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Interest in research on the phenolic compounds in red wine continues to grow 

due to their importance in wine quality coupled with the development of new 

analytical methodologies. The compounds that have been identified and quantified to 

date have been associated with having an impact on wine mouth feel, appearance, 

taste and aroma. Phenolic compounds have also been implicated for their potential 

role in human health because of their effectiveness as antioxidants, antimicrobials 

and anticancer compounds. 

 

Proanthocyanidins are a grape-derived phenolic class of compound that 

provide wine with bitterness and astringency.  Because of this, proanthocyanidins are 

considered to be essential components of wine quality.  Proanthocyanidins are 

localized in the seed, skin and stem tissue of the grape berry and the composition of 

proanthocyanidins will vary depending on the tissue of origin.  

  



 

Empirical evidence suggests that proanthocyanidins that are seed-derived 

impart harsh and aggressive tannins to red wine, and minimizing the crushing of fruit 

prior to fermentation and maceration will minimize the extraction of seed material.  

There are however, few studies that provide conclusive evidence of this.  

 

In the present study micro-fermentations (4 kg fruit) were conducted on Vitis 

Vinifera L. cv. Merlot berries that were crushed to varying degrees.  Five treatments 

were established varying from 0-100% crushed berries.  Samples were collected 

throughout fermentation and of the free run and press wine at the time of pressing.  

Random berries (x5 replicates) were also collected from the vineyard and were 

analyzed to determine total potential proanthocyanidin extraction. Grape and wine 

extracts were subjected to phloroglucinolysis to determine the amount and 

proportional extraction of seed and skin proanthocyanidins. 

 

Overall total proanthocyanidin extraction followed an exponential model, 

consistent with previous studies. Regardless of the treatment, an increase in total 

proanthocyanidin extraction was observed during fermentation. Moreover, it was 

observed that crushing increased the rate at which proanthocyanidins were extracted.  

Contrary to conventional wisdom, the highest skin concentration or percent 

composition was not obtained in the treatments that had fewer crushed berries.  For 

all treatments, skin proanthocyanidin extraction reached a maximum prior to 

  



pressing while seed proanthocyanidins increased throughout maceration. The highest 

skin proportion was reached by the treatment with 75% crushed berries at day 10, 

little past half of the fermentation time. 
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CHAPTER 1 
 

INTRODUCTION 

 
Although a significant amount of research has focused on the extraction of 

phenolic substances into wine, very little information exists on the individual 

extraction and composition of skin and seed proanthocyanidins during wine 

production.  Much of this is due to the historical difficulty of discerning skin from 

seed proanthocyanidins once extracted.  Historically, research on extraction during 

red wine production has looked at the combined total of seed and skin tannin.  An 

alternative approach has been to separate skin and seed tissue and investigate the 

extraction of the two compartments separately.  Recently an analytical method was 

developed to investigate proanthocyanidin extraction while together.   

The specific goal of this research project was to investigate the effect of 

variations in berry crushing on the extraction of proanthocyanidins into wine during 

production. Microfermentation was the most convenient method for this purpose. 

The influence of other variables which are known to influence proanthocyanidin 

extraction (e.g.: cap management and temperature), were minimized and therefore, 

observed treatment differences were confidently ascribed to differences in berry 

crushing.  Given recent findings on the relationship between micro-scale 

fermentations and commercial-scale fermentations, the results of this project are 

predicted to have relevance at the commercial level.  



 2

CHAPTER 2 

 

LITERATURE REVIEW 

 

FLAVONOIDS IN GRAPES AND WINE  

Flavonoids are a group of plant-derived phenolic compounds that are 

ubiquitous in plants. Flavonoids are the largest group of phenolic compounds found 

in plants and have a (C -C -C6 3 6 structure  (Lin and Weng, 2006). Three types of 

flavonoids exist: the flavonoids (2-phenylbenzopyrans, Figure 1) for which grape-

based flavonoids belong, isoflavonoids (3-phenylbenzopyrans), and the neoflavonids 

(4-phenylbenzopyrans). These groups usually share a common chalcone precursor, 

and therefore are biogenetically and structural related  (Marais and others, 2006). 

