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Abstract 

This study investigated the addition of varying levels of sulfur dioxide 

prefermentation and its effects on sequestered anthocyanins and subsequent polymeric 

pigment formation in Pinot Noir and Syrah. The fermentations were conducted in 

triplicate for the following additions: 0ppm SO2 (control), 50ppm SO2, 100ppm SO2, and 

200ppm SO2. It was demonstrated that sulfur dioxide additions can significantly impact 

sequestered anthocyanins in both Pinot Noir and Syrah. In Pinot Noir, by Day 210 both 

the 100ppm SO2 and 200ppm SO2 treatments showed highly significant differences (P < 

.01) in sequestered anthocyanins versus the control. In Syrah, by Day 105 the 200ppm 

SO2 treatment showed a significant difference (P < .05) in sequestered anthocyanins 

versus the control. These increases in sequestered anthocyanins do not appear to 

reduce the amount of copigmentation for either variety. Furthermore, in Syrah the 

decrease in sequestered anthocyanins seems to correlate with an increase in polymeric 

pigment development. Due to the limited time nature of this study this phenomenon was 

not yet observed in Pinot Noir. 

Sensory analysis showed that for Pinot Noir higher color intensity was generally 

positively correlated with increasing sulfur dioxide additions. This correlation was not 

observed in Syrah, although there were some significant differences observed. No 

significant differences were observed in overall preference for Pinot Noir between the 

treatments and the control. For Syrah, there were no significant differences in overall 

preference between the control and the 50ppm SO2 and 100ppm SO2 treatments. 
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Introduction 

 Recent research on polymeric pigment formation has focused on extraction 

regimens, fermentation and storage temperatures, maceration enzymes, and 

exogenous oenotannin additions. Very little research has been conducted into sulfur 

dioxide and its binding effect with anthocyanin and the net resulting effect of such 

binding on polymeric pigment formation. If a causal link can be demonstrated between a 

prefermentation sulfur dioxide addition and the increase in polymeric pigment formation, 

winemakers will have a simple, cost effective, and easily implementable tool to increase 

long term color stability in their Pinot Noir and Syrah wines. 

 Please note that this document assumes some familiarity with key organic 

chemistry concepts. To aid the reader a brief organic chemistry glossary is provided in 

the Appendix. 

 

Anthocyanins 

Wine color is an extremely complex phenomenon. The final color of a wine is 

dependent on numerous factors including, anthocyanin content, pH, sulfur dioxide, 

copigmentation effect, and polymeric pigment content. Anthocyanins are of central 

importance to wine color. Anthocyanins belong to the general class of flavonoids and 

therefore possess a C6-C3-C6 skeletal structure, Figure 1. 
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Figure 1 C6-C3-C6 Skeletal Structure of Flavonoid (Kennedy et al. 2005) 

  

All flavonoids, with the exception of a chalcone, comprise two closed phenolic 

rings which are connected by a heterocyclic ring consisting of a three-carbon chain and 

an oxygen. In a chalcone, however, the three-carbon chain remains open and is not 

closed by an oxygen atom. 

The most basic structure of an anthocyanin is that of its aglycone form, known as 

an anthocyanidin. The six anthocyanidin structures found in grapes and wine are listed 

in Figure 2.  
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Figure 2 The 6 Anthocyanidins found in Vitis vinifera wines (Margalit 2012) 

 

The points of differentiation between the grape anthocyanidins are the hydroxyl 

and methoxyl substituents on the B ring. It has been demonstrated that substituents on 

the B ring directly affect the hue and color stability of the anthocyanidin by impacting the 

path length of the delocalized electrons in the molecule (Monagas and Bartolme 2009).  

Hydroxyl substitution shifts the color to the blue spectrum while methoxyl 

substitution shifts the color to the red spectrum. This is the principal reason why 

malvidin with its two methoxyl substitutions is the reddest of the anthocyanidins and 

delphinidin with its two hydroxyl substitutions is the bluest of the anthocyanidins 

[Jackson 2008].  

It should be noted that anthocyanidins, per se, do not exist in the grape berry or 

wine; anthocyanidins always exist in a glycosidic form known as an anthocyanin. 
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Interestingly Vitis vinifera anthocyanins are always monoglycosidic, whereas 

anthocyanins of non-vinifera varieties are diglycosidic (Kennedy et al. 2005). Figure 3 

shows the glycosidic form of malvidin, malvidin-3-glucoside.  

 

Figure 3 The Anthocyanin form of Malvidin, Malvidin-3-Glucoside (Margalit 2012) 

 

In their glycosidic form, the anthocyanins are more soluble in water and have 

greater resistance to enzymatic oxidation (Morais et al. 2002). Other sugar 

substitutions, such as rhamnose, galactose, arabinose etc…, are possible, but glucose 

is generally the most favored (Waterhouse et al. 2016).  

The bond to the sugar moiety typically occurs at the C-3 position on the 

anthocyanidin, but it is also possible for this bond to occur at the hydroxyl locations on 

the A ring, at either the C-5 or C-7 position. The bond to the anthocyanidin always 

occurs at the sugar’s C-1 position and the bond orientation is always in the β-

configuration; this specific bond orientation mechanism increases steric hindrance vs 
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the α-configuration, thereby reducing the chances of degradation due to hydrolysis 

(Castaneda-Ovando et al. 2009). 

Further elaboration of the anthocyanin is possible via acylation at the C-6 

position of the sugar moiety, typically with an ester of either acetate, coumarate, or 

caffeoate (Kennedy 2008). Additionally, non-acylated branching at other carbon 

positions in the sugar moiety is also possible [Anderson et al. 1970, He et al. 2012].  
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pH Influence on Anthocyanins and Equilibria of Different Chemical Forms 

 
Singular anthocyanin entities, known as monomeric anthocyanins, exist in 

various chemical forms that are in equilibrium with one another. The equilibria are highly 

pH dependent. Figure 4 shows the various chemical forms of malvidin-3-glucoside, the 

principle anthocyanin found in Vitis vinifera grapes. The red form is known as the 

flavylium cation, and it is in equilibrium with a quinoidal base and a carbinol 

pseudobase. The transition from flavylium cation to the violet colored quinoidal base 

involves a fast proton transfer via an acid-base reaction (Brouillard et al. 1982). Its 

corresponding pKa is 4.25. The quinoidal form also exists in an anionic tautomeric form 

which is blue. This partly explains the blue/violet tones of red wines with elevated pH 

levels. The transition from the flavylium cation to the colorless carbinol pseudobase 

occurs via a hydration reaction (Waterhouse et al. 2016). Its pKa is 2.6. The carbinol 

form also exists in an equilibrium with an open ring chalcone form. This latter form 

exists in both cis and trans stereoisomer structures.  

Figure 5 shows the proportions of the various anthocyanin forms as the pH level 

varies. Generally speaking, as the pH increases the concentration of the flavylium form 

decreases. This means that the color density decreases with increasing pH despite the 

small shifts to darker hues. At a wine pH of 3.7 approximately 90% of the anthocyanins 

are in the colorless carbinol form, 8% are in the red flavylium form, and 2% are in the 

violet quinoidal form. Note that at pH < 1.0, nearly all of the anthocyanins are driven to 

the red flavylium form. Many chemical assays exploit this property of anthocyanins and 

pH to quantify the total amount of anthocyanins present. 
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Figure 4 The major equilibrium forms of Malvidin-3-Glucoside (Margalit 2012) 
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Figure 5 Percentages of Chemical forms of Malvidin-3-Glucoside at various pH levels 
(Margalit 2012) 

 

 

SO2 and Anthocyanins 

Aside from the various chemical forms with which the flavylium cation exists in 

equilibrium, the flavylium cation also exists in equilibrium with a bisulfite bound form, 

see Figure 6, (Boulton et al. 1996, Ribereau-Gayon et al. 2005). This is sometimes 

called the “bleached” form since it is colorless. For purposes of this paper it will be 

referred to as “sequestered anthocyanin.” The bisulfite acts as a nucleophile and 

attacks the flavylium cation at the C-4 position. Since the C-4 position is a chiral center, 

the sequestered anthocyanin exists as two stereoisomers (Berke et al. 1998) The 

dissociations of sulfur dioxide are well known, and at wine pH greater than 3.55 over 

98% of the sulfur dioxide exists in the bisulfite form.  
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Figure 6 Flavylium and Sequestered Anthocyanin Equilibrium (Waterhouse et al. 2016) 

 

The dissociation constant for sequestered anthocyanins is Kd = 1 x 10-5 

(Waterhouse et al. 2016). This is considered a moderate value; a significantly smaller 

value of Kd, on the order of 10-12 -10-15, would indicate that the sequestered anthocyanin 

form for all intents and purposes is not reversible and therefore the anthocyanin color 

once bound to bisulfite would be permanently lost. While a Kd = 1 x 10-5 does favor the 

sequestered form, it is, however, sufficiently high to provide a measurable release of 

anthocyanins should the flavylium and/or bisulfite concentrations decline (Berente et al. 

