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 22.64 31.02 24.02 24.74 19.91 12.32 17.19 15.08 15.83 14.77 13.28 12.84 12.63 12.85 11.35 11.35 9.97 9.47 9.18 8.71 8.61

2 Cy-3-O -glc 7.77 7.59 2.88 2.87 2.37 2.52 2.14 2.02 1.97 1.86 2.03 1.77 1.57 1.64 1.51 1.43 1.44 1.52 1.66 1.42 1.55

3 Pt-3-O -glc 19.76 24.93 25.39 26.69 25.06 24.18 23.34 20.61 21.76 20.02 19.09 18.37 17.30 18.23 15.88 15.35 14.05 13.57 13.40 12.41 12.40

4 Pn-3-O -glc 14.96 15.96 11.56 11.39 9.83 9.38 9.51 9.22 8.31 7.68 8.48 7.24 5.49 6.44 5.72 5.59 5.90 6.09 6.55 6.00 6.82

5 Mv-3-O -glc 83.69 103.80 110.02 116.29 114.70 126.36 112.37 98.69 106.37 100.84 96.40 97.49 92.13 95.58 84.59 79.66 72.09 69.20 66.82 62.59 62.10

6 Dp-3-O -(6-ac)-glc 0.68 1.93 1.73 2.18 1.09 2.16 1.02 0.88 0.94 0.85 1.13 0.79 0.88 1.47 1.30 1.28 1.01 0.95 1.66 0.86 1.39

7 Pt-3-O -(6-ac)-glc 1.37 2.19 2.60 3.22 2.81 3.25 2.64 2.44 2.71 2.44 2.49 2.38 2.79 3.02 2.99 2.85 2.70 2.67 2.88 2.61 2.26

8 Pn-3-O -(6-ac)-glc 0.74 1.18 2.37 2.94 2.61 3.22 2.45 2.35 2.39 2.05 2.20 1.99 2.07 2.15 2.18 2.03 2.04 2.04 2.15 2.09 2.12

9 Mv-3-O -(6-ac)-glc 5.79 9.42 11.03 12.73 12.37 13.40 11.78 10.41 11.33 10.41 10.19 10.13 10.12 10.20 9.61 9.04 8.35 8.12 8.07 7.66 7.55

10 Mv-3-O -(6-caff)-glc 1.19 1.60 1.77 3.18 3.24 5.19 3.36 3.15 3.53 3.11 3.07 3.01 4.31 3.44 4.46 4.13 3.94 3.98 4.26 4.23 4.31

11 Pt-3-O -(6-p -coum)-glc 1.48 3.14 4.53 5.54 5.32 5.97 4.93 4.27 4.70 4.09 3.74 3.65 3.51 3.60 3.40 3.23 2.98 2.90 3.01 2.92 2.92

12 Pn-3-O -(6-p -coum)-glc 8.94 17.95 28.20 33.04 32.06 37.49 29.91 26.78 27.36 23.44 22.47 21.21 17.68 18.45 16.71 15.32 14.50 14.90 15.30 14.81 14.56

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -

Tank 24

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26 31 34 38 45 48 52 53

1 Dp-3-O -glc 22.73 26.30 23.19 20.86 20.03 15.85 15.51 13.48 14.16 14.62 13.24 13.01 11.73 11.04 10.80 10.83 9.94 8.86 8.85 7.99 8.15

2 Cy-3-O -glc 7.61 6.63 2.76 2.57 2.24 2.08 1.95 1.94 1.85 1.84 1.77 1.67 1.48 1.43 1.47 1.42 1.38 1.32 1.54 1.33 1.44

3 Pt-3-O -glc 19.26 21.22 24.68 23.95 22.61 21.74 21.50 19.25 20.31 20.42 19.00 18.23 16.57 15.99 15.68 15.16 14.24 12.65 13.05 11.58 12.06

4 Pn-3-O -glc 14.50 13.70 18.09 10.34 9.53 9.46 8.92 8.84 7.74 7.82 7.72 6.85 5.20 5.47 5.53 4.21 5.37 5.09 5.82 5.44 6.01

5 Mv-3-O -glc 81.75 91.49 107.98 108.03 103.33 108.03 100.88 100.30 101.78 104.36 99.67 95.66 90.39 85.76 85.63 81.78 72.96 63.85 64.68 59.72 60.20

6 Dp-3-O -(6-ac)-glc 0.68 0.94 1.74 1.61 0.98 0.84 0.91 0.78 0.82 0.93 0.83 0.82 0.84 1.36 1.32 1.36 1.15 0.95 1.56 0.85 1.26

7 Pt-3-O -(6-ac)-glc 1.37 1.65 2.50 2.58 2.66 2.46 2.45 2.33 2.38 2.67 2.37 2.50 2.70 2.72 2.99 2.98 2.71 2.58 2.84 2.57 2.12

8 Pn-3-O -(6-ac)-glc 0.74 0.87 2.27 2.39 2.59 2.43 2.27 2.30 2.09 2.27 2.07 2.09 1.62 1.96 2.17 2.17 2.03 1.99 2.16 2.06 2.01

9 Mv-3-O -(6-ac)-glc 5.96 7.59 10.40 10.93 11.42 11.03 10.85 10.22 10.37 11.07 10.19 10.18 9.95 9.39 9.63 9.35 8.44 7.69 7.88 7.32 7.23

10 Mv-3-O -(6-caff)-glc 1.18 1.16 2.31 2.61 3.17 3.26 3.22 3.11 3.18 3.54 3.12 3.26 4.27 4.00 4.48 4.48 4.08 3.96 4.40 4.20 4.12

11 Pt-3-O -(6-p -coum)-glc 1.73 2.14 4.13 4.54 4.94 4.70 4.61 4.07 4.21 4.41 3.84 3.83 3.46 3.21 3.32 3.31 3.00 2.80 2.98 2.79 2.72

12 Pn-3-O -(6-p -coum)-glc 10.62 11.79 25.68 27.61 31.01 30.04 28.04 26.14 24.44 25.89 22.62 22.06 17.46 16.00 16.28 15.83 14.38 12.99 13.54 14.01 13.50

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - -



Table S6. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 02

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 <LD 0.08 0.27 0.29 0.26 0.26 0.61 0.54 0.73 1.73 1.54 1.60 0.52 0.13

42 ((Epi)gallocatechin)2 2 <LD 0.07 0.14 0.17 0.16 0.16 0.49 0.41 0.59 1.57 1.43 1.45 0.49 0.06

43 ((Epi)gallocatechin)2 3 <LD <LD 0.05 <LD <LD <LD <LD <LD <LD <LD <LD 1.39 <LD <LD

44 Gallocatechin 0.27 0.49 0.97 1.84 0.95 1.00 1.22 1.20 1.20 2.17 2.02 2.09 0.94 0.61

45 Epigallocatechin 0.17 0.27 0.38 0.49 0.54 0.45 0.73 0.76 0.82 1.73 1.54 1.59 0.64 0.36

46 ((Epi)gallocatechin-(epi)catechin) 2 0.06 0.18 0.62 1.71 1.01 0.85 1.00 0.94 1.34 2.28 1.89 2.05 0.66 0.34

47 ((Epi)catechin-(epi)gallocatechin) 2 0.04 0.07 0.29 0.39 0.44 0.33 0.65 0.56 0.73 1.79 1.58 1.67 0.58 0.18

48 ((Epi)gallocatechin-(epi)catechin) 1 0.13 0.38 0.97 2.11 1.99 1.87 1.28 1.29 1.64 2.59 2.05 2.15 0.80 0.38

49 ((Epi)catechin-(epi)gallocatechin) 1 0.09 0.16 0.43 0.53 0.79 0.63 0.79 0.82 0.91 1.87 1.69 1.63 0.55 0.17

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.15 0.32 0.41 0.25 0.60 0.53 0.67 1.57 1.44 <LD <LD <LD

51 ((Epi)catechin)2 1 0.32 0.42 1.84 2.32 2.21 2.34 1.53 1.79 2.26 3.18 2.49 2.69 1.16 0.69

52 Procyanidin B 1 1.72 2.71 6.11 10.07 9.44 9.67 8.35 8.64 9.89 8.26 8.96 9.21 4.28 4.93

53 Procyanidin B 2 0.50 0.65 1.96 2.65 2.61 2.79 2.02 2.33 2.79 4.00 3.22 3.71 1.74 2.03

54 Catechin 0.34 0.64 1.72 1.97 1.85 2.03 1.66 1.84 1.64 2.70 2.43 2.50 1.50 1.78

55 Epicatechin 0.13 0.21 0.43 0.48 0.62 0.59 0.86 0.86 0.96 1.96 1.83 1.89 0.85 0.52

56 p -vinyl(epi)catechin 1 0.35 0.51 0.87 1.82 0.61 0.57 0.93 0.51 0.62 1.57 1.42 1.43 0.56 0.27

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD 0.58 0.47 0.67 <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.21 0.18 0.58 0.53 0.70 1.61 1.56 1.60 0.71 0.37

Tank 03

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 <LD 0.11 0.28 0.34 0.27 0.36 0.55 0.55 0.72 1.74 1.74 1.60 0.54 0.29

42 ((Epi)gallocatechin)2 2 <LD 0.05 0.21 0.18 0.15 0.25 0.50 0.42 0.62 1.57 1.61 1.44 0.47 0.10

43 ((Epi)gallocatechin)2 3 <LD <LD 0.05 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.51 0.70 1.54 1.73 0.79 1.71 0.90 1.09 1.09 2.18 2.30 2.01 0.98 0.66

45 Epigallocatechin 0.23 0.24 0.37 0.32 0.29 0.45 0.57 0.65 0.82 1.71 1.83 1.57 0.64 0.27

46 ((Epi)gallocatechin-(epi)catechin) 2 0.15 0.30 0.98 1.81 0.94 1.83 0.88 1.03 1.42 2.37 2.21 2.08 0.80 0.75

47 ((Epi)catechin-(epi)gallocatechin) 2 0.08 0.09 0.35 0.41 0.40 0.52 0.58 0.57 0.87 1.80 1.82 1.57 0.62 0.38

48 ((Epi)gallocatechin-(epi)catechin) 1 0.38 0.44 2.11 2.17 1.68 2.21 1.01 1.36 1.78 2.74 2.36 2.25 0.88 0.86

49 ((Epi)catechin-(epi)gallocatechin) 1 0.22 0.24 0.53 0.51 0.45 0.67 0.63 0.71 0.91 1.97 1.90 1.67 0.63 0.35

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.16 0.31 0.32 0.35 0.57 0.48 0.71 1.54 <LD 1.44 <LD <LD

51 ((Epi)catechin)2 1 0.67 0.89 2.25 2.65 1.93 2.42 1.20 1.95 2.18 3.19 3.00 2.79 1.62 1.95

52 Procyanidin B 1 3.42 4.15 9.54 9.13 6.75 9.69 5.94 9.65 10.50 8.38 10.30 9.83 5.29 8.19

53 Procyanidin B 2 1.28 1.66 2.54 2.72 1.94 2.79 1.47 2.78 2.77 3.88 3.79 3.61 2.16 3.40

54 Catechin 0.62 0.84 0.95 1.80 1.62 2.09 1.29 1.79 1.73 2.64 2.98 2.58 1.74 2.22

55 Epicatechin 0.25 0.31 0.44 0.53 0.44 0.67 0.67 0.85 0.87 2.01 2.06 1.85 0.93 0.78

56 p -vinyl(epi)catechin 1 0.25 0.48 0.86 1.75 0.54 0.53 0.65 0.49 0.59 <LD <LD <LD 0.55 0.24

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD 0.59 0.45 0.58 <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.06 <LD <LD 0.25 0.24 0.55 0.51 0.65 1.62 1.72 1.53 0.72 0.35

Tank 04

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 <LD 0.12 0.34 0.50 0.35 0.26 0.50 0.79 0.69 1.74 1.50 1.66 0.54 0.19

42 ((Epi)gallocatechin)2 2 <LD 0.08 0.21 0.22 0.20 0.11 0.45 0.49 0.61 1.58 1.43 1.46 0.49 0.08

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin <LD 0.65 1.55 1.95 0.94 0.80 0.93 1.14 1.18 2.12 1.98 2.02 0.93 0.75

45 Epigallocatechin <LD 0.25 0.48 0.56 0.40 0.30 0.64 0.61 0.76 1.77 1.56 1.61 0.61 0.20

46 ((Epi)gallocatechin-(epi)catechin) 2 <LD 0.36 0.91 2.02 1.57 0.89 0.79 1.54 1.40 2.45 1.92 2.14 0.82 0.58

47 ((Epi)catechin-(epi)gallocatechin) 2 <LD 0.18 0.35 0.44 0.49 0.35 0.61 0.73 0.86 1.78 1.53 1.66 0.72 0.25

48 ((Epi)gallocatechin-(epi)catechin) 1 <LD 0.42 1.90 2.41 2.00 1.78 0.95 1.68 1.90 2.75 2.22 2.46 0.91 0.65

49 ((Epi)catechin-(epi)gallocatechin) 1 <LD 0.28 0.55 0.66 0.53 0.48 0.60 0.82 0.99 1.93 1.65 1.76 0.60 0.31

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.24 0.48 0.52 0.36 0.65 0.55 0.70 1.64 1.43 1.43 <LD <LD

51 ((Epi)catechin)2 1 <LD 0.91 2.19 2.69 2.16 2.22 1.20 2.19 2.29 3.35 2.68 3.00 1.64 1.70

52 Procyanidin B 1 1.93 4.52 8.86 9.45 8.67 8.17 5.65 12.17 10.87 9.68 10.07 10.15 6.24 7.23

53 Procyanidin B 2 0.53 1.69 2.34 2.98 2.45 2.56 1.54 2.67 2.85 4.22 3.55 4.00 2.57 3.00

54 Catechin 0.50 0.80 1.96 2.22 1.81 1.91 1.35 1.73 1.68 2.68 2.50 2.50 1.71 1.84

55 Epicatechin 0.12 0.27 0.49 0.68 0.63 0.51 0.73 0.82 0.93 2.00 1.79 1.89 0.95 0.66

56 p -vinyl(epi)catechin 1 <LD 0.50 0.80 1.85 0.77 0.44 0.70 0.49 0.62 1.57 1.48 <LD 0.52 0.29

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD 0.58 0.51 0.61 <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD 0.06 <LD <LD 0.23 0.19 0.48 0.48 0.70 1.64 1.57 1.58 0.75 0.37

continued



Table S6. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 05

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 <LD 0.08 0.29 0.37 0.36 0.15 0.52 0.37 0.73 1.63 1.45 1.47 0.63 0.19

42 ((Epi)gallocatechin)2 2 <LD 0.05 0.16 0.26 0.20 0.11 0.48 0.35 0.56 1.51 1.38 1.39 0.50 0.10

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.29 0.58 0.99 0.98 0.87 0.72 1.02 0.99 1.10 1.98 1.84 1.87 1.04 0.78

45 Epigallocatechin 0.07 0.30 0.46 0.27 0.39 0.29 0.57 0.54 0.68 1.63 1.51 1.52 0.57 0.32

46 ((Epi)gallocatechin-(epi)catechin) 2 0.07 0.09 0.29 0.33 0.47 0.29 0.57 0.55 0.85 1.71 1.49 1.53 0.71 0.25

47 ((Epi)catechin-(epi)gallocatechin) 2 0.08 0.20 0.46 0.56 0.45 0.39 0.57 0.44 0.78 1.65 1.48 1.49 0.65 0.30

48 ((Epi)gallocatechin-(epi)catechin) 1 0.06 0.21 0.90 1.88 1.69 0.61 0.83 0.73 1.36 2.03 1.71 1.82 1.04 0.64

49 ((Epi)catechin-(epi)gallocatechin) 1 0.21 0.39 1.95 2.24 2.00 1.00 0.91 0.76 1.56 2.28 1.88 1.86 1.11 0.86

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.17 0.29 0.30 0.29 0.59 0.52 0.70 1.59 1.45 1.40 <LD <LD

51 ((Epi)catechin)2 1 0.39 0.75 2.03 2.51 2.18 1.99 1.37 1.55 1.93 2.68 2.41 2.36 1.58 1.81

52 Procyanidin B 1 2.37 3.78 8.88 10.24 9.01 7.31 5.91 6.80 9.47 8.16 7.76 8.22 7.03 7.49

53 Procyanidin B 2 0.71 0.73 2.19 2.55 2.11 2.25 1.62 1.55 2.11 2.80 2.69 2.82 1.80 2.58

54 Catechin 0.55 0.62 1.68 1.83 1.64 1.73 1.44 1.65 1.66 2.46 2.34 2.37 1.62 1.93

55 Epicatechin 0.16 0.22 0.46 0.41 0.52 0.47 0.76 0.78 0.89 1.87 1.71 1.71 0.85 0.67

56 p -vinyl(epi)catechin 1 0.32 0.84 1.69 2.15 1.62 0.86 1.12 0.87 0.83 1.78 1.64 1.62 0.69 0.36

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD <LD 0.16 <LD <LD 0.62 1.57 1.45 1.46 0.61 0.27

Tank 06

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.05 0.12 0.20 0.39 0.33 0.30 0.49 0.40 0.82 1.78 1.55 1.66 <LD 0.22

42 ((Epi)gallocatechin)2 2 0.04 0.06 0.14 0.21 0.20 0.15 0.47 <LD 0.60 1.57 1.43 1.47 <LD 0.09

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.31 0.62 0.93 1.85 0.91 0.97 0.89 1.00 1.30 2.18 1.89 2.18 0.66 0.75

45 Epigallocatechin 0.15 0.35 0.31 0.37 0.33 0.28 0.54 0.58 0.72 1.79 1.51 1.58 0.49 0.29

46 ((Epi)gallocatechin-(epi)catechin) 2 0.12 0.28 0.95 1.84 1.62 0.94 0.73 0.72 1.71 2.45 1.87 2.25 0.53 0.79

47 ((Epi)catechin-(epi)gallocatechin) 2 0.06 0.15 0.28 0.40 0.50 0.39 0.51 0.52 0.94 1.87 1.57 1.64 0.48 0.29

48 ((Epi)gallocatechin-(epi)catechin) 1 0.21 0.44 2.01 2.42 1.96 1.98 0.86 0.87 1.91 2.90 2.02 2.50 0.57 0.85

49 ((Epi)catechin-(epi)gallocatechin) 1 0.14 0.20 0.53 0.57 0.62 0.55 0.58 0.49 0.99 1.95 1.61 1.72 0.47 0.33

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.20 0.38 0.39 0.30 0.66 0.45 0.77 1.58 1.43 1.49 <LD <LD

51 ((Epi)catechin)2 1 0.39 0.77 2.12 2.67 2.18 2.34 1.20 1.88 2.94 3.58 2.39 3.16 0.78 1.77

52 Procyanidin B 1 2.40 3.83 9.14 10.72 8.20 8.76 5.16 8.47 12.53 11.13 8.14 11.42 1.93 7.97

53 Procyanidin B 2 0.59 0.90 2.27 2.91 2.25 2.39 1.34 2.00 2.79 4.08 2.66 3.78 0.90 2.70

54 Catechin 0.36 0.78 0.91 1.91 1.60 1.85 1.38 1.65 1.97 2.76 2.38 2.70 1.00 1.79

55 Epicatechin 0.13 0.25 0.44 0.52 0.52 0.57 0.72 0.71 0.99 1.97 1.74 1.94 0.63 0.57

56 p -vinyl(epi)catechin 1 0.34 0.81 1.62 2.22 1.57 0.88 1.06 0.87 1.04 1.80 1.61 1.60 0.66 0.44

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.16 0.17 <LD <LD 0.64 1.59 1.49 1.51 0.56 0.23

Tank 07

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 <LD 0.14 0.31 0.40 0.32 0.53 0.63 0.65 0.86 1.61 1.64 1.67 0.55 0.26

42 ((Epi)gallocatechin)2 2 <LD 0.10 0.16 0.16 0.18 0.23 0.48 0.43 0.60 1.54 1.44 1.44 0.46 0.11

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.12 0.71 1.64 2.00 1.51 1.93 1.11 1.31 1.41 2.14 2.18 2.05 1.02 0.77

45 Epigallocatechin 0.06 0.36 0.49 0.40 0.37 0.54 0.70 0.66 0.71 1.72 1.65 1.57 0.62 0.23

46 ((Epi)gallocatechin-(epi)catechin) 2 <LD 0.37 0.67 1.85 0.96 1.97 1.02 1.14 1.51 2.01 1.99 2.09 0.71 0.69

47 ((Epi)catechin-(epi)gallocatechin) 2 <LD 0.13 0.39 0.47 0.46 0.56 0.67 0.63 0.84 1.79 1.64 1.64 0.64 0.27

48 ((Epi)gallocatechin-(epi)catechin) 1 0.13 0.62 1.70 2.43 1.89 2.44 1.31 1.49 2.02 2.41 2.45 2.23 0.86 1.41

49 ((Epi)catechin-(epi)gallocatechin) 1 0.05 0.29 0.51 0.71 0.72 0.82 0.72 0.68 1.02 1.84 1.68 1.69 0.56 0.25

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.21 0.42 0.37 0.24 0.56 0.47 0.65 1.55 1.44 <LD <LD <LD

51 ((Epi)catechin)2 1 0.61 0.94 2.06 2.70 2.54 3.27 1.77 2.28 3.20 3.28 3.31 2.93 1.56 2.23

52 Procyanidin B 1 3.22 4.50 7.84 10.30 8.75 10.15 8.11 11.07 14.76 8.49 11.13 9.81 5.89 9.50

53 Procyanidin B 2 1.30 1.53 2.09 3.12 2.31 3.34 1.78 2.68 3.16 3.74 3.67 3.49 1.97 3.15

54 Catechin 0.74 0.90 1.89 2.04 1.67 2.21 1.55 2.03 1.97 2.66 2.66 2.46 1.54 2.17

55 Epicatechin 0.28 0.32 0.45 0.61 0.50 0.70 0.80 0.90 0.98 1.99 1.86 1.83 0.87 0.70

56 p -vinyl(epi)catechin 1 0.24 0.88 1.59 2.11 0.98 0.93 0.97 0.79 0.87 1.75 1.61 1.64 0.65 0.30

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.18 <LD <LD 0.45 0.61 1.57 1.52 1.53 0.58 0.24

continued



Table S6. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 08

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.14 0.11 0.29 0.36 0.42 0.32 0.54 0.40 1.04 1.77 1.53 1.66 0.58 0.21

42 ((Epi)gallocatechin)2 2 0.05 0.06 0.15 0.19 0.22 0.19 0.46 0.36 0.71 1.61 1.42 1.47 0.48 0.08

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.43 0.74 1.58 1.71 <LD 1.65 0.88 1.12 1.34 2.15 2.06 2.19 0.94 0.72

45 Epigallocatechin 0.19 0.37 0.46 0.34 <LD 0.42 0.54 0.60 0.79 1.72 1.61 1.61 0.61 0.27

46 ((Epi)gallocatechin-(epi)catechin) 2 0.26 0.34 0.86 1.91 1.83 1.66 0.81 0.82 2.01 2.49 1.94 2.24 0.86 0.60

47 ((Epi)catechin-(epi)gallocatechin) 2 0.12 0.13 0.28 0.45 0.46 0.41 0.58 0.59 1.01 1.86 1.52 1.70 0.63 0.31

48 ((Epi)gallocatechin-(epi)catechin) 1 0.51 0.50 1.79 2.14 2.32 1.97 1.00 0.85 2.36 2.90 2.15 2.48 1.03 0.81

49 ((Epi)catechin-(epi)gallocatechin) 1 0.29 0.27 0.50 0.59 0.68 0.58 0.65 0.52 1.07 1.86 1.60 1.75 0.58 0.25

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.18 0.19 0.34 0.30 0.53 0.45 0.73 1.64 1.41 1.44 0.49 <LD

51 ((Epi)catechin)2 1 0.66 1.54 1.97 2.40 2.41 2.48 1.54 1.87 2.69 3.32 2.72 3.18 1.87 1.95

52 Procyanidin B 1 3.72 4.41 8.07 10.44 9.88 9.38 7.49 7.96 14.19 10.53 9.38 10.98 6.71 7.80

53 Procyanidin B 2 0.99 1.69 2.25 2.78 2.45 2.82 1.77 2.04 3.09 3.84 3.11 3.85 1.96 2.60

54 Catechin 0.55 0.92 1.78 1.85 1.61 1.88 1.45 1.97 1.92 2.63 2.59 2.58 1.59 1.72

55 Epicatechin 0.19 0.36 0.53 0.57 0.54 0.65 0.68 0.92 1.01 1.95 1.87 1.88 0.90 0.69

56 p -vinyl(epi)catechin 1 0.42 0.90 0.98 2.03 1.02 0.84 1.00 0.75 0.89 1.77 1.64 1.58 0.71 0.32

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD 0.43 <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.15 <LD 0.50 0.43 0.60 1.61 1.46 1.51 0.65 0.32

Tank 09

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.06 0.14 0.28 0.25 0.20 0.24 0.51 0.64 0.72 1.72 1.57 1.52 0.52 0.24

42 ((Epi)gallocatechin)2 2 <LD 0.05 0.15 0.11 0.14 0.14 0.47 0.47 0.58 1.55 1.43 1.44 0.47 0.12

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD 0.45 <LD

44 Gallocatechin 0.45 0.64 1.71 1.84 0.90 1.66 0.85 1.30 1.31 2.19 2.10 2.02 0.89 0.73

45 Epigallocatechin 0.19 0.29 0.60 0.41 0.32 0.35 0.56 0.68 0.78 1.74 1.60 1.52 0.57 0.21

46 ((Epi)gallocatechin-(epi)catechin) 2 0.06 0.12 0.36 0.33 0.39 0.37 0.55 0.65 0.86 1.82 1.58 1.62 0.56 0.23

47 ((Epi)catechin-(epi)gallocatechin) 2 0.13 0.18 0.45 0.54 0.52 0.46 0.50 0.69 0.94 1.81 1.72 1.56 0.60 0.34

48 ((Epi)gallocatechin-(epi)catechin) 1 0.15 0.31 0.81 0.80 0.77 0.76 0.61 1.10 1.38 2.28 1.92 1.85 0.79 0.55

49 ((Epi)catechin-(epi)gallocatechin) 1 0.33 0.37 1.70 1.90 1.79 1.75 0.81 1.56 1.85 2.56 2.16 2.09 0.81 0.82

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.16 0.20 0.31 0.25 <LD 0.47 0.62 1.54 <LD <LD <LD <LD

51 ((Epi)catechin)2 1 0.52 0.45 1.77 2.13 1.74 1.90 1.18 2.10 2.74 3.13 2.56 2.50 1.53 1.61

52 Procyanidin B 1 3.16 2.96 7.22 9.47 7.11 8.18 5.13 10.49 12.23 8.56 9.71 9.95 5.67 8.06

53 Procyanidin B 2 0.88 0.74 2.37 2.69 2.27 2.91 1.60 3.10 3.91 4.28 4.00 4.19 2.76 3.60

54 Catechin 0.61 1.54 1.87 1.87 1.62 1.93 1.38 2.02 1.98 2.86 2.66 2.51 1.63 1.88

55 Epicatechin 0.24 0.32 0.55 0.56 0.46 0.65 0.73 1.12 1.23 2.06 2.00 1.95 1.00 0.82

56 p -vinyl(epi)catechin 1 0.30 0.61 0.94 1.85 0.58 0.70 0.70 0.55 0.70 1.59 <LD <LD <LD <LD

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD 0.54 0.41 <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.24 0.14 0.49 0.55 0.70 1.68 1.55 1.58 0.85 0.50

Tank 10

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.07 0.14 0.38 0.30 0.43 0.44 0.50 0.79 1.01 1.71 1.75 1.59 0.47 0.29

42 ((Epi)gallocatechin)2 2 <LD 0.06 0.20 0.18 0.19 0.22 0.46 0.52 0.66 1.56 1.50 1.43 0.45 0.16

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.35 0.73 2.13 2.08 1.00 1.84 1.04 1.42 1.55 2.21 2.08 2.07 0.70 1.44

45 Epigallocatechin 0.18 0.36 0.56 0.47 0.41 0.51 0.60 0.70 0.89 1.73 1.55 1.57 0.49 0.37

46 ((Epi)gallocatechin-(epi)catechin) 2 0.13 0.25 0.98 1.74 1.68 1.81 0.76 1.46 1.98 2.13 2.24 2.04 0.56 1.49

47 ((Epi)catechin-(epi)gallocatechin) 2 0.12 0.09 0.46 0.39 0.50 0.54 0.60 0.77 1.09 1.79 1.66 1.64 0.50 0.46

48 ((Epi)gallocatechin-(epi)catechin) 1 0.28 0.51 2.31 2.50 2.03 2.33 0.90 1.74 2.52 2.47 2.37 2.29 0.60 1.69

49 ((Epi)catechin-(epi)gallocatechin) 1 0.14 0.19 0.61 0.70 0.53 0.68 0.55 0.79 1.03 1.87 1.71 1.60 0.53 0.43

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.19 0.22 0.29 0.22 0.57 0.43 0.65 1.56 1.43 <LD <LD <LD

51 ((Epi)catechin)2 1 0.39 0.54 2.06 2.52 2.23 2.54 1.26 2.44 2.91 2.97 2.78 2.80 0.95 2.08

52 Procyanidin B 1 2.08 3.02 8.85 10.50 8.94 8.02 5.44 12.51 15.61 7.43 9.16 9.65 2.93 10.78

53 Procyanidin B 2 0.72 0.83 2.68 3.21 2.53 3.17 1.72 3.61 4.29 4.32 4.28 4.29 1.35 5.09

54 Catechin 0.69 1.53 2.35 1.97 1.70 2.29 1.63 2.04 2.24 2.70 2.59 2.70 1.08 2.16

55 Epicatechin 0.21 0.41 0.70 0.64 0.59 0.77 0.94 1.15 1.36 2.11 1.97 1.95 0.63 1.55

56 p -vinyl(epi)catechin 1 0.37 0.56 1.13 1.72 0.56 0.60 0.70 0.59 0.69 1.61 1.44 <LD 0.52 0.23

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.26 0.20 0.52 0.59 0.74 1.64 1.61 1.65 0.83 0.54

continued



Table S6. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 11

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 <LD 0.12 0.25 0.65 0.34 0.43 0.52 0.96 0.93 1.89 1.75 1.59 0.72 0.37

42 ((Epi)gallocatechin)2 2 <LD 0.07 0.16 0.26 0.19 0.20 0.48 0.59 0.68 1.62 1.50 1.45 0.57 0.21

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.15 0.67 1.64 1.90 0.90 1.74 1.08 1.58 1.43 2.33 2.12 2.04 1.18 1.50

45 Epigallocatechin 0.05 0.27 0.37 0.41 0.40 0.40 0.62 0.76 0.85 1.77 1.62 1.61 0.68 0.26

46 ((Epi)gallocatechin-(epi)catechin) 2 0.04 0.31 0.81 2.28 1.55 1.91 0.78 1.96 1.76 2.68 2.37 2.01 1.20 1.72

47 ((Epi)catechin-(epi)gallocatechin) 2 <LQ 0.16 <LD 0.55 0.50 0.67 0.62 0.86 1.07 2.00 1.68 1.57 0.81 0.44

48 ((Epi)gallocatechin-(epi)catechin) 1 0.14 0.41 1.78 2.88 1.89 2.38 0.92 2.55 2.20 2.83 2.64 2.31 1.43 1.84

49 ((Epi)catechin-(epi)gallocatechin) 1 0.06 0.21 0.54 0.52 0.58 0.66 0.60 0.95 1.06 1.93 1.70 1.64 0.71 0.50

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.10 0.28 0.28 0.25 0.61 0.50 0.74 1.59 1.44 <LD <LD <LD

51 ((Epi)catechin)2 1 0.38 0.64 1.92 2.60 2.21 2.59 1.24 2.64 2.63 3.50 3.23 2.64 2.22 2.48

52 Procyanidin B 1 2.42 3.20 8.06 11.75 8.19 10.60 6.06 17.65 13.23 11.69 11.84 10.07 9.39 10.48

53 Procyanidin B 2 0.95 0.91 2.30 3.17 2.38 3.26 1.85 4.01 3.74 4.74 4.63 3.89 3.96 4.76

54 Catechin 0.56 0.95 1.76 2.03 1.73 2.00 1.74 2.28 2.05 2.92 2.77 2.57 2.13 2.25

55 Epicatechin 0.20 0.33 0.51 0.49 0.63 0.74 0.87 1.26 1.26 2.20 2.03 1.90 1.36 1.60

56 p -vinyl(epi)catechin 1 0.22 0.56 0.84 1.93 0.61 1.92 0.70 0.56 0.68 1.57 <LD 1.47 0.57 0.27

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD 0.57 <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.14 0.14 0.54 0.56 0.73 1.69 1.59 1.65 0.94 0.46

Tank 12

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.08 0.11 0.29 0.44 0.46 0.32 0.55 0.72 1.21 1.84 1.66 1.77 0.48 0.48

42 ((Epi)gallocatechin)2 2 <LD 0.06 0.18 0.19 0.24 0.17 0.47 0.52 0.77 1.62 1.47 1.52 <LD 0.21

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.41 0.53 1.79 1.81 0.91 1.70 0.98 1.36 1.42 2.19 2.10 2.13 0.65 1.41

45 Epigallocatechin 0.18 0.19 0.50 0.39 0.44 0.37 0.56 0.66 0.80 1.68 1.58 1.55 0.47 0.29

46 ((Epi)gallocatechin-(epi)catechin) 2 0.19 0.26 0.87 1.95 1.80 0.89 0.91 1.45 2.48 2.75 2.15 2.45 0.57 1.77

47 ((Epi)catechin-(epi)gallocatechin) 2 0.11 0.12 0.45 0.47 0.61 0.40 0.62 0.72 1.27 1.94 1.70 1.74 0.48 0.51

48 ((Epi)gallocatechin-(epi)catechin) 1 0.42 0.43 1.89 2.65 2.24 2.05 1.00 1.95 2.92 3.13 2.45 2.70 0.59 2.12

49 ((Epi)catechin-(epi)gallocatechin) 1 0.16 0.21 0.51 0.64 0.66 0.61 0.62 0.76 1.13 2.00 1.65 1.72 0.54 0.48

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.26 0.20 0.31 0.26 0.65 0.44 0.68 1.65 <LD <LD <LD <LD

51 ((Epi)catechin)2 1 0.73 0.68 1.96 2.80 2.42 2.30 1.74 2.63 3.58 3.68 3.04 3.51 1.00 2.88

52 Procyanidin B 1 3.33 2.99 7.38 10.99 9.79 9.03 7.31 15.49 18.65 13.57 9.89 15.42 2.71 14.00

53 Procyanidin B 2 1.36 0.93 2.39 3.44 2.72 2.59 2.10 3.95 4.52 5.37 4.42 5.28 1.33 6.09

54 Catechin 0.84 0.87 2.02 1.98 1.85 2.03 1.78 2.20 2.18 2.91 2.70 2.65 0.95 2.44

55 Epicatechin 0.28 0.33 0.66 0.62 0.66 0.65 0.89 1.19 1.30 2.17 2.04 2.09 0.59 1.63

56 p -vinyl(epi)catechin 1 0.50 0.74 1.62 1.85 0.82 1.73 0.73 0.55 0.71 1.66 1.49 1.50 <LD 0.29

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD 0.44 <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.22 0.16 0.50 0.51 0.71 1.69 1.58 1.67 0.84 0.55

Tank 13

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.09 0.14 0.33 0.45 0.43 0.56 0.54 0.70 0.80 1.59 1.62 1.63 0.61 0.32

42 ((Epi)gallocatechin)2 2 <LD 0.09 0.17 0.23 0.18 0.36 0.47 0.50 0.51 1.33 1.39 1.39 0.51 0.17

43 ((Epi)gallocatechin)2 3 <LD <LD 0.04 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.48 0.83 1.83 1.98 1.53 1.92 1.06 1.47 1.44 2.23 2.24 2.17 1.20 1.65

45 Epigallocatechin 0.24 0.37 0.49 0.37 0.44 0.47 0.68 0.76 0.69 1.55 1.54 1.55 0.60 0.32

46 ((Epi)gallocatechin-(epi)catechin) 2 0.10 0.12 0.36 0.47 0.47 0.84 0.62 0.74 0.78 1.64 1.59 1.64 0.64 0.51

47 ((Epi)catechin-(epi)gallocatechin) 2 0.17 0.21 0.57 0.69 0.68 0.78 0.59 0.77 0.90 1.75 1.60 1.61 0.77 0.49

48 ((Epi)gallocatechin-(epi)catechin) 1 0.20 0.36 0.86 2.03 1.69 2.26 0.78 1.14 1.56 2.22 2.10 2.16 1.02 1.68

49 ((Epi)catechin-(epi)gallocatechin) 1 0.39 0.52 2.00 2.73 2.08 2.83 0.90 1.52 2.07 2.79 2.36 2.57 1.17 2.02

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.13 0.37 0.42 0.31 0.66 0.46 0.46 1.38 1.42 1.32 <LD <LD

51 ((Epi)catechin)2 1 0.68 0.79 1.94 2.35 2.04 3.33 1.29 2.20 2.56 3.35 2.60 3.11 1.78 2.34