Various classes of flavonoid compounds exist withinin each group, with 

individual classes defined by their degree of saturation in the heterocyclic ring (ring 

C).  Within each individual class, individual compounds can be modified by 

hydroxylation, methoxylation, or O-glycosylation of as well as C-glycosylation. The 

multiplicity of possible modifications of flavonoids has resulted in more than 6 000 

different compounds being characterized by the end of the 20th century and this 

number continues to increase (Stobiecki and Kachlicki, 2006). 

The 2-phenylbenzopyran skeleton is the flavonoid skeleton from which 

grape-based flavonoids are derived. Based on the degree of oxidation and saturation 

present in the heterocyclic C-ring, the flavonoids may be divided into several groups 

including: flavans, flavanones, flavones, flavonols, dyhydroflavonols, flavan-3-ols, 
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and flavan-4-ols  (Marais and others, 2006). The three main classes of phenolic 

compounds found in grapes (Vitis vinifera L.) and wine include the anthocyanins 

(Figure 2 and 3), flavonols (Figure 4), and the flavan-3-ols (Figure 5 and 6). In 

grapes, flavan-3-ols are present in the greatest concentration followed by 

anthocyanins then flavonols (Souquet and others, 1996).  A short discussion of these 

flavonoid classes follows 
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Figure 1. 2-phenylbenzopyran skeleton  

 

Anthocyanins. The color of red wine is due initially to anthocyanins found in 

the skin of grapes. Color is one of the most important quality attributes of red wine 

and the amount of color  in grapes and other fruits is affected by variety, maturity, 

season, location, climate conditions and other variables. In Vitis vinifera L. the major 

anthocyanidins (Figure 2) acting as central chromophores of anthocyanins are: 

cyanidin, peonidin, delphinidin, petunidin, and malvidin, which differ only in the 

extent of B-ring hydroxylation and methylation (Boulton, 2003, Chopra and others, 

2006). In general, pigments of pelargonidin and cyanidin derivatives produce red and 

purple color, respectively, whereas those of delphinidin show purple or blue color 

(Goto and Kondo, 1991). 
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Figure 2. Anthocyanins found in Vitis vinifera L. sp. 
 

Anthocyanin chemistry is quite diverse. At low pH, the flavylium (red) form 

is predominant and increasing the pH will favor three other forms: chalcone, 

pseudobase (or carbinol), and quinonoidal (Figure 3). Anthocyanins participate in 

many reactions in wine that yield different products. Noncovalent interactions of 

anthocyanins with other compounds result in changes in the maximum wavelength of 

absorption. Covalent reactions with SO  result in a colorless anthocyanin sulfonate. 2
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Small molecules such as pyruvic acid also react with anthocyanins, but most interest 

have been focused on the condensation of anthocyanins with high molecular weight 

compounds referred to as tannins or proanthocyanidins  (Zimman and Waterhouse, 

2004). 

Among Vitis vinifera L. anthocyanins, malvidin-3-glucoside is the most 

abundant. During the fermentation of grapes, the concentration of this anthocyanin 

initially increases but begins to decline before the end of fermentation. This decline 

continues throughout wine maturation and aging in the bottle. Concomitantly, the 

wine color also changes, forming color-stable pigments, with the color of wine 

changing from red-purple to red-brown color  (Zimman and Waterhouse, 2004). The 

reactions that lead to the formation of stable pigments in wines are generally 

considered to be due to the reaction between anthocyanins and tannins. The products 

of these reactions are generally referred to as pigmented polymers. They are 

primarily responsible for stable wine color and the main pigments in aged wines 

(Hayasaka and Kennedy, 2003). Once the grapes are crushed, pigmented polymers 

begin to form almost immediately and their amounts continue to increase with time  

(Sacchi, Bisson, and Adams, 2005). 

Copigmentation is defined as a color enhancement resulting from the 

complexion of an anthocyanin with a cofactor, thought to be a wide variety of 

compounds including flavonols, other polyphenols, amino and phenolic acids and 

alkaloids (Levengood and Boulton, 2004). In wines, gallic acid, the 

hydroxycinnamates, caffeic and caftaric acid, (+)-catechin and (-)-epicatechin, the 
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flavonols, quercetin, kaempferol and myrecetin are thought to be the most significant 

copigmentation cofactors (Boulton, 2001). 
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Figure 3. Anthocyanin equilibrium forms. 
 