2000, Ribereau-Gayon et al. 2005). This last aspect is at the crux of this study. In 

essence if the sequestered form is too tightly held, having a very low Kd, then it 

would not be possible to increase the development of polymeric pigment via 

purposeful anthocyanin sequestration. 

 

Color Enhancement – Copigmentation and Self-Association 

Anthocyanins are compounds with low stability that are prone to degradation, 

particularly in aqueous solutions such as wine (Boulton 2001; Torskangerpoll et al. 
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2005; Malaj et al. 2013). Anthocyanins have been shown to be negatively impacted by 

numerous elements, including concentration levels, sunlight, pH, storage temperature, 

ascorbic acid, metallic ions, sugars, and chemical cofactors (Morais et al. 2002, Abyari 

et al. 2006, Brenes et al. 2005). Were it not for two key complexation mechanisms, 

namely self-association and copigmentation, the resulting color density of young red 

wine would be greatly diminished. 

Copigmentation refers to an interesting solution phenomenon whereby 

anthocyanins create structures by generating bindings within the molecule itself or 

where anthocyanins bind to non-colored moieties called cofactors. The former is termed 

intramolecular copigmentation, and the latter is termed intermolecular copigmentation 

(Boulton 2001).  

Intramolecular copigmentation is held together by attractive, noncovalent 

interactions (π-π stacking) between the aromatic residues and the polarizable planar 

ring nuclei. Therefore, anthocyanins with higher degrees of acylated moieties show 

greater amounts of intramolecular copigmentation (Dangles et al. 1993, Giusti and 

Wrolstad 2003). 

In intermolecular copigmentation π-π stacking is also instrumental, but in this 

instance the associations are between the anthocyanin B ring and the cofactor B ring 

(Malien-Aubert et al. 2001). This is greatly facilitated if the cofactor B ring is planar as 

this lowers the steric hindrance. Further stabilization is achieved in the intermolecular 

copigmentation stack via covalent bonding between the acyl groups attached to the 

sugar moieties (Eiro and Heinonen 2002, Malien-Aubert et al. 2001). Numerous (30+) 
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cofactors have been identified that can participate in intermolecular copigmentation: 

rutin, quercitrin, quercetin, catechin, epicatechin, apigenin etc… The color 

enhancements are dependent on the concentrations of anthocyanins, the concentration 

of cofactors, and the pH value. Individual color enhancements based on a cofactor 

range from 10% to approximately 600% (Asen et al. 1972, Mazza and Brouillard 1990). 

The π-π stacking due to intramolecular and intermolecular copigmentation has 

three primary effects on color. The first effect is that the red flavylium molecules that are 

in the copigmentation stack can no longer participate in the anthocyanin equilibrium; 

therefore, the equilibrium shifts in favor of the red flavylium form. This causes a 

hyperchromic shift (higher color intensity readings) in absorbance values due to greater 

amounts of anthocyanin in the flavylium form than is possible without copigmentation 

stacking.  

The second effect is that the wine’s maximum absorbance wavelength is 

increased by 5-20nm. As a result, the wine tends to acquire blue hues due to the 

bathochromic shift.  

The third effect is that the copigmentation complex limits the access of water to 

the anthocyanin’s chromaphore, thereby limiting formation of the hydrated anthocyanin 

forms, the colorless carbinol and the yellow chalcone (Malien-Aubert et al. 2001, 

Boulton 2001).  

Thus, color is both preserved and increased by the effects of copigmentation. It is 

estimated that up to 60% of a young red wine’s color may be due to the effects of 

copigmentation (Jackson 2008, Monagas 2009). The minimum concentration of 
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anthocyanins needed to have measurable copigmentation is 35 µmol/L, approximately 

18.5 mg/L expressed as malvidin-3-glucoside (Asen and Jurd 1967). Most red wines 

meet this minimum threshold, but roses and blush wines oftentimes do not. It has also 

been demonstrated that the copigmentation stack builds progressively over time, so it is 

not unusual to see the color intensity and density increase for several months after 

primary fermentation (Gomez-Miguez et al. 2006). 

Self-association is one of the many interactions involving the relatively reactive 

anthocyanin species. It may be thought of as a special case of intermolecular 

copigmentation in that the cofactor is also an anthocyanin. Since anthocyanins share 

many of the substituent groups of flavonoid cofactors—particularly hydroxy, methoxy, 

carbonyl, and sugar moieties—it is hardly surprising that anthocyanins are able to 

undergo self-association. Unlike intermolecular and intramolecular copigmentation 

which produce a hyperchromic and bathochromic shift, self-association produces a 

slightly hypsochromic shift (Haslam 1998, Hoshino et al. 1981). The minimum 

concentration of anthocyanins needed for successful self-association is 1 mmol/L 

(Gonzalez-Manzano et al. 2008), this is a significantly higher concentration than that 

needed for copigmentation. 

 

Polymeric Pigment 

Monomeric anthocyanins are relatively unstable and subject to degradation. 

Their relatively high reactivity allows them to participate in a host of reactions. As a 

result, the concentration of monomeric anthocyanins declines steadily over time 

(Jackson 2008). As discussed previously a significant fraction of monomeric 
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anthocyanins participate in copigmentation complexes, self-association complexes, and 

become sequestered via sulfur dioxide. However, a certain fraction of monomeric 

anthocyanins go on to form more stable anthocyanin-derived pigments (Boulton et al. 

1996, Mateus et al. 2001). These latter pigments are the ones responsible for stable, 

long term color and are more resistant to oxidation and bisulfite sequestration.  

Even though recent research has shown that the stable anthocyanin-derived 

pigments are not necessarily polymeric, the historic usage of the term “polymeric 

pigment” is still strongly dominant in recent research articles (He et al. 2012). In this 

paper the term polymeric pigment is used despite its limitations. Since most 

spectrophotometric anthocyanin assays rely upon bisulfite bleaching to quantify 

anthocyanin concentrations a more proper term may be “bisulfite resistant 

anthocyanins.” 

Traditionally polymeric pigment was thought of as the binding of an anthocyanin 

molecule to a tannin molecule, and it was assumed that the product was colored and 

resistant to bisulfite attack. Both of these assumptions were recently proven to be 

incorrect. In the red flavylium form the anthocyanin is an electrophile at the C-2 and C-4 

positions, and in the colorless carbinol form the anthocyanin is a nucleophile at the C-6 

and C-8 positions (Nave et al. 2010, Jackson 2008).  

The anthocyanin and tannin binding occurs in one of two fashions, termed the A-

T adduct or the T-A adduct. In the A-T adduct the covalent bond forms between the 

anthocyanin’s C ring and the tannin’s A ring, particularly at the anthocyanin’s C-4 

position and the tannin’s C-8 position. In this configuration the anthocyanin’s C-4 
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position is no longer available for bisulfite attack. In the T-A adduct the covalent bond 

forms between the tannin’s C ring and the anthocyanin’s A ring, particularly at the 

tannin’s C-4 position and the anthocyanin’s C-8 position. In this configuration the 

anthocyanin’s C-4 position is subject to bisulfite attack (Bakker and Timberlake 1997, 

Wrolstad et al. 2005). Additionally, the anthocyanin in each of the adducts exists in a 

dynamic equilibrium between the red flavylium form and the violet quinoidal and 

colorless carbinol forms. 