52 Procyanidin B 1 2.88 4.26 8.19 10.93 8.40 11.69 6.42 12.15 8.39 11.63 10.39 12.56 8.47 11.30

53 Procyanidin B 2 0.92 1.00 2.45 3.10 2.43 4.06 1.66 3.08 3.13 3.90 3.43 4.10 3.03 4.61

54 Catechin 0.59 0.89 1.77 1.89 1.85 2.32 1.72 2.03 2.10 2.72 2.70 2.78 1.83 2.53

55 Epicatechin 0.24 0.34 0.52 0.61 0.67 0.89 0.88 1.12 1.07 1.92 1.97 1.97 1.07 1.54

56 p -vinyl(epi)catechin 1 0.47 0.94 1.94 2.48 1.77 0.73 1.19 1.06 0.90 1.65 1.65 1.54 0.71 0.43

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD <LD 0.41 0.54 0.50 0.48 1.37 1.49 1.45 0.61 0.26

continued



Table S6. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 14

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.07 0.17 0.32 0.56 0.39 0.44 0.58 0.98 0.88 1.73 1.85 1.89 0.54 0.48

42 ((Epi)gallocatechin)2 2 <LD 0.09 0.16 0.27 0.20 0.19 0.49 0.60 0.48 1.40 1.47 1.43 0.47 0.19

43 ((Epi)gallocatechin)2 3 <LD 0.03 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.46 0.86 1.76 2.09 1.57 1.86 1.20 1.51 1.33 2.02 2.46 2.16 0.93 1.53

45 Epigallocatechin 0.22 0.43 0.42 0.54 0.36 0.33 0.67 0.82 0.68 1.53 1.64 1.53 0.53 0.27

46 ((Epi)gallocatechin-(epi)catechin) 2 0.18 0.43 0.94 2.10 1.65 1.92 0.99 1.83 1.75 2.71 2.76 2.80 0.80 2.05

47 ((Epi)catechin-(epi)gallocatechin) 2 0.08 0.21 0.33 0.72 0.68 0.64 0.69 1.02 0.88 1.78 1.85 1.85 0.61 0.60

48 ((Epi)gallocatechin-(epi)catechin) 1 0.35 0.69 2.07 2.73 2.32 2.31 1.33 2.35 2.29 3.06 3.03 3.12 0.76 2.52

49 ((Epi)catechin-(epi)gallocatechin) 1 0.16 0.31 0.58 0.76 0.65 0.64 0.74 0.97 0.93 1.77 1.79 1.74 0.59 0.51

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.15 0.20 0.40 0.35 0.71 0.54 0.45 1.35 1.47 1.40 <LD <LD

51 ((Epi)catechin)2 1 0.48 0.70 2.08 2.96 2.45 2.63 1.79 3.07 3.22 3.58 3.80 3.65 1.12 3.08

52 Procyanidin B 1 2.90 3.85 9.36 11.92 9.96 10.30 8.25 17.04 16.47 14.53 16.47 17.29 4.59 17.68

53 Procyanidin B 2 0.90 1.70 2.59 3.36 2.99 3.30 2.38 4.06 3.87 4.50 5.14 5.56 1.44 5.88

54 Catechin 0.64 0.99 1.99 2.11 1.86 2.14 2.02 2.39 2.03 2.53 3.14 2.96 1.51 2.32

55 Epicatechin 0.26 0.40 0.61 0.73 0.66 0.84 1.06 1.31 1.13 1.90 2.24 2.04 0.83 1.52

56 p -vinyl(epi)catechin 1 0.51 1.62 2.15 2.51 1.94 0.46 1.37 1.07 0.96 1.67 1.77 1.63 0.74 0.51

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD 0.12 <LD 0.48 <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD <LD 0.23 0.51 0.50 0.52 1.42 1.48 1.39 0.68 0.28

Tank 15

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.13 0.16 0.43 0.70 0.50 0.35 0.74 0.77 0.76 1.84 1.85 1.75 0.68 0.42

42 ((Epi)gallocatechin)2 2 0.06 0.08 0.22 0.37 0.28 0.21 0.54 0.54 0.48 1.38 1.46 1.38 0.52 0.18

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.62 0.95 1.84 2.17 1.62 1.86 1.51 1.44 1.50 2.03 2.34 2.14 1.20 0.88

45 Epigallocatechin 0.26 0.39 0.47 0.49 0.37 0.34 0.73 0.71 0.80 1.52 1.56 1.56 0.61 0.20

46 ((Epi)gallocatechin-(epi)catechin) 2 0.31 0.38 1.77 2.36 1.94 1.80 1.65 1.50 1.80 2.76 2.68 2.36 1.23 1.94

47 ((Epi)catechin-(epi)gallocatechin) 2 0.18 0.23 0.59 0.68 0.72 0.50 0.93 0.81 0.90 1.83 1.83 1.63 0.66 0.35

48 ((Epi)gallocatechin-(epi)catechin) 1 0.66 0.74 2.25 2.81 2.43 2.17 1.69 1.81 2.07 3.04 2.89 2.90 1.44 2.49

49 ((Epi)catechin-(epi)gallocatechin) 1 0.30 0.38 0.63 0.69 0.84 0.56 0.76 0.72 0.87 1.66 1.74 1.71 0.70 0.42

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.20 0.33 0.49 0.25 0.80 0.50 0.54 1.34 1.46 <LD <LD <LD

51 ((Epi)catechin)2 1 0.94 0.93 2.30 2.75 2.33 2.35 2.16 2.57 3.02 3.61 3.70 3.35 2.20 2.65

52 Procyanidin B 1 4.00 4.75 9.34 12.47 9.92 9.77 11.29 12.51 14.76 14.19 13.86 14.37 9.79 18.01

53 Procyanidin B 2 1.65 1.82 2.72 3.26 2.72 3.25 3.17 3.43 3.56 4.55 4.59 4.42 3.30 5.66

54 Catechin 0.95 1.83 2.09 2.12 1.90 2.16 2.13 2.08 2.20 2.84 3.03 2.89 1.89 2.18

55 Epicatechin 0.42 0.49 0.67 0.76 0.67 0.77 1.12 1.17 1.28 2.02 2.16 2.09 1.16 0.96

56 p -vinyl(epi)catechin 1 0.60 1.63 1.99 2.59 2.09 0.49 1.50 1.11 1.10 1.69 1.81 1.68 0.76 0.40

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD <LD 0.21 <LD 0.51 0.55 1.36 1.47 1.46 0.62 0.27

Tank 16

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.07 0.16 0.35 0.53 0.52 0.24 0.58 0.93 0.73 1.56 1.86 1.64 0.64 0.37

42 ((Epi)gallocatechin)2 2 <LD 0.09 0.16 0.23 0.19 0.15 0.48 0.56 0.52 1.31 1.47 1.40 0.49 0.14

43 ((Epi)gallocatechin)2 3 <LD <LD 0.07 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.56 0.96 1.83 2.05 1.62 0.99 1.29 1.48 1.34 2.00 2.16 2.10 1.11 0.98

45 Epigallocatechin 0.19 0.40 0.50 0.41 0.42 0.42 0.66 0.76 0.70 1.44 1.55 1.50 0.57 0.22

46 ((Epi)gallocatechin-(epi)catechin) 2 0.13 0.36 1.00 2.13 1.98 0.82 0.94 1.61 1.67 2.26 2.53 2.28 1.00 1.76

47 ((Epi)catechin-(epi)gallocatechin) 2 0.09 0.18 0.38 0.59 0.74 0.37 0.73 0.86 0.87 1.61 1.81 1.71 0.63 0.50

48 ((Epi)gallocatechin-(epi)catechin) 1 0.41 0.70 2.13 2.74 2.31 1.83 1.07 2.12 2.25 2.60 2.79 2.62 1.08 2.03

49 ((Epi)catechin-(epi)gallocatechin) 1 0.21 0.26 0.56 0.64 0.75 0.48 0.68 0.79 0.79 1.61 1.72 1.67 0.64 0.54

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.11 0.27 0.39 0.24 0.63 0.46 0.49 1.29 <LD <LD <LD <LD

51 ((Epi)catechin)2 1 0.56 0.67 2.04 2.63 2.50 1.97 1.73 2.79 2.93 3.46 3.51 3.31 2.01 2.73

52 Procyanidin B 1 3.00 3.58 8.98 12.78 9.64 8.36 6.98 14.51 15.73 11.63 13.84 14.21 7.94 16.68

53 Procyanidin B 2 1.46 1.55 2.71 3.28 2.98 2.89 2.30 3.51 4.06 4.26 4.82 4.94 3.24 5.47

54 Catechin 0.76 1.61 1.89 2.06 1.88 1.97 1.79 2.16 1.99 2.61 2.75 2.68 1.92 2.34

55 Epicatechin 0.31 0.41 0.66 0.71 0.75 0.62 1.05 1.20 1.24 1.95 2.16 2.08 1.20 1.55

56 p -vinyl(epi)catechin 1 0.52 1.66 2.03 2.55 2.03 0.62 1.11 1.15 0.90 1.73 1.69 1.65 0.71 0.43

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD <LD 0.24 <LD 0.53 0.50 1.38 1.47 1.43 0.58 0.25

continued



Table S6. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 17

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.08 0.10 0.38 0.75 0.52 0.43 0.57 0.71 0.73 1.57 1.62 1.60 0.66 0.60

42 ((Epi)gallocatechin)2 2 0.05 0.06 0.21 0.36 0.25 0.22 0.51 0.53 0.49 1.31 1.45 1.39 0.52 0.25

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.38 0.43 1.00 1.94 0.98 1.76 1.03 1.27 1.18 1.89 2.13 2.12 1.00 1.17

45 Epigallocatechin 0.12 0.23 0.41 0.54 0.46 0.38 0.67 0.76 0.67 1.50 1.56 1.44 0.66 0.31

46 ((Epi)gallocatechin-(epi)catechin) 2 0.04 0.06 0.31 0.68 0.60 0.54 0.66 0.75 0.79 1.55 1.61 1.67 0.73 0.49

47 ((Epi)catechin-(epi)gallocatechin) 2 0.20 0.15 0.51 0.78 0.73 0.60 0.61 0.74 0.91 1.65 1.63 1.71 0.73 0.61

48 ((Epi)gallocatechin-(epi)catechin) 1 0.27 0.28 1.73 2.42 2.02 2.03 1.00 1.42 1.54 2.24 2.24 2.22 1.10 2.13

49 ((Epi)catechin-(epi)gallocatechin) 1 0.43 0.38 2.02 2.83 2.49 2.37 1.18 1.70 1.92 2.59 2.40 2.50 1.21 2.62

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.12 0.37 0.32 0.28 0.66 0.51 0.54 1.35 1.45 1.32 <LD <LD

51 ((Epi)catechin)2 1 0.39 0.46 2.24 3.15 2.34 2.71 1.54 2.06 2.70 3.09 2.83 3.04 1.91 3.00

52 Procyanidin B 1 2.75 3.12 9.37 13.84 10.40 10.31 7.26 11.46 12.52 10.41 8.91 12.10 8.77 12.45

53 Procyanidin B 2 0.88 0.59 2.58 3.52 2.71 2.95 2.14 2.91 3.37 4.18 3.96 5.11 3.45 6.28

54 Catechin 0.29 0.47 1.76 2.16 1.77 2.08 1.60 1.76 1.80 2.50 2.74 2.81 1.77 2.74

55 Epicatechin 0.19 0.19 0.45 0.69 0.54 0.63 0.86 0.98 0.97 1.70 1.94 1.96 1.08 1.04

56 p -vinyl(epi)catechin 1 0.55 0.21 0.97 1.85 0.67 0.94 0.75 0.62 0.55 1.33 <LD 1.40 0.61 0.33

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD 0.60 0.54 <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.28 0.12 0.50 0.58 0.59 1.47 1.57 1.54 0.88 0.58

Tank 18

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.11 0.24 0.27 0.72 0.44 0.31 0.50 0.72 0.80 1.60 1.70 1.65 0.55 0.36

42 ((Epi)gallocatechin)2 2 0.06 0.13 0.14 0.30 0.27 0.18 0.48 0.56 0.56 1.42 1.44 1.42 0.47 0.12

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.58 0.88 1.68 1.95 1.63 1.75 1.19 1.38 1.26 1.95 2.10 2.09 1.01 0.79

45 Epigallocatechin 0.28 0.45 0.50 0.46 0.47 0.36 0.69 0.81 0.78 1.48 1.55 1.50 0.62 0.28

46 ((Epi)gallocatechin-(epi)catechin) 2 0.21 0.52 0.82 2.33 1.97 1.89 0.83 1.45 1.80 2.51 2.30 2.24 0.88 1.55

47 ((Epi)catechin-(epi)gallocatechin) 2 0.13 0.20 0.40 0.62 0.55 0.58 0.64 0.87 0.89 1.65 1.58 1.61 0.65 0.33

48 ((Epi)gallocatechin-(epi)catechin) 1 0.41 0.96 1.87 2.94 2.60 2.30 1.03 1.69 2.29 2.90 2.62 2.53 0.95 1.69

49 ((Epi)catechin-(epi)gallocatechin) 1 0.27 0.40 0.60 0.92 0.90 0.66 0.65 0.90 1.04 1.77 1.68 1.56 0.56 0.42

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.18 0.41 0.43 0.23 0.68 0.55 0.51 1.32 <LD <LD <LD <LD

51 ((Epi)catechin)2 1 0.55 1.83 1.00 2.89 2.33 2.61 1.53 1.81 3.03 3.16 2.92 2.93 1.38 2.18

52 Procyanidin B 1 2.87 6.52 7.24 13.89 7.85 9.88 6.64 9.63 15.35 13.04 11.02 11.36 5.17 12.04

53 Procyanidin B 2 0.82 1.92 2.31 3.04 2.66 2.71 1.86 2.50 4.10 4.36 3.87 4.33 2.03 4.65

54 Catechin 0.73 1.59 1.97 2.11 1.72 2.02 1.94 1.99 1.96 2.47 2.46 2.59 1.73 2.04

55 Epicatechin 0.26 0.33 0.47 0.55 0.62 0.65 0.95 0.95 1.06 1.72 1.81 1.87 0.93 0.69

56 p -vinyl(epi)catechin 1 0.42 0.70 0.91 1.88 0.69 0.74 0.84 0.56 0.45 1.39 1.44 <LD 0.58 0.19

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD 0.63 0.48 <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.24 0.13 0.58 0.65 0.57 1.50 1.57 1.57 0.81 0.51

Tank 19

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.12 0.38 0.34 0.58 0.88 0.44 0.56 0.78 0.92 1.81 1.81 1.86 0.54 0.70

42 ((Epi)gallocatechin)2 2 0.06 0.16 0.21 0.25 0.35 0.26 0.50 0.55 0.59 1.47 1.49 1.43 0.46 0.33

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.63 0.94 1.78 1.95 1.70 1.93 1.28 1.53 1.56 2.19 2.24 2.13 1.11 <LD

45 Epigallocatechin 0.34 0.45 0.49 0.44 0.49 0.54 0.72 0.72 0.88 1.53 1.54 1.55 0.64 <LD

46 ((Epi)gallocatechin-(epi)catechin) 2 0.31 0.91 0.90 2.10 2.46 2.09 0.91 1.44 1.96 2.84 2.42 2.52 0.86 2.23

47 ((Epi)catechin-(epi)gallocatechin) 2 0.15 0.30 0.41 0.45 0.73 0.67 0.73 0.98 0.94 1.80 1.78 1.75 0.70 0.67

48 ((Epi)gallocatechin-(epi)catechin) 1 0.57 1.72 2.03 2.58 3.10 2.47 1.10 2.03 2.34 3.29 2.68 2.71 0.85 2.60

49 ((Epi)catechin-(epi)gallocatechin) 1 0.27 0.52 0.65 0.73 0.97 0.79 0.70 0.89 1.19 1.95 1.78 1.70 0.59 0.62

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.16 0.36 0.29 0.39 0.80 0.52 0.60 1.31 1.39 1.36 <LD <LD

51 ((Epi)catechin)2 1 1.38 2.16 2.46 3.19 3.13 2.82 1.61 2.35 3.20 4.13 3.13 3.66 1.61 3.93

52 Procyanidin B 1 4.45 8.61 10.19 12.65 12.15 9.03 6.34 12.40 17.22 17.23 13.01 14.21 6.98 22.18

53 Procyanidin B 2 1.60 2.36 2.57 3.19 3.08 3.21 1.77 3.24 3.93 5.14 4.24 4.73 2.76 7.77

54 Catechin 0.88 1.63 1.91 1.93 1.95 2.31 2.05 2.38 2.27 2.88 2.72 2.88 1.97 2.83

55 Epicatechin 0.29 0.38 0.48 0.57 0.67 0.68 0.98 1.09 1.03 1.86 1.83 1.88 1.02 1.67

56 p -vinyl(epi)catechin 1 0.53 0.79 0.86 1.75 0.66 0.64 0.76 0.55 <LD 1.42 1.44 <LD 0.57 0.18

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.26 0.29 0.58 0.61 0.57 1.41 1.58 1.54 0.76 0.37

continued



Table S6. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 20

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.07 0.21 0.35 0.65 0.82 0.50 0.53 0.71 0.90 1.61 1.75 1.65 0.58 0.46

42 ((Epi)gallocatechin)2 2 0.06 0.08 0.20 0.35 0.37 0.20 0.50 0.56 0.55 1.38 1.49 1.43 0.47 0.20

43 ((Epi)gallocatechin)2 3 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.46 0.81 1.67 1.92 1.58 1.75 1.25 1.44 1.31 2.05 2.14 2.03 1.07 0.95

45 Epigallocatechin 0.24 0.46 0.51 0.54 0.51 0.51 0.70 0.74 0.72 1.51 1.64 1.55 0.70 0.44

46 ((Epi)gallocatechin-(epi)catechin) 2 0.22 0.54 0.92 2.34 2.39 1.99 1.05 1.32 2.21 2.47 2.47 2.33 1.02 1.81

47 ((Epi)catechin-(epi)gallocatechin) 2 0.12 0.21 0.39 0.64 0.65 0.49 0.78 0.72 0.92 1.56 1.73 1.62 0.70 0.42

48 ((Epi)gallocatechin-(epi)catechin) 1 0.43 0.91 2.20 2.81 2.79 2.28 1.21 1.76 2.66 2.69 2.90 2.66 1.06 1.97

49 ((Epi)catechin-(epi)gallocatechin) 1 0.23 0.44 0.48 0.75 0.90 0.58 0.74 0.94 1.05 1.65 1.79 1.74 0.63 0.55

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.15 0.26 0.31 0.33 0.70 0.55 0.51 1.28 1.39 <LD <LD <LD

51 ((Epi)catechin)2 1 0.52 1.93 2.50 2.90 2.69 2.67 1.73 2.34 3.24 3.36 3.52 3.34 1.62 2.67

52 Procyanidin B 1 2.75 7.51 10.08 12.08 10.35 10.57 7.40 11.34 19.08 11.04 14.22 14.05 7.16 14.46

53 Procyanidin B 2 0.83 2.17 2.50 3.21 2.97 2.78 2.15 3.09 4.30 4.52 4.59 4.92 2.83 5.08

54 Catechin 0.75 1.62 1.91 2.12 1.96 2.04 2.00 2.19 2.00 2.86 2.71 2.81 2.17 2.29

55 Epicatechin 0.26 0.41 0.44 0.63 0.65 0.56 1.03 1.05 1.03 1.83 1.94 1.88 1.20 0.87

56 p -vinyl(epi)catechin 1 0.45 0.74 0.78 1.03 0.60 1.80 0.71 0.62 0.50 1.33 <LD 1.38 <LD 0.25

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD 0.61 <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD 0.31 0.20 0.60 0.61 0.61 1.43 1.57 1.59 0.86 0.45

Tank 21

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.08 0.25 0.29 0.69 0.65 0.41 0.52 0.70 0.74 1.62 1.72 1.89 0.56 0.53

42 ((Epi)gallocatechin)2 2 0.05 0.08 0.18 0.29 0.31 0.19 0.48 0.53 0.47 1.35 1.47 1.53 0.46 0.19

43 ((Epi)gallocatechin)2 3 <LD <LQ <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.52 0.88 1.74 1.96 0.97 1.82 1.29 1.52 1.21 2.05 2.11 2.42 1.17 0.90

45 Epigallocatechin 0.25 0.51 0.40 0.48 0.57 0.48 0.71 0.81 0.72 1.53 1.55 1.69 0.61 0.30

46 ((Epi)gallocatechin-(epi)catechin) 2 0.12 0.16 0.42 0.69 0.70 0.48 0.73 0.78 0.81 1.63 1.74 1.83 0.67 0.41

47 ((Epi)catechin-(epi)gallocatechin) 2 0.31 0.43 0.54 0.84 0.94 0.62 0.68 0.84 0.86 1.75 1.78 1.89 0.62 0.44

48 ((Epi)gallocatechin-(epi)catechin) 1 0.19 0.73 1.68 2.35 2.20 2.02 0.98 1.31 1.71 2.53 2.45 3.06 0.91 1.88

49 ((Epi)catechin-(epi)gallocatechin) 1 0.37 1.60 1.99 2.85 2.73 2.26 1.13 1.75 1.90 3.02 2.61 3.83 0.96 2.05

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.16 0.36 0.36 0.40 0.77 0.50 0.49 1.34 1.43 1.43 <LD 0.06

51 ((Epi)catechin)2 1 0.67 1.95 2.18 2.84 2.77 2.51 1.78 2.19 2.39 3.57 2.93 3.89 1.61 2.40

52 Procyanidin B 1 3.24 8.14 9.11 11.38 9.71 9.88 7.24 12.18 12.26 13.51 11.19 22.16 6.88 13.16

53 Procyanidin B 2 0.84 2.11 2.43 2.96 2.79 3.00 1.67 2.76 2.69 3.79 3.48 5.76 2.14 3.56

54 Catechin 0.60 0.98 1.90 1.96 1.82 2.04 1.94 2.10 1.92 2.52 2.58 3.09 1.90 2.03

55 Epicatechin 0.20 0.37 0.47 0.62 0.58 0.65 0.96 1.03 0.87 1.70 1.82 2.02 0.90 0.67

56 p -vinyl(epi)catechin 1 0.53 0.99 1.84 2.26 1.71 0.67 1.19 0.94 0.90 1.57 1.61 1.75 0.73 0.37

57 p -vinyl(epi)catechin 2 <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD 1.34 <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD <LD <LD 0.26 0.54 0.52 0.49 1.34 1.47 1.39 0.58 0.30

Tank 22

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.09 0.36 0.39 - 0.53 0.41 0.50 0.71 0.76 1.79 1.80 1.68 0.74 0.25

42 ((Epi)gallocatechin)2 2 0.05 0.15 0.20 - 0.23 0.19 <LD 0.52 0.45 1.39 1.44 1.41 0.50 0.09

43 ((Epi)gallocatechin)2 3 <LD <LD <LD - <LD <LD 0.47 <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.52 0.90 1.72 - 0.95 1.71 1.15 1.45 1.20 1.99 2.03 2.10 1.07 0.72

45 Epigallocatechin 0.24 0.50 0.46 - 0.47 0.38 0.68 0.77 0.68 1.47 1.48 1.52 0.65 0.24

46 ((Epi)gallocatechin-(epi)catechin) 2 0.22 0.91 1.77 - 1.98 1.87 0.80 1.32 1.62 2.69 2.38 2.48 1.34 0.79

47 ((Epi)catechin-(epi)gallocatechin) 2 0.13 0.23 0.37 - 0.56 0.46 0.67 0.78 0.74 1.73 1.73 1.62 0.73 0.33

48 ((Epi)gallocatechin-(epi)catechin) 1 0.44 1.62 2.09 - 2.61 2.20 0.97 1.68 2.23 2.99 2.76 2.84 1.47 1.63

49 ((Epi)catechin-(epi)gallocatechin) 1 0.25 0.47 0.51 - 0.73 0.62 0.72 0.87 0.88 1.68 1.69 1.66 0.74 0.46

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.20 - 0.29 0.39 0.67 0.50 0.52 1.37 1.44 1.36 <LD <LD

51 ((Epi)catechin)2 1 0.59 2.04 2.21 - 2.76 2.35 1.61 2.09 2.77 3.33 3.17 3.39 1.83 2.29

52 Procyanidin B 1 2.78 8.62 9.98 - 8.34 9.66 6.05 9.72 14.26 12.93 12.50 13.61 9.87 11.66

53 Procyanidin B 2 0.79 2.23 2.40 - 2.52 2.65 1.77 2.51 3.16 3.76 3.64 4.26 2.80 3.53

54 Catechin 0.65 1.61 1.89 - 1.81 1.96 2.02 2.10 1.77 2.52 2.58 2.66 1.77 2.06

55 Epicatechin 0.29 0.38 0.46 - 0.57 0.53 0.95 1.06 0.93 1.69 1.80 1.81 0.95 0.70

56 p -vinyl(epi)catechin 1 0.53 0.91 1.74 - 1.55 0.40 1.07 0.83 0.79 1.57 1.58 1.51 0.66 0.36

57 p -vinyl(epi)catechin 2 <LD <LD <LD - <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD - 0.14 0.33 <LD 0.52 0.49 1.33 1.43 1.43 0.59 0.24

continued



Table S6. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 23

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 <LD 0.28 0.27 - 0.56 0.35 0.54 0.70 0.80 1.64 1.88 1.70 0.78 0.32

42 ((Epi)gallocatechin)2 2 <LD 0.15 0.17 - 0.25 0.16 0.49 0.55 0.49 1.39 1.48 1.40 0.51 0.11

43 ((Epi)gallocatechin)2 3 <LD <LD <LD - <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.30 0.83 1.00 - 0.92 0.94 1.23 1.43 <LD 1.99 2.24 1.94 1.01 0.88

45 Epigallocatechin 0.06 0.52 0.42 - 0.43 0.32 0.72 0.73 <LD 1.44 1.59 1.45 0.56 0.29

46 ((Epi)gallocatechin-(epi)catechin) 2 0.09 0.76 1.68 - 1.99 1.72 1.03 1.39 1.78 2.50 2.69 2.35 1.33 1.60

47 ((Epi)catechin-(epi)gallocatechin) 2 0.05 0.29 0.37 - 0.64 0.37 0.74 0.82 0.89 1.74 1.73 1.63 0.74 0.39

48 ((Epi)gallocatechin-(epi)catechin) 1 0.27 1.65 2.20 - 2.20 2.00 1.13 1.56 2.07 2.82 3.11 2.57 1.48 1.92

49 ((Epi)catechin-(epi)gallocatechin) 1 0.09 0.44 0.55 - 0.85 0.38 0.72 0.77 0.84 1.70 1.74 1.63 0.69 0.39

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.16 - 0.32 0.25 0.67 0.51 0.54 1.34 1.50 <LD <LD <LD

51 ((Epi)catechin)2 1 0.50 2.01 2.63 - 2.37 2.14 1.99 2.21 2.94 3.49 3.05 3.16 1.69 2.37

52 Procyanidin B 1 3.08 7.67 10.14 - 9.53 8.75 7.53 9.56 13.20 13.18 13.52 12.74 10.04 12.85

53 Procyanidin B 2 1.00 2.24 2.66 - 2.53 2.57 2.07 2.75 3.14 3.75 3.83 3.71 2.62 3.88

54 Catechin 0.91 1.67 2.03 - 1.82 1.92 1.98 2.11 2.18 2.46 2.61 2.54 1.40 1.99

55 Epicatechin 0.28 0.46 0.51 - 0.55 0.50 0.97 1.08 1.04 1.64 1.97 1.81 0.87 0.67

56 p -vinyl(epi)catechin 1 0.44 0.87 1.75 - 1.53 0.39 1.07 1.05 0.80 1.53 1.61 1.57 0.75 0.47

57 p -vinyl(epi)catechin 2 <LD <LD <LD - <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD - 0.15 0.30 0.54 0.51 0.50 1.35 1.45 1.45 0.61 0.22

Tank 24

# Time (days) 0 1 3 4 5 6 7 8 10 11 12 13 25 26

41 ((Epi)gallocatechin)2 1 0.10 0.19 0.38 - 0.51 0.40 0.55 0.74 0.91 1.57 1.78 1.76 0.66 0.28

42 ((Epi)gallocatechin)2 2 0.09 0.08 0.20 - 0.21 0.19 0.50 0.54 0.53 1.33 1.48 1.44 0.50 0.08

43 ((Epi)gallocatechin)2 3 <LD <LD 0.05 - <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

44 Gallocatechin 0.64 0.71 1.67 - 1.56 0.95 1.18 1.44 1.28 2.06 2.05 2.10 0.90 0.78

45 Epigallocatechin 0.35 0.42 0.46 - 0.42 0.36 0.74 0.79 0.78 1.47 1.55 1.48 0.58 0.27

46 ((Epi)gallocatechin-(epi)catechin) 2 0.30 0.43 1.69 - 1.94 1.88 1.02 1.36 2.00 2.43 2.47 2.42 1.09 0.79

47 ((Epi)catechin-(epi)gallocatechin) 2 0.17 0.16 0.40 - 0.59 0.47 0.68 0.74 0.85 1.62 1.66 1.66 0.66 0.30

48 ((Epi)gallocatechin-(epi)catechin) 1 0.61 0.85 2.06 - 2.28 2.28 1.15 1.73 2.25 2.69 2.86 2.88 1.32 1.63

49 ((Epi)catechin-(epi)gallocatechin) 1 0.36 0.32 0.55 - 0.69 0.54 0.68 0.78 0.92 1.74 1.74 1.61 0.62 0.36

50 ((Epi)catechin-(epi)gallocatechin) A <LD <LD 0.12 - 0.33 0.22 0.69 0.55 0.48 1.44 <LD <LD <LD <LD

51 ((Epi)catechin)2 1 0.98 1.72 2.22 - 2.37 2.55 1.78 2.08 3.16 3.22 3.19 3.49 1.71 2.55

52 Procyanidin B 1 4.36 6.68 9.48 - 9.77 10.01 7.13 9.68 14.77 11.02 13.08 14.01 8.08 12.05

53 Procyanidin B 2 1.64 2.02 2.47 - 2.55 2.78 1.97 2.36 3.14 3.71 3.69 4.00 2.24 3.80

54 Catechin 0.93 1.60 1.97 - 1.87 1.81 1.85 1.99 1.96 2.55 2.50 2.59 1.42 1.98

55 Epicatechin 0.33 0.37 0.52 - 0.64 0.51 0.89 0.93 1.04 1.69 1.79 1.80 0.82 0.68

56 p -vinyl(epi)catechin 1 0.58 0.81 1.71 - 0.99 0.92 1.06 0.82 0.78 1.50 1.60 1.51 0.60 0.32

57 p -vinyl(epi)catechin 2 <LD <LD <LD - <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD

58 p -vinyl(epi)catechin 3 <LD <LD <LD - 0.13 0.22 0.55 0.52 0.47 1.32 1.46 1.42 0.58 0.21



Table S7. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 02

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD <LD 0.10 0.14 0.05 <LD - <LD 1.55 - <LD <LD

60 Catechin-ethyl-gallocatechin 1.98 0.78 1.27 0.61 1.69 0.97 - 0.69 1.97 - 1.15 0.92

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.29 0.36 0.20 0.18 0.58 - <LD 1.60 - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.35 0.87 1.27 0.65 0.88 1.07 - 0.77 2.09 - 0.98 0.57

63 Gallocatechin-ethyl-catechin <LD <LD 0.28 0.12 0.22 0.63 - 0.18 1.73 - 0.47 <LD

64 Catechin-ethyl-gallocatechin <LD <LD 0.23 0.14 0.20 0.56 - 0.12 1.68 - 0.44 <LD

65 (Epi)catechin-glycoside <LD 0.10 0.26 0.17 0.14 0.48 - 0.07 1.62 - 0.35 <LD

66 ((Epi)catechin)3 1 <LD 0.15 <LD 0.23 0.66 - 0.55 1.19 - 0.55 0.48 0.10

67 ((Epi)catechin)3 2 <LD 0.24 <LD 0.49 0.71 - 0.65 1.16 - 0.49 0.48 0.19

68 Procyanidin C 1 <LD 0.07 <LD 0.09 0.57 - 0.44 1.01 - 0.31 0.36 0.09

Tank 03

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 1.32 0.46 0.12 0.12 <LD - <LD 1.55 - <LD <LD

60 Catechin-ethyl-gallocatechin 2.02 0.48 1.34 0.54 0.86 0.97 - 0.77 1.96 - 1.17 0.76

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.20 0.32 0.18 0.19 <LD - 0.09 1.64 - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.36 0.80 1.17 0.75 0.88 0.96 - 0.77 2.02 - 0.96 0.80

63 Gallocatechin-ethyl-catechin <LD <LD 0.22 <LD 0.26 0.52 - 0.17 1.71 - 0.46 <LD

64 Catechin-ethyl-gallocatechin <LD <LD 0.20 <LD 0.19 <LD - 0.12 1.67 - 0.38 <LD

65 (Epi)catechin-glycoside <LD 0.20 0.30 0.05 0.23 0.45 - 0.15 1.60 - 0.38 <LD

66 ((Epi)catechin)3 1 <LD 0.25 <LD 0.31 0.65 - 0.56 1.17 - 0.49 0.51 0.12

67 ((Epi)catechin)3 2 0.17 0.34 <LD 0.27 0.78 - 0.74 1.25 - 0.61 0.53 0.32

68 Procyanidin C 1 <LD 0.07 <LD 0.10 0.60 - 0.49 1.03 - 0.34 0.41 0.07

Tank 04

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD <LD 0.14 0.20 0.07 <LD - <LD 1.54 - <LD <LD

60 Catechin-ethyl-gallocatechin 0.15 0.73 1.22 0.48 0.85 0.99 - 0.55 1.97 - 1.14 0.86

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.28 0.33 <LD 0.19 0.49 - 0.15 1.61 - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.36 0.81 1.24 0.84 0.93 1.04 - 0.88 2.08 - 0.97 0.90

63 Gallocatechin-ethyl-catechin <LD 0.14 0.33 <LD 0.15 0.55 - 0.14 1.72 - 0.45 <LD

64 Catechin-ethyl-gallocatechin <LD 0.07 0.20 <LD 0.20 0.48 - 0.14 1.69 - 0.45 <LD

65 (Epi)catechin-glycoside <LD 0.14 0.36 <LD 0.12 0.52 - 0.04 1.61 - 0.36 <LD

66 ((Epi)catechin)3 1 <LD 0.22 <LD 0.26 0.66 - 0.82 1.15 - 0.50 0.57 0.15

67 ((Epi)catechin)3 2 0.10 0.37 <LD 0.35 0.74 - 0.86 1.21 - 0.50 0.48 0.26

68 Procyanidin C 1 <LD 0.09 <LD <LD 0.60 - 0.56 1.06 - <LD 0.34 0.06

Tank 05

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.53 0.39 0.21 0.11 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 1.82 0.61 1.25 0.47 0.76 1.04 - 1.11 2.03 - 1.63 2.22

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.08 0.17 0.10 0.08 <LD - 0.06 <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.38 0.80 1.29 0.90 0.86 1.02 - 0.78 2.10 - 0.97 0.66

63 Gallocatechin-ethyl-catechin <LD 0.11 0.17 0.09 0.20 0.56 - 0.11 1.62 - 0.41 <LD

64 Catechin-ethyl-gallocatechin <LD 0.17 0.14 0.06 0.14 0.53 - 0.13 1.62 - 0.43 <LD

65 (Epi)catechin-glycoside <LD 0.15 0.30 0.19 0.22 0.55 - 0.09 1.57 - 0.33 0.33

66 ((Epi)catechin)3 1 <LD 0.21 <LD 0.39 0.61 - 0.52 1.20 - 0.42 0.46 0.30

67 ((Epi)catechin)3 2 0.08 0.35 <LD 0.39 0.71 - 0.60 1.15 - 0.49 0.43 0.21

68 Procyanidin C 1 <LD 0.07 <LD 0.11 0.59 - 0.49 1.01 - 0.31 0.36 0.09

Tank 06

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 1.93 0.47 0.59 0.43 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.00 0.61 1.26 0.63 0.75 0.98 - 0.58 2.09 - 1.08 1.77

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD <LD 1.27 0.12 0.10 <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.37 0.83 <LD 0.76 1.65 1.02 - 0.77 2.02 - 1.00 0.68

63 Gallocatechin-ethyl-catechin <LD 0.19 0.33 0.08 0.19 0.50 - 0.20 1.70 - 0.48 <LD

64 Catechin-ethyl-gallocatechin <LD 0.11 0.23 0.10 0.13 0.50 - 0.16 1.69 - 0.46 <LD

65 (Epi)catechin-glycoside <LD 0.16 0.29 0.22 0.23 0.51 - 0.16 1.61 - 0.42 <LD

66 ((Epi)catechin)3 1 <LD 0.24 <LD 0.30 0.62 - 0.54 1.31 - 0.52 0.61 0.06

67 ((Epi)catechin)3 2 0.08 0.30 <LD 0.40 0.78 - 0.59 1.33 - 0.47 0.56 0.11

68 Procyanidin C 1 <LD 0.07 <LD 0.13 0.61 - 0.43 1.10 - 0.32 0.42 <LD

continued



Table S7. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 07

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD <LD 1.56 0.17 0.10 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 1.48 0.96 1.27 0.83 0.83 1.05 - 0.76 2.33 - 2.03 1.53

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD <LD <LD 0.10 0.16 0.49 - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.20 0.70 0.90 0.65 0.85 0.93 - 0.67 1.99 - 0.90 0.83