Flavan-3-ol monomers. Flavan-3-ol monomers (e.g, (+)-catechin and (-)-

epicatechin, Figure 4) represent the largest class of naturally occurring monomeric 
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flavonoids in grapes and wine. Flavan-3-ols are also of interest because in grapes, 

they serve as the subunits for proanthocyanidins (discussion below).  
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Figure 4. Flavan-ol monomers found in grapes. 
 

Proanthocyanidins. Proanthocyanidins are oligomers and polymers of 

flavan-3-ol monomers and their presence in red wines is essential (Haslam, Opie, 

and Porter, 1977, Ribéreau-Gayon and others, 2000). Proanthocyanidins have been 

variously called flavan-3,4-diols, leucoanthocyanidins, condensed tannins as well as 

tannins.   

While tannins are generally the term that winemakers use to describe these 

compounds, tannins can also refer to several other classes of plant polyphenols 

(Ferreira, Marais, and Slade, 2003). Specifically, hydrolyzable or gallic tannins are 

non-flavonoid and are distinguished from flavonoid-based tannins by the base unit of 

the tannin.  Hydrolyzable tannins are carbohydrates esterified with gallic acid or a 
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derivative of gallic acid. Hydrolyzable tannins are characterized by their being easily 

hydrolyzed chemically or enzymatically (Bourzeix and others, 1986). In red wines, 

hydrolyzable tannins are found but are considered to be derived from oak cooperage.  

Hydrolyzable tannins are also the main commercial tannins available as wine 

additives (Ribéreau-Gayon, Dubourdieu, and Donèche, 2006). 

Compared to hydrolyzable tannins, proanthocyanidins are generally 

considered to be less complex polymers that are more resistant to acid-catalyzed 

cleavage.  Analysis of any tannin is particularly complex, due to the great structural 

diversity resulting from the number of hydroxyl groups, their position on the 

aromatic nuclei, the stereochemistry of the asymmetrical carbons in the heterocycle, 

as well as the number and type of bonds between the basic units (Ribéreau-Gayon 

and others, 2000). 

The oligomeric and polymeric proanthocyanidins from grape seeds consist of 

flavan-3-ol subunits ((+)-catechin, (-)-epicatechin and (-)-epicatechin-3-O-gallate) 

linked by C4-C8 or C4-C6 bonds (Figure 5). (-)-Epicatechin is the major component 

in the proanthocyanidin. The proportion of galloylated subunits varies from 13% to 

23% as the mean degree of polymerization (mDP) increases (Souquet and others, 

1996). In grape skin proanthocyanidins, and in addition to the subunits present for 

grape seed proanthocyanidins, (-)-epigallocatechin is also present. 
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Figure 5. Generalized proanthocyanidin structure that could be found in Vitis 
vinifera sp. 
 

Astringency and bitterness. Astringency and bitterness are two sensory 

terms of crucial importance for describing the sensory properties of 

proanthocyanidins in wine. Whereas bitterness is a taste, astringency is a tactile 

sensation resulting from the precipitation of salivary proteins leading to a loss of 

mouth lubrication  (Vidal and others, 2004). Monomeric flavan-3-ols are primarily 

bitter and while the molecular weight increases with polymerization they become 

predominantly astringent (Peleg and others, 1999). As grape skin and seed 

proanthocyanidin are different, it is thought that these could denote different 

astringent quality to wine. 

In order to precipitate proteins via polydentate binding, polyphenols must be 

of adequate size (between 500 and 3000 MW), and thus those too small or with 

limited conformational mobility and flexibility will have reduced capacity to bind 
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proteins  (de Freitas, Carvalho, and Mateus, 2003). In addition to structure and size 

of phenolic compounds, there are factors that modify astringency and bitterness 

perception such as alcohol, polysaccharides, acidity and sugar contained in wine 

(Vidal and others, 2002). 

 

DISTRIBUTION IN GRAPE 

The flavonoid compounds discussed above, in addition to the 

hydroxycinnamic acids, come from various parts of grape bunches and are extracted 

during winemaking (Figure 6).   