In addition to the anthocyanin-tannin adducts there are numerous other 

anthocyanin-derived pigment forms that have recently been discovered. These recently 

discovered compounds are complex derivations of pyranoanthocyanins (Vivar-Quintana 

et al. 1999, Rentzsch et al. 2007). All of these derivative pyranoanthocynanin forms 

have their C-4 position on the anthocyanin blocked and therefore are resistant to 

bisulfite bleaching (Wrolstad et al. 2005). 

The rates of polymeric pigment formation are currently poorly understood and 

cannot be accurately estimated from a given wine composition. There are numerous 

confounding factors including total phenolic content, tannin content, pH, and metal 

complexes (Malien-Aubert 2001). Additionally, it is speculated that copigmentation itself 

may also be a dominant factor influencing the rate of polymeric pigment formation. 

However, in this regard there are competing theories under consideration.  

One theory speculates that the rate of polymeric pigment formation is dependent 

on the free concentrations of the phenolic substrates involved, not the total 

concentrations, and since a significant portion of the substrates are involved in 
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intermolecular copigmentation the overall pool of free substrates is lower. This has the 

net effect of slowing down the rate of polymeric pigment formation.  

A second theory speculates that the intermolecular copigmentation stack may 

offer a more reactive configuration or a more preferential alignment for the limiting step 

in the anthocyanin-tannin polymerization reactions. Thus, in this instance the reaction 

rate for polymeric pigment formation would be directly proportional to the total captured 

anthocyanins in the copigmentation stack (Boulton 2001). 

By the end of primary fermentation approximately 25-30% of anthocyanins are in 

in the polymeric pigment form and by the end of 12 months this portion is typically over 

40% (Jackson 2008). On a broader time scale, the polymeric pigment will increase over 

a period of time and then slowly decrease, but on a shorter time scale, it is possible for 

the polymeric pigment to fluctuate due to anthocyanin equilibria, potential bleaching due 

to sulfites, oxidation, and precipitation (McRae et al. 2012, He et al. 2010). 

 

Tristimulus – CIELAB/CIELCH 

CIELAB/CIELCH is a uniform color scale designed to accurately measure color. 

It is predicated on the opponent-colors theory which states that a color cannot be both 

red and green at the same time. Likewise, it cannot be both blue and yellow at the same 

time. CIELAB has 3 indices. Lightness is represented by L*, and its values can range 

from 0 for total black to 100 for pure white. Chroma, the intensity or saturation level of a 

hue, is represented by C*, and its values range from 0 for grey to 60 for full color 

saturation. Hue is represented by Hº, and it is the attribute that one intuitively thinks of 
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as color. Its values range from 0º - 360º, although some resources prefer to use 

negative angles for the range between 180º - 360º. 

Values a* and b* are coordinates used to measure hue and chroma, see Figure 

7. A positive value of a* indicates the relation of the color to redness, while a negative 

value corresponds to the amount of greenness in the color. In contrast, positive b* 

values represent color in the direction of yellow and negative values indicates an 

association with blue. It cannot be overstated that a* and b* are not specific values of 

red/green and blue/yellow respectively but vectors that indicate the direction of a color 

towards these components. It is possible for samples with identical a* values to have 

colors ranging from orange to red to purple. The L*, a*, b* values can be thought of as 

defining a point in three dimensional space via standard Cartesian coordinates, while 

the L*, C*, Hº values define the same point via polar coordinates. C* and Hº are 

calculated mathematically using the following formulas: 

 

C* = [ (a*)2 + (b*)2 ]1/2 

 

Hº = arctan(b* / a*) 

 

Essentially the CIELAB/CIELCH parameters define a color sphere. It is an attempt at 

color standardization that incorporates the three measurements of L*, C*, and Hº to 

represent color in a universal manner (Wrolstad et al. 2005). 
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Figure 7 The CIELAB/CIELCH color space. The central axis is the lightness, L*. a* is a 
measure of red/green, b* is a measure of blue/yellow. C* and Hº are calculated values 
(www.xrite.com — “A Guide to Understanding Color Communication”) 

http://www.xrite.com/
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Materials and Methods 
 

Fermentations 

Pinot Noir from a Willamette Valley vineyard and Syrah from a Washington 

vineyard were sourced for the experiment. The Pinot Noir vineyard, owned by A to Z 

Wineworks, was planted in 2009 to a Pommard clone on 3309C rootstock. The vineyard 

training form is 6ft X 9ft VSP. The Syrah, own-rooted Phelps clone, was sourced from 

Gamache Vineyard and was planted in 1998 to a 7ft X 9ft VSP training form.  

The Pinot Noir was harvested on September 24, 2016 at 24.2 Brix, and the Syrah 

was harvested on September 26, 2016 at 25.6 Brix. Upon arrival at the winery facility, 

the grapes were immediately destemmed and lightly crushed into the fermentation 

vessels. The titratable acidity for each lot was adjusted to 5.5 g/L via a tartaric acid 

addition. Twelve fermentations utilizing 400lbs of fruit each were conducted for each 

variety. Three replicates were performed for the following SO2 additions at the crusher: 

0ppm SO2 (Control), 50ppm SO2, 100ppm SO2, and 200ppm SO2. 

Each fermentation vessel was inoculated immediately with 30g/hL of Lalvin 

EC1118, a Saccharomyces cerevisiae bayanus strain. After 48 hours 1g/hL of Lalvin 

VP41 Oenococcus oeni was added to each fermentation vessel. Each vessel had daily 

automated pumpovers at 6am, 2pm, and 8pm where the duration was timed to allow 

one tank volume for each pumpover. The fermentations were temperature controlled at 

78ºF ± 2ºF.  

Samples were collected daily during fermentation, immediately after the 2pm 

pumpover. The samples were stored at 35ºF. Fermentations were deemed to be 
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complete once two consecutive daily Brix readings below -1.5 Brix were recorded. At 

this point the pumpovers were halted, but skin contact was maintained until a total of 14 

days had elapsed from inoculation. The free run juice and press fractions for each 

replicate were combined then transferred to stainless steel kegs for elevage. Additional 

samples were pulled and refrigerated 1 day, 8 days, 24 days, 105 days, and 210 days 

after the wines were pressed. 

 

Spectrophotometer Measurements 

All absorbance measurements were made using an Agilent 8453 UV-Visible 

spectrophotometer. Reagents and basic lab supplies were obtained from Sigma-Aldrich 

(www.sigmaaldrich.com).   

Slight modifications were made to the Boulton Copigmentation Assay. These 

modifications allow one to calculate the sequestered anthocyanins directly. All wine 

samples were centrifuged at 3000rpm for 10 minutes and then adjusted to pH 3.6 by 

adding HCl or NaOH as needed. A 12% ethanol buffer solution was prepared by adding 

24mL of pure ethanol to 176mL distilled water, dissolving .5g of potassium bitartrate, 

and then adjusting the pH to 3.6 by adding HCl or NaOH as needed.  

The undiluted, acetaldehyde absorbance measurement (AAcet) was made after 

adding 20µL of 10% acetaldehyde solution to 2mL of wine, incubating for 45 minutes, 

and recording the absorbance at 520nm in a 1mm cuvette. The absorbance was 

corrected for the pathlength by multiplying by 10.  

http://www.sigmaaldrich.com/


21 

 

 

The 20-fold diluted wine sample measurement (A20) was made by adding 100µL 

of wine to 1900µL of ethanol buffer solution in a 10mm pathlength cuvette, incubating 

for 10 minutes, and recording the absorbance at 520nm. The absorbance was corrected 

for the dilution by multiplying by 20. 

The undiluted, SO2 measurement (ASO
2) was made by adding 160µL of 5% SO2 

solution to 2mL of wine in a 10mm pathlength cuvette and recording the absorbance at 

520nm. 

The undiluted, wine measurement (AWine) was made by adding 1mL of wine to a 

1mm pathlength cuvette. The absorbance was corrected for the pathlength by 

multiplying by 10. 