63 Gallocatechin-ethyl-catechin <LD 0.15 0.25 <LD 0.24 0.54 - 0.16 1.61 - 0.44 <LD

64 Catechin-ethyl-gallocatechin <LD 0.13 0.27 0.12 0.25 0.49 - 0.13 1.63 - 0.39 <LD

65 (Epi)catechin-glycoside <LD <LD 0.46 0.11 0.21 0.46 - 0.08 1.58 - 0.40 0.33

66 ((Epi)catechin)3 1 <LD 0.18 <LD 0.24 0.75 - 0.54 1.18 - 0.53 0.54 0.17

67 ((Epi)catechin)3 2 0.18 0.30 <LD 0.47 0.82 - 0.70 1.22 - 0.56 0.46 0.23

68 Procyanidin C 1 <LD 0.10 <LD 0.11 0.57 - 0.52 1.02 - 0.36 <LD 0.10

Tank 08

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.09 1.57 0.69 0.11 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.18 0.66 0.96 0.55 0.84 1.10 - 0.82 2.13 - 1.31 1.23

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.13 <LD 0.09 0.07 <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.34 0.82 1.21 0.79 0.88 0.99 - 0.80 2.06 - 0.97 0.86

63 Gallocatechin-ethyl-catechin <LD <LD 0.23 0.12 0.17 0.58 - 0.19 1.71 - 0.47 <LD

64 Catechin-ethyl-gallocatechin <LD 0.14 0.15 0.12 0.17 0.52 - 0.12 1.67 - 0.46 <LD

65 (Epi)catechin-glycoside <LD 0.14 0.30 0.10 0.18 0.51 - 0.15 1.59 - 0.41 0.37

66 ((Epi)catechin)3 1 0.11 0.15 <LD 0.41 0.63 - 0.50 1.32 - 0.51 0.56 0.25

67 ((Epi)catechin)3 2 0.18 0.31 <LD 0.54 0.75 - 0.64 1.41 - 0.43 0.52 0.28

68 Procyanidin C 1 0.06 0.08 <LD 0.14 0.61 - 0.47 1.11 - <LD 0.35 0.10

Tank 09

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.11 0.21 0.07 0.09 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 1.95 0.52 0.80 0.51 0.68 1.13 - 0.65 2.05 - 1.22 1.02

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD <LD 0.20 0.16 0.11 <LD - <LD 1.61 - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.41 0.79 1.20 0.72 1.66 0.96 - 0.79 2.03 - 0.83 0.60

63 Gallocatechin-ethyl-catechin <LD 0.12 0.26 0.13 0.24 0.50 - 0.25 1.71 - 0.43 0.38

64 Catechin-ethyl-gallocatechin <LD 0.18 0.24 0.10 0.21 0.52 - 0.20 1.71 - 0.44 0.36

65 (Epi)catechin-glycoside <LD 0.19 0.19 0.12 0.11 0.49 - 0.10 1.62 - 0.38 0.34

66 ((Epi)catechin)3 1 <LD 0.16 <LD 0.21 0.63 - 0.59 1.27 - 0.54 0.51 0.19

67 ((Epi)catechin)3 2 0.11 0.36 <LD 0.35 0.68 - 0.65 1.20 - 0.48 0.40 0.24

68 Procyanidin C 1 <LD 0.07 <LD 0.11 0.59 - 0.44 1.04 - 0.34 0.34 0.09

Tank 10

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.22 0.72 0.11 <LD <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 1.70 0.76 0.99 0.43 0.82 0.80 - 0.51 1.90 - 1.11 1.20

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD <LD 0.28 0.12 0.17 <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.38 0.94 1.20 0.83 0.86 1.04 - 0.75 2.08 - 0.99 0.69

63 Gallocatechin-ethyl-catechin <LD 0.10 0.34 0.13 0.31 0.55 - 0.32 1.71 - 0.53 <LD

64 Catechin-ethyl-gallocatechin <LD 0.09 0.20 0.08 0.20 0.57 - 0.35 1.72 - 0.47 <LD

65 (Epi)catechin-glycoside <LD 0.25 0.47 0.18 0.11 0.51 - 0.14 1.58 - 0.38 0.32

66 ((Epi)catechin)3 1 <LD 0.14 <LD 0.42 0.65 - 0.77 1.33 - 0.74 0.53 0.10

67 ((Epi)catechin)3 2 0.11 0.40 <LD 0.38 0.83 - 0.80 1.36 - 0.60 0.47 0.12

68 Procyanidin C 1 <LD <LD <LD 0.16 0.61 - 0.52 1.12 - 0.39 0.35 <LQ

Tank 11

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.11 0.21 0.06 0.14 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 0.76 0.73 0.96 0.40 0.73 0.88 - 0.52 1.89 - 1.19 1.14

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.10 <LD 0.12 <LD <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.35 0.74 1.15 0.71 0.74 0.99 - 0.77 2.05 - 0.86 0.94

63 Gallocatechin-ethyl-catechin <LD 0.12 0.19 <LD 0.32 0.56 - 0.34 1.82 - 0.44 0.34

64 Catechin-ethyl-gallocatechin <LD 0.12 0.18 <LD 0.26 0.53 - 0.21 1.74 - 0.47 0.40

65 (Epi)catechin-glycoside <LD 0.21 0.38 0.10 0.30 0.51 - 0.09 1.63 - 0.37 0.37

66 ((Epi)catechin)3 1 <LD 0.15 <LD 0.25 0.71 - 0.89 1.22 - 0.67 0.50 0.33

67 ((Epi)catechin)3 2 0.10 0.37 <LD 0.43 0.86 - 0.79 1.32 - 0.70 0.47 0.47

68 Procyanidin C 1 <LD 0.12 <LD 0.10 0.58 - 0.52 1.12 - 0.38 0.37 0.15

continued



Table S7. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 12

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.10 0.20 0.06 0.11 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 1.89 0.51 1.28 0.38 0.66 0.94 - 0.47 1.87 - 1.35 1.55

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.13 0.11 0.13 <LD <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.36 0.68 1.17 0.74 0.96 0.97 - 0.75 2.00 - 0.80 0.60

63 Gallocatechin-ethyl-catechin <LD 0.11 0.33 0.19 0.16 0.53 - 0.19 1.77 - 0.48 <LD

64 Catechin-ethyl-gallocatechin <LD 0.11 0.28 0.12 0.22 0.54 - 0.29 1.72 - 0.51 <LD

65 (Epi)catechin-glycoside <LD 0.16 0.41 0.29 0.21 0.47 - 0.11 1.65 - 0.39 <LD

66 ((Epi)catechin)3 1 0.06 0.23 <LD 0.40 0.67 - 0.68 1.48 - 0.69 0.64 0.09

67 ((Epi)catechin)3 2 0.13 0.37 <LD 0.42 0.80 - 0.80 1.47 - 0.64 0.68 0.14

68 Procyanidin C 1 0.07 0.12 <LD 0.17 0.61 - 0.52 1.07 - 0.37 0.44 0.04

Tank 13

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.99 2.69 0.15 0.07 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 1.97 0.57 0.89 0.45 0.74 1.03 - 0.77 0.91 - 1.31 1.74

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD <LD <LD 0.14 0.11 <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.39 0.94 1.32 0.83 0.91 1.12 - 1.12 1.13 - 0.94 0.75

63 Gallocatechin-ethyl-catechin <LD <LD 0.24 0.15 0.34 0.55 - 0.26 0.37 - 0.37 0.40

64 Catechin-ethyl-gallocatechin <LD 0.16 0.26 0.13 0.30 0.54 - 0.29 0.42 - 0.35 0.40

65 (Epi)catechin-glycoside <LD 0.15 0.28 0.12 0.32 0.48 - 0.13 0.25 - 0.25 0.43

66 ((Epi)catechin)3 1 0.07 0.25 <LD 0.22 0.78 - 0.76 1.33 - 0.64 0.54 0.28

67 ((Epi)catechin)3 2 0.10 0.30 <LD 0.40 0.89 - 0.89 1.24 - 0.59 0.60 0.31

68 Procyanidin C 1 0.05 0.08 <LD 0.12 0.52 - 0.63 1.09 - 0.42 0.37 0.07

Tank 14

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.35 0.86 0.14 0.09 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.30 0.57 1.28 0.41 0.55 0.93 - 1.06 1.28 - 1.17 1.03

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD <LD <LD <LD 0.18 <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.25 0.80 1.29 0.75 0.97 1.16 - 1.05 0.97 - 0.82 0.91

63 Gallocatechin-ethyl-catechin <LD 0.14 0.27 0.12 0.28 0.61 - 0.38 0.47 - 0.39 <LD

64 Catechin-ethyl-gallocatechin <LD 0.14 0.23 0.19 0.22 0.55 - 0.35 0.45 - 0.45 0.36

65 (Epi)catechin-glycoside <LD 0.23 0.33 0.16 0.20 0.54 - 0.20 0.31 - 0.32 0.35

66 ((Epi)catechin)3 1 0.05 0.25 <LD 0.29 0.65 - 0.97 1.41 - 1.04 0.90 0.19

67 ((Epi)catechin)3 2 0.13 0.48 <LD 0.43 0.77 - 1.02 1.38 - 0.97 0.80 0.13

68 Procyanidin C 1 0.04 0.15 <LD 0.06 0.51 - 0.70 1.12 - 0.41 0.50 <LD

Tank 15

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.23 0.37 0.33 0.10 0.47 - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.00 0.74 0.95 0.50 0.56 0.82 - 0.79 0.98 - 0.32 1.15

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD <LD <LD 0.12 <LD <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.43 0.74 1.34 0.80 0.89 1.19 - 1.06 0.99 - 0.83 0.86

63 Gallocatechin-ethyl-catechin <LD 0.20 0.35 0.12 0.25 0.67 - 0.47 0.43 - 0.41 0.43

64 Catechin-ethyl-gallocatechin <LD 0.15 0.39 0.06 0.24 0.63 - 0.24 0.37 - 0.38 0.41

65 (Epi)catechin-glycoside <LD 0.23 0.34 0.20 0.19 0.60 - 0.17 0.32 - 0.29 0.46

66 ((Epi)catechin)3 1 0.08 0.24 <LD 0.23 0.61 - 0.84 1.42 - 1.04 0.71 0.48

67 ((Epi)catechin)3 2 0.24 0.49 <LD 0.45 0.66 - 0.99 1.33 - 0.78 0.54 0.34

68 Procyanidin C 1 0.10 0.13 <LD 0.15 0.50 - 0.71 1.15 - 0.41 0.37 0.07

Tank 16

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.47 0.57 0.17 0.10 0.48 - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 1.95 0.63 0.93 0.47 0.59 0.79 - 0.81 1.18 - 0.95 1.12

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.08 <LD <LD 0.13 <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.39 0.75 1.30 0.75 1.79 0.95 - 1.10 0.97 - 0.79 0.85

63 Gallocatechin-ethyl-catechin <LD <LD 0.33 0.11 0.17 0.55 - 0.22 0.45 - 0.38 0.44

64 Catechin-ethyl-gallocatechin <LD 0.11 0.34 0.14 0.18 0.54 - 0.23 0.44 - 0.33 0.41

65 (Epi)catechin-glycoside <LD 0.09 0.37 0.22 0.16 0.48 - 0.15 0.23 - 0.35 0.37

66 ((Epi)catechin)3 1 0.07 0.26 <LD 0.28 0.59 - 0.97 1.46 - 1.01 0.60 0.33

67 ((Epi)catechin)3 2 0.10 0.37 <LD 0.44 0.64 - 0.96 1.33 - 0.74 0.58 0.26

68 Procyanidin C 1 0.05 0.07 <LD 0.15 0.48 - 0.67 1.12 - 0.54 0.36 0.08

continued



Table S7. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 17

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin 2.20 0.33 0.24 0.09 0.11 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.71 0.79 1.25 0.64 0.76 1.12 - 1.03 1.09 - 0.96 1.37

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.28 0.56 0.35 0.21 0.54 - 0.32 <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.44 0.92 1.31 0.82 0.86 1.17 - 1.13 1.06 - 0.94 0.90

63 Gallocatechin-ethyl-catechin <LD <LD 0.47 0.22 0.23 0.58 - 0.35 0.51 - 0.57 0.41

64 Catechin-ethyl-gallocatechin <LD 0.20 0.35 0.12 0.19 0.53 - 0.25 0.35 - 0.31 <LD

65 (Epi)catechin-glycoside <LD 0.21 0.44 0.16 0.16 0.54 - 0.13 0.34 - 0.31 0.39

66 ((Epi)catechin)3 1 0.07 0.31 <LD 0.31 0.68 - 0.84 1.40 - 0.74 0.71 0.42

67 ((Epi)catechin)3 2 0.08 0.39 <LD 0.54 0.74 - 0.85 1.31 - 0.64 0.67 0.35

68 Procyanidin C 1 0.04 0.07 <LD 0.10 0.52 - 0.64 1.16 - 0.36 0.43 0.09

Tank 18

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.37 0.19 0.12 0.09 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.45 0.80 1.35 0.57 0.91 1.03 - 1.00 1.24 - 1.17 1.11

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.26 0.37 0.26 <LD 0.58 - 0.13 0.41 - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.43 0.69 1.29 0.80 0.88 1.12 - 1.20 1.07 - 1.06 1.17

63 Gallocatechin-ethyl-catechin <LD 0.16 0.63 0.14 0.23 0.67 - 0.41 0.53 - 0.43 0.35

64 Catechin-ethyl-gallocatechin <LD 0.14 0.45 0.11 0.17 0.55 - 0.28 0.34 - 0.32 0.38

65 (Epi)catechin-glycoside <LD 0.15 0.31 0.19 0.26 0.54 - 0.11 0.32 - 0.26 0.34

66 ((Epi)catechin)3 1 0.06 0.20 <LD 0.27 0.59 - 0.81 1.39 - 0.81 0.62 0.20

67 ((Epi)catechin)3 2 0.17 0.42 <LD 0.38 0.75 - 1.04 1.40 - 0.70 0.55 0.22

68 Procyanidin C 1 <LD 0.14 <LD 0.17 0.53 - 0.61 1.12 - 0.40 0.38 0.11

Tank 19

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.09 0.66 <LD 0.10 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.75 0.90 1.43 0.73 1.93 1.02 - 0.99 1.26 - 1.41 1.49

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.20 0.43 0.34 0.24 0.52 - 0.23 <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.34 0.77 1.27 0.78 0.84 1.05 - 1.19 1.10 - 0.85 1.02

63 Gallocatechin-ethyl-catechin 0.13 0.15 0.37 0.16 0.29 0.66 - 0.45 0.52 - 0.45 <LD

64 Catechin-ethyl-gallocatechin <LD 0.17 0.33 0.10 0.29 0.52 - 0.34 0.44 - 0.31 0.38

65 (Epi)catechin-glycoside <LD 0.28 0.39 0.13 0.16 0.53 - 0.20 0.28 - 0.23 <LD

66 ((Epi)catechin)3 1 0.07 0.25 <LD 0.51 0.60 - 0.78 1.43 - 0.77 0.59 0.19

67 ((Epi)catechin)3 2 0.21 0.54 <LD 0.53 0.79 - 1.13 1.42 - 0.86 0.65 0.38

68 Procyanidin C 1 0.11 0.09 <LD 0.10 0.57 - 0.75 1.12 - 0.44 0.36 0.18

Tank 20

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.20 0.21 0.06 0.11 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.68 0.73 1.33 0.56 0.85 1.04 - 1.11 1.14 - 1.29 1.17

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.14 0.37 0.36 0.10 0.53 - 0.08 0.32 - 0.25 <LD

62 Gallocatechin-ethyl-gallocatechin 0.41 0.76 1.31 0.88 0.93 1.07 - 1.19 0.98 - 0.89 0.99

63 Gallocatechin-ethyl-catechin 0.06 0.11 0.34 0.13 0.21 0.65 - 0.34 0.48 - 0.41 <LD

64 Catechin-ethyl-gallocatechin 0.08 0.13 0.26 0.06 0.17 0.52 - 0.26 0.33 - 0.30 0.41

65 (Epi)catechin-glycoside <LD 0.21 0.43 0.09 0.11 0.55 - 0.26 0.37 - 0.26 <LD

66 ((Epi)catechin)3 1 0.08 0.25 <LD 0.49 0.69 - 0.72 1.46 - 0.88 0.65 0.23

67 ((Epi)catechin)3 2 0.13 0.29 <LD 0.53 0.71 - 0.99 1.42 - 0.69 0.55 0.39

68 Procyanidin C 1 <LD 0.08 <LD 0.21 0.49 - 0.72 1.11 - 0.42 <LD 0.18

Tank 21

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.26 1.46 0.06 0.17 <LD - 0.03 <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.86 2.61 1.20 0.59 0.76 0.98 - 1.05 1.15 - 0.80 1.29

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD <LD <LD 0.16 0.22 <LD - 0.10 <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.38 0.49 1.34 1.47 0.90 1.08 - 1.15 1.23 - 0.98 1.06

63 Gallocatechin-ethyl-catechin 0.07 <LD 0.35 0.17 0.38 0.63 - 0.32 0.59 - 0.44 0.37

64 Catechin-ethyl-gallocatechin 0.09 0.09 0.29 0.16 0.26 0.54 - 0.20 0.38 - 0.41 0.37

65 (Epi)catechin-glycoside <LD <LD 0.37 0.23 0.22 0.52 - 0.14 0.27 - 0.30 0.38

66 ((Epi)catechin)3 1 0.04 0.27 <LD 0.45 0.59 - 0.72 1.34 - 0.79 0.68 0.18

67 ((Epi)catechin)3 2 0.12 0.41 <LD 0.51 0.79 - 0.85 1.32 - 0.73 0.55 0.29

68 Procyanidin C 1 0.06 0.09 <LD 0.14 <LD - 0.59 1.12 - 0.50 0.46 0.13

continued



Table S7. Tannin conc. determined by HPLC-DAD-ESI(+)-MS/MS in red wine samples from Alfaro 2019, expressed in mg of (+)-cat equiv./L.

Tank 22

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 0.09 0.29 0.10 0.08 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.70 0.95 1.42 0.64 0.82 0.97 - 1.07 1.21 - 1.05 1.36

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.26 <LD 0.12 0.15 <LD - 0.03 <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.45 0.79 1.31 0.86 0.91 1.03 - 1.07 1.07 - 0.86 0.94

63 Gallocatechin-ethyl-catechin <LD 0.20 0.29 0.19 0.20 0.61 - 0.23 0.54 - 0.37 0.39

64 Catechin-ethyl-gallocatechin 0.09 0.15 0.18 0.13 0.16 0.61 - 0.17 0.40 - 0.35 0.38

65 (Epi)catechin-glycoside <LD 0.23 0.32 0.14 0.10 0.52 - 0.16 0.40 - 0.24 0.37

66 ((Epi)catechin)3 1 0.06 0.22 <LD 0.34 0.70 - 0.73 1.38 - 0.88 0.74 0.39

67 ((Epi)catechin)3 2 0.14 0.33 <LD 0.41 0.67 - 0.97 1.33 - 0.72 0.61 0.32

68 Procyanidin C 1 0.05 0.06 <LD 0.07 0.52 - 0.63 1.12 - 0.42 0.42 0.13

Tank 23

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 1.42 0.75 0.09 0.48 <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 1.92 0.63 1.62 0.62 0.86 1.03 - 1.03 1.60 - 1.48 1.69

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD 0.12 <LD 0.18 0.20 <LD - <LD <LD - <LD 0.36

62 Gallocatechin-ethyl-gallocatechin 0.45 0.85 1.29 0.85 0.93 1.13 - 1.07 0.94 - 0.74 0.88

63 Gallocatechin-ethyl-catechin 0.07 0.16 0.33 0.12 0.15 0.55 - 0.19 0.48 - 0.33 <LD

64 Catechin-ethyl-gallocatechin 0.06 0.16 0.18 0.09 0.15 0.67 - 0.22 0.37 - 0.27 0.41

65 (Epi)catechin-glycoside 0.18 0.19 0.34 0.14 0.16 0.52 - 0.13 0.29 - 0.28 0.40

66 ((Epi)catechin)3 1 0.06 0.24 <LD 0.25 0.61 - 0.74 1.47 - 1.05 0.68 0.46

67 ((Epi)catechin)3 2 0.13 0.49 <LD 0.52 0.66 - 1.02 1.31 - 0.76 0.56 0.20

68 Procyanidin C 1 <LD 0.10 <LD 0.13 0.51 - 0.61 1.11 - 0.43 0.36 0.08

Tank 24

# Time (days) 0 3 4 5 6 7 8 10 11 12 13 25

59 Gallocatechin-ethyl-catechin <LD 2.24 0.20 0.08 <LD <LD - <LD <LD - <LD <LD

60 Catechin-ethyl-gallocatechin 2.46 0.65 1.30 0.54 1.87 1.00 - 0.99 0.92 - 1.15 1.65

61 (Epi)gallocatechin-ethyl-(epi)gallocatechin <LD <LD <LD 0.09 <LD <LD - <LD <LD - <LD <LD

62 Gallocatechin-ethyl-gallocatechin 0.39 0.94 1.34 0.78 0.88 1.06 - 1.14 1.01 - 0.89 0.85

63 Gallocatechin-ethyl-catechin 0.11 0.18 0.30 0.10 0.21 0.53 - 0.25 0.36 - 0.38 <LD

64 Catechin-ethyl-gallocatechin 0.09 0.20 0.22 0.08 0.20 0.54 - 0.24 0.35 - 0.30 <LD

65 (Epi)catechin-glycoside 0.20 0.17 0.38 0.12 0.25 0.52 - 0.10 0.32 - 0.26 0.38

66 ((Epi)catechin)3 1 0.08 0.22 <LD 0.27 0.67 - 0.76 1.57 - 0.91 0.68 0.37

67 ((Epi)catechin)3 2 0.16 0.54 <LD 0.52 0.79 - 1.00 1.39 - 0.73 0.62 0.23

68 Procyanidin C 1 <LD 0.10 <LD 0.09 0.51 - 0.67 1.17 - 0.41 0.39 0.11



Table S8. Anthocyanin conc. determined by HPLC-DAD in red wine samples from Laguardia 2019, expressed in mg of Mv-3-O -glc equiv./L.

Tank 01

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 18.57 18.70 22.46 26.25 27.90 27.08 27.22 26.23 22.03 22.81 21.21 21.01 18.88 19.07 18.99 17.89 16.56 13.48 12.11 10.95 10.24 12.09 13.77

2 Cy-3-O -glc 8.01 4.65 2.32 2.45 2.77 2.77 2.76 2.65 2.47 2.44 2.33 2.39 1.97 2.15 2.08 2.07 2.04 1.61 1.83 1.70 1.68 1.89 1.88

3 Pt-3-O -glc 14.07 14.63 19.55 26.37 29.42 29.26 29.60 28.63 27.77 28.66 26.79 27.64 24.28 24.84 24.19 23.06 21.05 17.59 15.54 14.43 14.20 15.83 17.30

4 Pn-3-O -glc 13.57 11.96 8.66 8.26 9.19 9.14 9.19 8.60 8.14 8.07 7.80 7.86 6.51 6.87 6.81 6.72 7.12 6.45 7.95 7.29 7.24 8.06 6.68

5 Mv-3-O -glc 51.04 55.02 70.68 96.21 104.76 105.48 110.72 103.98 105.46 105.84 102.85 103.48 92.86 96.32 94.40 89.11 81.88 71.33 64.51 59.25 58.51 63.71 67.23

6 Dp-3-O -(6-ac)-glc 0.39 0.89 1.65 2.20 2.69 2.70 2.56 2.35 1.99 2.19 2.14 2.20 1.11 2.12 2.09 2.10 1.94 0.51 0.38 0.30 0.30 1.42 1.58

7 Pt-3-O -(6-ac)-glc 0.69 1.28 2.09 2.91 2.83 2.86 2.94 2.69 2.68 2.83 2.76 2.83 2.00 2.81 2.78 2.89 2.82 1.78 1.74 1.67 2.09 2.61 2.71

8 Pn-3-O -(6-ac)-glc 0.50 0.70 1.16 1.58 1.66 1.69 1.75 1.61 1.80 1.92 1.70 1.96 1.34 1.90 1.95 2.06 2.04 1.81 1.88 1.83 1.81 2.13 2.39

9 Mv-3-O -(6-ac)-glc 2.60 3.66 5.45 8.52 8.81 8.70 8.97 8.58 8.41 8.60 8.40 8.43 6.92 7.81 7.86 7.73 7.45 6.55 6.20 5.75 5.56 6.97 7.22

10 Mv-3-O -(6-caff)-glc 0.26 0.53 1.09 1.69 1.80 1.88 2.04 1.93 2.01 2.19 2.18 2.26 1.59 2.43 2.39 2.47 2.27 2.00 1.99 1.94 1.87 2.15 2.40

11 Pt-3-O -(6-p -coum)-glc 0.59 1.13 1.92 3.27 3.61 3.57 3.63 3.57 3.49 3.73 3.47 3.61 2.73 3.24 3.20 3.19 3.08 2.77 2.63 2.50 2.40 2.65 2.75

12 Pn-3-O -(6-p -coum)-glc 2.99 5.35 8.13 14.72 17.36 17.38 17.61 18.14 17.01 17.56 17.59 18.01 13.21 15.27 14.78 14.73 14.90 13.82 14.07 13.40 13.10 13.82 13.35

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - - - -

Tank 02

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 16.62 18.65 20.63 24.96 26.17 24.59 24.82 24.39 19.13 19.25 17.63 18.00 18.06 17.98 16.94 16.10 14.68 13.08 10.65 10.75 10.93 11.63 12.31

2 Cy-3-O -glc 7.45 3.14 1.98 2.32 2.67 2.49 2.49 2.55 2.22 2.19 1.80 1.83 2.01 2.03 2.00 1.95 1.95 1.60 1.68 1.67 1.88 1.84 1.78

3 Pt-3-O -glc 12.72 14.80 18.84 25.69 28.45 27.08 27.61 27.26 24.50 25.52 22.85 23.44 23.56 23.85 22.40 20.78 18.90 16.67 13.61 14.33 14.66 15.27 15.31

4 Pn-3-O -glc 12.79 10.74 7.70 7.83 8.65 8.21 8.31 8.20 7.31 7.16 6.07 6.13 6.51 6.39 6.45 6.35 6.93 6.25 7.16 6.91 7.32 7.30 6.36

5 Mv-3-O -glc 47.68 53.75 69.54 93.16 102.44 98.72 100.61 100.13 95.15 97.23 91.16 91.91 91.55 91.97 90.57 81.96 74.62 66.42 57.30 58.61 58.87 60.29 59.39

6 Dp-3-O -(6-ac)-glc 0.37 0.91 1.54 2.20 2.72 2.11 2.37 2.52 2.01 1.81 0.75 0.79 1.74 2.06 2.01 1.95 1.80 0.39 0.33 0.30 1.62 1.44 1.51

7 Pt-3-O -(6-ac)-glc 0.63 1.29 2.06 2.89 2.83 2.39 2.74 2.80 2.60 2.47 2.09 2.13 2.41 2.73 2.68 2.74 2.74 1.48 1.64 2.15 2.56 2.55 2.58

8 Pn-3-O -(6-ac)-glc 0.47 0.70 1.18 1.57 1.64 1.40 1.64 1.77 1.75 1.71 1.49 1.54 1.67 1.79 1.89 2.02 2.02 1.44 1.79 1.86 2.00 2.04 2.30

9 Mv-3-O -(6-ac)-glc 2.61 3.37 5.62 8.46 8.51 7.80 8.38 8.25 7.53 7.66 7.04 7.19 7.15 7.60 7.51 7.16 6.93 5.72 5.64 6.44 6.73 6.79 5.80

10 Mv-3-O -(6-caff)-glc 0.27 0.53 1.13 1.75 1.86 1.57 1.97 2.02 1.99 1.96 1.82 1.88 2.00 2.39 2.35 2.42 2.20 1.56 1.87 1.91 2.05 2.11 2.26

11 Pt-3-O -(6-p -coum)-glc 0.65 0.95 2.03 3.28 3.44 3.07 3.44 3.45 3.11 3.19 2.84 2.95 2.92 3.16 2.96 2.96 2.86 2.23 2.40 2.45 2.55 2.53 2.52

12 Pn-3-O -(6-p -coum)-glc 3.47 3.94 9.12 14.62 16.38 14.96 16.44 17.39 16.09 16.07 14.76 14.94 14.62 14.53 13.95 13.78 13.94 10.41 12.80 12.68 12.91 12.78 11.99

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - - - -

Tank 03

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 24.18 21.87 24.17 26.57 29.45 26.19 27.16 26.11 21.64 21.35 20.21 19.79 17.46 17.97 17.76 17.39 16.99 15.66 14.15 12.33 10.94 11.37 13.05

2 Cy-3-O -glc 10.74 5.91 2.39 2.23 2.95 2.71 2.73 2.75 2.43 2.51 2.41 2.06 1.96 2.19 1.82 2.07 2.01 2.05 2.16 2.12 2.09 1.72 1.99

3 Pt-3-O -glc 17.76 16.64 20.62 26.79 31.00 28.44 29.49 28.66 27.18 28.33 26.81 26.13 23.22 23.76 22.93 22.48 21.44 20.36 18.46 16.69 16.08 15.01 17.23

4 Pn-3-O -glc 16.88 13.61 9.21 7.99 9.70 8.97 9.12 8.89 8.04 8.17 7.81 6.83 6.36 6.96 6.06 6.72 6.54 7.04 7.66 7.57 7.73 6.63 6.53

5 Mv-3-O -glc 61.69 58.33 72.64 96.00 106.85 101.60 106.08 104.71 101.94 103.35 99.05 96.95 90.20 91.48 89.93 87.00 80.48 77.06 70.84 65.68 61.15 59.74 66.40

6 Dp-3-O -(6-ac)-glc 0.55 0.93 1.22 1.44 2.89 2.34 2.53 2.59 1.83 1.96 2.10 0.86 0.72 2.06 0.69 2.07 1.99 1.93 1.79 1.51 1.42 0.37 1.81

7 Pt-3-O -(6-ac)-glc 0.82 1.31 1.87 2.23 2.99 2.64 2.92 2.87 2.56 2.68 2.76 2.26 1.99 2.72 1.97 2.88 2.81 2.87 2.21 2.13 2.04 2.15 2.75

8 Pn-3-O -(6-ac)-glc 0.59 0.73 1.01 1.21 1.75 1.60 1.79 1.85 1.73 1.84 1.85 1.62 1.40 1.89 1.40 2.04 2.31 2.14 2.17 2.24 2.11 1.79 2.26

9 Mv-3-O -(6-ac)-glc 3.45 3.54 5.65 7.84 8.88 8.07 8.55 8.41 7.87 8.18 7.91 7.50 6.60 7.27 6.74 7.35 6.97 7.09 6.75 6.31 5.92 5.55 6.25

10 Mv-3-O -(6-caff)-glc 0.33 0.52 0.87 1.20 1.91 1.72 2.03 2.07 1.94 2.07 2.18 1.95 1.65 2.36 1.73 2.47 2.43 2.33 2.24 2.20 2.15 1.89 2.41

11 Pt-3-O -(6-p -coum)-glc 0.94 0.98 1.94 2.78 3.58 3.23 3.49 3.50 3.19 3.43 3.28 3.11 2.56 2.98 2.47 2.99 2.94 2.98 2.84 2.75 2.59 2.35 2.59

12 Pn-3-O -(6-p -coum)-glc 4.78 4.10 8.35 12.12 16.49 15.42 16.32 16.53 15.32 16.83 15.44 15.45 12.90 13.97 11.35 13.42 12.89 13.51 13.85 13.71 13.14 12.02 10.88

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - - - -

Tank 04

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 23.97 19.82 25.89 27.71 30.16 26.19 29.76 27.47 22.75 21.88 21.58 21.25 21.15 20.45 20.69 18.68 18.38 16.90 14.88 14.22 14.21 15.13 18.60

2 Cy-3-O -glc 10.09 5.11 2.61 2.27 2.95 2.71 2.82 2.93 2.57 2.56 2.48 2.57 2.64 2.50 2.51 2.35 2.51 2.05 2.77 2.94 2.00 2.25 2.25

3 Pt-3-O -glc 17.74 15.34 22.63 27.81 31.89 28.44 31.92 32.46 27.82 27.25 27.01 27.60 27.19 26.08 25.94 23.72 23.64 21.18 19.04 20.75 19.68 20.86 23.70

4 Pn-3-O -glc 16.33 12.28 10.01 8.14 9.85 8.97 9.57 9.64 8.83 8.75 8.61 9.07 9.14 8.82 8.92 8.14 8.80 7.46 7.97 7.98 7.01 7.35 6.84

5 Mv-3-O -glc 62.21 56.35 81.65 101.64 115.21 101.60 116.92 117.32 105.14 103.09 102.30 101.80 103.02 98.80 98.11 89.39 90.37 81.47 79.79 78.69 76.88 80.59 85.83

6 Dp-3-O -(6-ac)-glc 0.51 0.78 1.76 1.40 2.95 2.34 2.36 2.76 2.29 2.20 1.92 2.19 2.22 2.18 2.43 1.87 2.15 0.64 0.49 1.75 0.51 1.57 2.06

7 Pt-3-O -(6-ac)-glc 0.82 1.20 2.48 2.36 3.13 2.64 3.01 3.21 2.95 2.91 2.77 2.93 3.02 2.99 3.17 2.83 3.08 2.42 2.49 2.85 2.29 2.65 3.02

8 Pn-3-O -(6-ac)-glc 0.58 0.67 1.45 1.29 1.84 1.60 1.87 2.00 2.11 2.22 2.11 2.27 2.31 2.28 2.45 2.11 2.19 1.96 2.03 2.24 1.90 2.33 2.57

9 Mv-3-O -(6-ac)-glc 3.41 3.63 6.71 8.64 9.72 8.07 9.83 9.99 8.81 8.96 8.78 8.89 9.03 8.72 9.05 8.29 8.58 7.76 7.61 7.46 6.84 6.96 7.96

10 Mv-3-O -(6-caff)-glc 0.32 0.48 1.51 1.29 1.97 1.72 2.00 2.19 2.14 2.16 2.09 2.23 2.32 2.35 2.48 2.21 2.37 2.06 2.04 2.18 2.06 2.17 2.53

11 Pt-3-O -(6-p -coum)-glc 0.84 1.02 2.40 3.08 3.87 3.23 3.98 4.21 3.75 3.82 3.67 3.80 3.84 3.70 3.85 3.46 3.61 3.31 3.19 3.16 2.74 2.79 3.28

12 Pn-3-O -(6-p -coum)-glc 4.01 4.94 10.24 13.93 18.20 15.42 19.31 19.89 18.49 19.43 17.94 18.61 18.83 17.95 19.43 17.06 18.08 16.48 16.57 16.30 14.57 13.92 12.64

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - - - -

Tank 05

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 26.11 28.88 31.03 40.09 42.21 37.33 39.77 39.16 34.66 34.12 32.52 32.99 34.59 34.81 32.51 31.53 25.57 30.76 29.51 27.45 23.44 26.04 21.45

2 Cy-3-O -glc 11.56 11.20 7.51 4.78 6.16 5.74 5.92 6.02 5.36 5.65 5.47 4.72 5.45 4.97 4.59 4.55 3.66 4.40 4.34 4.66 4.30 4.44 3.74

3 Pt-3-O -glc 19.16 20.77 22.69 33.77 36.00 32.49 34.24 33.71 30.82 30.22 28.86 29.24 30.68 30.58 28.63 27.56 22.09 26.29 25.23 23.55 19.88 22.11 16.98

4 Pn-3-O -glc 17.85 18.16 15.46 14.93 16.17 14.85 15.48 15.47 14.87 14.71 14.23 14.38 14.82 15.37 13.54 13.08 10.03 12.34 13.05 12.08 10.21 10.68 9.09

5 Mv-3-O -glc 66.11 69.82 73.32 106.78 111.55 102.33 106.79 105.14 96.34 92.49 90.65 90.19 94.80 95.38 91.52 86.54 71.20 79.72 76.50 71.31 63.05 65.75 50.24

6 Dp-3-O -(6-ac)-glc 0.60 1.11 1.38 2.22 2.86 2.22 2.18 2.15 2.06 1.91 1.69 2.12 2.00 2.04 1.91 1.94 0.81 1.90 1.88 1.94 1.80 1.90 1.74

7 Pt-3-O -(6-ac)-glc 0.89 1.39 2.29 3.07 3.16 2.82 2.95 2.96 3.04 2.91 2.73 2.93 3.07 3.14 3.14 3.36 2.26 3.50 3.59 3.66 3.55 3.80 3.92

8 Pn-3-O -(6-ac)-glc 0.60 0.88 1.27 1.76 1.92 1.73 1.82 1.89 2.09 2.09 2.10 2.17 2.15 2.22 2.25 2.41 1.66 2.54 2.72 2.67 2.55 2.75 2.70

9 Mv-3-O -(6-ac)-glc 3.95 4.65 6.11 9.69 10.01 8.79 9.49 9.45 8.81 8.44 8.14 8.31 8.66 8.62 8.34 8.26 6.21 8.02 8.00 7.59 6.96 7.44 6.64

10 Mv-3-O -(6-caff)-glc 0.34 0.58 1.20 1.89 1.86 1.75 1.94 2.02 2.20 2.17 2.01 2.23 2.34 2.45 2.47 2.60 1.61 2.75 2.87 2.89 2.78 3.08 3.26

11 Pt-3-O -(6-p -coum)-glc 1.01 1.58 2.44 4.17 4.47 3.87 4.22 4.25 4.05 4.00 3.69 3.90 4.04 4.01 3.73 3.71 2.52 3.72 3.70 3.59 3.19 3.57 3.28

12 Pn-3-O -(6-p -coum)-glc 4.83 7.11 9.46 16.57 18.67 16.34 17.80 17.94 17.93 18.01 16.39 17.36 17.76 17.03 16.07 14.63 9.64 13.90 13.73 12.91 11.26 12.22 9.93

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - - - -

Tank 06

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 26.13 28.92 31.60 35.39 40.35 38.64 39.62 37.86 32.82 34.11 32.33 32.51 32.41 28.28 28.96 32.02 28.04 27.81 29.44 27.98 24.49 27.39 21.67

2 Cy-3-O -glc 11.22 11.00 6.94 4.30 5.92 5.81 5.85 5.79 5.41 4.91 5.41 4.53 4.91 3.95 4.09 4.45 3.79 3.98 4.24 4.69 4.33 4.49 3.82

3 Pt-3-O -glc 19.17 20.76 23.16 29.79 34.65 33.27 34.02 32.71 29.13 29.96 28.71 28.85 28.44 24.63 26.05 28.02 24.02 23.79 25.23 24.05 21.15 23.12 17.64

4 Pn-3-O -glc 17.39 17.91 15.08 13.33 15.60 14.96 15.21 14.96 14.12 14.11 14.23 14.04 13.43 12.35 12.33 12.89 10.94 10.96 12.90 11.50 10.55 10.89 9.33

5 Mv-3-O -glc 65.47 69.43 74.49 94.98 108.18 103.18 104.35 101.67 92.80 93.31 90.50 89.22 89.75 79.45 85.79 87.71 76.30 74.21 76.57 73.25 65.31 67.98 52.22

6 Dp-3-O -(6-ac)-glc 0.58 1.03 1.37 2.33 2.33 2.40 2.39 2.09 1.78 1.13 1.85 1.88 1.21 0.95 1.61 1.96 0.83 1.76 1.87 1.97 1.79 1.94 1.79

7 Pt-3-O -(6-ac)-glc 0.85 1.35 2.28 2.95 2.88 2.97 3.07 2.85 2.76 2.28 2.85 2.87 2.29 2.14 2.81 3.36 2.40 3.31 3.59 3.74 3.56 3.87 3.88

8 Pn-3-O -(6-ac)-glc 0.57 0.82 1.26 1.72 1.72 1.85 1.88 1.81 2.06 1.62 2.01 2.12 1.58 1.48 1.98 2.38 1.75 2.41 2.71 2.71 2.64 2.77 2.82

9 Mv-3-O -(6-ac)-glc 3.85 4.14 5.83 8.47 9.45 9.02 9.48 8.96 8.34 8.05 8.13 8.19 7.66 6.73 7.64 8.40 6.79 7.35 7.92 7.78 7.14 7.67 6.84

10 Mv-3-O -(6-caff)-glc 0.32 0.51 1.16 1.80 1.61 1.89 2.05 1.91 1.95 1.57 2.10 2.16 1.61 1.50 2.17 2.63 1.72 2.55 2.82 3.02 2.83 3.13 3.25

11 Pt-3-O -(6-p -coum)-glc 1.02 1.24 2.19 3.61 4.14 4.06 4.33 4.05 3.80 3.62 3.73 3.86 3.34 2.82 3.34 3.83 2.82 3.33 3.68 3.72 3.36 3.70 3.40

12 Pn-3-O -(6-p -coum)-glc 4.70 4.70 7.54 14.51 17.60 2.66 17.83 17.06 16.17 16.06 16.51 17.36 14.64 12.35 14.52 15.14 10.87 1.77 13.71 13.27 11.92 12.62 10.89

13 Mv-3-O -(6-p -coum)-glc - - - - - 14.25 - - - - - - - - - - - 10.98 - - - - -

continued



Table S8. Anthocyanin conc. determined by HPLC-DAD in red wine samples from Laguardia 2019, expressed in mg of Mv-3-O -glc equiv./L.