The anthocyanins in Vitis sp. are located mainly in the skin tissue and, less 

frequently in the flesh. Anthocyanins are stored in the plant cell vacuole and their 

color not only depends on the substitution pattern of the molecule but also on the 

conditions in the vacuolar lumen, such as the pH, the concentration of metal ions and 

(flavonoid) copigments, and the way anthocyanins are packed (Chopra and others, 

2006). 

The proanthocyanidins are located in the skin seed and stem tissue of the 

grape berry.  These compounds are also considered to be vacuolar in nature, and 

along with the anthocyanins, proanthocyanidin extraction during wine production 

requires a period of maceration with the solid parts of the grape berry to allow for 

adequate extraction into the wine.  Some studies have been conducted to investigate 

berry size as a factor that determines winegrape quality, since important constituents 
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localized in the skin, become diluted by sap released from berry flesh upon crushing 

(Roby and Matthews, 2004). 

Seed and Stem 
Proanthocyanidins 

Flavan-3-ol monomers 

Skin Tissue 
Anthocyanins 

Proanthocyanidins 

Mesocarp 
Hydroxycinnamic acids 

 
Figure 6. Diagram of the grape berry with the major phenolic compound classes and 
their origin designated. 
 

EXTRACTION OF FLAVONOID COMPOUNDS IN WINE 

 Because of the large influence of phenolic compounds on red wine quality, 

many winemaking techniques have been developed to influence the extraction of 

phenolic compounds during vinification. Different factors limit the extraction of 

different classes of phenolic compounds (Sacchi, Bisson, and Adams, 2005). These 

factors include, but are not limited to: cold soak, thermal vinification, extent of berry 
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breakage, whole cluster, solubility, diffusion, maturity, fermentation temperature, 

contact time, alcohol content, enzyme use, level of sulfur dioxide, cap management, 

berry size, seeds per berry (Peyrot des Gachons and Kennedy, 2003, Ribéreau-

Gayon, Dubourdieu, and Donèche, 2006, Ribereau-Gayon and others, 1970, Sacchi, 

Bisson, and Adams, 2005, Zoecklein and others, 1995). In addition, the extraction of 

phenolic compounds is consistent with a diffusion process. By diffusion, the 

compounds move from a region of high concentration toward a region of lower 

concentration. In this case, phenolic compounds diffuse from the plant cell into the 

wine and the rate of diffusion depends on factors such as temperature, molecular 

weight, concentration gradient, cell permeability, surface area and ethanol 

concentration. All these variables positively influence the rate of diffusion except 

molecular size (Kennedy and Peyrot des Gachons, 2003). 

The skins are initially of greater practical importance from a 

proanthocyanidin perspective because they are more readily extracted (Sun and 

others, 1999), though as the maceration time increases the seeds play an increasingly 

important role. It is important to note that the total proanthocyanidin pool available 

in the grape is reduced in the wine by incomplete extraction, adsorption or 

precipitation with solids and proteins, oxidation to non-phenolic products, and 

polymerization to insoluble compounds (Thorngate and Singleton, 1994).  

The extraction curve for anthocyanins rises steeply at first then slows as it 

approaches a maximum by day two or three and then declines slightly during the 

remainder of the fermentation, whereas tannin extraction continues to increase with 
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continued skin and seed contact(Meyer and Hernandez, 1970, Sacchi, Bisson, and 

Adams, 2005). Some studies show a general pattern of tannin extraction, with an 

exponential approach to a final concentration (Boulton, 2003). Boulton describes the 

extraction of tannins as a two-term extraction model with first- and zero-order terms 

represented by the equation:  

(tannin) = Te*(1-exp(-k *t))+k3 4t 

Boulton suggests further that there is a diffusion term (k3 rate constant) that depends 

on the wine concentration and a leakage or dissolution term (k4 rate constant) that is 

independent of the wine concentration, Te is the equilibrium tannin concentration, of 

the diffusional extraction. Boulton (2003) (Figure 7) showed that the extraction 

during fermentation and during 50 days of extended maceration studied by Ribéreau-

Gayon (1974) and that from seed alone studied by Singleton et.al. (1964) could be 

described by the equation presented above.  