 

Calculations 

  

Sequestered Anthocyanins (AU) = AAcet - AWine 

 Color due to Copigmented Anthocyanins (AU) = AAcet – A20 

 Total Anthocyanin (AU) = A20 - ASO
2 

 Polymeric Pigment (AU) = ASO
2 
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Sensory Analyses 

 For the visual sensory analysis, forced choice, paired comparison tests were 

performed to determine significant differences between SO2 treatments and varieties. 

All possible combinations were tested, and each participant received the pairings in a 

randomized fashion. The specific question asked of each pair of wines was “Which of 

the two wines has higher color intensity?”.  The participants indicated by circling their 

choice on the answer sheet, either “Left” or “Right”. 

 For the aromatic and tasting sensory analysis, forced choice, paired preference 

tests were performed to determine significant differences between SO2 treatments and 

varieties. All possible combinations were tested and each participant received the 

pairings in a randomized fashion. Three specific questions were asked for each pair: 

1. Which wine’s aromatics do you prefer? 

2. Which wine’s palate flavors do you prefer? 

3. Overall, which wine do you prefer? 

Once again, the participants indicated their preferences by circling their choice on the 

answer sheet, either “Left” or “Right”. 

 There were 31 sensory panel participants. All participants have advanced wine 

knowledge and sensory skills. In particular, 10 participants work in some aspect of wine 

production (either as winemaker or cellar master), 16 participants work as tasting room 

managers, and 5 participants are avid wine collectors. Eighteen participants drink wine 

on a daily or nearly daily basis, 12 participants drink wine 3-5 days per week, and 1 

participant drinks wine 1-2 days per week. 
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Tristimulus Measurements 

Undiluted wine at wine pH was filtered through a 2µm glass filter then scanned in 

an Agilent diode array spectrophotometer reading at 2nm intervals from 380nm to 

780nm with a 1mm path length cuvette. The CIELAB/CIELCH information was derived 

from the full spectral data using published formulas from the Commission Internationale 

de l'Eclairage (CIE). 

 

Statistical Analyses 

 ANOVA and Tukey HSD tests were performed using the R statistical 

programming language, version 3.3.2. R is available for free under the GNU General 

Public License, www.R-project.org.  

 

 

 

http://www.r-project.org/
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Results and Discussion 

Figures 8 and 9 show the Total Free Anthocyanins (TFA) for Pinot Noir and 

Syrah respectively. For Pinot Noir there are no significant differences found between the 

treatments for Day 1, Day 8, Day 24, Day 105, and Day 210. However, the 

measurements for a given treatment across the sampling days follows a similar pattern. 

For each of the SO2 treatments the TFA increases from Day 1 to Day 8 and then 

progressively decreases for Day 24 and Day 105, and then increases again for Day 

210. The measurements for TFA for Syrah follow a similar pattern with a couple small 

exceptions. No significant differences are found for Day 1, Day 24, and Day 105, but for 

Day 8 the 200ppm SO2 value is very highly significantly different (p < .001) when 

compared to each of the other values for that day. For Day 210 the 200ppm SO2 value 

is significantly different (p < .05) from the 50ppm SO2 value and the 100ppm SO2 value 

but, interestingly, it is not significantly different from the value of the control.  

Also, the 50ppm SO2 value for Syrah for Day 24 (97.6mg/L) slightly increases 

from Day 8 (94.7mg/L). In each instance for Pinot Noir and Syrah the Day 105 values 

are lower than the corresponding values from Day 1. The decrease in TFA on a 

percentage basis across all treatments from Day 1 to Day 105 is on average 50.5% for 

Pinot Noir and 9.0% for Syrah. This might suggest that Pinot Noir anthocyanins are 

somehow more reactive than Syrah’s, but when one considers the magnitude of 

decrease, 10.5mg/L for Pinot Noir and 8.1mg/L for Syrah, this suggests that the rate of 

free anthocyanin consumption is independent of the concentration levels and therefore 

follows a zero-order reaction kinetics. 
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Both varieties increase in TFA from Day 105 to Day 210. Pinot Noir increases on 

average 50.7% or 5.8mg/L, and Syrah increases 22.3% or 18.4mg/L. These increases 

are largely due to the breaking apart of some of the copigmentation stacks. This will be 

discussed later in the paper. 

This overall trend of decrease in TFA for the first 100 days is in full agreement 

with previous research results (Monagas and Bartoleme 2009, Jackson 2008). The 

general instability of anthocyanins will lead to lower free anthocyanin levels due to 

binding of anthocyanins with lees, hydration reactions with water leading to colorless 

adducts, binding of anthocyanin to various compounds leading to irreversible color loss, 

and precipitation of polymeric pigment over time (Morais 2002).



26 

 

 

 

Figure 8 Pinot Noir Total Free Anthocyanins with Standard Error Bars 
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Figure 9 Syrah Total Free Anthocyanins with Standard Error Bars 
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 Figures 10 and 11 show the evolution of Polymeric Pigment (PP) in Pinot Noir 

and Syrah respectively. In Pinot Noir, the 0ppm SO2 treatment on Day 1 appears to be 

an outlier. Generally speaking, the Day 1, Day 8, Day 24 measurements for both Pinot 

Noir and Syrah seem to be within a relatively narrow range (12.6 - 19.4mg/L for Pinot 

Noir and 42.3 - 46.8mg/L for Syrah). This narrow range, with some parameters slightly 

increasing and some slightly decreasing, is in agreement with the literature; however, 

the drop in PP by Day 105 runs counter to most research findings. Over the long term, 

2-4 years, the PP levels do drop, mostly due to precipitation, but one does not typically 

see a drop in the short term. On an average basis, the PP levels decrease by Day 105 

by 48.6% and 22.3% for Pinot Noir and Syrah respectively. In absolute terms, however, 

the drops in PP for the two varieties are in very close proximity: 8.7 mg/L for Pinot Noir 

and 9.8 mg/L for Syrah. The reduction in PP also appears to be independent of the 

initial concentration levels, suggesting that zero-order kinetics are in play here as well. 

 For Pinot Noir, Day 24 shows some highly significant differences (p < .01) 

between the control and the 100ppm SO2 and 200ppm SO2 treatments, but these 

significant differences are lost by Day 105 and Day 210. All four treatments for Pinot 

Noir show an increase from Day 105 to Day 210, an average increase of 12.2%. With 

the exception of the control, it is noteworthy that the PP levels at Day 210 increase with 

higher dosages of SO2. 

 For Syrah, Day 8 and Day 105 show some significant differences. On Day 8 the 

50ppm SO2 and 200ppm SO2 treatments are highly significantly different (p < .01). This 

difference vanishes by Day 24. Day 105 shows a significant difference (p < .05) 
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between the 100ppm SO2 and 200ppm SO2 treatments, but this difference vanishes by 

Day 210.  

 Unlike Pinot Noir, not all treatment values for PP increase for Syrah between Day 

105 and Day 210. The control and 200ppm SO2 treatments continue to decline in PP 

levels while the 50ppm SO2 and 100ppm SO2 show increases in PP levels. It is rather 

interesting to note, however, that by Day 210 for Syrah that the PP pigment level 

increases with increasing SO2 additions. It would not be surprising if this trend over the 

long term continued and eventually separated out into statistical significance.  
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Figure 10 Pinot Noir Polymeric Pigment with Standard Error Bars 
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 Figure 11 Syrah Polymeric Pigment with Standard Error Bars 
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Figures 12 and 13 show the Sequestered Anthocyanin (SA) evolution for Pinot 

Noir and Syrah respectively. Unfortunately, the SA data for Pinot Noir for the 50ppm 

SO2 treatment for Day 105 and Day 210 are unavailable; the wine samples were 

inadvertently corrupted. Despite this, the relative trends are clear.  

It is interesting to note that even though SO2 was added at the crusher prior to 

fermentation that virtually no SA exists by the end of fermentation. For Pinot Noir the 

measurements do not exceed 1mg/L for treatments until Day 24; for Syrah this happens 

by Day 8. It is also interesting that for all time points for Syrah that the 200ppm SO2 

treatment leads in SA. Also, by Day 105 all added SO2 treatments are substantially 

greater than the control. It is likely that for the control for Syrah the “theoretical 

maximum” for SA is close to being reached.  