Tank 07

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 26.36 30.18 31.81 38.40 42.40 38.08 41.41 36.17 33.38 33.05 31.70 32.97 34.97 34.87 32.40 31.10 32.60 30.60 30.02 27.81 25.83 26.34 23.09

2 Cy-3-O -glc 11.52 11.58 7.95 4.88 6.42 6.05 6.28 5.50 5.76 5.25 5.44 5.30 5.43 5.63 5.49 4.47 4.70 4.94 4.99 4.77 4.57 4.53 4.06

3 Pt-3-O -glc 19.37 21.55 23.16 31.45 35.70 32.66 35.10 31.17 29.18 28.58 27.75 29.16 30.35 29.90 28.23 26.95 27.84 25.97 25.34 23.62 21.86 22.07 18.41

4 Pn-3-O -glc 17.88 18.57 15.92 14.73 16.68 15.51 16.38 15.27 14.94 14.04 14.19 14.74 14.87 13.95 13.73 13.04 13.40 12.56 12.11 12.39 11.10 10.99 9.34

5 Mv-3-O -glc 66.00 71.05 74.18 97.44 109.19 100.71 107.44 99.85 92.26 88.68 86.95 89.97 90.46 92.64 88.84 83.87 84.70 78.35 76.05 71.00 65.75 65.10 53.09

6 Dp-3-O -(6-ac)-glc 0.60 1.13 1.34 2.16 2.83 2.40 2.23 2.06 2.00 1.17 1.83 1.98 2.18 1.22 1.89 1.90 1.97 1.89 1.91 1.97 1.83 1.88 1.81

7 Pt-3-O -(6-ac)-glc 0.88 1.37 2.26 3.27 3.13 2.99 3.02 2.89 2.98 2.24 2.84 2.95 2.96 2.45 3.09 3.34 3.52 3.54 3.64 3.66 3.64 3.80 3.94

8 Pn-3-O -(6-ac)-glc 0.60 0.88 1.33 1.98 1.90 1.87 1.87 1.87 2.07 1.58 1.99 2.13 2.06 1.66 2.44 2.39 2.58 2.60 2.78 2.73 2.79 2.86 3.10

9 Mv-3-O -(6-ac)-glc 3.92 4.49 6.15 8.94 9.74 8.88 9.65 8.93 8.49 7.72 8.02 8.27 8.34 7.87 7.99 8.07 8.33 7.94 7.88 7.65 7.19 7.25 6.88

10 Mv-3-O -(6-caff)-glc 0.32 0.54 1.19 2.02 1.81 1.75 1.98 1.78 2.13 1.54 2.10 2.21 2.22 1.74 2.37 2.58 2.72 2.77 2.86 2.93 2.88 3.06 3.33

11 Pt-3-O -(6-p -coum)-glc 1.15 1.45 2.52 3.93 4.36 4.02 4.34 4.02 3.92 3.47 3.70 3.91 3.95 3.45 3.62 3.70 3.85 3.70 3.65 3.64 3.41 3.52 3.47

12 Pn-3-O -(6-p -coum)-glc 4.79 5.85 9.81 15.28 17.93 16.59 18.10 17.16 17.48 15.18 16.43 17.24 16.91 14.37 15.38 14.50 14.68 13.75 13.32 12.92 11.84 12.03 10.89

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - - - -

Tank 08

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 23.76 27.22 30.63 35.85 36.19 39.22 43.46 35.93 33.46 35.19 31.93 31.98 32.73 35.03 29.83 30.43 32.00 29.90 27.30 25.68 22.15 23.07 18.90

2 Cy-3-O -glc 10.78 10.45 6.76 4.53 5.79 6.12 5.98 5.97 5.24 5.41 5.44 4.92 5.31 5.20 5.22 4.41 4.56 4.85 4.61 4.47 4.01 4.06 3.49

3 Pt-3-O -glc 17.61 19.69 22.66 29.59 31.01 33.40 36.56 31.02 29.45 30.78 28.03 28.08 28.35 30.11 26.31 26.28 27.32 25.30 23.09 21.83 18.86 19.41 15.07

4 Pn-3-O -glc 16.70 17.22 14.95 13.55 14.67 15.54 16.63 15.23 14.56 14.96 13.97 13.58 13.61 13.74 12.75 12.50 12.91 12.20 12.26 10.92 9.50 10.13 8.41

5 Mv-3-O -glc 61.05 65.17 72.57 93.02 96.56 103.24 110.12 99.66 92.02 94.05 87.93 87.73 89.45 92.68 85.56 81.76 82.90 76.57 69.60 65.88 57.32 57.31 44.24

6 Dp-3-O -(6-ac)-glc 0.51 1.10 1.74 1.43 2.16 2.45 2.46 2.24 1.96 2.14 1.83 1.18 1.11 1.15 1.83 1.90 1.94 1.90 1.78 1.90 1.71 1.82 1.66

7 Pt-3-O -(6-ac)-glc 0.81 1.47 2.73 2.45 2.70 3.02 3.21 3.03 2.94 2.96 2.85 2.25 2.26 2.43 2.99 3.28 3.53 3.63 3.63 3.75 3.59 3.88 2.93

8 Pn-3-O -(6-ac)-glc 0.56 0.98 1.65 1.41 1.63 1.87 2.00 1.98 2.01 2.10 1.98 1.57 1.54 1.62 2.12 2.34 2.52 2.59 2.58 2.75 2.59 2.75 2.89

9 Mv-3-O -(6-ac)-glc 3.56 4.49 6.36 8.00 8.31 9.11 10.04 9.03 8.43 8.71 8.10 7.52 7.50 7.90 7.74 7.94 8.29 7.94 7.53 7.48 6.64 7.08 6.45

10 Mv-3-O -(6-caff)-glc 0.32 0.61 1.61 1.33 1.48 1.91 2.20 2.07 2.13 2.20 2.11 1.59 1.61 1.76 2.33 2.56 2.77 2.88 2.89 3.06 2.85 3.19 3.45

11 Pt-3-O -(6-p -coum)-glc 0.92 1.60 2.74 3.31 3.56 4.09 4.61 4.08 3.91 4.14 3.74 3.35 3.30 3.48 3.41 3.61 3.84 3.73 3.52 3.59 3.17 3.47 3.33

12 Pn-3-O -(6-p -coum)-glc 4.18 6.86 10.23 13.26 14.50 17.62 2.97 17.06 17.15 18.12 16.64 14.51 14.17 14.27 14.23 14.05 14.45 13.60 12.67 12.23 10.67 11.40 10.02

13 Mv-3-O -(6-p -coum)-glc - - - - - - 16.06 - - - - - - - - - - - - - - - -

Tank 09

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 16.89 17.30 16.44 24.63 23.97 22.23 23.16 22.09 18.75 18.31 16.82 18.54 14.66 14.56 15.29 14.47 14.37 13.00 12.05 9.74 10.03 11.07 11.71

2 Cy-3-O -glc 7.59 4.28 1.81 2.47 2.51 2.31 2.46 2.39 2.13 2.14 2.01 2.15 1.63 1.71 1.85 1.50 1.68 1.52 1.87 1.50 1.48 1.66 1.74

3 Pt-3-O -glc 13.49 14.20 15.69 25.97 26.54 25.22 26.20 25.38 24.23 23.81 22.46 25.45 20.01 19.52 20.43 18.93 18.92 17.05 16.16 14.10 13.84 14.67 15.77

4 Pn-3-O -glc 20.36 16.98 9.96 10.50 10.68 9.92 10.43 9.96 9.27 9.12 8.54 9.13 7.24 7.28 7.66 6.62 7.24 7.01 8.47 7.10 7.31 7.41 7.11

5 Mv-3-O -glc 55.40 58.60 66.77 100.98 103.48 99.85 104.35 103.15 101.40 99.50 96.43 103.47 89.28 85.42 90.36 84.53 83.26 74.97 70.39 60.85 61.79 62.35 66.92

6 Dp-3-O -(6-ac)-glc 0.40 0.82 1.54 2.87 2.51 2.20 2.55 2.47 1.85 2.09 1.81 1.94 0.71 0.71 2.03 0.71 0.74 0.53 1.72 0.35 0.35 1.49 1.79

7 Pt-3-O -(6-ac)-glc 0.79 1.22 1.93 3.12 2.72 2.54 2.92 2.78 2.59 2.72 2.48 2.66 2.10 1.97 2.67 2.30 2.01 1.76 2.73 2.07 2.08 2.55 2.71

8 Pn-3-O -(6-ac)-glc 0.95 1.23 1.84 2.32 2.21 2.43 2.72 2.67 2.58 2.68 2.46 2.53 2.15 2.01 2.60 2.37 2.10 2.37 2.53 2.23 2.22 2.49 2.66

9 Mv-3-O -(6-ac)-glc 3.38 4.03 5.77 9.81 9.20 8.63 9.29 8.84 8.66 8.57 8.12 8.76 7.35 6.73 7.96 7.55 6.89 6.66 6.91 5.74 6.49 6.14 7.59

10 Mv-3-O -(6-caff)-glc 0.33 0.49 0.99 1.92 1.83 1.76 2.16 2.12 2.10 2.25 2.20 2.38 1.98 1.78 2.44 2.23 1.86 2.15 2.48 2.03 2.05 2.31 2.45

11 Pt-3-O -(6-p -coum)-glc 0.58 0.83 1.65 3.29 3.15 2.95 3.28 3.15 3.03 3.13 2.82 3.13 2.44 2.10 2.73 2.57 2.17 2.42 2.56 2.19 2.15 2.41 2.50

12 Pn-3-O -(6-p -coum)-glc 0.81 4.65 8.98 15.83 17.65 3.89 17.96 17.23 16.87 17.01 3.76 17.67 13.96 11.73 14.36 13.43 2.48 12.91 14.48 12.70 12.47 13.06 12.50

13 Mv-3-O -(6-p -coum)-glc 3.06 - - - - 12.84 - - - - 11.89 - - - - - 8.88 - - - - - -

Tank 10

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 16.41 16.37 17.93 25.71 25.55 24.14 25.11 23.64 19.78 19.06 19.03 17.24 15.63 15.69 16.13 15.76 15.58 14.94 13.87 12.68 11.11 11.71 12.62

2 Cy-3-O -glc 7.92 4.14 2.01 2.63 2.75 2.58 2.77 2.65 2.35 2.34 2.35 1.96 1.76 1.93 2.00 1.77 1.78 1.97 1.96 1.99 1.90 1.86 1.82

3 Pt-3-O -glc 12.98 13.26 16.74 26.53 27.81 26.57 27.74 26.45 24.96 24.73 24.76 23.12 20.73 21.17 21.37 20.41 20.02 19.48 18.02 16.85 15.06 15.54 16.29

4 Pn-3-O -glc 20.51 16.16 10.67 10.84 11.50 10.83 11.32 10.96 9.86 9.60 9.45 8.44 7.57 8.14 8.20 7.52 7.38 7.86 8.16 8.27 7.92 7.76 7.07

5 Mv-3-O -glc 52.70 54.47 67.52 98.79 105.37 100.20 106.46 103.09 99.79 99.77 99.15 95.03 87.52 92.41 90.50 87.44 84.40 79.41 74.13 69.63 63.79 64.54 66.15

6 Dp-3-O -(6-ac)-glc 0.40 0.81 1.65 2.84 2.69 2.31 2.65 2.56 2.14 1.90 2.18 0.79 0.72 2.02 2.04 0.85 0.80 2.02 1.86 1.64 1.74 1.59 1.91

7 Pt-3-O -(6-ac)-glc 0.78 1.21 2.20 3.13 2.92 2.62 2.97 2.87 2.75 2.58 2.79 2.22 2.09 2.65 2.72 2.11 2.09 2.92 2.87 2.87 2.06 2.72 2.77

8 Pn-3-O -(6-ac)-glc 0.98 1.24 2.07 2.34 2.34 2.19 2.80 2.76 2.70 2.55 2.67 2.31 2.13 2.56 2.61 2.08 2.08 2.76 2.81 2.82 2.65 2.64 2.65

9 Mv-3-O -(6-ac)-glc 3.34 3.94 6.15 9.47 9.17 8.62 9.22 8.89 8.54 8.31 8.44 7.75 7.08 7.93 7.87 7.22 6.97 7.39 7.00 6.67 6.02 6.29 6.62

10 Mv-3-O -(6-caff)-glc 0.33 0.49 1.19 1.86 1.87 1.73 2.08 2.08 2.12 2.02 2.35 1.94 1.89 2.43 2.38 1.79 1.77 2.53 2.55 2.55 2.34 2.38 2.41

11 Pt-3-O -(6-p -coum)-glc 0.62 0.87 1.87 3.22 3.18 3.00 3.22 3.21 3.07 2.95 3.06 2.68 2.39 2.72 2.70 2.19 2.14 2.75 2.64 2.62 2.30 2.42 2.45

12 Pn-3-O -(6-p -coum)-glc 0.95 1.14 2.17 3.27 16.88 16.34 17.20 17.17 16.34 15.74 4.10 14.75 13.36 14.82 13.81 2.09 2.04 12.93 13.22 13.15 3.51 12.16 10.24

13 Mv-3-O -(6-p -coum)-glc 3.37 4.20 7.69 11.58 - - - - - - 11.86 - - - - 8.71 8.24 - - - 8.27 - -

Tank 11

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 17.16 16.62 18.98 25.54 25.92 24.81 21.64 26.95 20.00 19.59 18.87 19.92 18.81 17.81 16.57 15.49 15.54 14.53 13.60 11.87 10.80 11.65 12.65

2 Cy-3-O -glc 8.15 4.51 2.12 2.70 2.78 2.71 2.62 2.77 2.36 2.31 2.31 2.38 2.22 2.04 1.79 1.92 1.77 1.91 2.03 1.72 1.65 1.88 1.80

3 Pt-3-O -glc 13.63 12.94 17.11 25.87 27.44 26.85 23.93 29.04 24.90 24.68 24.20 25.43 23.80 23.13 21.01 20.02 19.52 18.55 17.54 15.60 14.22 15.14 16.37

4 Pn-3-O -glc 21.66 17.37 11.72 11.39 11.80 11.65 11.02 11.82 10.54 10.02 9.83 10.09 9.48 8.60 7.88 8.07 7.76 8.45 9.08 8.13 8.10 8.55 7.30

5 Mv-3-O -glc 54.25 52.81 66.30 95.65 100.10 100.03 95.74 106.72 98.96 98.04 97.03 100.58 94.26 93.72 88.06 83.06 80.65 74.38 71.80 65.15 60.27 61.74 66.24

6 Dp-3-O -(6-ac)-glc 0.73 0.95 1.66 2.86 2.74 2.62 2.34 2.65 2.16 1.82 2.16 2.18 2.16 1.53 0.93 2.06 0.69 1.93 1.84 0.39 0.38 1.50 1.85

7 Pt-3-O -(6-ac)-glc 0.91 1.32 2.06 3.05 2.88 2.83 2.74 2.98 2.74 2.53 2.75 2.82 2.72 2.41 2.00 2.76 1.95 2.72 2.75 2.20 2.09 2.02 2.62

8 Pn-3-O -(6-ac)-glc 1.16 1.36 1.68 2.27 2.69 2.72 2.68 2.85 2.77 2.57 2.71 2.75 2.65 2.26 2.02 2.66 2.02 2.72 2.94 2.32 2.23 2.66 2.60

9 Mv-3-O -(6-ac)-glc 3.31 4.12 6.11 9.18 8.99 8.88 8.31 9.38 8.47 8.20 8.24 8.50 8.14 7.70 7.14 7.60 6.62 6.94 6.58 6.16 6.35 5.93 7.30

10 Mv-3-O -(6-caff)-glc 0.37 0.58 1.08 1.80 1.83 1.87 1.89 2.15 2.09 1.97 2.16 2.26 2.22 2.09 1.72 2.40 1.69 2.41 2.18 2.01 1.87 2.06 2.27

11 Pt-3-O -(6-p -coum)-glc 0.64 0.97 1.82 3.09 3.17 3.17 2.89 3.50 3.05 2.94 2.97 3.10 2.95 2.59 2.19 2.70 2.09 2.68 2.58 2.33 2.17 2.39 2.37

12 Pn-3-O -(6-p -coum)-glc 0.81 5.69 9.55 3.32 16.92 17.17 16.01 18.23 16.58 15.98 4.17 16.41 16.28 13.20 11.33 2.83 2.27 13.52 14.20 13.01 12.38 9.34 10.68

13 Mv-3-O -(6-p -coum)-glc 2.71 - - 11.09 - - - - - - 11.67 - - - - 10.62 8.29 - - - - - -

Tank 12

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 16.85 18.02 19.39 25.14 25.08 23.16 25.30 26.50 20.39 20.06 19.08 18.85 20.19 17.89 17.79 16.12 24.24 14.91 13.09 11.93 12.02 12.19 13.31

2 Cy-3-O -glc 7.99 4.56 2.10 2.58 2.75 2.55 2.72 2.74 2.39 2.32 1.94 2.30 2.37 2.16 1.97 1.74 3.62 1.98 1.96 1.95 1.96 1.84 1.90

3 Pt-3-O -glc 12.98 14.05 17.37 25.54 26.70 25.39 27.49 28.74 25.62 25.22 24.12 24.36 26.21 23.05 22.71 20.49 21.77 19.19 16.99 15.86 15.84 15.68 16.94

4 Pn-3-O -glc 20.40 16.64 11.84 10.91 11.32 10.97 11.64 11.53 10.19 9.95 8.63 9.63 9.86 9.13 8.31 7.44 14.79 8.32 8.36 8.63 8.49 8.04 7.37

5 Mv-3-O -glc 53.33 55.26 66.37 94.98 99.43 97.11 104.34 106.22 100.50 100.06 96.76 97.53 102.52 93.28 93.23 84.30 75.36 77.59 68.71 64.42 64.14 62.43 66.03

6 Dp-3-O -(6-ac)-glc 0.40 0.88 1.01 2.71 2.63 2.18 2.66 2.63 2.21 1.89 0.84 2.17 2.28 2.14 1.50 0.81 1.73 1.96 1.80 1.53 1.75 1.57 1.93

7 Pt-3-O -(6-ac)-glc 0.82 1.33 1.65 3.04 2.84 2.54 2.93 2.96 2.79 2.62 2.31 2.73 2.90 2.77 2.43 2.08 3.13 2.92 2.13 2.09 2.73 2.68 2.82

8 Pn-3-O -(6-ac)-glc 0.99 1.29 1.32 2.21 2.21 2.43 2.74 2.77 2.69 2.53 2.31 2.63 2.69 2.66 2.30 1.98 3.02 2.65 2.50 2.80 2.76 2.56 2.70

9 Mv-3-O -(6-ac)-glc 3.45 4.07 5.10 9.01 8.68 8.33 9.12 9.20 8.50 8.31 8.12 8.23 8.68 8.07 7.84 7.08 7.57 7.39 6.73 6.13 6.20 6.18 7.68

10 Mv-3-O -(6-caff)-glc 0.37 0.57 0.66 1.79 1.82 1.68 2.06 2.15 2.15 2.04 2.08 2.31 2.48 2.39 2.10 1.76 2.52 2.53 2.44 2.22 2.37 2.30 2.50

11 Pt-3-O -(6-p -coum)-glc 0.72 0.97 1.23 3.08 3.09 2.89 3.25 3.44 3.09 2.97 2.89 2.99 3.16 2.87 2.61 2.23 3.00 2.79 2.55 2.51 2.48 2.47 2.60

12 Pn-3-O -(6-p -coum)-glc 1.15 1.12 5.53 13.98 16.21 15.91 17.06 17.73 16.18 15.82 3.13 3.92 16.37 3.02 13.12 2.04 2.44 13.68 3.70 3.80 13.18 12.12 11.01

13 Mv-3-O -(6-p -coum)-glc 3.90 4.22 - - - - - - - - 11.69 12.74 - 10.85 - 8.59 10.75 - 8.96 8.83 - - -

continued



Table S8. Anthocyanin conc. determined by HPLC-DAD in red wine samples from Laguardia 2019, expressed in mg of Mv-3-O -glc equiv./L.

Tank 13

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 18.22 18.20 26.38 34.42 30.92 30.56 31.97 28.64 30.02 29.47 28.61 26.86 28.56 30.22 29.08 24.98 28.01 25.33 23.83 22.70 22.32 19.30 16.71

2 Cy-3-O -glc 8.18 4.96 3.73 4.66 4.18 5.00 5.15 4.03 4.08 4.81 3.95 3.85 4.73 5.08 4.84 3.42 3.96 3.70 4.08 4.04 3.97 3.55 3.19

3 Pt-3-O -glc 14.09 14.00 21.45 29.33 28.37 28.03 29.12 26.47 27.85 27.23 26.58 25.17 26.32 27.82 26.67 22.73 25.32 22.89 21.36 20.47 20.03 17.36 14.65

4 Pn-3-O -glc 21.93 17.27 17.86 19.18 18.93 18.46 19.09 17.96 18.32 18.21 17.73 17.15 17.71 19.10 17.13 14.69 16.38 15.16 15.74 13.75 13.56 11.93 9.98

5 Mv-3-O -glc 56.89 53.15 79.92 103.60 99.02 97.73 101.20 94.26 96.30 94.04 93.39 88.62 93.05 95.88 93.63 81.54 85.94 78.90 72.81 70.07 67.68 59.20 48.04

6 Dp-3-O -(6-ac)-glc 0.79 0.91 1.22 2.75 2.83 2.06 2.31 2.48 2.23 1.70 1.78 2.04 1.80 2.24 1.71 0.83 1.89 1.85 1.75 1.85 1.78 1.72 1.61

7 Pt-3-O -(6-ac)-glc 1.02 1.33 2.20 3.40 3.03 2.75 3.06 2.91 2.94 2.73 2.65 2.80 2.64 3.10 2.90 2.32 3.30 3.39 3.32 3.48 3.54 3.41 3.53

8 Pn-3-O -(6-ac)-glc 1.20 0.99 1.76 2.62 2.55 2.40 2.84 2.77 2.84 2.68 2.58 2.76 2.58 2.92 2.78 2.26 3.08 3.26 3.22 3.31 2.97 2.80 2.80

9 Mv-3-O -(6-ac)-glc 3.76 3.55 7.13 10.18 9.45 9.02 9.65 8.95 9.17 8.80 8.59 8.42 8.40 9.05 8.69 7.46 8.51 8.15 7.70 7.73 7.58 6.85 6.33

10 Mv-3-O -(6-caff)-glc 0.43 0.49 1.15 2.23 2.04 1.89 2.22 2.16 2.31 2.15 2.09 2.28 2.14 2.57 2.37 1.83 2.70 2.79 2.79 2.88 2.94 2.85 2.98

11 Pt-3-O -(6-p -coum)-glc 0.80 0.76 2.25 3.83 3.57 3.37 3.73 3.46 3.64 3.46 3.28 3.32 3.22 3.57 3.27 2.62 3.39 3.32 3.20 3.20 3.19 2.95 2.88

12 Pn-3-O -(6-p -coum)-glc 0.98 0.68 2.04 17.22 3.72 16.98 18.36 17.20 17.77 3.66 3.42 3.56 15.71 3.50 2.81 2.20 2.69 2.59 2.41 12.90 12.56 11.43 1.90

13 Mv-3-O -(6-p -coum)-glc 3.24 2.40 8.79 - 14.03 - - - - 13.50 12.81 12.57 - 12.96 12.85 9.90 12.11 11.82 11.02 - - - 8.18

Tank 14

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 19.47 21.57 25.40 34.95 34.70 34.43 36.01 29.51 27.29 27.88 29.99 30.66 29.35 28.61 25.08 26.97 27.00 26.57 22.49 22.67 21.46 21.74 17.81

2 Cy-3-O -glc 8.73 5.75 3.68 4.84 5.62 5.63 4.71 4.24 4.70 4.86 4.29 4.29 5.11 4.74 3.56 3.79 4.19 4.86 4.09 4.06 3.96 3.90 3.36

3 Pt-3-O -glc 14.90 16.73 20.63 29.53 31.14 30.91 31.98 27.04 24.93 25.79 27.76 27.83 26.89 25.85 22.96 24.12 23.95 23.74 20.18 20.25 19.07 19.18 15.35

4 Pn-3-O -glc 22.57 20.32 16.71 19.31 20.64 20.59 20.82 18.42 17.52 18.08 18.73 18.84 18.53 17.26 15.99 15.73 16.00 15.72 14.00 13.78 13.87 12.96 11.11

5 Mv-3-O -glc 58.23 63.39 76.43 102.05 105.80 104.54 106.57 92.60 87.68 89.11 96.06 92.58 93.46 89.75 82.09 83.93 79.41 78.90 68.57 67.71 63.78 62.50 48.14

6 Dp-3-O -(6-ac)-glc 0.88 1.02 1.21 2.67 2.38 2.40 2.23 2.46 1.64 1.67 2.23 2.18 1.91 1.02 0.90 0.91 1.90 1.87 1.79 1.81 1.75 1.86 1.69

7 Pt-3-O -(6-ac)-glc 1.16 1.67 2.20 3.36 2.98 3.11 3.02 2.90 2.64 2.69 2.95 2.90 2.93 2.29 2.19 2.48 3.40 3.48 3.30 3.51 3.58 3.77 2.88

8 Pn-3-O -(6-ac)-glc 1.23 1.51 1.76 2.60 2.76 2.94 2.78 2.77 2.63 2.70 2.87 2.82 2.86 2.23 2.17 2.39 2.86 3.26 2.84 3.36 2.95 2.96 2.96

9 Mv-3-O -(6-ac)-glc 3.87 5.08 7.09 9.90 9.96 9.93 10.04 8.74 8.42 8.43 8.89 8.66 8.69 7.83 7.28 7.71 8.11 8.19 7.29 7.52 7.33 7.43 6.76

10 Mv-3-O -(6-caff)-glc 0.45 0.72 1.19 2.16 1.94 2.02 2.13 2.12 2.01 2.08 2.32 2.31 2.34 1.78 1.71 1.88 2.69 2.84 2.68 2.90 2.95 3.11 3.37

11 Pt-3-O -(6-p -coum)-glc 0.87 1.48 2.31 3.73 3.74 3.83 3.85 3.40 3.24 3.31 3.53 3.48 3.43 2.80 2.52 2.72 3.29 3.37 2.98 3.16 3.11 3.24 3.18

12 Pn-3-O -(6-p -coum)-glc 1.14 7.30 11.37 16.33 3.84 3.97 3.90 3.61 3.52 3.63 3.78 3.69 3.63 2.71 2.22 2.29 2.55 2.60 2.19 12.63 2.20 11.89 2.05

13 Mv-3-O -(6-p -coum)-glc 3.48 - - - 14.91 14.93 15.03 12.90 12.76 12.70 13.03 12.61 12.61 11.11 9.77 9.87 11.42 11.51 9.84 - 9.67 - 8.46

Tank 15

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 20.22 22.25 24.93 32.22 37.02 32.96 35.62 29.80 31.79 30.19 28.36 30.69 31.82 32.15 27.03 29.72 24.00 27.56 24.63 20.72 21.85 20.71 19.02

2 Cy-3-O -glc 8.94 6.77 3.96 4.53 5.94 5.60 5.82 4.40 5.27 5.27 4.98 5.26 5.53 5.20 4.54 4.40 3.73 4.65 4.45 3.92 4.08 3.86 3.58

3 Pt-3-O -glc 15.22 16.87 19.94 27.36 32.46 29.51 31.51 26.90 28.65 27.39 26.08 27.63 28.65 28.94 24.15 26.48 21.30 24.11 21.73 18.40 19.11 18.14 16.11

4 Pn-3-O -glc 22.03 20.72 16.62 18.36 21.17 19.94 20.80 18.83 19.33 18.95 18.27 18.99 19.44 19.10 16.62 17.47 14.68 15.94 14.79 12.92 13.29 13.02 11.00

5 Mv-3-O -glc 57.74 61.61 71.73 94.25 107.24 99.86 104.27 93.31 95.36 91.16 90.13 91.92 95.95 95.50 84.32 87.64 72.39 78.11 71.38 61.41 61.99 58.12 48.99

6 Dp-3-O -(6-ac)-glc 0.93 1.13 0.99 2.38 2.43 2.35 2.41 2.23 1.97 1.91 1.89 1.72 2.00 2.07 0.91 2.03 1.76 1.93 1.87 1.72 1.80 1.79 1.76

7 Pt-3-O -(6-ac)-glc 1.17 1.73 2.19 3.37 3.06 3.02 3.21 2.81 2.84 2.94 2.73 2.80 3.08 3.20 2.27 3.49 3.19 3.62 3.59 3.41 3.64 3.74 3.04

8 Pn-3-O -(6-ac)-glc 1.21 1.38 1.71 2.57 2.53 2.56 2.64 2.65 2.69 2.83 2.62 2.69 2.92 2.70 2.19 2.86 2.69 2.96 2.98 2.87 2.96 2.97 3.17

9 Mv-3-O -(6-ac)-glc 3.85 4.85 6.60 9.34 10.13 9.45 9.98 8.77 8.95 8.71 8.29 8.51 9.00 9.04 7.42 8.78 7.43 8.25 7.80 6.87 7.13 7.05 6.86

10 Mv-3-O -(6-caff)-glc 0.46 0.79 1.12 2.14 1.96 2.04 2.24 1.97 2.10 2.22 2.05 2.14 2.40 2.54 1.70 2.77 2.50 2.91 2.88 2.76 2.94 3.07 3.47

11 Pt-3-O -(6-p -coum)-glc 0.93 1.45 2.15 3.59 3.87 3.66 3.91 3.36 3.52 3.51 3.21 3.32 3.59 3.63 2.53 3.53 2.97 3.42 3.26 2.90 3.07 3.15 3.34

12 Pn-3-O -(6-p -coum)-glc 1.13 6.66 1.89 15.13 18.68 17.58 3.84 16.42 3.57 16.43 3.34 16.43 3.63 3.49 2.18 2.73 2.33 2.53 2.34 11.20 11.39 11.42 2.10

13 Mv-3-O -(6-p -coum)-glc 3.56 - 7.88 - - - 14.62 - 13.16 - 12.06 - 12.86 12.49 9.77 12.38 10.28 11.23 10.80 - - - 8.67

Tank 16

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 20.17 21.64 28.99 31.46 36.45 36.07 36.14 31.37 30.44 31.14 30.50 30.41 31.42 31.49 28.48 28.68 13.53 28.01 26.08 24.26 22.30 19.76 18.81

2 Cy-3-O -glc 9.12 6.54 4.64 4.55 6.10 5.92 5.93 4.68 4.51 4.60 5.44 5.43 5.16 5.59 4.11 4.12 1.59 4.76 4.71 4.47 4.22 3.86 3.62

3 Pt-3-O -glc 15.20 16.49 23.01 26.57 32.17 31.78 31.72 28.10 27.46 28.08 27.68 27.24 28.36 28.14 25.40 25.03 17.80 24.61 22.98 21.21 19.54 17.34 15.95

4 Pn-3-O -glc 22.26 20.48 19.65 17.95 21.21 20.84 20.78 19.34 18.93 19.25 18.97 18.91 19.29 18.63 17.39 16.06 5.53 16.08 15.44 14.34 13.39 12.20 10.94

5 Mv-3-O -glc 57.96 61.47 80.25 91.87 105.44 103.87 105.10 96.36 92.62 93.26 94.32 90.77 95.46 92.75 86.84 83.34 74.00 78.91 74.64 68.70 63.19 56.70 48.92

6 Dp-3-O -(6-ac)-glc 1.01 0.98 1.86 2.40 2.99 2.41 2.50 2.05 2.21 1.80 2.26 1.94 2.04 1.99 0.97 0.91 0.55 1.94 1.93 1.94 1.82 1.77 1.75

7 Pt-3-O -(6-ac)-glc 1.18 1.71 2.96 3.31 3.21 3.12 3.07 2.89 2.94 2.86 3.04 2.97 2.91 3.13 2.33 2.50 2.10 3.62 3.69 3.71 3.65 3.60 3.96

8 Pn-3-O -(6-ac)-glc 1.24 1.39 2.24 2.51 2.62 2.59 2.78 2.70 2.80 2.75 2.87 2.85 2.75 2.90 2.21 2.15 1.90 2.98 3.13 3.08 3.04 2.87 3.07

9 Mv-3-O -(6-ac)-glc 4.05 5.00 7.82 9.08 10.08 9.77 9.87 8.99 8.86 8.81 8.91 8.57 8.74 8.74 7.59 7.64 5.91 8.31 8.06 7.81 7.27 6.75 6.68

10 Mv-3-O -(6-caff)-glc 0.48 0.79 1.79 2.12 2.11 2.09 2.11 2.02 2.21 2.16 2.33 2.29 2.23 2.48 1.76 1.89 2.02 2.90 2.94 3.02 2.93 2.93 3.31

11 Pt-3-O -(6-p -coum)-glc 1.14 1.50 2.93 3.50 3.90 3.82 3.74 3.41 3.49 3.48 3.54 3.39 3.40 3.51 2.66 2.76 2.37 3.49 3.36 3.30 3.07 2.96 3.15

12 Pn-3-O -(6-p -coum)-glc 1.29 7.19 13.18 2.85 3.82 18.14 17.56 16.37 16.45 3.63 16.45 3.51 3.36 16.56 2.25 2.21 11.41 2.55 13.29 12.82 11.60 10.92 1.99