  B A

 

Figure 7. Modeling tannin extraction (Boulton, 2003). The extraction of tannins 
during fermentation and extended maceration (Ribéreau-Gayon, 1974) (A). The 
extraction of tannins from grape seeds in a model wine (Singleton and Draper, 1964) 
(B). 
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In addition, anthocyanins are more water soluble than proanthocyanidins. So, 

anthocyanins can move easier from the vacuole and from the hypodermal cells into 

the wine (Sacchi, Bisson, and Adams, 2005).  The skins, although they contain less 

total phenols, generally contribute more phenols than the seed because skin tannins 

are more readily extracted (Meyer and Hernandez, 1970).  The slower extraction of 

polymeric materials cannot be explained simply by their lower diffusivity and there 

appears to be different factors controlling their release and extraction (Boulton et.al. 

1998) 

Previous investigations have shown that the number of seeds per berry more 

greatly affects the amount of proanthocyanidin extracted per seed due to an increased 

extraction surface area (Sun and others, 1999). In addition, berry size could 

determine extraction of proanthocyanidins, because small berries tend to have higher 

skin to fruit weight ratios (Matthews and Anderson, 1988), although recent studies 

have found that berry size alone does not have a major impact on extraction (Roby 

and others, 2004, Roby and Matthews, 2004). 

CRUSHING AND DESTEMMING 

Grapes are crushed to break the skin in order to release the pulp and the juice. 

This operation is probably one of the most ancient harvest treatments. Destemmers 

comprise a perforated cylinder, with a shaft equipped with paddle-like arms running 

through its center. When the shaft turns, it draws in the grape clusters and expels the 

stems out the other end. The juice, pulp and grape skins pass through the 

perforations. Conventional wisdom suggests that vigorous crushing favors the 
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extraction of astringent and bitter seed flavonoids, and therefore, berry breakage 

should be avoided if seed extraction is to be minimized.  

When interest in phenolic compounds began to grow many researchers 

developed analytical methodologies and performed experiments in order to 

understand the extraction of these compounds in wine (Ribereau-Gayon and others, 

1970, Sun and others, 1999). However, a limiting factor was to separate the 

extraction of seed versus skin proanthocyanidin in wines due to the inability to 

separate them by existing analytical methods. 

Riberreau-Gayon, et.al. (1970) studied the involvement of the different parts 

of the grape (skin, seed and steam) on the final composition of red wines and the 

influence of stems on the color of red wine. With the analysis of total phenols, it was 

suggested that 54% of the tannins were derived from the skin, 25% from the seeds 

and 21% from the stems. In addition, it was observed that the presence of stems 

tended to reduce anthocyanin concentration as well as color intensity. 

Phenolic compounds have also been studied during the fermentation and 

aging of wines. Nagel et.al. (1979) used HPLC to estimate hydroxycinnamic acid 

esters, anthocyanins and flavonoids and followed changes of these phenolic 

compounds during the fermentation and aging of Merlot and Cabernet Sauvignon. 

Hydroxycinnamic acid esters decreased noticeably during fermentation. By the third 

day, anthocyanin concentrations increased to a maximum and by 240 days, less than 

10% remained. (+)-Catechin and (-)-epicatechin concentrations reached a maximum 

on the fourth day and decreased slowly with age. 
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Sun et.al. (1999) studied the transfer of proanthocyanidins from skin, seed 

and stems into wine. For this purpose Vitis vinefera L. cv. Tinta Miúda was 

fermented with and without stem contact. Proanthocyanidins were fractionated on 

the basis of their polymerization degree and analyzed by HPLC. The extraction of 

phenolic compounds was discussed based on the analysis before and after 

fermentation on the solid parts. The results showed that around half of the seed 

proanthocyanidin were transferred to wine and the seeds contributed only dimers and 

oligomeric proanthocyanidins, but not polymeric proanthocyanidins. From stems, the 

great majority of phenolic compounds were extracted. They conclude that the total 

amount of proanthocyanidins in wine were much lower than those extracted from 

solid parts of grape clusters. So, transfer of proanthocyanidin from each tissue in the 

final wine remains unknown. 