The molar weight of Malvidin 3-Glucoside (M3G) is 493.43g, and the molar 

weight for SO2 is 64.066g. Since at wine pH approximately 98% of SO2 exists in the 

bisulfite form, and since 1 mole of bisulfite binds to 1 mole of M3G, one can calculate 

the maximum SA possible if the free SO2 level was known. It is well established that all 

strains of Saccharomyces cerevisiae produce SO2 as a byproduct of fermentation. Most 

strains produce between 10 - 20mg/L, although some high producing strains can create 

up to 70mg/L, and approximately 75% of the SO2 produced is bound immediately to 

aldehydic and oxidation products (Jackson 2008, Ribereau-Gayon et al. 2005).  If one 

assumes that 20mg/L SO2 is produced during fermentation, then approximately 5mg/L 

is in the free form. Then via the molar calculations [1mg SO2 can bind to 7.7mg M3G] 

this wine can sequester 38.5 mg/L of anthocyanin as a theoretical maximum.  
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At nearly 30mg/L of SA for the Syrah control on Day 105 one would not expect to 

see significantly higher measurements over time, as not all of the SO2 will go directly to 

sequestering anthocyanins. The SO2 treatments, particularly the 50ppm and 200ppm, 

are showing greater SA numbers, 43.1mg/L and 51.9mg/L, than for the theoretical 

maximum for the control. In fact, the control and 200ppm SO2 values for SA are 

significantly different (p < .05) by Day 105. This is strong evidence that SO2 dosages 

can increase the SA levels. This should lead to higher PP levels over the long term.  

Despite the corruption of the two 50ppm SO2 samples for Pinot Noir, the data 

show some clear trends developing by Day 105. The SA for the 100ppm SO2 and 

200ppm SO2 treatments are substantially higher than the control on Day 105, and these 

differences become highly significant differences (p < .01) by Day 210. This provides 

further evidence that SO2 dosages can increase SA levels. 

For Syrah by Day 210 the SA levels are declining but the PP levels are generally 

increasing. For Pinot Noir by Day 210 the SA levels have not begun to decline yet and 

the PP levels are essentially unchanged. One possible explanation for why we see this 

behavior in Syrah and not in Pinot Noir is that Syrah has substantially higher phenolic 

content than Pinot Noir. This provides more non-reversible binding partners for SO2. 

Thus, as the free SO2 level drops the sequestered anthocyanins are released earlier in 

Syrah than in Pinot Noir. 
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Figure 12 Pinot Noir Sequestered Anthocyanin with Standard Error Bars (note missing data points due to wine sample 
corruption for 50ppm SO2 on Day 105 and Day 210) 
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Figure 13 Syrah Sequestered Anthocyanin with Standard Error Bars 
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Figures 14 and 15 show the SA as a percentage of the total anthocyanin at pH 

3.6 for Pinot Noir and Syrah respectively. Similar trends are observed when compared 

to the total SA charts. For Pinot Noir, the Day 105 measurements begin to show 

substantial differences, 17.8% SA for the control and an average of 40.6% SA for the 

SO2 treatments.These differences between the control and the SO2 treatments become 

very highly significant (p < .001) by Day 210, 43.3% for the control, 75.0% for the 

100ppm SO2 treatment, and 74.4% for the 200ppm SO2 treatment. 

 For Syrah, it is interesting that 12.5% of the total anthocyanin is in the 

sequestered form for the 200ppm SO2 treatment on Day 24. This value is significantly 

different (p < .05) from the values of the other treatments. This seems to be a 

consequence of having both a higher pool of bisulfite and a higher pool of anthocyanins. 

By Day 105 the percentages of SA have shifted dramatically. The SO2 treatments 

average 38.3% in the sequestered form while the control is at 23.8%. The control value 

is significantly different (p < .05) than the values for the 100ppm SO2 treatment and 

200ppm SO2 treatment. Similar to the SA figure for Syrah, the levels for % SA also 

decline dramatically for all treatments by Day 210. 
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Figure 14 Pinot Noir Sequestered Anthocyanin as Percentage of Total Anthocyanin with Standard Error Bars (note 
missing data points due to wine sample corruption for 50ppm SO2 on Day 105 and Day 210) 
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Figure 15 Syrah Sequestered Anthocyanin as Percentage of Total Anthocyanin with Standard Error Bars 
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 Figures 16 and 17 show the contributions to Total Color (TC) at pH 3.6 of 

anthocyanins in the copigmented, total free, and polymeric forms for Pinot Noir. Figures 

18 and 19 show the similar data for Syrah. For both varieties a similar pattern is 

observed in the copigmented fractions; the proportion of copigmented form increases 

until Day 105 and then starts to gradually decrease. By Day 105 on average 61% of the 

TC is due to copigmentation for Pinot Noir and 55.5% for Syrah. Generall speaking, 

copigmentation seems to build progressively over time—this is in full agreement with 

previous research studies. Moreover, it does so at the expense of TFA and PP.  

While it is not surprising that TFA is inversely correlated with the copigmented 

form, it is rather surprising that the PP appears to be as well. Due to the nonlinearities 

involved with the hyperchromic and bathochromic shifts in copigmentation and the 

cofactors, it is not possible with the Boulton Assay to quantify the specific amount of 

anthocyanins in the copigmented form. Previous studies on copigmentation have 

indicated that approximately 50-60% seems to be the upper limit for overall 

contributions of the copigmented form (Boulton 2001). It is very noteworthy that the 

upper levels for the copigmented forms are reached by Day 105, at a time when SA 

levels are still generally increasing. These two factors strongly support the notion that 

higher levels of PP will ultimately be formed in the long term. 

 One interesting observation is that the control and the SO2 treatments have 

similar proportions of the copigmented, free, and polymeric forms. This is confirmation 

that SO2 does not directly play a role in the formation of copigmented complexes. 
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Figure 16 Pinot Noir Proportions of Total Color due to Copigmentation, Total Free Anthocyanin, and Polymeric Pigment. 
Measurements at pH 3.6 for 0ppm SO2 and 50ppm SO2 Treatments 
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Figure 17 Pinot Noir Proportions of Total Color due to Copigmentation, Total Free Anthocyanin, and Polymeric Pigment. 
Measurements at pH 3.6 for 100ppm SO2 and 200ppm SO2 Treatments 
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Figure 18 Syrah Proportions of Total Color due to Copigmentation, Total Free Anthocyanin, and Polymeric Pigment. 
Measurements at pH 3.6 for 0ppm SO2 and 50ppm SO2 Treatments 
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Figure 19 Syrah Proportions of Total Color due to Copigmentation, Total Free Anthocyanin, and Polymeric Pigment. 
Measurements at pH 3.6 for 100ppm SO2 and 200ppm SO2 Treatments 
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 Figures 20 and 21 contain the absorbance and tristimulus CIELAB/CIELCH data 

for Pinot Noir and Syrah respectively. The absorbance at 420nm (Abs 420) is 

sometimes used as a proxy for brown pigments, i.e. oxidized phenolics, while the 

absorbance at 520nm (Abs 520) is the standard wavelength for measuring color 

intensity. It is interesting that the Abs 420 measurements for both Pinot Noir and Syrah 

show no significant differences amongst the treatments. The Abs 520 shows no 

significant difference for Syrah and some differences for Pinot Noir. Particularly, the 

control and 50ppm SO2 are not significantly different from one another, likewise for the 

100ppm SO2 and 200ppm SO2 treatments, but the control is significantly different from 

both the 100ppm SO2 and 200ppm SO2 treatments, and likewise for the 50ppm SO2 

treatment.  

 The sum of the Abs 420 and Abs 520 measurements show no significant 

treatment differences in Pinot Noir and Syrah, but the ratio of Abs 420 to Abs 520 does 

show very highly significant differences (p < .001) in Pinot Noir and some significant 

differences (p < .05) in Syrah. For Pinot Noir all pairwise treatment comparisons are 

highly significantly different, with the sole exception of the 100ppm SO2 and 200ppm 

SO2 comparison. For Syrah, the 200ppm SO2 treatment is significantly different than all 

the other treatments. 