13 Mv-3-O -(6-p -coum)-glc 4.49 - - 12.00 14.69 - - - - 12.95 - 13.35 12.50 - 10.12 9.75 - 11.53 - - - - 8.37

Tank 17

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 19.66 15.93 21.56 26.00 27.18 25.60 27.93 24.68 20.22 21.30 18.96 18.45 18.38 18.01 17.00 16.84 15.47 14.76 12.38 11.63 10.03 11.55 12.28

2 Cy-3-O -glc 8.82 3.58 2.06 2.31 2.72 2.64 2.79 2.63 2.32 2.34 1.98 2.24 1.94 2.11 1.96 1.99 1.98 1.99 2.06 2.03 1.67 1.93 1.59

3 Pt-3-O -glc 14.75 12.79 19.57 26.68 29.20 28.28 30.44 27.63 25.97 27.10 24.71 25.17 24.89 24.11 22.57 22.33 20.71 19.66 17.81 15.83 13.92 15.74 16.14

4 Pn-3-O -glc 14.79 10.43 8.00 7.76 9.00 8.80 9.15 8.57 7.66 7.75 6.58 7.32 6.54 6.83 6.51 6.56 6.65 7.11 7.63 7.87 6.95 7.29 5.52

5 Mv-3-O -glc 52.98 48.71 70.58 95.14 102.80 102.50 108.59 102.86 99.64 101.19 95.94 97.39 96.35 94.02 89.90 87.88 82.12 76.31 69.10 63.13 57.93 62.81 64.40

6 Dp-3-O -(6-ac)-glc 0.42 0.76 1.64 1.55 2.70 2.23 2.63 2.42 1.83 1.88 0.79 1.81 0.81 2.11 2.05 2.10 1.66 1.85 1.60 1.41 0.31 1.50 0.44

7 Pt-3-O -(6-ac)-glc 0.72 1.22 2.21 2.24 2.82 2.55 2.96 2.77 2.50 2.54 2.20 2.48 2.22 2.70 2.69 2.87 2.61 2.23 2.72 2.66 1.58 2.58 2.14

8 Pn-3-O -(6-ac)-glc 0.51 0.68 1.26 1.22 1.66 1.57 1.77 1.78 1.72 1.76 1.59 1.74 1.57 1.87 1.85 2.16 2.08 2.15 2.20 2.05 1.79 2.05 1.82

9 Mv-3-O -(6-ac)-glc 2.57 3.16 5.73 7.75 8.39 7.90 8.78 8.08 7.54 7.83 7.22 7.09 7.20 7.26 7.29 7.49 6.66 6.87 6.30 6.82 5.21 5.81 5.67

10 Mv-3-O -(6-caff)-glc 0.25 0.50 1.19 1.23 1.86 1.72 2.14 2.03 1.97 2.03 1.94 1.99 2.08 2.39 2.40 2.53 2.29 2.33 2.31 2.18 1.87 2.18 2.05

11 Pt-3-O -(6-p -coum)-glc 0.55 0.88 2.11 2.80 3.44 3.10 3.64 3.37 3.08 3.29 2.97 2.84 2.88 2.98 2.93 3.02 2.70 2.92 2.73 2.64 2.24 2.53 2.31

12 Pn-3-O -(6-p -coum)-glc 2.70 4.16 1.47 12.10 16.03 14.99 17.04 16.09 14.99 16.14 15.14 14.83 14.80 13.79 13.50 13.47 12.48 13.90 13.79 13.34 12.02 12.83 9.89

13 Mv-3-O -(6-p -coum)-glc - - 9.17 - - - - - - - - - - - - - - - - - - - -

Tank 18

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 21.19 17.33 22.06 26.99 25.96 24.88 27.04 24.63 20.40 18.41 19.68 17.68 18.62 17.91 16.59 16.89 15.87 14.35 12.53 11.92 10.88 11.16 13.04

2 Cy-3-O -glc 9.41 3.72 2.06 2.45 2.70 2.62 2.74 2.67 2.32 2.01 2.34 1.95 2.26 2.11 2.00 2.01 1.83 1.99 1.75 1.99 1.60 1.56 1.84

3 Pt-3-O -glc 15.87 13.95 19.84 27.40 28.14 27.57 29.72 27.61 25.76 23.89 25.75 23.53 24.80 23.83 22.08 22.26 20.36 19.29 16.75 16.32 14.61 14.98 17.05

4 Pn-3-O -glc 15.73 11.16 8.08 8.09 8.98 8.69 9.28 8.83 7.87 6.88 7.68 6.56 7.44 6.84 6.55 6.66 7.69 6.93 6.64 7.50 6.47 6.31 6.00

5 Mv-3-O -glc 56.76 52.16 71.74 96.42 100.32 98.73 106.69 102.96 98.18 93.97 98.52 93.46 95.91 92.26 89.21 87.27 83.63 75.49 67.61 65.67 60.01 60.84 65.99

6 Dp-3-O -(6-ac)-glc 0.47 0.81 1.25 1.55 2.40 2.50 2.55 2.44 2.05 0.79 2.15 0.74 2.09 2.07 1.98 2.10 0.72 1.89 0.41 1.50 0.36 0.37 1.61

7 Pt-3-O -(6-ac)-glc 0.79 1.32 1.91 2.32 2.61 2.70 2.95 2.79 2.66 2.13 2.72 2.14 2.69 2.70 2.69 2.87 2.07 2.79 2.23 2.69 2.05 2.06 2.67

8 Pn-3-O -(6-ac)-glc 0.58 0.73 1.03 1.24 1.58 1.62 1.76 1.83 1.80 1.57 1.89 1.62 1.86 1.89 2.19 1.99 2.06 2.20 1.90 2.22 1.79 1.76 2.19

9 Mv-3-O -(6-ac)-glc 3.04 3.52 5.49 8.04 8.05 8.03 8.83 8.10 7.72 7.02 7.70 6.93 7.50 7.30 7.19 7.50 6.90 6.83 6.03 6.95 5.31 6.09 5.99

10 Mv-3-O -(6-caff)-glc 0.32 0.57 0.91 1.31 1.73 1.90 2.19 2.09 2.13 1.85 2.23 1.93 2.26 2.41 2.41 2.56 1.81 2.31 2.14 2.41 1.86 1.92 2.36

11 Pt-3-O -(6-p -coum)-glc 0.78 1.11 1.85 2.95 3.18 3.28 3.67 3.38 3.22 2.85 3.22 2.82 3.12 3.04 2.88 3.10 2.22 2.90 2.51 2.66 2.25 2.26 2.44

12 Pn-3-O -(6-p -coum)-glc 4.10 5.20 7.98 12.69 14.99 15.75 17.33 16.16 15.61 15.00 15.29 14.76 15.67 13.98 13.51 13.85 2.20 13.39 12.74 13.44 11.72 11.60 10.03

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - 8.45 - - - - - -

continued



Table S8. Anthocyanin conc. determined by HPLC-DAD in red wine samples from Laguardia 2019, expressed in mg of Mv-3-O -glc equiv./L.

Tank 19

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 21.80 22.78 22.30 27.51 29.44 25.47 27.19 25.42 20.63 20.62 20.45 18.55 18.31 18.12 17.40 17.16 16.51 15.29 13.59 12.09 10.57 11.37 13.39

2 Cy-3-O -glc 9.65 5.37 2.33 2.42 3.02 2.70 2.80 2.77 2.36 2.44 2.35 2.22 2.06 2.07 1.84 2.03 2.11 2.09 2.14 2.06 1.73 1.94 1.82

3 Pt-3-O -glc 16.20 17.73 19.65 27.43 31.02 27.69 29.37 28.12 25.89 26.33 26.09 24.39 23.69 23.95 22.32 22.23 21.52 20.05 18.11 16.41 14.06 15.45 17.20

4 Pn-3-O -glc 16.05 14.28 8.99 8.47 10.15 9.20 9.52 9.32 8.20 8.40 7.88 7.41 6.87 6.88 6.31 6.88 7.18 7.35 7.62 7.79 7.00 7.24 6.09

5 Mv-3-O -glc 56.43 63.65 69.36 94.58 104.85 97.47 103.92 102.69 96.66 97.78 95.34 92.47 89.63 90.65 86.58 83.94 82.01 75.60 69.50 63.10 56.16 59.57 63.73

6 Dp-3-O -(6-ac)-glc 0.47 0.92 1.48 1.50 2.82 2.49 2.58 2.49 1.83 2.11 2.15 1.50 1.08 1.48 0.90 2.07 2.03 1.94 1.60 1.67 0.32 1.39 1.61

7 Pt-3-O -(6-ac)-glc 0.82 1.55 2.14 2.29 2.98 2.74 2.93 2.86 2.52 2.74 2.74 2.26 2.02 2.34 2.03 2.89 2.88 2.87 2.79 2.74 2.09 2.57 2.62

8 Pn-3-O -(6-ac)-glc 0.62 0.87 1.26 1.27 1.78 1.71 1.85 1.87 1.75 1.92 1.87 1.58 1.37 1.64 1.44 1.92 2.41 2.20 2.13 2.16 1.82 2.06 2.22

9 Mv-3-O -(6-ac)-glc 3.11 3.60 5.67 7.88 8.76 7.95 8.49 8.09 7.47 7.73 7.68 6.84 6.56 6.88 6.66 7.43 7.01 7.01 6.53 7.04 5.27 5.73 5.94

10 Mv-3-O -(6-caff)-glc 0.36 0.59 1.16 1.26 1.95 1.87 2.10 2.07 1.95 2.15 2.19 1.82 1.66 2.06 1.76 2.52 2.50 2.35 2.33 2.18 1.87 2.18 2.30

11 Pt-3-O -(6-p -coum)-glc 0.88 0.92 2.08 2.88 3.57 3.28 3.55 3.36 3.07 3.29 3.29 2.74 2.51 2.74 2.45 3.08 2.96 2.98 2.75 2.66 2.27 2.50 2.48

12 Pn-3-O -(6-p -coum)-glc 4.20 3.38 8.95 12.23 16.25 15.48 16.62 15.91 3.18 16.48 16.07 13.63 11.75 12.57 10.98 13.46 13.52 13.56 13.63 13.32 11.89 12.51 9.86

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - 11.72 - - - - - - - - - - - - - -

Tank 20

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 22.88 17.74 23.17 27.75 27.23 27.49 26.56 25.56 21.76 20.12 20.00 19.62 18.97 18.60 17.22 16.98 3.18 15.71 14.31 12.78 10.75 11.39 12.33

2 Cy-3-O -glc 10.58 4.51 2.34 2.56 2.81 2.72 2.71 2.69 2.41 2.35 2.34 2.35 2.09 2.07 2.03 1.99 16.99 2.02 2.09 2.01 1.57 1.89 1.79

3 Pt-3-O -glc 16.97 13.56 20.67 27.53 29.10 29.44 28.88 28.13 27.21 25.57 25.87 25.65 24.68 24.28 22.57 21.99 2.06 20.53 18.81 16.99 14.06 15.23 16.06

4 Pn-3-O -glc 16.61 11.79 9.50 8.59 9.63 9.37 9.31 9.04 8.16 7.89 7.81 7.85 7.11 6.96 6.82 6.80 21.92 7.04 7.51 7.25 6.20 6.95 6.29

5 Mv-3-O -glc 59.03 50.84 74.40 93.81 103.81 103.62 103.74 101.55 99.24 95.21 96.19 96.35 93.05 91.96 87.38 84.82 6.93 76.80 71.57 64.33 55.47 59.46 60.82

6 Dp-3-O -(6-ac)-glc 0.50 0.89 1.52 1.65 2.68 2.62 2.55 2.49 2.15 2.09 2.13 2.13 1.13 1.50 2.04 2.05 82.84 1.98 1.83 1.74 0.34 1.53 1.52

7 Pt-3-O -(6-ac)-glc 0.84 1.34 2.23 2.31 2.83 2.83 2.88 2.83 2.75 2.64 2.72 2.70 2.06 2.36 2.72 2.84 2.02 2.87 2.84 2.70 2.03 2.55 2.57

8 Pn-3-O -(6-ac)-glc 0.64 0.77 1.32 1.26 1.66 1.76 1.82 1.85 1.86 1.85 1.87 1.90 1.42 1.61 1.94 2.02 2.88 2.19 2.29 2.15 1.68 2.06 2.16

9 Mv-3-O -(6-ac)-glc 3.28 3.20 5.78 7.69 8.15 8.36 8.39 8.03 7.92 7.51 7.60 7.47 6.80 6.98 7.12 7.14 2.18 7.06 6.64 6.15 5.82 5.56 6.56

10 Mv-3-O -(6-caff)-glc 0.37 0.54 1.19 1.22 1.79 1.90 2.01 1.99 2.09 2.02 2.11 2.13 1.64 2.01 2.32 2.43 7.05 2.28 2.43 2.11 1.78 2.04 2.25

11 Pt-3-O -(6-p -coum)-glc 0.90 0.90 2.06 2.81 3.25 3.49 3.48 3.36 3.37 3.18 3.22 3.14 2.65 2.75 2.89 2.93 2.46 2.97 2.82 2.65 2.17 2.40 2.37

12 Pn-3-O -(6-p -coum)-glc 4.62 0.64 8.88 11.94 15.15 16.31 16.54 15.85 15.87 16.03 15.08 15.88 12.53 12.88 13.33 13.21 2.96 13.44 13.15 13.02 11.19 12.14 9.77

13 Mv-3-O -(6-p -coum)-glc - 3.09 - - - - - - - - - - - - - - 13.14 - - - - - -

Tank 21

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 23.61 23.82 26.38 38.11 38.97 37.15 29.92 36.69 32.23 32.54 31.12 30.87 31.92 31.73 18.57 27.09 30.14 26.14 26.47 25.16 23.21 22.65 20.52

2 Cy-3-O -glc 10.17 6.79 3.90 4.99 5.64 5.77 4.33 6.11 4.85 5.56 4.45 5.05 5.48 4.89 2.99 4.12 4.24 4.57 4.70 4.54 4.27 4.17 3.71

3 Pt-3-O -glc 17.47 17.64 21.05 32.28 33.95 32.44 26.86 32.52 28.65 29.09 28.08 27.95 28.48 28.00 17.37 24.21 26.25 22.96 23.33 22.00 20.22 19.77 16.90

4 Pn-3-O -glc 16.46 13.66 11.78 14.83 15.94 15.15 13.32 15.49 13.85 14.44 13.54 13.89 14.02 13.11 9.04 12.10 11.93 11.50 11.63 11.14 10.26 9.89 8.51

5 Mv-3-O -glc 58.47 58.13 69.86 100.49 104.14 101.17 87.20 100.09 90.12 89.68 89.99 89.55 88.65 87.53 63.17 77.21 80.86 72.01 72.06 67.61 61.95 59.91 48.66

6 Dp-3-O -(6-ac)-glc 0.53 1.10 1.27 2.36 2.82 2.09 1.86 2.08 1.15 2.12 1.13 1.66 1.82 0.97 0.68 1.78 0.88 1.77 1.84 1.84 1.72 1.77 1.65

7 Pt-3-O -(6-ac)-glc 0.85 1.79 2.17 3.26 3.04 2.73 2.55 2.90 2.24 2.80 2.19 2.68 2.81 2.23 1.80 3.07 2.43 3.25 3.41 3.49 3.39 3.49 3.54

8 Pn-3-O -(6-ac)-glc 0.59 0.97 1.27 1.95 1.94 1.72 1.68 1.89 1.54 2.01 1.50 1.93 1.97 1.67 1.46 2.50 1.74 2.35 2.53 2.59 2.50 2.56 2.62

9 Mv-3-O -(6-ac)-glc 3.44 4.04 5.46 9.20 9.11 8.46 7.51 8.65 7.54 7.91 7.24 7.62 7.63 7.04 4.96 7.17 6.86 7.09 7.30 7.06 6.56 6.56 6.02

10 Mv-3-O -(6-caff)-glc 0.38 0.83 1.21 2.17 2.06 1.69 1.77 2.06 1.63 2.16 1.62 2.09 2.22 1.70 1.31 2.45 1.84 2.61 2.75 2.78 2.71 2.82 2.94

11 Pt-3-O -(6-p -coum)-glc 1.16 1.42 2.10 4.09 4.12 3.70 3.33 3.94 3.33 3.69 3.16 3.48 3.53 3.02 1.89 3.21 2.86 3.24 3.37 3.25 3.05 3.10 3.00

12 Pn-3-O -(6-p -coum)-glc 4.90 4.58 7.40 15.51 17.05 15.35 14.15 16.44 14.57 16.11 13.66 15.41 15.19 12.48 8.21 12.73 1.49 12.19 12.41 11.80 10.85 10.60 9.35

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - 9.06 - - - - - -

Tank 22

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 24.45 23.93 30.51 34.41 40.42 35.70 39.06 34.59 33.15 32.40 34.77 33.41 32.44 31.76 31.92 25.60 30.82 27.15 24.84 21.67 23.54 21.41 18.73

2 Cy-3-O -glc 10.27 6.67 4.14 4.64 5.61 4.59 6.08 5.70 4.55 4.57 5.43 4.57 5.53 4.84 4.54 3.89 4.32 4.04 4.41 4.02 4.17 3.88 3.32

3 Pt-3-O -glc 17.92 17.65 23.95 30.04 35.27 31.67 34.22 30.83 30.25 29.27 31.85 30.04 29.44 28.55 29.06 23.25 27.20 24.22 22.26 19.34 20.87 18.76 15.35

4 Pn-3-O -glc 16.46 13.54 12.47 13.70 15.90 14.45 15.56 14.73 14.13 14.13 14.98 13.70 13.97 12.91 13.37 11.53 12.68 11.17 11.04 9.78 10.15 9.26 7.64

5 Mv-3-O -glc 60.95 59.93 78.99 98.66 112.60 103.14 108.46 101.40 98.66 94.75 102.27 97.91 97.32 93.73 95.18 79.02 85.87 77.43 71.59 62.97 65.25 58.41 45.08

6 Dp-3-O -(6-ac)-glc 0.57 1.02 1.54 2.39 2.37 2.00 2.40 2.00 1.73 2.11 2.25 1.25 1.74 1.01 1.92 1.74 1.93 1.83 1.79 1.71 1.79 1.77 1.63

7 Pt-3-O -(6-ac)-glc 0.85 1.73 2.54 3.06 3.01 2.68 3.11 2.80 2.74 2.85 3.05 2.31 2.80 2.29 3.10 3.12 3.44 3.50 3.52 3.50 3.81 3.85 2.95

8 Pn-3-O -(6-ac)-glc 0.57 0.91 1.44 1.79 1.84 1.66 1.95 1.83 1.85 2.04 2.09 1.56 1.93 1.53 2.16 2.15 2.35 2.37 2.44 2.43 2.65 2.62 2.86

9 Mv-3-O -(6-ac)-glc 3.34 4.02 6.53 8.46 9.58 8.33 9.26 8.49 8.22 8.05 8.72 7.69 7.93 7.22 7.98 7.08 7.82 7.45 7.10 6.58 7.08 6.77 6.24

10 Mv-3-O -(6-caff)-glc 0.35 0.78 1.43 1.98 2.00 1.79 2.25 2.06 2.11 2.24 2.42 1.77 2.23 1.81 2.53 2.50 2.81 2.86 2.88 2.84 3.16 3.19 3.53

11 Pt-3-O -(6-p -coum)-glc 0.92 1.43 2.62 3.61 4.22 3.58 4.11 3.76 3.73 3.64 4.02 3.29 3.51 3.01 3.48 3.08 3.54 3.35 3.21 2.99 3.36 3.17 3.27

12 Pn-3-O -(6-p -coum)-glc 3.92 4.64 9.83 2.06 18.09 15.32 17.03 16.34 16.61 16.42 16.58 14.53 15.64 12.69 14.98 12.54 13.46 12.44 11.65 10.72 11.46 10.52 9.49

13 Mv-3-O -(6-p -coum)-glc - - - 13.30 - - - - - - - - - - - - - - - - - - -

Tank 23

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 23.77 24.51 30.54 42.09 38.29 37.66 40.96 37.38 38.33 38.25 36.85 34.02 37.33 30.77 35.02 30.27 31.26 29.55 26.50 25.66 24.49 18.43 20.44

2 Cy-3-O -glc 9.91 6.53 4.77 5.91 5.88 5.34 6.63 5.96 6.40 6.55 6.35 5.69 6.06 5.08 5.68 4.69 4.79 4.59 4.86 4.78 4.59 3.68 3.73

3 Pt-3-O -glc 17.15 18.22 24.02 33.92 33.41 32.54 35.02 32.68 33.58 33.61 32.57 30.12 32.89 26.87 31.06 26.60 27.13 25.54 22.99 22.37 21.28 15.28 16.35

4 Pn-3-O -glc 16.04 13.62 13.62 16.44 16.47 16.22 16.92 16.39 16.47 16.71 16.09 15.47 16.16 13.46 15.07 13.30 13.62 14.14 12.06 11.69 11.25 8.72 8.49

5 Mv-3-O -glc 59.15 60.56 79.23 106.06 105.38 105.11 109.06 104.26 104.48 103.83 102.81 97.64 103.24 88.77 99.03 85.59 84.99 79.28 72.13 69.85 66.00 50.57 46.82

6 Dp-3-O -(6-ac)-glc 0.55 1.23 1.83 2.82 2.41 2.26 2.25 2.08 2.25 2.09 2.06 1.94 2.32 0.99 2.04 1.89 1.92 1.90 1.83 1.86 1.83 1.40 1.66

7 Pt-3-O -(6-ac)-glc 0.90 1.99 2.74 3.64 3.01 2.84 3.01 2.93 3.03 3.09 3.05 2.95 3.09 2.26 3.25 3.32 3.48 3.62 3.56 3.76 3.81 3.22 2.96

8 Pn-3-O -(6-ac)-glc 0.61 1.18 1.67 2.20 1.88 1.78 1.90 1.91 2.07 2.14 2.04 2.06 2.10 1.51 2.20 2.30 2.40 2.46 2.49 2.62 2.66 2.26 2.83

9 Mv-3-O -(6-ac)-glc 3.18 4.58 6.67 9.77 8.85 8.80 9.34 8.80 8.81 8.93 8.63 8.07 8.53 6.77 8.43 7.68 7.82 7.66 7.12 7.17 6.96 5.44 6.33

10 Mv-3-O -(6-caff)-glc 0.37 1.01 1.68 2.40 2.02 1.79 2.13 2.10 2.32 2.39 2.39 2.30 2.42 1.73 2.64 2.65 2.81 2.93 2.87 3.05 3.10 2.54 3.43

11 Pt-3-O -(6-p -coum)-glc 0.91 1.79 2.84 4.42 3.94 3.84 4.21 3.96 4.07 4.15 3.96 3.63 3.90 2.78 3.76 3.42 3.56 3.56 3.29 3.33 3.33 2.48 3.21

12 Pn-3-O -(6-p -coum)-glc 3.45 6.88 11.04 17.78 16.69 16.36 17.68 16.91 16.87 18.27 16.28 16.21 16.72 11.91 15.45 13.50 13.65 13.14 11.96 11.91 11.45 8.16 9.39

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - - - -

Tank 24

# Time (days) 0 1 2 4 5 6 7 8 11 12 13 14 15 19 21 25 28 32 35 39 42 46 60

1 Dp-3-O -glc 19.34 19.97 27.69 30.08 32.83 33.36 31.45 31.22 26.80 25.13 27.17 27.84 23.61 28.19 25.59 25.44 24.65 23.42 22.00 20.82 19.96 18.16 16.33

2 Cy-3-O -glc 9.19 7.87 5.60 4.27 5.39 4.52 5.05 5.17 4.48 4.25 3.77 4.51 4.12 4.41 3.54 3.71 3.58 4.30 3.77 3.69 3.51 3.22 2.93

3 Pt-3-O -glc 14.82 15.34 20.90 24.37 28.11 28.52 26.87 26.85 23.09 21.83 23.46 23.94 20.88 24.20 21.89 21.77 20.85 19.77 18.57 17.16 16.32 14.75 12.29

4 Pn-3-O -glc 14.71 14.11 13.29 12.18 13.98 13.97 13.14 13.39 12.00 11.54 11.72 12.18 10.98 12.04 10.65 10.68 10.00 9.57 9.40 9.04 8.56 7.81 7.21

5 Mv-3-O -glc 53.37 52.61 67.17 78.65 88.14 88.53 84.17 84.01 74.39 70.77 73.58 74.49 68.69 73.25 70.45 68.65 64.55 60.88 56.61 53.43 50.22 45.41 37.03

6 Dp-3-O -(6-ac)-glc 0.45 0.90 1.68 1.30 2.00 2.18 1.80 1.93 0.92 0.86 0.88 0.81 0.77 1.59 0.71 1.60 1.54 1.54 1.53 1.54 1.50 1.31 1.40

7 Pt-3-O -(6-ac)-glc 0.70 1.42 2.69 2.15 2.50 2.65 2.44 2.58 1.89 1.85 1.87 1.87 1.79 2.63 1.93 2.90 2.86 3.01 2.98 3.17 3.19 3.02 2.50

8 Pn-3-O -(6-ac)-glc 0.50 0.80 1.68 1.26 1.56 1.68 1.56 1.71 1.30 1.31 1.29 1.33 1.25 1.86 1.36 2.07 2.10 2.20 2.24 2.35 2.32 2.23 2.43

9 Mv-3-O -(6-ac)-glc 3.15 3.50 5.85 6.85 7.82 7.87 7.60 7.54 6.50 6.17 6.34 6.45 5.70 6.93 6.11 6.84 6.53 6.45 6.13 6.25 6.07 5.56 5.47

10 Mv-3-O -(6-caff)-glc 0.32 0.64 1.67 1.24 1.62 1.65 1.69 1.84 1.33 1.36 1.39 1.41 1.31 2.11 1.44 2.32 2.29 2.44 2.45 2.64 2.68 2.57 3.01

11 Pt-3-O -(6-p -coum)-glc 0.89 1.23 2.59 2.94 3.60 3.65 3.57 3.57 2.98 2.85 2.95 3.01 2.58 3.40 2.63 3.24 3.11 3.09 3.00 3.12 3.06 2.83 2.98

12 Pn-3-O -(6-p -coum)-glc 4.13 4.35 8.77 12.03 15.49 15.93 15.92 15.83 13.53 13.06 12.97 13.37 11.55 13.95 10.95 12.63 11.72 11.38 10.66 10.89 10.29 9.20 8.69

13 Mv-3-O -(6-p -coum)-glc - - - - - - - - - - - - - - - - - - - - - - -



Table S9. Results of the chromatic coordinates obtained for wine of Mendavia 2018.

Tank 01 Tank 02 Tank 03

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 39.93 29.47 35.57 61.19 42.02 -5.29 -0.13 42.4 0 45.11 33.94 41.18 64.91 41.54 -5.79 -0.14 41.9 0 43.02 30.83 37.88 62.36 46.43 -6.21 -0.13 46.8

1 54.82 44.31 51.88 72.43 35.35 -4.47 -0.13 35.6 1 58.56 49.52 57.41 75.78 30.19 -4.09 -0.13 30.5 1 62.42 53.71 61.43 78.29 28.50 -3.45 -0.12 28.7

3 34.97 23.19 27.70 55.26 51.40 -4.44 -0.09 51.6 3 43.59 32.42 37.79 63.68 42.41 -3.82 -0.09 42.6 3 40.10 27.96 32.90 59.85 48.33 -4.05 -0.08 48.5
4 34.57 22.66 28.17 54.73 52.34 -6.10 -0.12 52.7 4 31.26 19.33 23.83 51.08 56.29 -5.44 -0.10 56.6 4 29.77 18.60 23.14 50.22 54.41 -5.74 -0.11 54.7
5 39.08 27.90 31.36 59.80 45.38 -2.01 -0.04 45.4 5 41.94 29.90 34.26 61.57 46.62 -2.93 -0.06 46.7 5 45.58 33.78 38.51 64.78 43.47 -2.81 -0.06 43.6
6 37.22 26.19 29.59 58.22 46.19 -2.18 -0.05 46.2 6 41.02 29.50 33.50 61.22 45.29 -2.50 -0.06 45.4 6 44.63 33.08 37.27 64.23 43.10 -2.22 -0.05 43.2
7 36.41 25.65 28.25 57.71 45.71 -1.07 -0.02 45.7 7 40.25 28.48 31.91 60.32 46.79 -1.87 -0.04 46.8 7 41.51 29.94 33.40 61.60 45.16 -1.71 -0.04 45.2
10 42.43 30.80 35.07 62.34 44.76 -2.65 -0.06 44.8 10 43.45 32.12 36.71 63.44 43.04 -2.87 -0.07 43.1 10 45.33 33.44 38.30 64.51 43.93 -3.03 -0.07 44.0
15 34.19 22.91 26.79 54.98 49.89 -3.53 -0.07 50.0 15 34.77 24.04 27.49 56.12 46.99 -2.64 -0.06 47.1 15 37.58 25.57 29.98 57.63 49.88 -3.77 -0.08 50.0
18 34.42 24.65 26.52 56.73 43.18 -0.08 0.00 43.2 18 37.05 26.75 28.79 58.74 43.39 -0.10 0.00 43.4 18 39.31 28.87 31.00 60.67 42.35 0.00 0.00 42.3
20 39.34 28.60 31.68 60.42 43.49 -1.38 -0.03 43.5 20 36.03 25.60 28.11 57.65 44.67 -0.95 -0.02 44.7 20 40.19 29.74 32.97 61.42 41.85 -1.43 -0.03 41.9
24 35.12 25.00 26.75 57.07 44.11 0.14 0.00 44.1 24 34.01 24.09 25.76 56.18 44.16 0.18 0.00 44.2 24 35.40 25.87 27.87 57.91 41.44 -0.13 0.00 41.4
28 41.88 31.94 34.57 63.30 38.98 -0.36 -0.01 39.0 28 40.89 31.08 33.54 62.58 39.07 -0.22 -0.01 39.1 28 43.69 34.75 37.53 65.56 34.65 -0.26 -0.01 34.6
33 41.61 33.31 36.54 64.41 33.35 -0.99 -0.03 33.4 33 42.39 33.69 36.47 64.72 34.40 -0.37 -0.01 34.4 33 44.18 36.30 39.28 66.75 30.93 -0.36 -0.01 30.9
52 44.13 35.35 37.30 66.02 33.95 0.82 0.02 34.0 52 44.52 35.64 37.41 66.25 34.09 1.08 0.03 34.1 52 45.01 36.69 38.80 67.04 32.09 0.73 0.02 32.1
61 35.79 27.98 29.70 59.87 34.33 0.49 0.01 34.3 61 39.87 31.35 34.13 62.80 34.91 -0.63 -0.02 34.9 61 42.43 33.39 35.95 64.47 35.58 -0.13 0.00 35.6

Tank 04 Tank 05 Tank 06

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 51.23 41.05 47.87 70.21 35.63 -4.14 -0.12 35.9 0 46.90 34.29 41.69 65.19 45.43 -5.91 -0.13 45.8 0 43.31 31.09 38.30 62.58 46.34 -6.35 -0.14 46.8

1 62.10 52.58 60.88 77.63 30.62 -4.11 -0.13 30.9 1 56.03 45.39 52.60 73.15 35.31 -3.95 -0.11 35.5 1 55.10 43.69 51.75 72.02 37.82 -5.04 -0.13 38.2

3 40.82 28.60 33.87 60.43 48.12 -4.38 -0.09 48.3 3 47.24 34.34 40.56 65.23 46.23 -4.51 -0.10 46.5 3 49.52 36.95 43.92 67.24 43.87 -4.94 -0.11 44.1
4 27.78 16.94 20.96 48.19 55.40 -5.35 -0.10 55.7 4 37.20 24.07 28.51 56.16 55.01 -4.13 -0.07 55.2 4 33.57 21.43 25.63 53.42 54.48 -4.37 -0.08 54.7
5 36.03 25.02 27.80 57.09 47.11 -1.44 -0.03 47.1 5 39.96 27.79 31.69 59.69 48.58 -2.65 -0.05 48.6 5 41.02 28.61 32.84 60.43 48.68 -2.96 -0.06 48.8
6 38.03 26.60 30.08 58.60 47.16 -2.23 -0.05 47.2 6 40.90 28.58 32.23 60.41 48.41 -2.17 -0.04 48.5 6 40.53 28.67 32.76 60.49 46.93 -2.75 -0.06 47.0
7 41.05 29.21 31.94 60.97 46.50 -0.80 -0.02 46.5 7 39.71 27.77 31.00 59.68 47.87 -1.70 -0.04 47.9 7 34.17 25.32 35.77 57.38 39.50 -12.12 -0.30 41.3
10 44.61 31.86 37.05 63.22 47.39 -3.69 -0.08 47.5 10 39.79 27.90 31.86 59.79 47.64 -2.72 -0.06 47.7 10 42.66 30.37 35.35 61.97 47.05 -3.67 -0.08 47.2
15 30.50 19.47 22.57 51.23 52.81 -3.01 -0.06 52.9 15 34.13 22.72 26.87 54.78 50.58 -3.99 -0.08 50.7 15 39.43 26.91 31.67 58.89 50.37 -4.01 -0.08 50.5
18 33.37 23.18 25.06 55.26 45.84 -0.28 -0.01 45.8 18 36.77 26.06 29.16 58.10 45.24 -1.76 -0.04 45.3 18 39.80 28.66 31.70 60.48 44.69 -1.31 -0.03 44.7
20 30.27 20.41 22.88 52.30 47.34 -1.70 -0.04 47.4 20 39.67 28.64 32.50 60.46 44.37 -2.46 -0.06 44.4 20 42.73 31.20 35.10 62.68 44.21 -2.12 -0.05 44.3
24 28.73 19.83 21.23 51.64 44.25 0.11 0.00 44.2 24 38.99 28.00 31.00 59.89 44.69 -1.34 -0.03 44.7 24 35.68 25.19 27.67 57.26 45.19 -0.97 -0.02 45.2
28 34.91 25.86 28.08 57.91 39.78 -0.47 -0.01 39.8 28 42.44 32.76 36.44 63.97 37.77 -1.62 -0.04 37.8 28 43.79 33.60 37.13 64.65 38.87 -1.33 -0.03 38.9
33 38.25 29.42 31.69 61.15 36.87 -0.14 0.00 36.9 33 48.94 39.03 43.42 68.77 35.68 -1.73 -0.05 35.7 33 42.20 32.81 36.43 64.01 36.90 -1.55 -0.04 36.9
52 39.55 30.46 31.91 62.05 37.17 1.11 0.03 37.2 52 44.90 36.14 39.59 66.63 33.55 -0.94 -0.03 33.6 52 44.10 34.65 36.95 65.48 36.19 0.33 0.01 36.2
61 33.87 25.10 26.42 57.17 39.35 0.84 0.02 39.4 61 40.63 31.91 34.77 63.27 35.25 -0.67 -0.02 35.3 61 35.67 28.32 30.14 60.18 32.60 0.39 0.01 32.6

Tank 07 Tank 08 Tank 09

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 37.83 26.12 31.94 58.15 48.46 -5.65 -0.12 48.8 0 55.00 44.51 52.33 72.57 35.22 -4.68 -0.13 35.5 0 53.53 43.40 48.03 71.83 34.68 -1.53 -0.04 34.7

1 50.99 39.40 46.54 69.04 40.03 -4.73 -0.12 40.3 1 48.55 37.04 44.23 67.31 40.92 -5.17 -0.13 41.2 1 49.92 39.20 45.94 68.90 37.78 -4.32 -0.11 38.0