A method based on the presence of EGC proanthocyanidin extension 

subunits in skins, has been developed to analyze the percent extraction of seed and 

skin proanthocyanidins in wine (Peyrot des Gachons and Kennedy, 2003). Since 

then, it has used to follow different experiments that could not have been 

accomplished earlier.  The purpose of this project was to investigate the influence of 

berry integrity on the extraction of skin and seed proanthocyanidins into wine using 

the analytical methodology developed by Peyrot des Gachons and Kennedy. 
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CHAPTER 3 

 

EFFECT OF BERRY INTEGRITY ON PROANTHOCYANIDIN 

EXTRACTION DURING WINE PRODUCTION. 

 

INTRODUCTION 

Flavonoid compounds are a group of phenolic compounds that are found in 

grapes and wine.  The flavonoids most relevant in red wine from a wine quality 

standpoint, and originating from the grape berry, include the flavan-3-ols, 

anthocyanins and their polymerized products. The flavan-3-ols are found in the skin, 

seed and stem tissue, exist as monomers, oligomers and polymers 

(proanthocyanidins), and are produced in the berry during the first phase of berry 

growth (Somers and Evans, 1977). The anthocyanins are almost exclusively 

restricted to the skin tissue and accumulate during fruit ripening (Cacho and others, 

1992). 

Seed proanthocyanidins consist of (+)-catechin, (-)-epicatechin and (-)-

epicatechin-3-O-gallate subunits linked by C4-C8 and/or C4-C6 interflavonoid 

bonds. Grape skins proanthocyanidins in addition to (+)-catechin, (-)-epicatechin and 

(-)-epicatechin-3-O-gallate, contain (-)-epigallocatechin (EGC) subunits and have a 

higher degree of polymerization and a lower proportion of (-)-epicatechin-3-O-

gallate subunits (Gonzalez-Manzano, Rivas-Gonzalo, and Santos-Buelga, 2004). 
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The quality of red wine depends tremendously on these phenolic compounds 

because they contribute to its color, taste, and astringency. The concentration of 

phenolic compounds in red wine depends on grape variety and winemaking 

techniques. Color is mainly due to anthocyanins and polymeric pigments. 

Proanthocyanidins are associated with texture sensations such as body and 

astringency (Vidal and others, 2003). It is suggested that increased tannins solubility 

resulting from complexation with anthocyanins may prevent them from interacting 

with salivary and buccal epithelium proteins and convert astringent 

proanthocyanidins (hard tannins) to soft tannins during wine maturation. Flavanol 

reactions also contribute to taste changes. Acetaldehyde-induced polymerization may 

participate in the deastringency process. In contrast, colorless catechin oxidations 

were shown to interact with enzymatic protein like procyanidin dimers and should 

therefore be similarly astringent (Cheynier and others, 1998).   

 Historically, there has been general interest in the extraction of phenolic 

compounds from the grape into wine. Total phenols (Ribereau-Gayon, 1974) or those 

extracted from skin (Fournand and others, 2006, Romero-Cascales and others, 2005) 

and seeds (Meyer and Hernandez, 1970, Oszmianski and others, 1986, Pekic, 1998, 

Singleton and Draper, 1964) have been studied during wine production (del Rio and 

Kennedy, 2006) or with model solutions (Cortell and Kennedy, 2006, Gonzalez-

Manzano, Rivas-Gonzalo, and Santos-Buelga, 2004). Phenolic and volatile 

composition under winemaking technology or aging (Fischer, Strasser, and Gutzler, 

2000, Saucier and others, 2006, Spranger and others, 2004), freezing berries and 
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heating must (Threlfall, Main, and Morris, 2006), flash release (Morel-Salmi and 

others, 2006), use of enzymes (Bautista-Ortin and others, 2005), effect of Sulfur 

dioxide  (Bakker and others, 1998), influence of ethanol concentration (Canals and 

others, 2005), are some examples of studies that have investigated phenolic 

extraction from grapes into wine. 

 Skin tannins are traditionally regarded by enologists as softer than seed 

tannins. The balance of bitterness and astringency in seed tannins appears to be 

concentration dependent, where bitterness is masked by greater astringency as the 

tannin concentration increases. (Cheynier and others, 1998). The relative lack of (-)-

epicatechin-3-O-gallate within the skin proanthocyanidin structure (together with the 

presence of (-)-epigallocatechin) has been speculated to confer a softening mouthfeel 

effect in wine (Francis and others, 2002). 