 For the lightness parameter, L*, significant differences are found for Pinot Noir 

but not for Syrah. The 50ppm SO2 value is significantly different (p < .05) than either 

value for the 100ppm SO2 and 200ppm SO2 treatments for Pinot Noir. The red/green 

parameter, a*, has some highly significant differences (p < .01) for Pinot Noir and some 

significant differences (p < .05) for Syrah. For Pinot Noir, there are three pairs of 
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differences. The control is highly significantly different than both of the higher SO2 

treatments. Additionally, the 50ppm SO2 treatment is highly significantly different than 

the 200ppm SO2 treatment. For Syrah, only one pair shows a significant difference, the 

100ppm SO2 and 200ppm SO2 treatments.  

 The yellow/blue parameter, b*, shows no significant differences for Syrah and 

some highly significant differences for Pinot Noir. For each parameter, five of the six 

pair combinations show highly significant differences (p < .01); the only combination that 

shows no significant difference is the 100ppm SO2 and 200ppm SO2 treatments. 

 The chroma paramater, C*, shows some significant differences for Pinot Noir (p < 

.01) and for Syrah (p < .05). For Pinot Noir, there are four pairs of differences. Both the 

control and the 50ppm SO2 treatment are individually highly significantly different than 

both of the higher SO2 treatments. The only significant difference for Syrah is between 

the 100ppm SO2 and 200ppm SO2 treatments. 

The hue angle parameter, Hº, shows no significant differences for Syrah and 

some significant differences for Pinot Noir. For Pinot Noir, five of the six pair 

combinations show significant differences (p < .05); the only combination that shows no 

significant difference is the 100ppm SO2 and 200ppm SO2 treatments. 
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Figure 20 Absorbance Measurements and CIELAB/CIELCH Tristimulus Measurements for Pinot Noir (mean values ± 
standard error). Different letters within the same column indicate significant differences according to Tukey’s HSD.  
NSD = No Significant Difference 
  

Pinot Noir

SO2

Abs

420nm

Abs

520nm

Abs 420 + 

Abs 520

Abs 420 / 

Abs 520

00 ppm 1.140 ± .025 .883 ± .017 a 2.023 ± .042 1.290 ± .005 a

50 ppm 1.030 ± .010 .893 ± .007 a 1.923 ± .003 1.153 ± .020 b

100 ppm 1.033 ± .019 1.113 ± .044 b 2.147 ± .062 .930 ± .019 c

200 ppm 1.080 ± .064 1.170 ± .081 b 2.250 ± .144 .925 ± .020 c

Significance NSD p < .05 NSD p < .001

Pinot Noir

SO2 L* a* b* C* H°

00 ppm 94.133 ± .133 ab 4.433 ± .067 a 4.100 ± .100 a 6.000 ± .100 a 42.833 ± .470 a

50 ppm 94.233 ± .033 a 4.967 ± .088 ac 3.367 ± .067 b 6.033 ± .033 a 34.467 ± .982 b

100 ppm 93.200 ± .252 b 7.100 ± .351 bc 2.500 ± .058 c 7.500 ± .306 b 19.533 ± 1.257 c

200 ppm 92.800 ± .520 b 7.367 ± .491 b 2.667 ± .176 c 7.833 ± .481 b 19.867 ± 1.411 c

Significance p < .05 p < .01 p < .01 p < .01 p < .05
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Figure 21 Absorbance Measurements CIELAB/CIELCH Tristimulus Measurements for Syrah (mean values ± standard 
error). Different letters within the same column indicate significant differences according to Tukey’s HSD. 
NSD = No Significant Difference 

Syrah

SO2

Abs

420nm

Abs

520nm

Abs 420 + 

Abs 520

Abs 420 / 

Abs 520

00 ppm 6.065 ± .595 10.010 ± 1.140 16.075 ± 1.735 .607 ± .010 a

50 ppm 5.595 ± .435 9.830 ± 1.060 15.425 ± 1.495 .571 ± .017 a

100 ppm 4.767 ± .132 8.287 ± .287 13.053 ± .420 .575 ± .004 a

200 ppm 5.837 ± .340 11.030 ± .577 16.867 ± .917 .529 ± .004 b

Significance NSD NSD NSD p < .05

Syrah

SO2 L* a* b* C* H°

00 ppm 53.100 ± 3.500 44.950 ± 2.450 ab -3.000 ± .300 45.050 ± 2.350 ab -3.850 ± .650

50 ppm 54.700 ± 2.900 45.550 ± 2.850 ab -3.600 ± .400 45.700 ± 2.800 ab -4.600 ± .800

100 ppm 60.067 ± .987 42.233 ± .888 a -3.033 ± .120 42.367 ± .874 a -4.133 ± .120

200 ppm 52.633 ± 1.659 50.033 ± .706 b -2.067 ± 1.132 50.100 ± .681 b -2.367 ± 1.304

Significance NSD p < .05 NSD p < .05 NSD
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Figures 22 and 23 contain the graphs for the paired comparison, visual sensory 

test for Pinot Noir and Syrah respectively, and Figures 24 and 25 contain the graphs for 

the paired preference tests for aroma, palate, and overal preference for Pinot Noir and 

Syrah respectively. In general, the Pinot Noir color metrics show more significant 

differences than the Syrah. This should translate to higher observable significant 

differences for Pinot Noir for human observers in the sensory study.  

All six pairs were significantly different for Pinot Noir (Figure 22). Pairs 0ppm SO2 

vs 50ppm SO2 and 100ppm SO2 vs 200ppm SO2 were significantly different (p < .05), 

while all other pair combinations were very highly significantly different (p < .001). In all 

instances, except one, the wine with the higher SO2 dosage was deemed to have higher 

color intensity. The exception was for the 0ppm SO2 vs 50ppm SO2 case, in which the 

control was judged to have higher color intensity. The 100ppm SO2 and 200ppm SO2 

treatments have significantly higher chroma values than the 0ppm SO2 and 50ppm SO2 

treatments. This accounts for the highly significant differences observed. The color data 

for the 0ppm SO2 vs 50ppm SO2 would suggest that the 50ppm SO2 treatment would 

have been judged to have higher color intensity as it has a redder hue with virtually 

identical chroma, but this was not the case, the panel chose the control. The last pair is 

also perplexing, the data for 100ppm SO2 and 200ppm SO2 show no significant 

differences in L*, a*, b*, C*, or Hº, yet the sensory panel found a significant difference. 

 In the Syrah paired comparison, visual sensory test (Figure 23), it is interesting 

that 100ppm SO2 treatment loses in all three of its comparisons while the 200ppm SO2 

treatments wins in all three of its comparisons. The Abs 520 for 100ppm SO2 is quite 

low and the L* is substantially higher, this accounts for its losses in its three 
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comparisons. Likewise the Abs 520 for the 200ppm SO2 is the highest as is the chroma, 

this accounts for its winning in its three comparisons. 

 In general, for both Pinot Noir and Syrah, the wines with the lower SO2 addition 

were preferred in the pairwise comparisions for aroma preference, palate preference, 

and overall preference (Figures 24 and 25). The only significant differences found for 

Pinot Noir were for overall preference for 100ppm SO2 and 200ppm SO2 (p < .05), and 

for aroma preference for 0ppm SO2 vs 100ppm SO2 (p <.05), 50ppm SO2 vs 100ppm 

SO2 (p < .05), and 50ppm SO2 vs 200ppm SO2 (p < .001). In each of these comparisons 

the lower SO2 treatment was preferred. It is interesting that there were no significant 

differences found for palate preference and only one found for overall preference. This 

suggests that, despite the lower SO2 treatments garnering more votes in any given 

comparison, the higher SO2 additions may not negatively impact sensory qualities to a 

statistically detectable degree. Thus for Pinot Noir, if the long term stable color were to 

be improved by higher doses of SO2, as the data in this study seem to indicate, then it 

may be beneficial to use higher doses of SO2 (100ppm or 200ppm) knowing that the 

color will be ultimately improved while any sensory impact will be relatively minor. 