3 49.15 36.64 43.85 67.00 43.87 -5.27 -0.12 44.2 3 47.82 35.03 41.20 65.77 45.50 -4.33 -0.09 45.7 3 47.93 34.93 41.47 65.69 46.15 -4.80 -0.10 46.4
4 29.31 18.09 21.58 49.60 55.30 -4.04 -0.07 55.4 4 31.21 19.30 23.04 51.04 56.26 -4.14 -0.07 56.4 4 32.69 20.28 24.13 52.15 56.83 -4.09 -0.07 57.0
5 38.56 26.17 29.96 58.20 50.61 -2.76 -0.05 50.7 5 40.43 27.85 31.91 59.75 49.79 -2.85 -0.06 49.9 5 36.83 24.34 27.88 56.43 52.63 -2.72 -0.05 52.7
6 47.04 34.81 39.75 65.60 44.11 -2.92 -0.07 44.2 6 41.99 29.56 33.41 61.27 48.02 -2.29 -0.05 48.1 6 43.63 31.05 35.43 62.55 47.44 -2.77 -0.06 47.5
7 36.07 26.99 37.75 58.96 39.17 -11.91 -0.30 40.9 7 37.66 28.78 39.63 60.59 37.42 -11.41 -0.30 39.1 7 31.10 22.20 31.83 54.24 42.06 -12.24 -0.28 43.8
10 41.74 29.39 33.94 61.12 47.93 -3.26 -0.07 48.0 10 43.35 31.20 35.67 62.68 46.04 -2.85 -0.06 46.1 10 37.73 26.61 30.64 58.61 46.15 -3.03 -0.07 46.3
15 34.77 23.62 27.85 55.71 48.78 -3.90 -0.08 48.9 15 38.00 25.69 30.28 57.74 50.77 -4.01 -0.08 50.9 15 38.41 26.23 30.44 58.26 49.88 -3.36 -0.07 50.0
18 39.07 28.07 30.82 59.95 44.68 -0.97 -0.02 44.7 18 36.82 26.49 28.91 58.50 43.67 -0.70 -0.02 43.7 18 36.98 25.85 27.58 57.90 46.79 0.27 0.01 46.8
20 36.96 25.97 29.44 58.01 46.23 -2.33 -0.05 46.3 20 39.35 28.55 32.06 60.38 43.72 -1.98 -0.05 43.8 20 39.83 27.87 31.29 59.77 47.85 -1.95 -0.04 47.9
24 40.41 29.21 31.84 60.97 44.51 -0.66 -0.01 44.5 24 35.75 25.69 28.18 57.74 43.36 -0.90 -0.02 43.4 24 38.99 27.59 29.88 59.52 46.30 -0.37 -0.01 46.3
28 40.88 31.35 34.67 62.80 38.06 -1.34 -0.04 38.1 28 40.50 31.08 34.15 62.58 37.84 -1.04 -0.03 37.9 28 44.73 33.66 37.01 64.69 41.41 -1.10 -0.03 41.4
33 44.85 35.27 38.75 65.96 36.28 -1.07 -0.03 36.3 33 47.25 37.42 40.61 67.59 36.07 -0.50 -0.01 36.1 33 43.37 33.97 37.14 64.94 36.36 -0.83 -0.02 36.4
52 44.39 34.73 37.78 65.53 36.78 -0.62 -0.02 36.8 52 44.74 35.53 38.60 66.16 35.11 -0.54 -0.02 35.1 52 44.84 35.66 38.30 66.26 34.99 -0.01 0.00 35.0
61 49.32 39.79 42.58 69.32 34.35 0.16 0.00 34.4 61 44.58 34.78 36.90 65.57 37.16 0.56 0.02 37.2 61 40.08 30.64 32.92 62.21 38.14 -0.01 0.00 38.1

Tank 10 Tank 11 Tank 12

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 54.68 45.21 50.96 73.03 32.41 -2.50 -0.08 32.5 0 56.19 47.88 52.92 74.75 28.83 -1.52 -0.05 28.9 0 55.00 45.91 51.13 73.49 31.25 -1.88 -0.06 31.3

1 48.31 37.31 43.46 67.51 39.38 -3.95 -0.10 39.6 1 46.04 35.46 41.83 66.11 39.07 -4.51 -0.11 39.3 1 56.51 45.90 52.76 73.48 35.07 -3.55 -0.10 35.3

3 41.82 29.56 35.40 61.28 47.50 -4.93 -0.10 47.8 3 46.18 33.78 39.84 64.79 45.15 -4.42 -0.10 45.4 3 39.52 26.88 32.36 58.86 50.80 -5.01 -0.10 51.1
4 33.37 20.86 24.59 52.80 56.45 -3.75 -0.07 56.6 4 34.27 21.87 25.82 53.89 54.92 -3.87 -0.07 55.1 4 33.18 21.17 24.87 53.13 54.36 -3.63 -0.07 54.5
5 38.43 25.59 29.25 57.64 52.60 -2.68 -0.05 52.7 5 41.80 28.71 32.69 60.53 50.66 -2.61 -0.05 50.7 5 39.59 26.76 30.48 58.75 51.50 -2.56 -0.05 51.6
6 40.81 28.77 32.47 60.57 47.44 -2.21 -0.05 47.5 6 40.39 28.34 32.05 60.19 47.76 -2.28 -0.05 47.8 6 37.12 24.96 28.18 57.04 50.94 -2.12 -0.04 51.0
7 32.11 23.06 32.58 55.13 41.91 -11.76 -0.27 43.5 7 33.36 24.20 34.10 56.29 41.38 -11.82 -0.28 43.0 7 31.85 22.32 32.12 54.36 44.27 -12.44 -0.27 46.0
10 39.47 27.45 31.35 59.39 48.36 -2.69 -0.06 48.4 10 39.69 28.24 32.02 60.10 45.99 -2.41 -0.05 46.0 10 40.12 27.86 31.74 59.77 48.78 -2.60 -0.05 48.8
15 40.04 27.64 31.58 59.56 49.43 -2.73 -0.06 49.5 15 40.03 27.85 31.94 59.76 48.53 -2.89 -0.06 48.6 15 38.35 26.30 29.94 58.32 49.42 -2.51 -0.05 49.5
18 35.84 25.29 27.05 57.36 45.33 0.16 0.00 45.3 18 37.58 26.89 28.65 58.87 44.55 0.33 0.01 44.6 18 35.12 24.50 26.37 56.59 46.21 -0.09 0.00 46.2
20 38.86 27.23 30.04 59.18 47.32 -1.18 -0.02 47.3 20 42.65 30.49 33.83 62.08 46.57 -1.48 -0.03 46.6 20 37.36 25.75 28.70 57.80 48.46 -1.59 -0.03 48.5
24 35.04 24.30 25.76 56.38 46.81 0.53 0.01 46.8 24 37.42 26.65 28.79 58.65 45.00 -0.27 -0.01 45.0 24 35.40 24.65 26.22 56.73 46.52 0.39 0.01 46.5
28 42.94 31.77 34.38 63.16 42.78 -0.35 -0.01 42.8 28 43.52 33.02 36.10 64.18 40.07 -0.82 -0.02 40.1 28 36.84 26.56 29.35 58.56 43.43 -1.24 -0.03 43.4
33 39.46 30.32 32.92 61.93 37.41 -0.49 -0.01 37.4 33 44.92 35.37 38.51 66.03 36.17 -0.66 -0.02 36.2 33 42.54 32.53 35.18 63.78 38.90 -0.33 -0.01 38.9
52 45.05 35.73 37.41 66.31 35.37 1.18 0.03 35.4 52 49.01 39.23 41.76 68.92 35.24 0.43 0.01 35.2 52 42.09 32.04 33.87 63.37 39.27 0.71 0.02 39.3
61 38.74 29.42 31.04 61.15 38.48 0.78 0.02 38.5 61 44.69 35.04 37.46 65.78 36.60 0.21 0.01 36.6 61 45.42 35.66 37.49 66.26 36.64 1.00 0.03 36.7

Tank 13 Tank 14 Tank 15

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 57.92 47.72 54.23 74.65 33.51 -2.98 -0.09 33.6 0 51.26 41.07 47.06 70.23 35.63 -3.25 -0.09 35.8 0 54.23 43.45 49.77 71.86 36.31 -3.29 -0.09 36.5

1 53.77 42.56 49.35 71.25 37.76 -3.90 -0.10 38.0 1 48.86 36.79 43.45 67.12 42.56 -4.61 -0.11 42.8 1 52.51 40.61 46.76 69.90 40.33 -3.49 -0.09 40.5

3 42.53 29.01 34.49 60.79 51.74 -4.58 -0.09 51.9 3 46.63 33.43 40.10 64.51 47.65 -5.21 -0.11 47.9 3 43.88 30.10 35.82 61.74 51.63 -4.67 -0.09 51.8
4 38.78 25.07 29.11 57.15 55.84 -3.32 -0.06 55.9 4 38.78 25.07 29.11 57.15 55.84 -3.32 -0.06 55.9 4 40.47 26.50 30.74 58.51 55.27 -3.35 -0.06 55.4
5 41.75 28.20 32.20 60.07 52.51 -2.72 -0.05 52.6 5 43.03 29.37 33.67 61.11 51.87 -2.92 -0.06 52.0 5 40.32 27.95 32.26 59.84 49.08 -3.19 -0.06 49.2
6 42.95 30.21 34.29 61.83 48.49 -2.50 -0.05 48.6 6 40.62 28.16 31.98 60.04 49.17 -2.47 -0.05 49.2 6 42.76 29.67 34.24 61.37 49.95 -3.25 -0.06 50.1
7 33.64 23.62 34.53 55.71 44.87 -13.39 -0.29 46.8 7 32.18 22.46 32.84 54.51 44.81 -13.18 -0.29 46.7 7 34.51 24.75 35.87 56.83 43.05 -13.19 -0.30 45.0
10 41.12 28.43 32.67 60.28 49.68 -2.99 -0.06 49.8 10 42.70 30.18 34.65 61.81 47.86 -3.03 -0.06 48.0 10 44.89 31.96 36.70 63.31 47.81 -3.09 -0.06 47.9
15 40.41 28.02 32.14 59.90 49.10 -2.91 -0.06 49.2 15 41.25 28.57 33.05 60.40 49.54 -3.31 -0.07 49.7 15 43.03 30.48 35.53 62.07 47.75 -3.74 -0.08 47.9
18 37.86 26.72 29.20 58.72 46.13 -0.75 -0.02 46.1 18 40.72 29.35 31.78 61.09 44.93 -0.38 -0.01 44.9 18 40.95 29.51 32.23 61.23 45.04 -0.74 -0.02 45.0
20 42.45 30.00 33.51 61.66 47.77 -1.76 -0.04 47.8 20 42.00 30.78 34.73 62.32 43.55 -2.25 -0.05 43.6 20 40.95 29.53 33.29 61.25 44.96 -2.17 -0.05 45.0
24 35.38 24.65 26.85 56.73 46.44 -0.59 -0.01 46.4 24 43.55 31.63 34.11 63.03 45.13 -0.20 0.00 45.1 24 39.75 28.62 30.87 60.44 44.71 -0.20 0.00 44.7
28 41.94 31.20 34.38 62.67 41.85 -1.18 -0.03 41.9 28 41.34 30.48 33.80 62.06 42.64 -1.46 -0.03 42.7 28 42.65 31.71 35.03 63.10 42.14 -1.29 -0.03 42.2
33 43.82 33.10 36.62 64.24 40.70 -1.38 -0.03 40.7 33 44.28 33.96 37.53 64.93 39.07 -1.34 -0.03 39.1 33 45.98 35.55 39.23 66.18 38.62 -1.29 -0.03 38.6
52 40.67 30.52 32.74 62.10 40.41 0.05 0.00 40.4 52 48.75 38.20 40.89 68.16 37.76 0.15 0.00 37.8 52 45.65 35.98 38.27 66.50 36.26 0.44 0.01 36.3
61 42.17 32.28 34.33 63.57 38.66 0.44 0.01 38.7 61 44.32 34.42 36.69 65.29 37.61 0.34 0.01 37.6 61 51.53 42.09 44.62 70.93 33.31 0.65 0.02 33.3

continued



Table S9. Results of the chromatic coordinates obtained for wine of Mendavia 2018.

Tank 16 Tank 17 Tank 18

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 49.73 38.10 43.14 68.09 40.75 -2.60 -0.06 40.8 0 55.22 46.29 50.91 73.73 30.76 -1.24 -0.04 30.8 0 61.85 54.40 58.29 78.70 25.45 0.12 0.00 25.5

1 48.92 38.13 44.19 68.11 38.44 -3.74 -0.10 38.6 1 60.22 51.61 58.21 77.05 28.71 -2.65 -0.09 28.8 1 50.41 41.04 47.84 70.20 33.48 -4.13 -0.12 33.7

3 45.52 31.93 38.38 63.28 49.76 -5.24 -0.10 50.0 3 40.64 27.83 33.50 59.73 50.54 -5.08 -0.10 50.8 3 47.14 33.49 40.10 64.56 48.87 -5.13 -0.10 49.1
4 35.46 22.22 25.22 54.26 57.36 -2.25 -0.04 57.4 4 40.65 26.82 31.60 58.81 54.56 -4.06 -0.07 54.7 4 36.21 24.01 28.28 56.10 51.98 -3.89 -0.07 52.1
5 39.29 26.33 30.35 58.35 52.28 -3.06 -0.06 52.4 5 41.81 29.53 34.01 61.25 47.57 -3.13 -0.07 47.7 5 41.09 28.81 33.19 60.61 48.12 -3.12 -0.06 48.2
6 41.45 29.24 33.61 60.99 47.60 -3.04 -0.06 47.7 6 44.25 31.81 35.65 63.18 46.54 -1.97 -0.04 46.6 6 41.85 30.49 34.19 62.07 44.17 -1.96 -0.04 44.2
7 32.25 22.39 32.91 54.43 45.40 -13.41 -0.29 47.3 7 35.93 26.41 37.36 58.43 40.99 -12.35 -0.29 42.8 7 35.16 25.67 36.27 57.72 41.43 -12.18 -0.29 43.2
10 42.00 28.91 33.39 60.70 50.54 -3.25 -0.06 50.6 10 43.27 30.79 35.40 62.33 47.32 -3.12 -0.07 47.4 10 45.89 33.33 38.15 64.43 45.86 -2.98 -0.06 46.0
15 40.05 27.40 32.16 59.35 50.36 -3.90 -0.08 50.5 15 42.78 29.86 34.62 61.54 49.28 -3.45 -0.07 49.4 15 42.39 30.06 34.91 61.70 47.39 -3.56 -0.07 47.5
18 40.60 28.83 31.14 60.63 46.57 -0.27 -0.01 46.6 18 42.74 31.28 33.67 62.75 43.93 -0.10 0.00 43.9 18 40.21 29.22 31.59 60.97 43.88 -0.31 -0.01 43.9
20 44.52 32.40 36.44 63.67 45.20 -2.13 -0.05 45.2 20 42.00 30.84 34.62 62.37 43.34 -2.02 -0.05 43.4 20 40.47 28.66 32.37 60.48 46.80 -2.24 -0.05 46.8
24 37.19 25.97 27.85 58.01 46.99 0.05 0.00 47.0 24 39.75 28.79 30.81 60.60 44.04 0.16 0.00 44.0 24 42.09 30.43 32.55 62.02 45.09 0.17 0.00 45.1
28 38.84 28.05 31.11 59.94 44.00 -1.41 -0.03 44.0 28 43.31 32.98 36.42 64.15 39.58 -1.29 -0.03 39.6 28 40.59 30.66 33.69 62.22 39.68 -1.04 -0.03 39.7
33 42.02 31.48 34.81 62.91 41.09 -1.35 -0.03 41.1 33 49.12 38.79 42.84 68.60 36.91 -1.37 -0.04 36.9 33 46.54 36.61 40.12 66.98 36.70 -0.97 -0.03 36.7
52 42.95 32.75 34.87 63.96 39.33 0.40 0.01 39.3 52 47.03 38.02 40.79 68.04 33.54 0.05 0.00 33.5 52 48.87 39.59 41.95 69.17 33.75 0.65 0.02 33.8
61 46.55 35.65 37.77 66.25 39.88 0.63 0.02 39.9 61 48.43 38.90 41.37 68.68 34.66 0.47 0.01 34.7 61 48.53 39.31 41.86 68.97 33.68 0.40 0.01 33.7

Tank 19 Tank 20 Tank 21

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 55.00 46.36 50.70 73.78 30.02 -0.95 -0.03 30.0 0 54.94 45.71 50.05 73.36 31.66 -1.01 -0.03 31.7 0 50.60 40.57 46.37 69.87 35.42 -3.12 -0.09 35.6

1 54.24 43.49 50.53 71.89 36.22 -4.03 -0.11 36.4 1 45.25 35.30 41.80 65.98 37.34 -4.68 -0.12 37.6 1 48.82 37.77 43.84 67.85 39.30 -3.80 -0.10 39.5

3 45.25 31.62 38.10 63.03 50.06 -5.32 -0.11 50.3 3 49.02 36.22 43.02 66.69 44.87 -4.88 -0.11 45.1 3 50.45 37.21 44.54 67.43 45.52 -5.30 -0.12 45.8
4 36.07 23.66 28.14 55.75 53.01 -4.27 -0.08 53.2 4 35.35 23.00 27.30 55.08 53.50 -4.15 -0.08 53.7 4 43.51 29.62 34.86 61.32 52.35 -4.13 -0.08 52.5
5 45.63 33.06 37.58 64.21 46.08 -2.65 -0.06 46.2 5 39.21 27.19 31.41 59.15 48.57 -3.19 -0.07 48.7 5 44.56 31.06 36.30 62.55 50.13 -3.89 -0.08 50.3
6 42.92 30.28 34.01 61.90 48.15 -2.02 -0.04 48.2 6 45.02 33.08 37.63 64.23 44.26 -2.68 -0.06 44.3 6 42.31 29.81 33.70 61.49 48.05 -2.30 -0.05 48.1
7 34.35 24.92 35.52 57.00 41.78 -12.45 -0.29 43.6 7 36.12 26.05 37.40 58.08 43.14 -12.99 -0.29 45.0 7 36.20 26.24 37.78 58.27 42.60 -13.15 -0.30 44.6
10 44.64 32.16 36.92 63.47 46.40 -3.09 -0.07 46.5 10 37.91 27.05 30.96 59.02 44.96 -2.78 -0.06 45.1 10 46.53 33.74 38.46 64.75 46.29 -2.80 -0.06 46.4
15 41.36 28.92 33.34 60.71 48.55 -3.17 -0.07 48.7 15 38.12 25.98 30.33 58.02 49.97 -3.60 -0.07 50.1 15 48.22 35.85 41.16 66.41 43.90 -3.21 -0.07 44.0
18 41.14 30.07 32.00 61.72 43.55 0.41 0.01 43.6 18 38.44 28.56 30.92 60.39 40.80 -0.37 -0.01 40.8 18 41.92 30.84 33.62 62.37 43.10 -0.69 -0.02 43.1
20 42.92 32.16 35.87 63.47 41.33 -1.75 -0.04 41.4 20 42.35 31.25 35.07 62.72 42.89 -2.01 -0.05 42.9 20 45.18 33.42 37.66 64.50 43.56 -2.26 -0.05 43.6
24 43.71 32.51 34.20 63.76 42.45 0.94 0.02 42.5 24 38.79 28.19 29.86 60.06 43.33 0.60 0.01 43.3 24 46.24 34.47 37.38 65.34 42.96 -0.46 -0.01 43.0
28 45.01 34.99 38.24 65.74 37.69 -0.83 -0.02 37.7 28 44.97 33.95 37.12 64.93 41.10 -0.84 -0.02 41.1 28 47.83 37.06 41.54 67.33 38.84 -2.06 -0.05 38.9
33 46.07 36.37 39.64 66.80 36.19 -0.71 -0.02 36.2 33 43.25 33.67 36.90 64.70 37.04 -0.95 -0.03 37.1 33 49.17 38.92 43.37 68.69 36.63 -1.81 -0.05 36.7
52 50.78 41.74 44.06 70.69 32.36 0.85 0.03 32.4 52 47.96 38.29 40.50 68.23 35.31 0.73 0.02 35.3 52 50.49 40.33 43.83 69.70 35.85 -0.60 -0.02 35.9
61 50.64 41.50 43.90 70.53 32.70 0.76 0.02 32.7 61 44.85 35.97 38.04 66.49 33.99 0.71 0.02 34.0 61 50.31 41.26 44.42 70.36 32.54 -0.12 0.00 32.5

Tank 22 Tank 23 Tank 24

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 42.70 30.36 36.10 61.97 47.17 -4.64 -0.10 47.4 0 49.92 38.32 44.90 68.25 40.58 -4.29 -0.11 40.8 0 48.18 37.18 41.82 67.41 39.46 -2.24 -0.06 39.5

1 56.73 45.02 52.65 72.90 38.10 -4.43 -0.12 38.4 1 54.95 43.78 50.67 72.08 37.18 -3.84 -0.10 37.4 1 52.07 40.49 47.58 69.81 39.56 -4.52 -0.11 39.8

3 44.24 30.78 36.87 62.32 50.19 -5.00 -0.10 50.4 3 43.54 29.43 34.84 61.16 53.16 -4.39 -0.08 53.3 3 49.66 36.51 43.02 66.91 45.66 -4.49 -0.10 45.9
4 41.68 28.12 33.00 #### 52.58 -3.93 -0.07 52.7 4 39.59 26.69 31.35 58.69 51.77 -3.90 -0.08 51.9 4 40.73 27.44 32.49 59.38 52.35 -4.31 -0.08 52.5
5 44.23 30.76 35.78 62.30 50.24 -3.65 -0.07 50.4 5 44.31 30.70 35.92 62.26 50.68 -3.90 -0.08 50.8 5 45.38 31.87 37.40 63.23 49.57 -4.11 -0.08 49.7
6 42.36 29.97 33.97 61.63 47.62 -2.43 -0.05 47.7 6 42.34 29.84 33.87 61.52 48.03 -2.49 -0.05 48.1 6 40.86 28.76 32.75 60.57 47.61 -2.61 -0.05 47.7
7 32.73 23.86 34.37 55.95 40.61 -12.76 -0.30 42.6 7 35.78 25.72 37.37 57.77 43.34 -13.49 -0.30 45.4 7 38.35 28.61 40.93 60.43 40.30 -13.23 -0.32 42.4
10 44.50 32.56 37.26 63.80 44.58 -2.94 -0.07 44.7 10 45.50 33.02 38.02 64.18 45.85 -3.26 -0.07 46.0 10 38.12 27.51 32.17 59.44 43.86 -3.75 -0.09 44.0
15 46.66 34.45 39.87 65.32 44.21 -3.54 -0.08 44.4 15 42.62 30.49 35.20 62.08 46.47 -3.29 -0.07 46.6 15 47.14 34.79 39.93 65.59 44.41 -3.14 -0.07 44.5
18 43.96 32.26 35.69 63.56 44.03 -1.37 -0.03 44.1 18 42.40 30.94 33.79 62.46 44.15 -0.75 -0.02 44.2 18 42.82 31.31 34.69 62.77 44.09 -1.42 -0.03 44.1
20 46.07 34.32 38.77 65.22 42.99 -2.38 -0.06 43.1 20 44.43 32.38 36.55 63.66 45.00 -2.30 -0.05 45.1 20 45.50 33.52 37.99 64.58 44.11 -2.52 -0.06 44.2
24 43.52 32.31 35.25 63.60 42.59 -0.72 -0.02 42.6 24 43.24 31.35 34.12 62.81 45.16 -0.60 -0.01 45.2 24 44.76 32.84 35.72 64.03 44.32 -0.58 -0.01 44.3
28 46.83 35.81 39.99 66.38 40.16 -1.86 -0.05 40.2 28 47.64 36.57 40.21 66.95 39.93 -1.13 -0.03 39.9 28 45.77 34.66 38.69 65.48 40.98 -1.82 -0.04 41.0
33 50.09 39.47 43.71 69.09 37.41 -1.52 -0.04 37.4 33 49.00 37.90 42.27 67.94 39.40 -1.84 -0.05 39.4 33 49.87 38.92 43.24 68.69 38.54 -1.67 -0.04 38.6
52 53.94 44.47 47.31 72.54 32.62 0.47 0.01 32.6 52 49.12 39.99 42.40 69.46 33.19 0.61 0.02 33.2 52 50.32 40.50 43.53 69.82 34.88 -0.05 0.00 34.9
61 50.85 41.83 44.80 70.75 32.28 0.13 0.00 32.3 61 44.67 35.79 38.21 66.36 34.06 0.28 0.01 34.1 61 53.04 43.66 46.45 72.00 32.65 0.48 0.01 32.6



Table S10. Results of the chromatic coordinates obtained for wine of Alfaro 2019.

Tank 02 Tank 03 Tank 04

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 67.63 62.10 69.96 82.97 20.13 -2.74 -0.14 20.32 0 68.32 63.41 70.15 83.66 18.69 -1.71 -0.09 18.77 0 67.31 60.61 67.93 82.17 22.89 -2.44 -0.11 23.02

1 64.43 56.82 65.25 80.08 25.45 -3.75 -0.15 25.72 1 59.14 50.81 57.81 76.57 28.20 -3.10 -0.11 28.37 1 58.12 50.16 57.12 76.17 27.44 -3.14 -0.11 27.62

3 53.59 43.94 50.95 72.19 33.28 -3.94 -0.12 33.51 3 47.40 37.42 44.57 67.59 36.49 -5.06 -0.14 36.84 3 52.81 41.69 50.09 70.65 37.85 -5.70 -0.15 38.28

4 57.01 48.04 54.51 74.85 30.38 -2.90 -0.10 30.52 4 60.78 51.77 58.39 77.14 29.64 -2.65 -0.09 29.76 4 56.78 47.90 54.46 74.76 30.23 -3.01 -0.10 30.38

5 50.80 42.16 48.36 70.98 31.16 -3.34 -0.11 31.34 5 52.28 42.85 49.71 71.45 33.04 -3.94 -0.12 33.27 5 51.08 41.61 48.50 70.60 33.55 -4.14 -0.12 33.80

6 54.59 44.69 52.78 72.69 33.66 -4.92 -0.15 34.02 6 56.27 46.44 54.54 73.83 32.96 -4.68 -0.14 33.29 6 53.86 43.80 52.12 72.09 34.38 -5.29 -0.15 34.78

7 53.43 44.78 51.59 72.75 30.44 -3.63 -0.12 30.65 7 51.81 42.97 49.37 71.53 31.46 -3.44 -0.11 31.65 7 52.79 43.93 50.01 72.18 31.23 -2.99 -0.10 31.37

8 52.40 44.48 50.29 72.55 28.65 -2.65 -0.09 28.77 8 54.21 46.18 51.91 73.66 28.49 -2.38 -0.08 28.58 8 53.60 46.42 51.77 73.81 26.28 -1.97 -0.07 26.35

10 59.88 51.66 57.68 77.08 27.78 -2.10 -0.08 27.85 10 57.27 49.08 54.65 75.50 28.25 -1.93 -0.07 28.32 10 58.47 50.47 56.10 76.36 27.48 -1.84 -0.07 27.55

11 59.38 52.28 56.28 77.45 24.96 -0.13 -0.01 24.96 11 57.01 50.18 53.95 76.18 24.67 -0.07 0.00 24.67 11 60.54 53.39 57.47 78.11 24.90 -0.13 -0.01 24.90

12 57.10 49.51 55.18 75.77 26.65 -1.98 -0.07 26.73 12 60.62 53.21 58.89 78.00 25.56 -1.63 -0.06 25.62 12 60.01 53.13 58.80 77.95 24.32 -1.64 -0.07 24.37

13 52.50 45.58 49.89 73.27 25.79 -0.98 -0.04 25.81 13 55.06 47.84 52.12 74.72 26.08 -0.76 -0.03 26.10 13 52.86 45.29 49.79 73.08 27.53 -1.21 -0.04 27.56

25 54.75 47.08 48.90 74.24 27.36 1.73 0.06 27.41 25 53.33 46.37 47.50 73.79 25.69 2.41 0.09 25.81 25 52.94 45.61 46.37 73.29 26.82 2.78 0.10 26.96

26 52.53 43.65 47.00 71.99 31.35 -0.14 0.00 31.35 26 50.74 41.81 44.45 70.74 32.05 0.49 0.02 32.06 26 44.60 36.01 38.97 66.52 33.12 -0.37 -0.01 33.13

31 52.07 44.65 46.32 72.66 27.27 1.75 0.06 27.33 31 51.44 43.44 43.90 71.86 29.10 3.04 0.10 29.26 31 51.47 44.21 44.87 72.37 26.96 2.84 0.11 27.11

34 52.74 46.25 46.64 73.71 24.51 3.21 0.13 24.72 34 53.27 46.59 46.59 73.93 24.94 3.64 0.14 25.20 34 49.07 42.53 42.60 71.23 25.43 3.45 0.13 25.66

38 56.07 49.73 50.86 75.90 23.54 2.56 0.11 23.67 38 52.36 45.93 45.91 73.50 24.42 3.64 0.15 24.69 38 50.74 44.37 44.48 72.47 24.58 3.45 0.14 24.82

45 57.14 52.35 52.79 77.49 19.32 3.35 0.17 19.61 45 58.62 53.54 53.79 78.19 19.93 3.56 0.18 20.25 45 56.59 51.39 51.79 76.91 20.48 3.35 0.16 20.75

48 50.47 45.60 46.35 73.28 20.37 2.78 0.14 20.56 48 50.17 45.12 45.86 72.97 20.90 2.78 0.13 21.08 48 50.76 45.61 46.14 73.29 21.08 3.04 0.14 21.30

52 49.04 44.12 44.38 72.31 20.70 3.28 0.16 20.96 52 49.56 44.62 44.81 72.64 20.69 3.37 0.16 20.96 52 46.36 41.82 41.56 70.75 19.99 3.81 0.19 20.35

53 49.75 44.97 45.41 72.87 20.19 3.11 0.15 20.43 53 56.51 51.34 51.84 76.88 20.40 3.25 0.16 20.65 53 51.28 46.10 46.39 73.61 21.11 3.32 0.16 21.37

Tank 05 Tank 06 Tank 07

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 67.53 60.72 69.24 82.23 23.11 -3.43 -0.15 23.36 0 56.29 49.50 54.05 75.76 24.69 -0.89 -0.04 24.71 0 71.45 64.68 73.65 84.32 22.57 -3.41 -0.15 22.82

1 51.64 39.26 46.88 68.94 42.21 -5.28 -0.12 42.54 1 55.46 43.53 51.68 71.91 39.21 -5.16 -0.13 39.55 1 45.72 32.46 38.76 63.72 48.45 -4.96 -0.10 48.70

3 43.36 29.57 36.36 61.28 52.11 -6.15 -0.12 52.47 3 44.15 31.34 38.52 62.79 47.91 -6.26 -0.13 48.31 3 48.04 34.14 41.83 65.07 49.14 -6.28 -0.13 49.54

4 49.81 35.81 43.26 66.37 48.39 -5.69 -0.12 48.72 4 53.28 39.39 47.57 69.03 46.07 -5.85 -0.13 46.44 4 51.84 38.60 46.04 68.46 44.78 -5.19 -0.12 45.08

5 44.61 31.94 38.90 63.29 47.10 -5.86 -0.12 47.46 5 47.64 35.01 42.44 65.75 45.10 -5.81 -0.13 45.47 5 47.50 35.93 42.94 66.46 41.65 -5.16 -0.12 41.97

6 45.19 32.28 39.84 63.58 47.55 -6.51 -0.14 47.99 6 46.62 33.07 40.96 64.22 48.86 -6.73 -0.14 49.32 6 44.26 32.45 39.65 63.72 44.25 -6.04 -0.14 44.66

7 46.23 33.26 40.48 64.37 47.09 -5.91 -0.12 47.46 7 48.84 35.51 43.34 66.14 46.74 -6.18 -0.13 47.15 7 47.37 35.85 43.23 66.41 41.51 -5.59 -0.13 41.89

8 48.04 35.83 43.18 66.39 43.47 -5.57 -0.13 43.83 8 48.13 36.21 43.73 66.68 42.44 -5.69 -0.13 42.82 8 44.98 33.30 40.42 64.40 43.38 -5.78 -0.13 43.77

10 49.16 36.84 43.82 67.16 43.21 -4.97 -0.11 43.50 10 50.59 38.14 45.41 68.13 42.92 -5.07 -0.12 43.22 10 54.75 43.35 50.70 71.79 37.94 -4.37 -0.11 38.19

11 47.30 35.84 41.72 66.40 41.38 -3.87 -0.09 41.56 11 47.85 36.63 42.62 67.00 40.32 -3.88 -0.10 40.51 11 50.99 40.33 46.45 69.71 37.17 -3.49 -0.09 37.33

12 46.60 35.04 41.94 65.78 42.08 -5.20 -0.12 42.40 12 49.52 38.73 46.11 68.55 38.17 -5.11 -0.13 38.51 12 53.59 43.05 50.85 71.59 35.83 -4.87 -0.14 36.16

13 44.74 33.02 39.02 64.18 43.65 -4.48 -0.10 43.88 13 47.08 37.01 43.42 67.28 36.93 -4.31 -0.12 37.18 13 46.49 34.96 40.95 65.72 42.01 -4.14 -0.10 42.21

25 48.00 36.94 41.53 67.23 39.73 -2.21 -0.06 39.79 25 45.33 34.68 38.54 65.50 39.65 -1.61 -0.04 39.68 25 50.27 40.08 44.08 69.53 36.01 -1.18 -0.03 36.03

26 43.32 31.73 36.58 63.12 44.05 -3.27 -0.07 44.17 26 44.17 33.48 37.56 64.55 40.39 -2.03 -0.05 40.44 26 52.35 41.58 46.44 70.58 36.98 -1.96 -0.05 37.03

31 43.08 32.60 36.54 63.83 40.28 -1.99 -0.05 40.32 31 45.83 34.99 38.54 65.74 40.05 -1.19 -0.03 40.07 31 51.58 40.65 44.51 69.93 37.77 -0.96 -0.03 37.78

34 45.55 34.78 37.98 65.58 39.94 -0.79 -0.02 39.95 34 44.94 34.64 37.68 65.47 38.69 -0.60 -0.02 38.70 34 48.91 39.29 42.59 68.96 34.80 -0.47 -0.01 34.80

38 44.65 34.32 37.65 65.21 38.92 -1.00 -0.03 38.93 38 44.05 34.30 37.34 65.20 37.23 -0.64 -0.02 37.24 38 50.82 40.83 44.34 70.06 35.20 -0.56 -0.02 35.20

45 45.07 35.40 38.64 66.06 36.51 -0.77 -0.02 36.52 45 45.95 36.39 39.86 66.82 35.74 -0.94 -0.03 35.76 45 53.28 44.53 48.25 72.58 30.78 -0.46 -0.01 30.79

48 47.85 38.29 41.67 68.23 34.98 -0.65 -0.02 34.99 48 47.01 37.94 41.34 67.98 33.76 -0.71 -0.02 33.76 48 52.79 43.88 47.50 72.15 31.36 -0.41 -0.01 31.37

52 40.52 32.39 35.02 63.66 33.23 -0.31 -0.01 33.23 52 46.71 38.10 40.56 68.09 32.42 0.41 0.01 32.43 52 52.38 44.09 47.13 72.29 29.70 0.23 0.01 29.70

53 45.65 37.11 40.32 67.36 32.59 -0.57 -0.02 32.59 53 48.14 39.82 42.94 69.34 31.01 -0.21 -0.01 31.01 53 52.06 44.19 47.21 72.36 28.58 0.26 0.01 28.58

Tank 08 Tank 09 Tank 10

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 65.00 57.88 65.98 80.67 24.16 -3.35 -0.14 24.40 0 74.57 68.70 76.33 86.36 20.32 -2.02 -0.10 20.42 0 61.97 53.90 61.92 78.40 27.00 -3.71 -0.14 27.25

1 44.89 33.09 40.28 64.24 43.85 -5.90 -0.13 44.24 1 49.74 40.92 46.98 70.12 32.04 -3.35 -0.10 32.22 1 51.32 43.35 49.28 71.79 29.06 -2.90 -0.10 29.20

3 41.99 29.36 36.18 61.09 48.81 -6.24 -0.13 49.21 3 47.39 35.39 42.86 66.05 43.11 -5.79 -0.13 43.50 3 50.03 38.05 45.45 68.06 41.72 -5.24 -0.12 42.05

4 48.57 35.27 42.20 65.96 46.78 -5.20 -0.11 47.07 4 48.52 37.63 43.87 67.75 38.92 -4.01 -0.10 39.13 4 52.46 41.23 48.15 70.33 38.32 -4.23 -0.11 38.56

5 49.00 37.21 44.24 67.43 41.59 -4.96 -0.12 41.89 5 47.79 37.85 43.93 67.91 36.22 -3.79 -0.10 36.42 5 48.91 37.53 44.14 67.67 40.32 -4.44 -0.11 40.57

6 48.29 37.34 45.00 67.53 39.23 -5.65 -0.14 39.64 6 48.29 37.34 45.00 67.53 39.23 -5.65 -0.14 39.64 6 46.14 35.69 43.10 66.28 38.62 -5.67 -0.15 39.03

7 46.83 34.35 41.58 65.24 45.06 -5.71 -0.13 45.42 7 50.11 39.45 46.43 69.08 37.51 -4.55 -0.12 37.78 7 48.36 37.51 44.30 67.66 38.88 -4.64 -0.12 39.15

8 49.18 38.36 45.55 68.28 38.44 -4.96 -0.13 38.76 8 50.28 39.89 46.39 69.39 36.63 -3.97 -0.11 36.85 8 47.46 37.25 43.38 67.47 37.22 -3.94 -0.11 37.43

10 50.93 38.87 45.78 68.65 41.54 -4.57 -0.11 41.79 10 51.99 41.83 47.93 70.76 35.29 -3.27 -0.09 35.44 10 51.51 41.71 47.73 70.67 34.40 -3.20 -0.09 34.54

11 49.71 37.37 43.06 67.55 43.02 -3.43 -0.08 43.16 11 52.93 43.93 48.76 72.18 31.59 -1.70 -0.05 31.64 11 56.71 47.96 52.69 74.80 29.90 -1.20 -0.04 29.92

12 51.41 39.54 47.01 69.14 40.71 -5.06 -0.12 41.03 12 54.14 45.34 51.78 73.12 30.68 -3.19 -0.10 30.85 12 52.44 43.40 49.84 71.83 31.83 -3.43 -0.11 32.01

13 44.91 33.59 39.40 64.63 42.18 -4.15 -0.10 42.38 13 48.39 39.36 44.19 69.01 33.12 -2.19 -0.07 33.19 13 48.19 38.94 43.88 68.71 33.88 -2.36 -0.07 33.96

25 46.29 35.63 39.55 66.24 39.22 -1.57 -0.04 39.25 25 48.81 39.70 41.89 69.26 33.23 0.86 0.03 33.24 25 49.62 40.50 42.75 69.82 32.98 0.84 0.03 32.99