Proanthocyanidins are extracted from both the skins and seed, and they 

appear to have different sensory properties. In addition, disruption of skin tissues and 

exposure of seed seems to have a major influence on tannin extraction into wine.  

Because of this, there is a need to understand how berry crushing affects the 

extraction of seed and skin proanthocyanidins into wine. The object of this study was 

therefore to monitor the total proanthocyanidin extracted and the source (skin or 

seed) where the proanthocyanidins are derived.  To do this, five treatments with 

different proportions of crushed fruit were fermented. Phloroglucinolysis was used to 

monitor subunit extraction from the individual seed and skin tissues.  
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MATERIALS AND METHODS 

Grapes. This experiment was conducted on grapes harvested during the 2006 

growing season. Fruit was collected from Vitis vinifera L. cv. Merlot, vines grown at 

the Oregon State University experimental vineyard, located in Alpine, Oregon. For 

this study, 15 vines on three different rootstocks (3309C, 5BB and 101-14) were 

harvested on October 6th.  The selection of cv. Merlot was based upon the desire to 

be able to remove berries from the rachis without compromising the berry integrity.  

For fruit analysis, ten clusters were selected randomly after harvest. Samples 

preserved for fruit analysis were stored at -35 °C until processed.  

Chemicals. All solvents were HPLC grade. Acetonitrile, ethanol, methanol, 

acetic acid, ascorbic acid, potassium metabisulfite, and potassium hydroxide were 

purchased from J. T. Baker (Phillipsburg, NJ). Phloroglucinol, (+)-catechin, and (-)-

epicatechin were purchased from Sigma (St. Louis, MO). Orthophosphoric acid and 

Hydrochloric acid were purchased from E. M. Science (Gibbstown, NJ). Sodium 

acetate anhydrous and ammonium phosphate monobasic were purchased from 

Mallinckrodt (Phillipsburg, NJ). 

Instrumentation. An Agilent 1100 HPLC (Palo Alto, CA) consisting of a 

vacuum degasser, autosampler, quaternary pump, diode array detector, and column 

heater was used. A computer workstation with Chemstation software was used for 

chromatographic analysis. A pH-meter Thermo Orion model 370 was used for pH 

measurement. Soluble solids were measured using a digital wine refractometer 

(Atago, #WM-7). A platform shaker Innova model 2300 from New Brunswick 
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Scientific (Edison, NJ), a centrivap concentrator Labconco, (Kansas City, MO) and 

rotary evaporator #R-205 (Bucchi, Kansas City, MO) were used for the extraction 

and concentration of phenolics. 

Extraction of Phenolics from Fruit Frozen berries were separated from the 

cluster stem and samples of 150 berries were randomly collected (x5 replicates) and 

weighed. Seeds and skins were separated from the berry, rinsed with distilled-

deionized water, weighed, freeze dried and then reweighed.  The number of seeds 

was recorded. Each replicate of seeds and skins were then placed separately in 250 

mL Erlenmeyer flasks with 2:1 v/v acetone:water solution (1 mL/g fresh berry 

weight) Flasks were covered with aluminum foil  and placed on a platform shaker for 

24 hrs at room temperature. Extracts were then filtered thought Whatman #1 filter 

papers and evaporated under reduced pressure at 35 °C to remove acetone. The 

aqueous solution was adjusted to a volume of 100 mL with water and stored at -20 

°C until analyzed 

Analysis of Proanthocyanidins for Grapes. For analysis, 5 mL of skin or 

seed extract was dried using a centrivap concentrator. Dried extracts were then 

dissolved in methanol (2mL). Phloroglucinolysis reagent was prepared as described 

by Kennedy and Jones (2001) although the concentration of phloroglucinol, and HCl 

was increased two-fold. Ascorbic acid was excluded from the reagent after analyses 

indicated that it could be excluded without compromising sample integrity. For 

reaction, one mL seed or skin methanolic extract was combined with one mL of 

phloroglucinol solution and reacted at 50 °C for 20 min. To stop the reaction, one 
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volume of this solution was then combined with five volumes of 40 mM aqueous 

sodium acetate. 