 For Syrah there were more significant differences identified.Once again the 

overwhelming trend of higher votes for the lower SO2 treatment in a pairing is observed 

for aroma preference, palate preference, and overall preference. But unlike Pinot Noir, 

in Syrah all three attributes are simultaneously significantly different for two 

comparisons: 0ppm SO2 vs 200pmm SO2 and 100ppm SO2 vs 200ppm SO2. In 

particular, the 0ppm SO2 is significantly preferred to the 200 ppm SO2 treatment for 

aroma (p < .05), for palate (p < .001), and overall (p < .001). Similarly the 100ppm SO2 
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treatment is significantly preferred to the 200 ppm SO2 treatment for aroma (p < .01), for 

palate (p < .001), and overall (p < .001). There are no significant differences between 

the 0ppm SO2, 50pmm SO2, and 100ppm SO2 treatments. Thus for Syrah, if the long 

term stable color were to be improved by higher doses of SO2, as seems to be the case, 

then it may be beneficial to use the 100ppm SO2 treatment knowing that the color will 

be ultimately improved while any sensory impact will be relatively minor. 
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Figure 22 Pinot Noir Paired Comparison, Visual Sensory Test for Higher Color Intensity (n = 31)  
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Figure 23 Syrah Paired Comparison, Visual Sensory Test for Higher Color Intensity (n = 31) 
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Figure 24 Pinot Noir Paired Sensory Test for Aroma Preference, Palate Preference, and Overall Preference by SO2 
Level. The leftmost bar within a color group represents the lower SO2 level within the pair being tested (n = 31) 
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Figure 25 Syrah Paired Sensory Test for Aroma Preference, Palate Preference, and Overall Preference by SO2 Level. 
The leftmost bar within a color group represents the lower SO2 level within the pair being tested (n = 31) 
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Conclusions 

 This research study demonstrated that it is possible to enhance sequestered 

anthocyanins via SO2 additions added prefermentation. For Syrah, all of the SO2 

treatments had significantly higher maximum percent of sequestered anthocyanin 

values as compared to the control. The control achieved a maximum of 23.8% while the 

200ppm SO2 treatment achieved a maximum of 41.1%. For Pinot Noir a similar trend 

was observed for the percent of sequestered anthocyanin values. The control achieved 

a maximum of 43.3% while the 100ppm SO2 treatment achieved a maximum of 75.0% 

and the 200ppm SO2 treatment achieved a maximum of 74.4% This should lead to 

higher polymeric pigment formation in the long term.  

 The copigmentation fractions seem to be unaltered by the addition of SO2. Both 

varieties achieved appropriate proportions of total color due to copigmentation 

regardless of SO2 dosage. Pinot Noir copigmentation proportions ranged from 59.1% to 

63.7%, and Syrah copigmentation proportions ranged from 52.6% to 58.3%. 

The decline in total free anthocyanins and polymeric pigment in the short term 

appear to follow zero-order reaction kinetics. 

 The maximum values achieved for sequestered anthocyanins for Syrah 

coincided temporally with the maximum values achieved for copigmentation. This 

suggests that increases in sequestered anthocyanins do not come at the expense of 

copigmentation complex formation.  
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 The maximum values for sequestered anthocyanins for Syrah occur earlier (Day 

105) than the maximum values for sequestered anthocyanins for Pinot Noir (Day 210). 

This suggests a possible relationship between higher phenolic concentrations and SO2 

consumption. Further study is needed to identify optimal SO2 levels for purposeful 

sequestration of anthocyanins in the context of differing phenolic levels amongst 

varieties. 

 Higher SO2 dosages for Pinot Noir correlated very strongly with higher visual 

color intensity perception. Additionally, higher dosages of SO2 for Pinot Noir did not 

compromise aroma, palate, and overall preference to a statistically significant degree. 

These two facts suggest that a winemaker can safely use higher dosages of SO2, up to 

200ppm SO2, at the crusher to potentially improve color while not sacrificing overall 

quality. 

 The 200ppm SO2 treatment was most favored for color intensity for Syrah, but 

the 100ppm SO2 treatment was the highest dosage that did not compromise aroma, 

palate, and overall preference to a statistically significant degree. This suggests that, for 

Syrah, a winemaker can safely use a 100ppm SO2 dose at the crusher to potentially 

improve color while not sacrificing overall quality. 

Further research should be performed to track the longer term development of 

polymeric pigment as a result of increased anthocyanin sequestration. Additional 

research should also be performed to gain insights into the reaction kinetics for total 

free anthocyanins and polymeric pigment. 
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Appendices 

 

A Very Short Organic Chemistry Glossary 

 

(Solomons and Fryhle 2004, Klein 2004, Christian 2004) 

 

Acylation – An organic chemical reaction that adds an acyl group [any alkyl group 

attached to a carbonyl group – RCO] to a compound 

 

Aglycone – The compound that remains after a sugar molecule is removed and 

replaced with a Hydrogen atom 

 

Bathochromic Shift – A change in the absorption of a molecule to a longer wavelength 

 

Chiral Center – A carbon atom that has four nonidentical substituents. There are only 

two different ways to place four nonidentical substituents around a carbon atom. These 

two ways result in non-superimposable mirror images of each other 

 

Dissociation Constant (Kd) – The equilibrium constant when a chemical entity splits into 

its constituent parts, written as a quotient of equilibrium concentrations 
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Electrophile – Positively charged species that are attracted to electron-rich centers, 

usually accepts an electron pair from a nucleophile in chemical reactions 

 

Hyperchromic Shift – An increase in the absorbance of a molecule at a given 

wavelength 

 

Hypsochromic Shift – A change in the absorption of a molecule to a shorter wavelength 

 

Nucleophile – A chemical species that can donate an electron pair to an electrophile, 

usually negatively charged 

 

π-π Stacking – The alignment of a positive electrostatic potential on one ring with the 

negative electrostatic potential on another ring, a stabilizing non-covalent attraction 

between parallel aromatic rings 

 

Steric Hindrance – When portions of a molecule prevent chemical reactions due to their 

physical size or spatial orientation 
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Stereoisomers – Compounds that have the same molecular formula and bonding 

pattern but differ in their three dimensional spatial orientations 

 

Zero-Order Reaction Kinetics – When the reaction rate of chemical process does not 

vary with increasing or decreasing reactant concentrations  
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Approved Research Paper Proposal 
 

IMW Research Paper Proposal Submission Form  

Student ID 22675 Date of submission 1/28/2017 

RPP Version No 3 Name of Advisor Bob Betz 

Note: RPPs must be submitted via your Advisor to the IMW 

Proposed Title 

 

Anthocyanin Sequestration: Can Sulfur Dioxide be used proactively prefermentation to increase 

polymeric pigment formation in Oregon Pinot Noir and Washington Syrah 

 

Research Questions:  Define the subject of your Research Paper and specify the specific 

research questions you plan to pursue. (No more than 200 words) 

 
 
Color has been shown to be a key factor in red wine quality. Deeper color in red wines has been 

shown to positively influence critics and consumers. Long term stable color has been shown to 

be directly correlated with total polymeric pigment formation (Nagel and Wulf 1979). There are 

numerous viticultural and enological factors that may influence the final color of a wine. One well 

documented factor is sulfur dioxide and its resulting anthocyanin bleaching effect. The free form 

of sulfur dioxide exists in equilibrium with colorless sulfur bound anthocyanins--a sulfonate 

adduct is formed at the anthocyanin’s C-4 position which renders the complex colorless (Berke 

et al. 1998). The study aims to seek an answer to whether this equilibrium can be exploited to 

increase the anthocyanin pool at a time when concentrations of tannins are higher, thereby 

resulting in an increased concentration of highly stable polymeric pigments. 
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Background and Context: Explain what is currently known about the topic and address why 

this topic requires/offers opportunities for further research. (No more than 200 words) 

 
Anthocyanins, flavanols and their polymers, and the reaction product of anthocyanins and 

polymeric flavanols (polymeric pigments) are the phenolic substrates that have the greatest 

sensory impact in red wines. Anthocyanins and polymeric pigments are responsible for the color 

of a red wine (Somers 1971), while flavanols and polymeric flavanols (tannins) are responsible 

for the astringency and bitterness of a red wine (Thorngate and Noble 1995, Sarni-Manchado et 

al. 1999). 