26 46.40 35.19 39.54 65.90 41.00 -2.14 -0.05 41.05 26 47.57 38.23 41.22 68.19 34.42 -0.20 -0.01 34.42 26 48.03 38.45 41.53 68.35 34.99 -0.29 -0.01 34.99

31 45.54 34.27 37.72 65.18 41.67 -1.15 -0.03 41.68 31 50.72 41.74 43.79 70.69 32.21 1.15 0.04 32.23 31 47.41 38.51 40.20 68.40 33.07 1.37 0.04 33.10

34 44.02 33.49 36.25 64.55 39.94 -0.38 -0.01 39.94 34 50.03 41.66 42.94 70.64 30.59 2.03 0.07 30.66 34 48.37 39.99 41.32 69.46 31.12 1.88 0.06 31.18

38 40.27 30.42 33.03 62.01 39.56 -0.51 -0.01 39.57 38 51.93 44.34 46.02 72.46 27.79 1.72 0.06 27.84 38 45.17 37.54 39.01 67.68 29.80 1.57 0.05 29.84

45 44.36 35.04 38.11 65.78 35.64 -0.59 -0.02 35.64 45 52.89 45.37 47.88 73.14 27.35 0.89 0.03 27.37 45 48.10 41.14 42.94 70.27 26.89 1.40 0.05 26.92

48 47.62 37.92 41.33 67.96 35.52 -0.71 -0.02 35.53 48 49.62 42.32 44.72 71.09 27.53 0.80 0.03 27.54 48 46.04 38.87 40.61 68.65 28.08 1.33 0.05 28.11

52 46.06 37.47 40.10 67.63 32.58 0.16 0.00 32.58 52 47.21 40.61 42.42 69.90 26.03 1.35 0.05 26.06 52 47.45 40.46 41.65 69.80 27.14 2.07 0.08 27.22

53 43.38 35.15 37.76 65.87 32.39 -0.01 0.00 32.39 53 51.55 43.79 45.76 72.09 28.39 1.38 0.05 28.42 53 48.92 41.55 43.45 70.56 27.90 1.32 0.05 27.93

Tank 11 Tank 12 Tank 13

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 68.92 61.91 69.43 82.86 23.41 -2.49 -0.11 23.54 0 60.25 51.99 59.65 77.28 27.80 -3.59 -0.13 28.03 0 66.15 59.34 66.92 81.48 23.29 -2.77 -0.12 23.45

1 59.89 51.03 58.91 76.69 29.44 -3.91 -0.13 29.70 1 53.50 44.12 51.91 72.31 32.52 -4.71 -0.14 32.86 1 53.49 39.84 47.42 69.35 45.24 -5.14 -0.11 45.53

3 49.92 38.77 46.05 68.59 39.14 -4.98 -0.13 39.46 3 43.44 31.95 39.22 63.30 43.63 -6.23 -0.14 44.07 3 38.20 24.97 29.93 57.05 54.44 -4.70 -0.09 54.64

4 52.24 40.64 47.50 69.92 39.53 -4.24 -0.11 39.76 4 47.80 36.62 43.18 66.99 40.22 -4.54 -0.11 40.47 4 39.97 26.47 31.51 58.48 53.87 -4.48 -0.08 54.05

5 49.54 37.80 44.31 67.88 41.18 -4.28 -0.10 41.40 5 42.89 32.20 37.59 63.51 41.10 -3.87 -0.09 41.29 5 40.31 26.87 31.95 58.85 53.30 -4.45 -0.08 53.48

6 37.09 23.56 28.25 55.64 56.86 -4.63 -0.08 57.05 6 40.52 26.76 32.10 58.75 54.40 -4.85 -0.09 54.61 6 43.25 32.80 38.87 64.00 40.08 -4.61 -0.11 40.35

7 48.96 38.16 45.10 68.14 38.45 -4.71 -0.12 38.74 7 44.54 34.81 40.68 65.60 36.93 -4.02 -0.11 37.15 7 43.80 30.12 36.26 61.76 51.35 -5.21 -0.10 51.61

8 46.73 36.87 42.94 67.18 36.40 -3.94 -0.11 36.61 8 47.99 37.74 43.59 67.83 37.13 -3.55 -0.10 37.30 8 44.43 30.87 37.24 62.39 50.44 -5.35 -0.11 50.72

10 49.24 39.32 45.34 68.98 35.60 -3.53 -0.10 35.78 10 47.31 36.89 42.47 67.19 37.98 -3.37 -0.09 38.13 10 46.78 32.36 38.44 63.64 51.81 -4.70 -0.09 52.03

11 48.37 39.86 44.51 69.37 31.52 -1.93 -0.06 31.58 11 46.82 38.43 42.25 68.33 31.69 -1.15 -0.04 31.71 11 43.64 30.82 36.06 62.35 48.31 -3.92 -0.08 48.47

12 51.69 43.38 49.68 71.81 29.93 -3.29 -0.11 30.11 12 46.19 37.67 43.31 67.77 32.32 -3.33 -0.10 32.49 12 46.88 33.51 40.52 64.57 48.06 -5.61 -0.12 48.39

13 49.80 40.62 45.37 69.91 33.09 -1.95 -0.06 33.14 13 45.53 36.20 40.66 66.67 35.18 -2.15 -0.06 35.25 13 42.36 29.58 34.82 61.29 49.09 -4.15 -0.08 49.26

25 44.11 35.47 37.52 66.11 33.49 0.71 0.02 33.49 25 48.05 38.41 40.40 68.32 35.17 1.00 0.03 35.18 25 44.53 32.16 36.38 63.48 46.08 -2.39 -0.05 46.14

26 47.46 37.66 40.39 67.77 35.88 0.06 0.00 35.88 26 44.06 35.07 37.16 65.80 34.68 0.63 0.02 34.69 26 43.28 31.22 35.53 62.69 45.77 -2.65 -0.06 45.84

31 47.54 38.67 40.03 68.51 32.94 1.76 0.05 32.98 31 42.98 34.41 35.47 65.28 33.72 1.89 0.06 33.78 31 44.25 31.51 35.12 62.94 47.58 -1.70 -0.04 47.61

34 46.37 38.13 39.29 68.12 31.35 1.98 0.06 31.41 34 44.64 36.53 37.28 66.92 31.52 2.40 0.08 31.61 34 40.88 29.45 32.57 61.18 45.05 -1.31 -0.03 45.07

38 48.13 40.49 41.91 69.82 28.93 1.80 0.06 28.98 38 43.40 35.55 36.93 66.18 31.12 1.55 0.05 31.15 38 41.44 30.04 33.18 61.69 44.58 -1.27 -0.03 44.60

45 47.58 40.70 42.35 69.96 26.80 1.55 0.06 26.84 45 42.23 36.15 37.48 66.64 25.63 1.67 0.06 25.68 45 41.84 29.77 32.72 61.45 46.79 -1.04 -0.02 46.80

48 46.47 39.75 41.46 69.29 26.57 1.41 0.05 26.61 48 38.45 32.36 33.73 63.64 26.81 1.36 0.05 26.84 48 40.00 28.82 31.57 60.62 44.73 -0.88 -0.02 44.74

52 44.22 37.72 39.26 67.81 26.50 1.50 0.06 26.54 52 41.24 34.79 35.43 65.59 27.16 2.46 0.09 27.27 52 39.28 28.25 30.53 60.12 44.64 -0.28 -0.01 44.65

53 49.55 41.91 43.83 70.81 28.54 1.31 0.05 28.57 53 42.11 35.22 36.81 65.92 28.37 1.27 0.04 28.40 53 37.24 26.43 28.90 58.45 45.25 -0.77 -0.02 45.26

Tank 14 Tank 15 Tank 16

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 61.24 53.59 59.70 78.22 26.07 -2.00 -0.08 26.14 0 55.47 47.15 54.31 74.29 29.00 -3.68 -0.13 29.23 0 58.72 49.20 55.74 75.58 31.46 -2.84 -0.09 31.59

1 42.02 28.51 33.66 60.34 52.11 -4.23 -0.08 52.28 1 42.59 28.97 34.23 60.75 52.08 -4.29 -0.08 52.26 1 47.05 33.78 40.42 64.79 47.59 -5.11 -0.11 47.87

3 43.87 29.50 35.62 61.22 53.86 -5.30 -0.10 54.12 3 37.92 24.27 28.83 56.36 56.49 -4.27 -0.08 56.65 3 41.96 27.46 32.85 59.40 56.01 -4.77 -0.08 56.21

4 42.75 28.11 33.32 59.99 55.83 -4.37 -0.08 56.00 4 38.25 24.94 29.38 57.01 54.72 -3.95 -0.07 54.86 4 42.64 27.87 32.78 59.77 56.49 -4.03 -0.07 56.63

5 36.86 23.70 27.71 55.79 55.47 -3.55 -0.06 55.59 5 43.73 29.67 35.19 61.37 52.80 -4.50 -0.09 53.00 5 38.31 25.16 29.53 57.23 54.01 -3.80 -0.07 54.14

6 46.19 34.44 41.44 65.31 42.96 -5.42 -0.13 43.30 6 47.16 35.95 43.22 66.48 40.63 -5.45 -0.13 40.99 6 47.13 36.00 43.19 66.52 40.37 -5.36 -0.13 40.73

7 38.26 25.36 30.45 57.42 53.00 -4.80 -0.09 53.22 7 44.45 30.28 36.47 61.89 52.67 -5.25 -0.10 52.93 7 43.39 29.88 35.68 61.55 51.01 -4.81 -0.09 51.23

8 42.74 29.29 35.21 61.03 51.32 -5.10 -0.10 51.57 8 39.28 26.68 32.11 58.67 50.85 -4.99 -0.10 51.10 8 41.50 28.35 34.03 60.21 51.15 -4.96 -0.10 51.39

10 41.73 28.01 33.01 59.90 53.17 -4.11 -0.08 53.33 10 40.31 27.18 32.00 59.14 52.09 -4.05 -0.08 52.24 10 43.23 29.24 34.35 60.99 52.94 -4.04 -0.08 53.10

11 40.84 27.80 31.77 59.71 51.27 -2.74 -0.05 51.34 11 40.46 27.56 31.89 59.49 51.05 -3.28 -0.06 51.15 11 40.33 27.60 31.71 59.53 50.44 -2.96 -0.06 50.53

12 40.39 28.31 34.16 60.17 47.91 -5.21 -0.11 48.19 12 42.67 30.37 36.48 61.97 47.07 -5.11 -0.11 47.34 12 43.64 30.50 36.55 62.08 49.48 -5.02 -0.10 49.73

13 39.89 27.41 31.98 59.35 49.87 -3.65 -0.07 50.01 13 42.18 29.60 34.63 61.31 48.43 -3.85 -0.08 48.58 13 41.16 28.41 33.03 60.25 49.90 -3.54 -0.07 50.03

25 41.24 29.12 32.54 60.89 47.40 -1.77 -0.04 47.44 25 40.24 28.05 31.20 59.94 48.42 -1.54 -0.03 48.44 25 40.36 29.53 33.55 61.25 43.14 -2.53 -0.06 43.21

26 43.14 30.68 34.30 62.24 47.34 -1.82 -0.04 47.37 26 41.48 29.38 32.90 61.12 47.15 -1.86 -0.04 47.19 26 40.01 28.15 31.61 60.02 47.33 -1.98 -0.04 47.37

31 39.64 27.76 30.52 59.67 47.66 -1.02 -0.02 47.68 31 39.42 27.73 30.72 59.64 47.13 -1.37 -0.03 47.15 31 38.85 26.97 29.66 58.95 48.31 -1.02 -0.02 48.32

34 36.27 25.23 27.36 57.30 47.00 -0.41 -0.01 47.00 34 36.40 25.12 27.34 57.20 47.86 -0.56 -0.01 47.87 34 38.24 27.01 29.44 58.99 46.20 -0.63 -0.01 46.21

38 36.97 25.68 27.83 57.73 47.49 -0.39 -0.01 47.49 38 39.33 27.45 30.09 59.39 47.92 -0.89 -0.02 47.93 38 38.38 26.80 29.31 58.78 47.52 -0.80 -0.02 47.52

45 37.91 27.11 29.31 59.08 44.74 -0.30 -0.01 44.75 45 37.95 26.79 29.25 58.78 46.15 -0.72 -0.02 46.15 45 36.42 25.53 27.40 57.59 46.23 0.04 0.00 46.23

48 35.89 25.04 26.93 57.12 46.51 -0.07 0.00 46.51 48 37.57 26.85 29.59 58.84 44.65 -1.11 -0.02 44.67 48 38.54 27.26 29.40 59.22 46.18 -0.18 0.00 46.18

52 36.51 26.12 27.76 58.15 44.11 0.44 0.01 44.11 52 40.44 29.53 31.81 61.25 43.38 -0.14 0.00 43.38 52 35.80 25.60 27.11 57.65 43.90 0.59 0.01 43.91

53 36.81 25.97 28.16 58.00 45.74 -0.42 -0.01 45.74 53 39.05 27.93 30.68 59.82 45.18 -0.99 -0.02 45.19 53 34.92 24.28 25.91 56.36 46.47 0.25 0.01 46.47

continued



Table S10. Results of the chromatic coordinates obtained for wine of Alfaro 2019.

Tank 17 Tank 18 Tank 19

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 67.73 61.09 69.19 82.43 22.70 -3.04 -0.13 22.90 0 68.86 62.79 70.56 83.33 21.25 -2.61 -0.12 21.41 0 62.97 56.60 63.68 79.95 22.63 -2.59 -0.11 22.77

1 59.34 51.62 60.03 77.05 26.57 -4.32 -0.16 26.91 1 47.02 38.53 44.25 68.41 31.92 -3.29 -0.10 32.09 1 56.89 48.94 56.87 75.41 27.69 -4.20 -0.15 28.00

3 49.53 38.91 46.53 68.68 37.66 -5.34 -0.14 38.03 3 47.51 36.61 44.03 66.99 39.43 -5.51 -0.14 39.81 3 50.84 40.82 47.74 70.05 35.28 -4.28 -0.12 35.53

4 50.90 40.64 46.85 69.92 35.99 -3.55 -0.10 36.17 4 54.68 44.00 50.78 72.23 35.86 -3.70 -0.10 36.05 4 52.11 42.17 48.34 70.99 34.59 -3.30 -0.10 34.75

5 50.76 41.14 46.90 70.28 34.09 -2.99 -0.09 34.23 5 47.68 37.58 43.45 67.71 36.76 -3.60 -0.10 36.94 5 47.93 38.28 43.58 68.23 35.25 -2.85 -0.08 35.37

6 49.36 36.91 44.71 67.21 43.55 -5.88 -0.13 43.94 6 47.79 35.31 42.75 65.99 44.51 -5.77 -0.13 44.89 6 51.81 41.48 48.42 70.51 35.88 -4.21 -0.12 36.13

7 51.89 42.98 48.85 71.54 31.63 -2.88 -0.09 31.76 7 50.85 41.42 46.78 70.47 33.49 -2.53 -0.08 33.59 7 52.54 43.55 48.43 71.93 31.68 -1.78 -0.06 31.73

8 52.76 44.25 50.02 72.39 30.24 -2.63 -0.09 30.35 8 53.53 45.81 50.93 73.42 27.81 -1.80 -0.06 27.87 8 50.21 42.16 47.08 70.98 29.58 -1.97 -0.07 29.65

10 52.09 43.69 49.13 72.02 30.08 -2.35 -0.08 30.17 10 57.54 48.57 54.28 75.19 30.26 -2.10 -0.07 30.34 10 52.92 44.73 49.91 72.71 29.26 -1.96 -0.07 29.33

11 50.94 42.80 46.29 71.42 29.66 -0.36 -0.01 29.66 11 50.44 42.94 46.55 71.51 27.91 -0.48 -0.02 27.91 11 51.62 44.13 47.55 72.32 27.58 -0.17 -0.01 27.58

12 55.79 48.19 53.96 74.95 26.95 -2.20 -0.08 27.04 12 54.88 47.11 52.62 74.26 27.64 -2.05 -0.07 27.72 12 55.45 48.35 54.11 75.05 25.67 -2.17 -0.08 25.76

13 54.02 46.39 50.30 73.80 27.43 -0.50 -0.02 27.43 13 55.68 47.72 51.64 74.65 27.96 -0.40 -0.01 27.96 13 52.42 45.17 48.73 73.00 26.74 -0.25 -0.01 26.74

25 52.87 44.60 46.04 72.63 29.51 2.00 0.07 29.58 25 50.27 42.12 43.30 70.95 29.87 2.15 0.07 29.95 25 52.22 44.28 45.72 72.42 28.72 1.99 0.07 28.79

26 46.91 39.35 40.71 69.00 29.05 1.80 0.06 29.11 26 50.27 42.12 43.30 70.95 29.87 2.15 0.07 29.95 26 49.00 41.17 42.67 70.29 29.27 1.75 0.06 29.32

31 49.52 42.05 42.53 70.90 28.05 2.96 0.11 28.21 31 51.16 43.34 43.58 71.79 28.64 3.28 0.11 28.83 31 48.24 40.98 41.57 70.16 27.76 2.80 0.10 27.90

34 50.42 43.58 43.99 71.95 26.01 3.09 0.12 26.19 34 51.98 44.90 44.68 72.83 26.32 3.83 0.14 26.60 34 53.00 46.01 46.47 73.55 25.87 3.12 0.12 26.05

38 53.78 47.19 47.15 74.31 24.59 3.70 0.15 24.87 38 51.31 44.78 44.74 72.75 24.89 3.64 0.15 25.16 38 55.58 49.13 49.21 75.53 23.93 3.61 0.15 24.20

45 53.63 48.51 48.43 75.15 20.62 3.77 0.18 20.96 45 52.56 47.16 47.19 74.29 21.54 3.61 0.17 21.84 45 56.12 50.94 51.00 76.64 20.47 3.69 0.18 20.79

48 53.88 48.53 48.76 75.16 21.21 3.44 0.16 21.49 48 52.06 46.17 46.31 73.66 22.96 3.47 0.15 23.22 48 57.30 51.56 51.64 77.02 21.78 3.68 0.17 22.09

52 52.78 47.24 47.22 74.34 21.88 3.68 0.17 22.19 52 49.72 44.67 44.86 72.68 20.96 3.38 0.16 21.23 52 50.75 45.37 45.49 73.13 21.75 3.47 0.16 22.03

53 51.00 45.38 45.99 73.14 22.39 2.94 0.13 22.59 53 50.00 44.27 44.96 72.41 22.86 2.82 0.12 23.03 53 52.80 47.46 48.17 74.48 21.34 2.90 0.14 21.53

Tank 20 Tank 21 Tank 22

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 54.69 48.41 52.00 75.08 23.61 -0.02 0.00 23.61 0 70.10 63.90 71.86 83.91 21.45 -2.67 -0.12 21.62 0 61.66 55.32 60.14 79.23 22.71 -0.67 -0.03 22.72

1 54.13 46.16 52.97 73.65 28.36 -3.45 -0.12 28.57 1 50.93 37.29 45.31 67.50 46.52 -6.05 -0.13 46.91 1 49.13 36.11 43.74 66.60 45.52 -5.84 -0.13 45.90

3 55.00 44.78 51.69 72.75 34.44 -3.73 -0.11 34.65 3 46.48 32.93 40.06 64.10 48.97 -5.87 -0.12 49.32 3 50.02 36.38 44.31 66.81 47.07 -6.13 -0.13 47.47

4 51.34 41.97 47.46 70.85 33.16 -2.60 -0.08 33.26 4 48.08 34.28 41.17 65.19 48.75 -5.31 -0.11 49.03 4 45.86 33.03 39.74 64.19 46.83 -5.34 -0.11 47.13

5 46.46 37.59 42.42 67.72 33.34 -2.41 -0.07 33.43 5 46.07 33.45 40.32 64.53 45.98 -5.45 -0.12 46.30 5 46.26 33.17 39.49 64.30 47.48 -4.83 -0.10 47.73

6 45.40 32.77 39.89 63.97 46.44 -5.89 -0.13 46.81 6 54.04 44.85 51.49 72.79 31.81 -3.45 -0.11 32.00 6 50.33 41.99 48.04 70.86 30.41 -3.20 -0.10 30.58

7 51.19 42.24 46.95 71.03 31.98 -1.74 -0.05 32.02 7 46.68 34.21 40.97 65.13 45.10 -5.18 -0.11 45.40 7 47.25 35.81 42.34 66.37 41.34 -4.64 -0.11 41.60

8 55.00 47.13 51.96 74.28 27.86 -1.36 -0.05 27.89 8 49.15 37.97 45.06 68.00 39.58 -4.90 -0.12 39.88 8 48.00 36.82 43.51 67.14 40.13 -4.66 -0.12 40.40

10 56.22 47.57 53.10 74.55 29.73 -2.04 -0.07 29.80 10 49.96 38.16 45.22 68.14 41.17 -4.84 -0.12 41.45 10 50.22 38.55 45.67 68.42 40.64 -4.84 -0.12 40.93

11 54.45 46.95 50.34 74.16 26.98 0.07 0.00 26.98 11 45.98 35.01 40.73 65.75 40.43 -3.82 -0.09 40.61 11 48.42 37.53 43.48 67.67 39.00 -3.70 -0.09 39.17

12 55.30 48.67 53.91 75.25 24.42 -1.63 -0.07 24.47 12 48.24 37.37 44.60 67.56 38.98 -5.16 -0.13 39.32 12 50.32 39.33 46.61 68.99 38.46 -4.90 -0.13 38.77

13 54.69 47.69 51.53 74.63 25.56 -0.32 -0.01 25.56 13 49.22 37.71 44.28 67.81 40.60 -4.37 -0.11 40.83 13 50.42 39.27 45.69 68.95 38.91 -3.96 -0.10 39.11

25 51.52 44.07 45.19 72.28 27.50 2.32 0.08 27.60 25 50.67 39.14 43.74 68.85 39.98 -1.95 -0.05 40.03 25 49.32 38.81 42.96 68.61 37.40 -1.49 -0.04 37.43

26 51.01 43.38 44.71 71.81 28.15 2.05 0.07 28.22 26 50.23 38.64 43.42 68.49 40.39 -2.23 -0.06 40.45 26 43.83 34.10 38.04 65.04 37.29 -1.79 -0.05 37.33

31 52.52 45.49 45.89 73.21 26.10 3.16 0.12 26.29 31 48.38 37.36 41.30 67.55 39.42 -1.39 -0.04 39.45 31 46.84 36.28 39.69 66.74 38.64 -0.89 -0.02 38.65

34 50.68 44.16 44.24 72.34 24.99 3.49 0.14 25.23 34 47.35 36.42 40.04 66.84 39.60 -1.12 -0.03 39.62 34 45.95 36.03 39.04 66.54 36.95 -0.43 -0.01 36.96

38 52.80 46.80 46.74 74.06 23.15 3.72 0.16 23.45 38 48.02 37.37 40.83 67.55 38.40 -0.84 -0.02 38.41 38 48.24 38.06 41.09 68.06 36.81 -0.26 -0.01 36.81

45 51.40 46.40 46.18 73.80 20.60 3.86 0.19 20.96 45 45.59 36.32 39.46 66.76 34.96 -0.56 -0.02 34.97 45 47.68 38.15 41.04 68.13 34.97 -0.09 0.00 34.97

48 54.02 48.58 48.60 75.19 21.43 3.66 0.17 21.74 48 50.73 40.76 44.34 70.01 35.16 -0.64 -0.02 35.16 48 47.32 37.70 40.45 67.80 35.41 0.03 0.00 35.41

52 50.87 45.83 45.85 73.44 20.77 3.60 0.17 21.08 52 47.51 38.11 41.21 68.10 34.63 -0.34 -0.01 34.64 52 46.59 37.98 40.45 68.01 32.44 0.40 0.01 32.45

53 51.78 46.55 47.05 73.90 21.18 3.10 0.15 21.41 53 45.40 36.04 39.10 66.55 35.34 -0.49 -0.01 35.34 53 48.14 38.93 41.85 68.70 33.78 -0.05 0.00 33.78

Tank 23 Tank 24

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 62.92 56.76 63.48 80.05 22.12 -2.26 -0.10 22.24 0 63.33 56.44 64.25 79.86 23.85 -3.25 -0.14 24.07

1 45.30 31.85 37.57 63.22 49.39 -4.34 -0.09 49.58 1 55.64 42.37 50.92 71.12 43.07 -5.75 -0.13 43.45

3 45.19 32.14 39.15 63.46 48.04 -5.87 -0.12 48.40 3 45.79 33.06 40.37 64.21 46.53 -6.05 -0.13 46.92

4 48.93 35.01 42.04 65.76 48.63 -5.35 -0.11 48.92 4 50.04 37.06 44.16 67.32 44.90 -5.07 -0.11 45.19

5 45.81 32.60 38.88 63.83 48.24 -4.90 -0.10 48.48 5 45.71 33.49 39.82 64.56 44.82 -4.79 -0.11 45.08

6 50.24 40.94 47.06 70.13 33.32 -3.41 -0.10 33.49 6 46.42 33.78 40.59 64.79 45.84 -5.31 -0.12 46.14

7 45.91 33.49 40.21 64.56 45.37 -5.26 -0.12 45.67 7 49.38 38.51 45.29 68.39 38.51 -4.48 -0.12 38.77

8 48.28 36.77 43.50 67.10 41.05 -4.70 -0.11 41.32 8 51.52 40.23 47.26 69.63 38.88 -4.49 -0.11 39.14

10 49.82 37.74 44.85 67.83 42.13 -4.97 -0.12 42.42 10 54.11 42.05 49.12 70.91 40.12 -4.26 -0.11 40.35

11 49.18 38.33 44.16 68.26 38.52 -3.45 -0.09 38.68 11 48.15 37.17 42.60 67.40 39.41 -3.15 -0.08 39.53

12 48.71 37.91 45.14 67.96 38.55 -5.07 -0.13 38.89 12 49.93 39.21 46.36 68.91 37.78 -4.77 -0.13 38.08

13 50.14 39.01 45.66 68.76 38.98 -4.26 -0.11 39.21 13 51.02 40.06 46.51 69.51 38.08 -3.89 -0.10 38.28

25 50.06 39.00 43.39 68.75 38.78 -1.73 -0.04 38.82 25 49.61 39.16 43.20 68.87 37.08 -1.32 -0.04 37.10

26 47.88 36.83 41.38 67.15 39.75 -2.18 -0.05 39.81 26 50.82 40.61 44.25 69.90 35.88 -0.73 -0.02 35.89

31 48.81 38.11 41.90 68.10 38.19 -1.14 -0.03 38.21 31 47.95 37.54 40.60 67.68 37.67 -0.35 -0.01 37.67

34 47.44 37.58 41.23 67.71 36.13 -1.05 -0.03 36.14 34 46.61 36.56 39.55 66.95 37.07 -0.36 -0.01 37.07

38 48.43 38.45 42.07 68.35 36.07 -0.91 -0.03 36.08 38 46.39 36.57 39.49 66.95 36.42 -0.26 -0.01 36.42

45 50.29 40.64 44.17 69.92 34.37 -0.60 -0.02 34.37 45 47.28 38.46 41.34 68.36 32.87 -0.05 0.00 32.87

48 50.00 40.69 44.22 69.96 33.43 -0.59 -0.02 33.43 48 47.05 38.23 41.16 68.19 32.97 -0.14 0.00 32.97

52 45.51 37.34 40.27 67.53 31.40 -0.20 -0.01 31.40 52 50.38 41.72 44.29 70.67 31.37 0.57 0.02 31.38

53 46.40 37.95 41.29 67.98 32.01 -0.64 -0.02 32.01 53 48.95 40.14 42.97 69.57 32.26 0.16 0.00 32.26



Table S11. Results of the chromatic coordinates obtained for wine of Alfaro 2019.

Tank 01 Tank 02 Tank 03

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 68.91 60.67 67.84 82.20 26.23 -2.30 -0.09 26.34 0 69.58 61.76 68.57 82.79 25.19 -1.90 -0.08 25.26 0 68.25 58.63 66.46 81.09 29.63 -3.05 -0.10 29.78

1 67.27 57.04 63.14 80.20 31.26 -1.68 -0.05 31.30 1 67.31 56.40 62.50 79.84 32.90 -1.74 -0.05 32.95 1 59.25 48.58 55.48 75.19 34.39 -3.25 -0.09 34.54

2 53.41 42.74 47.85 71.38 36.29 -2.12 -0.06 36.35 2 53.51 42.96 47.68 71.53 35.89 -1.66 -0.05 35.93 2 48.58 37.74 42.36 67.83 38.77 -2.15 -0.06 38.83

4 42.20 31.29 34.88 62.75 42.31 -1.71 -0.04 42.34 4 42.22 31.36 34.99 62.81 42.09 -1.74 -0.04 42.13 4 42.20 31.25 34.94 62.71 42.46 -1.84 -0.04 42.50

5 47.81 36.30 41.40 66.75 41.28 -2.90 -0.07 41.38 5 51.60 39.63 44.97 69.20 40.96 -2.73 -0.07 41.05 5 47.49 35.84 40.52 66.40 41.90 -2.46 -0.06 41.97

6 49.75 37.80 43.53 67.87 41.74 -3.41 -0.08 41.88 6 50.49 38.98 44.97 68.74 40.00 -3.53 -0.09 40.15 6 52.69 40.63 46.38 69.92 40.71 -3.05 -0.07 40.83

7 47.46 35.43 40.71 66.08 43.19 -3.23 -0.07 43.31 7 47.15 35.75 41.38 66.33 41.26 -3.60 -0.09 41.41 7 45.42 34.14 39.22 65.07 41.76 -3.18 -0.08 41.88

8 50.57 38.74 44.55 68.56 41.00 -3.38 -0.08 41.14 8 49.64 38.28 43.78 68.22 39.93 -3.09 -0.08 40.05 8 48.31 37.01 42.16 67.29 40.34 -2.86 -0.07 40.44

11 47.58 36.09 41.41 66.59 41.33 -3.19 -0.08 41.45 11 50.75 39.75 45.08 69.29 38.32 -2.70 -0.07 38.42 11 46.63 35.89 40.43 66.43 39.33 -2.29 -0.06 39.39

12 49.97 38.42 43.71 68.33 40.38 -2.83 -0.07 40.48 12 51.59 40.58 46.07 69.88 38.03 -2.78 -0.07 38.13 12 53.31 41.84 46.95 70.76 38.68 -2.21 -0.06 38.75

13 47.42 35.67 40.28 66.27 42.26 -2.40 -0.06 42.33 13 49.20 38.67 43.03 68.52 37.49 -1.73 -0.05 37.53 13 48.98 37.88 41.79 67.93 39.40 -1.30 -0.03 39.42

14 48.86 37.29 42.50 67.50 40.94 -2.88 -0.07 41.04 14 53.07 41.67 47.00 70.64 38.58 -2.46 -0.06 38.66 14 48.70 37.72 42.42 67.81 39.17 -2.25 -0.06 39.23

15 55.93 44.92 49.85 72.84 36.39 -1.69 -0.05 36.43 15 52.84 42.02 46.72 70.89 36.93 -1.74 -0.05 36.97 15 52.02 42.14 46.27 70.97 34.44 -1.11 -0.03 34.46

19 49.86 38.59 42.91 68.45 39.54 -1.70 -0.04 39.58 19 47.77 36.65 40.87 67.02 40.00 -1.80 -0.05 40.04 19 46.65 36.38 39.79 66.81 37.77 -0.87 -0.02 37.78

21 50.51 39.56 43.21 69.16 38.25 -0.83 -0.02 38.26 21 51.83 41.05 44.61 70.21 37.19 -0.58 -0.02 37.20 21 53.27 42.28 45.21 71.06 37.29 0.21 0.01 37.29

25 45.26 35.30 38.34 65.98 37.38 -0.54 -0.01 37.39 25 45.49 35.68 38.84 66.27 36.77 -0.65 -0.02 36.77 25 45.28 35.54 37.48 66.16 36.65 0.85 0.02 36.66

28 45.51 35.96 38.96 66.49 35.93 -0.43 -0.01 35.93 28 51.38 41.65 44.95 70.63 34.22 -0.25 -0.01 34.22 28 46.68 36.38 39.60 66.81 37.87 -0.65 -0.02 37.88

32 53.56 43.99 46.04 72.22 33.05 1.29 0.04 33.08 32 59.22 49.80 52.80 75.95 31.07 0.67 0.02 31.08 32 48.49 39.23 41.60 68.92 33.82 0.61 0.02 33.82

35 49.89 42.26 44.06 71.05 28.41 1.47 0.05 28.45 35 53.17 45.72 48.37 73.36 27.12 0.76 0.03 27.13 35 49.97 40.94 43.29 70.14 32.59 0.77 0.02 32.59

39 53.99 46.99 49.10 74.18 25.69 1.41 0.05 25.73 39 58.30 50.40 52.92 76.31 27.25 1.19 0.04 27.28 39 53.12 45.51 47.27 73.23 27.58 1.69 0.06 27.63

42 46.19 40.38 42.08 69.74 23.84 1.47 0.06 23.89 42 47.75 41.65 43.86 70.63 24.39 0.96 0.04 24.41 42 46.20 40.38 42.00 69.74 23.87 1.56 0.07 23.92

46 47.35 40.81 42.72 70.04 25.81 1.25 0.05 25.84 46 50.00 43.28 45.32 71.75 25.73 1.26 0.05 25.76 46 49.73 43.23 44.67 71.71 25.16 1.93 0.08 25.23

60 40.71 35.34 37.35 66.01 23.68 0.75 0.03 23.70 60 44.54 38.68 40.91 68.52 24.37 0.73 0.03 24.38 60 45.70 39.25 40.77 68.93 25.93 1.61 0.06 25.98

Tank 04 Tank 05 Tank 06

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 70.73 61.55 69.68 82.68 28.12 -3.02 -0.11 28.28 0 64.83 52.81 60.05 77.77 36.31 -3.11 -0.09 36.44 0 74.49 62.79 71.09 83.33 33.18 -3.04 -0.09 33.32

1 64.52 53.58 60.14 78.21 33.68 -2.42 -0.07 33.76 1 47.76 33.09 35.72 64.24 51.98 -0.24 0.00 51.98 1 50.07 34.96 37.73 65.72 51.89 -0.24 0.00 51.89

2 47.26 35.90 40.58 66.44 41.06 -2.45 -0.06 41.14 2 38.04 24.85 25.64 56.93 54.42 1.66 0.03 54.45 2 37.98 24.76 25.44 56.84 54.58 1.83 0.03 54.61

4 40.55 29.43 32.96 61.16 44.12 -1.87 -0.04 44.16 4 33.38 20.42 19.92 52.31 58.59 3.72 0.06 58.71 4 36.81 23.20 23.65 55.28 57.49 2.12 0.04 57.53

5 47.63 35.58 40.26 66.20 43.16 -2.50 -0.06 43.23 5 34.97 21.12 19.90 53.08 60.81 5.08 0.08 61.02 5 38.52 23.69 22.95 55.78 60.90 4.19 0.07 61.04

6 49.13 37.01 42.89 67.28 42.62 -3.70 -0.09 42.78 6 36.88 22.89 22.77 54.96 59.11 3.08 0.05 59.19 6 37.06 23.08 23.05 55.16 58.85 2.93 0.05 58.93

7 39.18 28.45 33.40 60.29 43.57 -3.96 -0.09 43.75 7 33.32 20.24 19.84 52.10 59.29 3.51 0.06 59.40 7 35.05 21.44 21.17 53.42 59.60 3.29 0.06 59.69

8 44.35 32.81 37.89 64.01 43.24 -3.38 -0.08 43.37 8 37.49 22.84 22.57 54.90 61.34 3.34 0.05 61.43 8 36.11 22.44 22.94 54.49 58.57 1.97 0.03 58.61

11 48.56 37.04 42.40 67.31 40.93 -3.09 -0.08 41.05 11 36.76 22.64 22.98 54.69 59.85 2.26 0.04 59.89 11 36.26 22.63 23.23 54.68 58.23 1.80 0.03 58.26

12 50.42 39.40 44.76 69.04 38.51 -2.77 -0.07 38.61 12 39.97 25.48 27.28 57.54 57.92 0.13 0.00 57.92 12 39.12 24.66 26.22 56.74 58.67 0.41 0.01 58.68

13 46.65 35.24 39.94 65.93 41.54 -2.57 -0.06 41.62 13 36.31 22.49 24.49 54.55 59.01 -0.56 -0.01 59.01 13 38.38 23.86 25.97 55.95 59.74 -0.56 -0.01 59.75

14 45.74 34.71 39.93 65.52 40.74 -3.27 -0.08 40.87 14 36.43 22.50 24.46 54.56 59.36 -0.50 -0.01 59.36 14 33.99 21.12 23.31 53.08 57.39 -1.09 -0.02 57.40

15 48.25 37.08 41.79 67.33 39.98 -2.34 -0.06 40.05 15 38.78 24.02 25.31 56.11 60.33 0.78 0.01 60.33 15 36.94 23.26 25.17 55.34 57.70 -0.32 -0.01 57.70

19 47.81 35.84 40.92 66.40 42.78 -2.93 -0.07 42.89 19 36.42 22.25 23.43 54.29 60.47 0.78 0.01 60.47 19 39.55 24.98 26.91 57.06 58.67 -0.14 0.00 58.67

21 48.85 38.18 42.02 68.15 38.11 -1.19 -0.03 38.13 21 39.70 24.99 26.73 57.06 59.14 0.15 0.00 59.14 21 40.17 25.71 28.10 57.76 57.58 -0.76 -0.01 57.58

25 41.77 32.84 36.48 64.03 35.48 -1.56 -0.04 35.51 25 32.27 20.10 21.37 51.95 56.17 0.40 0.01 56.17 25 34.03 20.89 21.86 52.83 58.61 1.02 0.02 58.62

28 38.44 30.67 34.28 62.23 32.85 -1.81 -0.06 32.90 28 37.73 24.12 25.95 56.20 56.52 -0.08 0.00 56.52 28 36.10 22.68 23.86 54.74 57.47 0.83 0.01 57.47

32 50.81 42.86 46.51 71.46 29.14 -0.53 -0.02 29.14 32 38.51 24.41 25.64 56.49 57.80 0.90 0.02 57.81 32 41.49 26.19 27.51 58.22 59.69 0.93 0.02 59.70

35 44.15 37.22 40.96 67.44 27.87 -1.18 -0.04 27.89 35 35.80 22.20 22.38 54.24 58.62 2.53 0.04 58.67 35 34.44 21.46 21.79 53.45 57.38 2.22 0.04 57.42

39 52.20 45.14 47.93 72.98 26.23 0.57 0.02 26.24 39 36.41 23.32 24.13 55.40 55.68 1.50 0.03 55.70 39 36.57 23.10 23.42 55.17 57.19 2.32 0.04 57.24

42 46.38 40.28 42.98 69.67 24.69 0.32 0.01 24.70 42 34.52 22.28 23.46 54.32 53.89 0.79 0.01 53.90 42 35.83 23.00 24.15 55.07 55.15 0.91 0.02 55.16

46 50.23 42.97 45.48 71.54 27.24 0.73 0.03 27.25 46 32.13 20.29 20.64 52.16 54.78 2.10 0.04 54.82 46 29.96 18.81 19.33 50.47 54.04 1.67 0.03 54.07

60 33.48 28.12 30.66 60.00 25.79 -0.67 -0.03 25.80 60 34.59 22.30 22.48 54.35 54.02 2.53 0.05 54.08 60 33.75 21.64 22.16 53.64 54.15 1.89 0.03 54.18

Tank 07 Tank 08 Tank 09

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 68.55 56.75 64.40 80.04 34.78 -3.07 -0.09 34.92 0 66.73 54.16 61.03 78.55 37.19 -2.65 -0.07 37.28 0 66.58 57.49 65.09 80.45 28.66 -2.96 -0.10 28.82

1 46.91 31.73 33.62 63.12 54.42 0.61 0.01 54.42 1 53.76 37.42 40.38 67.59 53.51 -0.23 0.00 53.51 1 66.77 55.18 61.65 79.14 34.73 -2.19 -0.06 34.79

2 39.81 25.75 26.23 57.80 56.30 2.22 0.04 56.34 2 40.33 26.33 27.18 58.35 55.56 1.68 0.03 55.59 2 50.53 40.28 44.77 69.67 36.08 -1.70 -0.05 36.12

4 31.51 19.22 18.78 50.94 57.79 3.57 0.06 57.90 4 35.50 22.12 22.09 54.16 57.94 2.90 0.05 58.02 4 45.15 33.04 36.36 64.19 44.80 -1.14 -0.03 44.81

5 34.05 20.63 19.63 52.54 59.97 4.65 0.08 60.15 5 35.64 22.60 23.09 54.65 56.29 2.00 0.04 56.33 5 50.03 38.07 43.13 68.07 41.65 -2.61 -0.06 41.73

6 37.52 23.34 23.14 55.42 59.21 3.24 0.05 59.30 6 37.07 22.73 21.85 54.80 60.43 4.42 0.07 60.59 6 51.49 39.75 45.38 69.29 40.26 -3.02 -0.07 40.37

7 33.61 20.15 19.18 52.01 60.71 4.63 0.08 60.89 7 31.31 18.90 18.42 50.57 58.66 3.65 0.06 58.77 7 44.61 33.47 38.06 64.54 41.72 -2.68 -0.06 41.80

8 37.56 23.04 22.81 55.11 60.69 3.28 0.05 60.77 8 37.33 22.96 22.98 55.03 60.29 2.83 0.05 60.36 8 48.30 37.28 42.76 67.48 39.47 -3.21 -0.08 39.60

11 37.53 23.11 23.07 55.19 60.26 2.96 0.05 60.33 11 36.23 22.49 22.83 54.54 58.75 2.24 0.04 58.79 11 49.22 37.83 42.62 67.90 40.20 -2.32 -0.06 40.27

12 40.35 25.61 27.12 57.67 58.52 0.59 0.01 58.52 12 41.03 25.75 27.00 57.80 60.09 1.00 0.02 60.09 12 51.95 40.92 46.37 70.12 37.91 -2.69 -0.07 38.01

13 36.03 22.18 23.91 54.22 59.45 -0.15 0.00 59.45 13 38.46 23.76 25.43 55.85 60.43 0.14 0.00 60.43 13 47.92 37.00 40.84 67.28 39.31 -1.33 -0.03 39.33

14 37.62 23.21 25.13 55.28 60.14 -0.34 -0.01 60.14 14 37.78 23.45 25.47 55.54 59.55 -0.47 -0.01 59.56 14 47.66 37.31 41.82 67.51 37.57 -2.06 -0.05 37.63

15 34.71 21.88 23.59 53.90 56.35 -0.15 0.00 56.35 15 40.62 25.48 27.04 57.54 59.95 0.49 0.01 59.95 15 54.00 43.43 47.17 71.84 35.80 -0.58 -0.02 35.80

19 37.60 22.93 23.69 55.00 61.31 1.56 0.03 61.33 19 37.00 22.53 23.30 54.58 61.12 1.51 0.02 61.14 19 51.87 40.82 44.57 70.05 38.01 -0.82 -0.02 38.02

21 41.05 26.05 28.09 58.08 58.93 -0.19 0.00 58.93 21 41.19 26.38 28.47 58.40 57.97 -0.21 0.00 57.97 21 54.05 42.83 45.97 71.44 37.66 0.02 0.00 37.66

25 34.03 20.89 21.86 52.83 58.61 1.02 0.02 58.62 25 33.79 20.93 21.99 52.87 57.63 0.85 0.01 57.64 25 46.68 35.84 38.95 66.39 39.66 -0.57 -0.01 39.67

28 32.80 19.99 20.59 51.82 58.65 1.61 0.03 58.67 28 31.52 19.34 19.92 51.08 57.23 1.60 0.03 57.25 28 48.80 38.05 41.29 68.06 38.36 -0.50 -0.01 38.37

32 37.36 23.18 24.05 55.26 59.40 1.41 0.02 59.42 32 38.47 24.15 24.99 56.23 58.79 1.52 0.03 58.81 32 55.41 44.57 47.42 72.61 36.09 0.47 0.01 36.10

35 33.17 20.53 20.64 52.43 57.33 2.56 0.04 57.39 35 35.34 22.12 22.11 54.15 57.46 2.86 0.05 57.53 35 48.17 39.86 42.40 69.37 30.99 0.46 0.01 31.00

39 35.51 22.39 22.77 54.44 56.77 2.19 0.04 56.81 39 37.02 23.48 23.54 55.57 56.94 2.80 0.05 57.01 39 55.23 47.93 50.33 74.78 26.24 1.17 0.04 26.27

42 34.95 22.31 23.34 54.36 55.22 1.06 0.02 55.23 42 35.36 22.81 23.60 54.87 54.41 1.50 0.03 54.43 42 52.17 45.25 47.35 73.06 25.85 1.32 0.05 25.88

46 30.82 19.35 19.70 51.10 54.57 2.04 0.04 54.61 46 32.09 20.25 20.41 52.12 54.82 2.45 0.04 54.87 46 50.48 43.46 45.46 71.87 26.51 1.31 0.05 26.54

60 32.58 20.74 20.82 52.66 54.22 2.62 0.05 54.29 60 33.10 21.20 20.99 53.16 53.94 3.18 0.06 54.03 60 49.16 41.93 43.86 70.82 27.43 1.31 0.05 27.46

Tank 10 Tank 11 Tank 12

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 71.62 61.52 69.29 82.66 30.09 -2.73 -0.09 30.22 0 67.96 58.19 65.28 80.84 30.02 -2.45 -0.08 30.12 0 61.18 51.93 58.47 77.24 30.15 -2.56 -0.08 30.26

1 70.17 58.22 64.81 80.86 34.75 -2.02 -0.06 34.81 1 63.23 51.42 57.13 76.93 36.26 -1.83 -0.05 36.30 1 60.34 47.05 52.68 74.22 41.18 -2.19 -0.05 41.24

2 53.60 42.57 46.74 71.26 37.30 -1.12 -0.03 37.31 2 51.50 40.41 44.34 69.76 38.28 -1.07 -0.03 38.29 2 53.55 42.44 46.55 71.17 37.54 -1.07 -0.03 37.56

4 43.32 31.55 34.55 62.97 44.68 -0.89 -0.02 44.69 4 45.91 33.73 37.27 64.75 44.55 -1.33 -0.03 44.57 4 47.05 34.59 38.10 65.43 44.85 -1.20 -0.03 44.87

5 49.31 37.44 42.29 67.61 41.70 -2.44 -0.06 41.78 5 48.53 36.98 41.63 67.26 41.06 -2.28 -0.06 41.13 5 53.41 41.09 45.80 70.24 41.18 -1.86 -0.05 41.22

6 51.37 39.37 44.87 69.02 41.17 -2.95 -0.07 41.27 6 50.34 38.36 43.78 68.28 41.56 -2.98 -0.07 41.66 6 52.12 40.18 45.56 69.60 40.60 -2.69 -0.07 40.69

7 46.11 34.51 39.14 65.37 42.46 -2.59 -0.06 42.53 7 49.59 38.03 42.87 68.05 40.57 -2.36 -0.06 40.64 7 46.33 34.70 39.29 65.51 42.47 -2.51 -0.06 42.54

8 51.50 39.51 44.78 69.12 41.06 -2.66 -0.06 41.14 8 49.96 37.54 42.38 67.68 43.13 -2.42 -0.06 43.20 8 45.05 34.00 38.36 64.96 41.17 -2.32 -0.06 41.24

11 49.20 37.86 42.39 67.91 40.07 -2.03 -0.05 40.13 11 49.62 38.36 42.84 68.29 39.59 -1.91 -0.05 39.64 11 47.15 36.38 40.57 66.81 39.19 -1.81 -0.05 39.23

12 50.63 39.62 44.73 69.20 38.39 -2.47 -0.06 38.47 12 50.91 39.82 44.83 69.34 38.53 -2.33 -0.06 38.60 12 49.40 38.38 43.11 68.30 38.95 -2.20 -0.06 39.01

13 49.18 37.45 41.12 67.62 41.31 -1.06 -0.03 41.33 13 48.56 37.22 40.63 67.44 40.34 -0.79 -0.02 40.35 13 49.56 37.73 40.87 67.82 41.48 -0.43 -0.01 41.48

14 51.09 39.81 44.12 69.34 39.03 -1.56 -0.04 39.06 14 51.92 40.27 44.71 69.66 39.83 -1.65 -0.04 39.87 14 51.85 40.07 44.29 69.52 40.24 -1.43 -0.04 40.27

15 51.07 39.86 43.79 69.37 38.81 -1.13 -0.03 38.83 15 48.43 36.83 40.36 67.15 41.29 -0.98 -0.02 41.30 15 48.27 36.68 40.22 67.04 41.31 -1.00 -0.02 41.33

19 53.02 41.03 45.32 70.20 40.37 -1.40 -0.03 40.39 19 49.72 37.89 41.22 67.94 41.37 -0.63 -0.02 41.37 19 50.56 38.70 42.22 68.53 41.07 -0.78 -0.02 41.07

21 54.35 42.94 45.72 71.51 38.11 0.43 0.01 38.11 21 49.62 39.28 41.82 68.95 36.72 0.42 0.01 36.73 21 52.86 41.15 43.78 70.28 39.59 0.47 0.01 39.59

25 43.65 33.44 35.42 64.51 39.02 0.63 0.02 39.03 25 43.76 34.03 36.37 64.98 37.33 0.21 0.01 37.33 25 42.51 32.84 34.92 64.03 37.71 0.45 0.01 37.71

28 43.57 33.31 35.74 64.41 39.21 0.04 0.00 39.21 28 43.27 33.97 36.72 64.94 36.08 -0.31 -0.01 36.08 28 35.87 22.75 23.64 54.82 56.36 1.34 0.02 56.37

32 56.02 44.72 47.23 72.71 37.17 0.85 0.02 37.18 32 50.61 41.15 43.40 70.28 33.67 0.89 0.03 33.68 32 49.83 39.76 41.35 69.30 35.84 1.55 0.04 35.87

35 45.97 37.19 39.06 67.42 33.22 1.07 0.03 33.24 35 52.42 43.17 45.25 71.67 32.46 1.22 0.04 32.48 35 51.05 42.45 44.09 71.18 30.97 1.66 0.05 31.02

39 50.37 42.09 43.71 70.93 30.23 1.66 0.05 30.28 39 53.27 45.25 46.96 73.06 28.70 1.74 0.06 28.75 39 53.25 45.34 46.95 73.12 28.40 1.85 0.07 28.46

42 50.54 43.37 44.93 71.80 26.93 1.80 0.07 26.99 42 49.44 42.76 44.15 71.39 25.73 1.96 0.08 25.80 42 48.00 40.88 42.47 70.09 27.40 1.63 0.06 27.45

46 48.67 41.26 42.49 70.36 28.12 2.06 0.07 28.19 46 48.13 41.46 42.83 70.50 26.02 1.90 0.07 26.09 46 49.58 42.14 43.70 70.97 27.94 1.74 0.06 28.00

60 43.22 36.45 38.15 66.86 27.62 1.22 0.04 27.65 60 48.01 40.92 42.05 70.12 27.32 2.16 0.08 27.40 60 43.46 36.36 37.85 66.79 28.64 1.47 0.05 28.67

continued



Table S11. Results of the chromatic coordinates obtained for wine of Alfaro 2019.

Tank 13 Tank 14 Tank 15

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 56.98 42.16 46.62 70.98 47.01 -1.47 -0.03 47.03 0 60.75 44.64 49.64 72.65 48.91 -1.79 -0.04 48.95 0 59.88 43.86 48.55 72.13 49.07 -1.55 -0.03 49.09

1 50.83 35.27 37.37 65.96 52.89 0.63 0.01 52.89 1 50.48 35.08 37.20 65.81 52.61 0.58 0.01 52.62 1 50.01 34.83 37.31 65.61 52.18 0.11 0.00 52.18

2 39.37 25.44 25.88 57.50 56.19 2.26 0.04 56.24 2 37.73 24.39 24.76 56.48 55.37 2.31 0.04 55.42 2 41.75 27.30 28.42 59.25 56.02 1.33 0.02 56.03

4 34.31 21.15 20.66 53.11 58.41 3.69 0.06 58.52 4 32.59 20.21 20.10 52.07 56.84 2.95 0.05 56.92 4 33.60 21.05 21.32 53.01 56.35 2.31 0.04 56.39

5 38.72 24.38 24.61 56.46 58.61 2.55 0.04 58.67 5 37.86 23.21 22.32 55.29 60.89 4.45 0.07 61.05 5 35.44 21.37 19.81 53.35 61.23 5.71 0.09 61.49

6 39.17 24.85 25.07 56.93 58.00 2.60 0.04 58.05 6 33.92 20.80 20.10 52.73 58.68 4.10 0.07 58.83 6 35.98 22.27 21.48 54.31 58.92 4.26 0.07 59.07

7 35.44 22.07 21.94 54.10 58.02 3.06 0.05 58.10 7 35.40 21.69 21.11 53.70 59.60 3.87 0.06 59.73 7 35.82 21.81 20.77 53.83 60.46 4.73 0.08 60.64

8 37.21 23.61 24.48 55.69 57.03 1.43 0.03 57.05 8 39.15 24.93 25.70 57.01 57.62 1.70 0.03 57.64 8 39.10 24.43 24.31 56.51 59.60 3.13 0.05 59.68

11 36.47 22.87 23.27 54.94 57.85 2.18 0.04 57.89 11 36.66 23.01 23.29 55.08 57.85 2.40 0.04 57.90 11 37.12 23.08 22.97 55.16 59.05 3.07 0.05 59.13

12 38.02 24.28 25.80 56.37 56.76 0.44 0.01 56.77 12 40.39 25.77 27.27 57.82 58.01 0.62 0.01 58.01 12 39.89 25.33 26.35 57.39 58.28 1.33 0.02 58.30

13 37.55 23.36 25.03 55.44 59.25 0.08 0.00 59.25 13 35.35 21.83 23.36 53.84 58.81 0.14 0.00 58.81 13 38.66 24.20 25.96 56.29 59.14 0.06 0.00 59.14

14 40.59 25.62 27.60 57.68 59.24 -0.13 0.00 59.24 14 39.60 24.91 26.77 56.98 59.13 -0.04 0.00 59.13 14 38.14 23.61 24.80 55.70 60.02 0.91 0.02 60.03

15 39.39 24.94 26.55 57.02 58.33 0.36 0.01 58.33 15 38.76 24.30 25.47 56.39 59.07 1.01 0.02 59.07 15 38.32 23.77 24.69 55.86 59.92 1.37 0.02 59.94

19 38.08 24.07 25.57 56.16 57.87 0.44 0.01 57.87 19 37.22 23.37 24.47 55.45 58.14 1.03 0.02 58.14 19 36.97 22.82 23.58 54.88 59.74 1.55 0.03 59.76

21 43.45 28.12 30.35 59.99 57.92 -0.23 0.00 57.92 21 42.61 27.52 29.55 59.45 57.75 0.00 0.00 57.75 21 39.63 25.15 26.57 57.22 58.21 0.69 0.01 58.22

25 35.30 22.14 23.18 54.18 57.17 1.03 0.02 57.18 25 36.10 22.53 23.31 54.59 58.13 1.50 0.03 58.15 25 33.63 20.95 21.76 52.90 56.97 1.32 0.02 56.99

28 32.84 20.58 21.47 52.49 55.92 1.14 0.02 55.93 28 33.62 20.95 21.45 52.90 56.92 1.88 0.03 56.95 28 33.93 21.41 22.03 53.39 55.88 1.69 0.03 55.91

32 37.90 23.88 24.44 55.96 58.11 1.97 0.03 58.15 32 39.81 25.58 26.58 57.64 56.97 1.39 0.02 56.98 32 40.55 25.79 26.48 57.84 58.44 1.89 0.03 58.47

35 37.64 24.21 24.54 56.29 55.85 2.37 0.04 55.90 35 39.89 25.86 26.34 57.90 56.09 2.22 0.04 56.13 35 34.82 21.92 21.61 53.95 56.57 3.40 0.06 56.67

39 39.69 25.71 26.23 57.76 56.08 2.16 0.04 56.12 39 37.18 23.96 24.30 56.05 55.43 2.35 0.04 55.48 39 37.92 24.75 25.09 56.83 54.45 2.38 0.04 54.50

42 37.00 23.95 24.74 56.04 54.84 1.60 0.03 54.86 42 35.31 22.61 22.76 54.67 55.10 2.60 0.05 55.16 42 34.97 22.42 22.47 54.47 54.80 2.76 0.05 54.87

46 37.59 24.38 24.65 56.47 54.92 2.48 0.05 54.97 46 34.01 21.74 21.57 53.75 54.60 3.13 0.06 54.69 46 36.34 23.22 22.80 55.30 55.87 3.60 0.06 55.99

60 35.88 23.61 23.65 55.70 52.60 2.83 0.05 52.68 60 33.75 21.81 21.30 53.83 53.36 3.76 0.07 53.49 60 31.97 20.36 19.46 52.25 53.83 4.49 0.08 54.02

Tank 16 Tank 17 Tank 18

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 54.67 39.63 43.45 69.21 48.87 -1.02 -0.02 48.88 0 69.97 61.20 69.00 82.49 27.30 -2.78 -0.10 27.44 0 69.31 59.25 67.44 81.43 30.44 -3.29 -0.11 30.61

1 47.89 33.04 35.19 64.20 52.50 0.38 0.01 52.51 1 64.62 54.63 61.25 78.83 31.27 -2.37 -0.08 31.36 1 59.97 50.12 56.29 76.14 32.03 -2.40 -0.07 32.12

2 39.44 25.04 24.98 57.12 58.06 3.06 0.05 58.14 2 48.52 38.12 42.76 68.11 37.37 -2.12 -0.06 37.43 2 49.92 38.95 43.33 68.72 38.56 -1.72 -0.04 38.60

4 36.21 22.77 22.91 54.84 57.41 2.63 0.05 57.47 4 46.15 34.44 38.17 65.31 42.83 -1.49 -0.03 42.85 4 45.17 33.27 36.91 64.38 44.06 -1.52 -0.03 44.08

5 36.05 22.26 21.80 54.30 59.20 3.67 0.06 59.31 5 51.31 39.23 44.59 68.92 41.42 -2.80 -0.07 41.51 5 49.17 37.75 42.86 67.83 40.35 -2.71 -0.07 40.44

6 36.43 22.52 21.93 54.57 59.31 3.89 0.07 59.44 6 49.86 38.64 44.18 68.49 39.39 -3.09 -0.08 39.51 6 53.22 41.51 47.61 70.53 39.45 -3.32 -0.08 39.59

7 38.09 23.66 23.47 55.74 59.70 3.21 0.05 59.79 7 44.99 33.69 38.32 64.72 42.06 -2.69 -0.06 42.15 7 46.88 35.30 40.24 65.98 41.98 -2.85 -0.07 42.08

8 38.09 23.66 23.47 55.74 59.70 3.21 0.05 59.79 8 51.14 39.75 45.18 69.29 39.35 -2.81 -0.07 39.45 8 49.66 38.53 43.84 68.41 39.19 -2.83 -0.07 39.29

11 36.80 23.03 23.18 55.10 58.23 2.61 0.04 58.29 11 50.71 39.51 44.30 69.12 38.95 -2.13 -0.05 39.00 11 51.97 40.58 45.44 69.88 39.02 -2.09 -0.05 39.07

12 38.53 24.42 25.54 56.51 57.79 1.10 0.02 57.80 12 53.42 41.98 47.36 70.85 38.56 -2.49 -0.06 38.64 12 55.15 44.06 49.20 72.27 36.91 -2.00 -0.05 36.97

13 36.76 22.52 23.49 54.57 60.39 1.16 0.02 60.40 13 47.63 36.29 40.19 66.74 40.81 -1.48 -0.04 40.84 13 48.83 37.24 41.22 67.46 41.04 -1.46 -0.04 41.07

14 39.56 24.51 25.89 56.60 60.71 0.69 0.01 60.72 14 51.74 40.41 44.99 69.76 38.93 -1.80 -0.05 38.97 14 54.15 42.74 47.50 71.38 38.19 -1.74 -0.05 38.23

15 35.78 22.27 23.28 54.32 58.21 1.09 0.02 58.22 15 52.61 41.25 45.32 70.35 38.65 -1.14 -0.03 38.66 15 50.55 39.80 43.71 69.32 37.64 -1.11 -0.03 37.66

19 35.73 21.99 22.62 54.02 59.33 1.72 0.03 59.36 19 51.76 40.36 44.08 69.73 39.12 -0.84 -0.02 39.13 19 52.46 41.36 44.97 70.43 37.92 -0.62 -0.02 37.92

21 40.80 25.83 27.14 57.87 59.05 0.92 0.02 59.06 21 52.89 42.17 44.89 70.99 36.61 0.44 0.01 36.61 21 51.90 41.47 43.91 70.50 36.15 0.69 0.02 36.16

25 35.71 22.13 22.63 54.17 58.61 1.95 0.03 58.64 25 44.00 34.28 36.47 65.18 37.16 0.44 0.01 37.17 25 42.59 33.37 35.40 64.46 36.09 0.57 0.02 36.10

28 50.46 40.89 43.30 70.10 34.08 0.68 0.02 34.09 28 48.40 38.52 40.82 68.40 35.80 0.63 0.02 35.80 28 45.94 35.55 37.60 66.17 38.52 0.71 0.02 38.52

32 39.47 25.27 26.16 57.34 57.21 1.53 0.03 57.23 32 55.71 46.22 48.45 73.69 32.19 1.24 0.04 32.21 32 54.56 44.92 46.95 72.84 32.93 1.38 0.04 32.96

35 36.49 22.85 22.40 54.92 58.00 3.66 0.06 58.11 35 53.98 45.99 48.02 73.54 28.44 1.43 0.05 28.48 35 53.55 44.95 47.05 72.86 30.29 1.30 0.04 30.31

39 36.74 23.31 23.00 55.39 56.78 3.42 0.06 56.88 39 56.33 48.92 50.83 75.40 26.33 1.72 0.07 26.39 39 54.27 46.74 48.27 74.02 27.10 2.00 0.07 27.17

42 34.27 21.87 21.98 53.89 54.90 2.64 0.05 54.96 42 53.33 47.09 48.01 74.24 23.74 2.66 0.11 23.89 42 53.26 46.45 47.58 73.84 25.31 2.42 0.10 25.42

46 34.72 22.34 22.25 54.39 54.30 3.00 0.06 54.39 46 47.89 41.65 42.69 70.63 24.78 2.30 0.09 24.88 46 51.44 44.66 45.41 72.66 25.60 2.75 0.11 25.75

60 34.90 22.41 21.69 54.45 54.63 4.13 0.08 54.79 60 48.05 41.38 43.03 70.44 26.04 1.58 0.06 26.08 60 44.14 37.60 38.97 67.72 26.63 1.69 0.06 26.68

Tank 19 Tank 20 Tank 21

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 65.11 55.66 63.29 79.42 29.83 -3.17 -0.11 29.99 0 65.04 55.03 62.50 79.06 31.20 -3.09 -0.10 31.35 0 55.99 41.81 47.15 70.74 45.57 -2.46 -0.05 45.64

1 67.30 55.97 62.46 79.60 33.94 -2.13 -0.06 34.01 1 67.72 56.86 63.59 80.10 32.70 -2.26 -0.07 32.78 1 49.53 34.67 38.12 65.49 51.40 -1.11 -0.02 51.41

2 50.61 39.77 44.30 69.31 37.88 -1.80 -0.05 37.92 2 51.24 41.16 45.78 70.29 35.35 -1.76 -0.05 35.39 2 41.78 28.27 30.43 60.13 52.33 -0.11 0.00 52.33

4 45.04 33.04 36.26 64.19 44.44 -1.00 -0.02 44.46 4 43.55 32.26 35.99 63.56 42.84 -1.76 -0.04 42.88 4 34.68 21.34 21.20 53.32 58.77 3.06 0.05 58.85

5 48.32 36.42 41.13 66.84 42.29 -2.41 -0.06 42.35 5 53.07 41.14 46.28 70.27 40.19 -2.33 -0.06 40.25 5 37.06 23.16 23.43 55.24 58.49 2.43 0.04 58.54

6 49.00 37.87 43.69 67.93 39.49 -3.50 -0.09 39.64 6 50.28 38.14 44.04 68.12 42.09 -3.56 -0.08 42.24 6 35.67 21.96 21.85 53.98 59.29 3.03 0.05 59.37

7 48.18 36.61 41.28 66.99 41.27 -2.35 -0.06 41.34 7 46.19 35.18 39.90 65.89 40.45 -2.59 -0.06 40.53 7 40.64 26.05 27.25 58.08 57.67 1.10 0.02 57.68

8 50.24 38.79 43.61 68.60 39.94 -2.24 -0.06 40.00 8 52.53 40.92 46.01 70.12 39.41 -2.29 -0.06 39.48 8 38.48 24.17 24.94 56.26 58.72 1.65 0.03 58.75

11 50.51 39.30 43.75 68.97 39.05 -1.76 -0.05 39.09 11 47.27 36.58 41.22 66.96 38.88 -2.32 -0.06 38.95 11 37.01 23.37 24.22 55.46 57.40 1.45 0.03 57.42

12 53.32 42.39 47.24 71.14 37.10 -1.87 -0.05 37.15 12 52.14 41.55 46.39 70.56 36.53 -1.95 -0.05 36.58 12 39.80 25.77 27.87 57.82 56.18 -0.30 -0.01 56.18

13 46.66 35.77 39.35 66.35 39.81 -1.14 -0.03 39.82 13 49.73 38.29 42.02 68.24 40.13 -1.05 -0.03 40.15 13 37.39 23.59 26.01 55.67 57.73 -1.10 -0.02 57.74

14 51.93 41.16 45.23 70.29 37.15 -1.15 -0.03 37.16 14 52.43 41.53 45.52 70.54 37.35 -1.03 -0.03 37.37 14 36.63 23.10 25.35 55.17 57.38 -0.90 -0.02 57.39

15 54.57 43.43 47.10 71.85 37.24 -0.50 -0.01 37.24 15 49.55 39.08 42.68 68.81 37.17 -0.83 -0.02 37.18 15 40.55 25.98 28.11 58.02 57.63 -0.32 -0.01 57.64

19 51.70 40.36 43.65 69.73 38.97 -0.35 -0.01 38.97 19 51.19 39.97 43.44 69.45 38.79 -0.59 -0.02 38.80 19 40.59 25.88 27.94 57.92 58.18 -0.22 0.00 58.18

21 50.87 40.12 42.44 69.55 37.50 0.74 0.02 37.51 21 54.53 43.79 46.13 72.09 36.11 0.96 0.03 36.12 21 43.84 30.64 34.89 62.20 49.54 -2.66 -0.05 49.61

25 47.66 37.51 39.49 67.66 36.92 0.95 0.03 36.93 25 48.01 37.80 40.02 67.88 36.98 0.69 0.02 36.99 25 36.76 23.64 25.57 55.72 55.43 -0.30 -0.01 55.43

28 45.63 35.84 38.10 66.40 36.64 0.49 0.01 36.64 28 45.16 35.36 37.53 66.03 36.89 0.55 0.01 36.89 28 39.85 26.16 28.30 58.19 54.71 -0.31 -0.01 54.71

32 56.91 46.81 48.73 74.07 33.53 1.59 0.05 33.57 32 54.99 44.85 46.90 72.79 34.23 1.35 0.04 34.26 32 39.34 25.27 26.40 57.33 56.80 1.16 0.02 56.82

35 53.72 44.95 46.88 72.86 30.71 1.49 0.05 30.75 35 51.29 42.42 44.35 71.16 31.71 1.33 0.04 31.74 35 37.53 24.05 24.71 56.14 56.15 1.82 0.03 56.18

39 56.76 48.84 50.25 75.35 27.63 2.23 0.08 27.72 39 54.10 46.55 48.13 73.90 27.17 1.94 0.07 27.24 39 37.14 24.22 25.08 56.31 54.16 1.51 0.03 54.19

42 54.62 48.07 48.86 74.87 24.35 2.84 0.12 24.52 42 52.32 46.10 47.61 73.61 23.85 1.99 0.08 23.93 42 36.44 24.02 25.33 56.10 52.71 0.74 0.01 52.72

46 53.39 46.66 47.45 73.97 25.07 2.79 0.11 25.22 46 46.82 41.14 42.15 70.27 23.33 2.31 0.10 23.45 46 38.21 25.06 25.88 57.13 54.08 1.63 0.03 54.10

60 45.39 38.93 40.12 68.70 26.03 1.99 0.08 26.11 60 45.72 39.50 40.92 69.11 25.20 1.75 0.07 25.26 60 34.12 22.80 23.37 54.86 50.19 1.87 0.04 50.22

Tank 22 Tank 23 Tank 24

Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C* Time (days) X Y Z L* a* b* H* C*

0 54.98 41.38 47.03 70.44 44.33 -2.84 -0.06 44.42 0 58.77 43.09 48.28 71.61 48.65 -2.16 -0.04 48.70 0 63.61 50.55 57.02 76.41 39.39 -2.64 -0.07 39.48

1 52.99 37.22 40.82 67.44 52.18 -1.02 -0.02 52.19 1 49.69 34.42 37.53 65.30 52.70 -0.71 -0.01 52.70 1 56.28 40.74 44.87 70.00 49.51 -1.25 -0.03 49.53

2 38.29 24.64 25.40 56.72 56.10 1.69 0.03 56.12 2 36.30 23.35 24.19 55.43 55.15 1.47 0.03 55.17 2 41.86 27.64 28.81 59.56 55.02 1.28 0.02 55.03

4 35.41 22.78 24.37 54.85 54.70 0.15 0.00 54.70 4 -1.59 -0.74 1.18 -38.59 -30.67 -83.46 -1.92 88.92 4 39.52 25.74 27.24 57.79 55.41 0.62 0.01 55.42

5 33.30 20.30 20.04 52.18 58.89 3.25 0.06 58.98 5 35.38 22.19 22.59 54.23 57.25 2.14 0.04 57.29 5 43.13 27.98 29.32 59.87 57.51 1.06 0.02 57.52

6 37.86 23.47 23.65 55.55 59.78 2.58 0.04 59.83 6 35.01 21.03 19.90 52.98 61.37 4.91 0.08 61.57 6 41.18 26.06 26.47 58.09 59.28 2.34 0.04 59.32

7 36.59 22.72 23.17 54.78 58.93 2.08 0.04 58.97 7 34.37 20.91 20.53 52.85 59.73 3.49 0.06 59.83 7 40.90 26.04 26.96 58.07 58.48 1.54 0.03 58.50

8 40.37 25.55 26.66 57.61 58.84 1.21 0.02 58.85 8 34.87 21.48 21.50 53.48 58.77 2.79 0.05 58.84 8 42.65 27.66 29.33 59.58 57.32 0.54 0.01 57.32

11 38.94 24.82 26.22 56.90 57.43 0.69 0.01 57.44 11 35.32 21.85 22.20 53.87 58.59 2.20 0.04 58.63 11 42.39 27.56 29.20 59.49 56.95 0.58 0.01 56.96

12 40.82 26.30 28.41 58.32 57.20 -0.25 0.00 57.20 12 37.26 23.22 24.08 55.29 58.92 1.41 0.02 58.94 12 43.25 28.65 31.60 60.47 55.25 -1.18 -0.02 55.26

13 35.47 21.97 23.92 54.00 58.56 -0.55 -0.01 58.57 13 34.85 21.14 22.49 53.10 60.27 0.38 0.01 60.27 13 40.89 26.36 29.32 58.38 57.15 -1.52 -0.03 57.17

14 38.68 24.38 26.87 56.47 58.45 -1.09 -0.02 58.46 14 34.82 21.65 23.46 53.66 57.80 -0.35 -0.01 57.80 14 42.92 27.70 30.82 59.62 57.94 -1.54 -0.03 57.96

15 38.78 24.51 26.34 56.59 58.24 -0.04 0.00 58.24 15 36.39 22.50 23.61 54.56 59.24 0.94 0.02 59.25 15 46.58 31.65 35.32 63.05 53.77 -1.75 -0.03 53.80

19 38.41 24.26 26.13 56.34 58.12 -0.13 0.00 58.12 19 39.28 24.69 26.09 56.77 59.05 0.66 0.01 59.06 19 43.91 28.68 31.52 60.50 57.09 -1.03 -0.02 57.10

21 40.17 25.86 28.11 57.90 56.99 -0.53 -0.01 56.99 21 37.96 23.90 25.40 55.99 58.23 0.43 0.01 58.23 21 43.07 28.46 31.40 60.30 55.46 -1.19 -0.02 55.47

25 36.22 23.34 24.89 55.43 54.92 0.29 0.01 54.93 25 34.88 21.80 22.71 53.81 57.35 1.21 0.02 57.36 25 40.91 26.63 28.81 58.63 56.12 -0.32 -0.01 56.12

28 32.00 20.12 21.30 51.97 55.11 0.56 0.01 55.11 28 34.04 21.23 21.88 53.20 57.07 1.63 0.03 57.10 28 41.21 27.04 28.85 59.01 55.41 0.28 0.01 55.42

32 40.24 26.29 28.18 58.31 55.43 0.08 0.00 55.43 32 36.89 23.50 24.21 55.58 56.47 1.69 0.03 56.50 32 46.80 31.31 33.80 62.77 55.61 -0.24 0.00 55.61

35 36.13 23.41 24.31 55.50 54.30 1.38 0.03 54.32 35 37.29 23.84 24.28 55.93 56.26 2.17 0.04 56.30 35 40.50 27.00 28.41 58.98 53.38 0.87 0.02 53.38

39 40.75 26.83 27.47 58.82 54.82 2.04 0.04 54.86 39 37.44 24.05 24.21 56.14 55.88 2.65 0.05 55.94 39 41.30 27.51 28.66 59.45 53.81 1.32 0.02 53.82

42 34.28 22.24 23.01 54.28 53.27 1.49 0.03 53.29 42 33.61 21.60 22.07 53.60 53.82 1.98 0.04 53.85 42 38.07 25.44 26.78 57.51 52.02 0.85 0.02 52.03

46 34.07 22.23 22.46 54.27 52.57 2.44 0.05 52.63 46 39.89 26.88 27.68 58.86 51.98 1.78 0.03 52.01 46 38.77 26.07 27.10 58.10 51.72 1.37 0.03 51.74

60 31.00 20.27 20.14 52.14 50.70 3.01 0.06 50.79 60 34.61 22.76 22.75 54.83 52.04 2.89 0.06 52.12 60 37.45 25.52 26.01 57.58 49.71 2.18 0.04 49.75
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