Anthocyanins are water soluble and extract early into solution reaching a maximum 

concentration at approximately 3 days after the start of fermentation (Zimman and Waterhouse 

2004). Afterwards, the anthocyanins levels decline and begin to taper off [Somers and Evans 

1979]. The extraction of tannins lags that of anthocyanins and generally follows a double sigmoid 

curve, continuing to increase in concentration, albeit at decreasing rates, as long as the 

maceration continues (Ribereau-Gayon 1974). Polymeric pigments are responsible for the long-

term color stability of red wine and are resistant to bisulfite bleaching. These pigments contribute 

as much as 90% to the color of a red wine after 2 years of storage (Bakker et al. 1998, Schwarz 

et al. 2003). 

        The addition of exogenous oenotannins early into fermentation has not resulted in greater 

amounts of polymeric pigment development (Parker et al. 2005). Watson et al. (1995) 
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demonstrated that varying levels of sulfur dioxide did not result in higher levels of extracted 

anthocyanins. The reversible binding of sulfur dioxide and anthocyanin has been well 

documented, but the purposeful sequestration of anthocyanin via sulfur dioxide and its effect on 

polymeric pigment formation has not to date been investigated. 

 

Sources: Identify the nature of your source materials (official documents, books, articles, other 
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Research Methodology: Please detail how you will identify and gather the material or 

information necessary to answer the research question(s) and discuss what techniques you will 

use to analyse this information. (No more than 500 words) 
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Pinot Noir was harvested at 24-25 Brix from a Willamette Valley vineyard. The vineyard 

was planted in 2009 to the Pommard clone on 3309C rootstock with Vertical Shoot Positioning 

training form on a 6 foot X 10 foot spacing. Syrah was harvested at 25.8 Brix from a Columbia 

Valley vineyard in Washington. The vineyard was planted own-roooted in 1990 to the Joseph 

Phelps clone with Vertical Shoot Positioning training form on a 5 foot X 9 foot spacing. Upon 

arrival at the winery, the grapes were immediately destemmed and lightly crushed into 

fermentation vessels. Each fermentation vessel received 400lbs of grapes. The starting Brix was 

adjusted to 24.5 and 25.5 with acidulated water for the Pinot Noir and Syrah lots respectively. 

The starting pH and TA of the must was 3.45 and 5.20 g/L respectively for the Pinot Noir, and 

3.61 and 5.1 g/L respectively for the Syrah. Twelve fermentations were conducted in total for 

each variety; 3 replicates each of a Control (0ppm SO2 addition), 50ppm SO2 addition, 100 ppm 

SO2 addition, and 200ppm SO2 addition. 

Each fermentation vessel was inoculated immediately with .3g/L Lalvin EC-1118 

(Saccharomyces cerevisiae bayanus). After 48 hours, 1 g/HL of Lalvin VP41 (Oenococcus oeni) 

malolactic bacteria was added to each fermentation vessel. Three automated pumpovers per 

day were performed on the fermentation vessels at 6am, 2pm, and 10pm. Samples were 

collected each day immediately following the 2pm pumpover. Each fermentation vessel was left 

on the skins for 14 days and then pressed. 

The samples will be analyzed for free anthocyanins, sulfur-dioxide bound anthocyanins, 

and total polymeric pigments via the modified Harbertson-Adams assay at specific time points 

within fermentation and aging. Samples will be collected 24 hours after inoculation, 

approximately 1 week after inoculation, after pressing, and approximately 3-4 months into aging.  



71 

 

 

Once the data are compiled, statistical analyses via one way ANOVA will be utilized to determine 

statistical significance at the P < .05 level. Significant differences between the treatment groups 

will be identified using Tukey’s HSD test. If the null hypothesis is rejected via ANOVA then tri-

stimulus chromaticity measurements will be made on the 3-4 month samples and sensory 

analyses will be conducted on the 3-4 month samples. 

 Should the null hypothesis be rejected a visual sensory discrimination test will be 

conducted to determine if human observers are able to detect the color differences between the 

treatment samples. Please note that the discrimination test will not be able to identify the 

magnitude of the differences, the test only determines whether color differences are detectable 

by human observers. Additionally, a sensory paired preference test will be conducted to 

determine which of the treatment samples is preferred. Please note that paired preference test is 

holistic in that the specific reason for preference is not identified. 

The research will result in one of the following three cases for each variety: 

i) Null hypothesis rejected, sensory study significant - In this case, the use of SO2 leads to 

an increase in monomeric anthocyanin, sulfur-bound anthocyanin, and polymeric pigment and 

human observers can notice the color difference in the wines. 

ii) Null hypothesis rejected, sensory study insignificant - In this case, the use of SO2 leads 

to an increase in monomeric anthocyanin, sulfur-bound anthocyanin, and polymeric pigment but 

human observers cannot notice the color difference in the wines. 

iii) Null hypothesis cannot be rejected - In this instance the laboratory measurements fails 

to find a significant difference between the treatments. Therefore, the follow on sensory 

component is not needed. In this case, as part of the outcome/discussion section of the 

Research Paper, one can explore from a chemistry standpoint why the experiment failed and 
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perhaps look into alternate approaches for future research. 

 
 

Potential to Contribute to the Body of Knowledge on Wine: Explain how this Research 

Paper will add to the current body of knowledge on this subject.  (No more than 150 words) 

 
Recent research on polymeric pigment formation has focused on extraction regimens, 

fermentation and storage temperatures, maceration enzymes, and exogenous oenotannin 

additions. Very little research has been conducted into sulfur dioxide and its binding effect with 

anthocyanin and the net resulting effect of such binding on polymeric pigment formation. If a 

causal link can be demonstrated between a prefermentation sulfur dioxide addition and the 

increase in polymeric pigment formation, winemakers will have a simple, cost effective, and 

easily implementable tool to increase long term color stability in their Pinot Noir and Syrah wines. 

 

 

 

Proposed Time Schedule/Programme: This section should layout the time schedule for the 

research, analysis and write-up of the Research Paper and should indicate approximate dates 

with key deliverables. Dates of submission to both Advisors and the IMW must be those 

specified by the IMW. 
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It should be noted that the timing of this study has been adjusted to fit within the timelines of the 

Research Paper. This was done after consultation with professors at Washington State 

University (Dr. James Harbertson and Dr. Thomas Henick-Kling). In an ideal situation this study, 

particularly the analytics, would be carried out every 3-6 months over the course of several 

years; but given that the levels of polymeric pigment in the long run have been demonstrated to 

be strongly correlated to the initial anthocyanin levels it seems reasonable that shortening the 

timeline of this study will not sacrifice it’s scientific integrity. 

 

October 20, 2016 – Pinot Noir and Syrah fermentations complete and all samples gathered 

December 15, 2016 – Lab analyses completed for Day 1, Day 8, Day 24 and data collated into 

Excel spreadsheets 

January 15, 2017 – Statistical analyses completed (ANOVA, Tukey HSD) for Day 1, Day 8, Day 

24 

February 15, 2017 – Sensory studies (if needed) completed. Lab analyses completed for Day 

120 

Februray 28, 2017 – Statistical analyses completed for sensory studies.  Statistical analyses 

completed for Day 120 data 

March 15, 2017 – First draft of Research Paper to Advisor 

March 30, 2017 – Comments on first draft from Advisor back to candidate 

April 15, 2017 – Second draft of Research Paper to Advisor 

April 30, 2017 - Comments on second draft from Advisor back to candidate 

May 1, 2017 – Candidate to confirm submission of final research paper in June 2017 
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June 2, 2017 – Submit final research paper to Advisor 

June 30, 2017 – Advisor to submit final research paper to Institute 

 

 