Proanthocyanidin composition was determined by reversed-phase HPLC after 

acid-catalysis in the presence of excess phloroglucinol (phloroglucinolysis). The 

method followed the solvent conditions and gradients described previously by 

Kennedy and Taylor (2003) . Proanthocyanidin composition and mean degree of 

polymerization (mDP) was determined as described by Kennedy and Jones (2001). 

Winemaking. A micro-scale fermentation method described by Sampaio et 

al. (2007) was used as a fermentation method. Around 100 kg of cv. Merlot fruit was 

sorted and destemmed by hand to avoid crushing any berries. The berries were 

divided into twenty five uniform lots and subsequently used for wine production. 

Five lots were used for each treatment. Five treatments were produced with different 

fraction of crushed berries and whole berries. A hand-operated crusher was used to 

crush the portion of berries for each treatment. Upon crushing, all berries had broken 

skin but the seeds remained within the berry.  For the first treatment (0% crush) the 

fruit was 100% whole berries. Treatment #2 (25% crush) contained 25% crushed 

fruit and 75% whole berries. Treatment #3 (50% crush) contained 50% crushed fruit 

and 50% whole berries. Treatment #4 (75% crush) contained 75% crushed fruit and 

25% whole berries. Treatment #5 (100% crush) contained 100% crushed fruit. 

Berries (2.8 kg) were placed in four liter jars equipped with fermentation traps along 

with dry ice (~100 g, to sparge the system of oxygen) and 50 mg/L sulfur dioxide. 

The fermentors were kept at 10 °C for 36 hr. Musts were then allowed to warm to 
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room temperature (20 °C) and were then inoculated with QA23 yeast (Lallemand 

Inc, CA, USA) following the manufacturer’s instructions. Musts were fermented in a 

room maintained at 25 °C. The fermentation cap was kept submerged with the help 

of a plastic screen (once there was enough juice to submerge the berries).  

Daily monitoring of fermentations was done with a digital hydrometer and 

thermometer (DMA 35N, Anton Paar, Austria). Samples were taken throughout 

fermentation and on the day of pressing; and were stored at -20 ºC until analyzed. 

The wines were pressed 15 days after inoculation. Pressing was performed using a 

2000 mL Erlenmeyer filtration flask equipped with a 6000 mL Büchner funnel under 

vacuum. The pomace was poured into the funnel and the entire free run fraction was 

collected. Then, the pomace was covered with a high density plastic sheet. The sheet 

was secured with a rubber band and a vacuum of 1.7 bar was applied, in 10 cycles of 

2 minutes each, with stirring of pomace between cycles. This last press wine fraction 

was also collected. Free run fractions were kept separate from press wine for 

analysis. Wines were made in a consistent manner so that differences in wine 

composition could be attributed to percentage of initial crushed fruit used. 

Analysis of Proanthocyanidins in Wine. For the analysis of 

proanthocyanidins in wine, between 5 and 10 mL of wine was dried in the centrivap. 

For wine samples with higher extraction, volumes close to 5 mL was the optimum 

and samples where the extraction was low, a larger volume was required in order to 

quantify by HPLC. 

  



 24

After drying, all extracts were dissolved in water. Wine extracts were adjusted 

to their initial volume and then applied to a C18-SPE column (1 g Alltech) after 

activation with 12 mL methanol followed by 12 mL water. After sample application, 

the column was washed with 6 mL water and eluted with 10 mL methanol. For 

phloroglucinolysis, the methanolic sample was evaporated under reduced pressure 

and 40 °C, reconstituted into 2 mL methanol and then treated as described above for 

seed and skin extracts. The proportion of seed and skin proanthocyanidin extracted 

into wine was calculated using a previously described method (Peyrot des Gachons 

and Kennedy, 2003). The percent skin proanthocyanidin extracted from the fruit into 

the wine was calculated based on the ratio of EGC/EC in the fruit and wine for each 

sample taken during fermentation and press day. 

Statistical Analyses. Statistical analysis of data was performed using analysis 

of variance (ANOVA) and the least significant difference (LSD) test to determine 

statistically different values at a significance level of α = 0.05 or less. All statistical 

analyses were performed using Statgraphics Plus version 5.1.  
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RESULTS AND DISCUSSION 

Grape Data. The berry weight for the 2006 vintage averaged 1.3 g/berry 

(Table 1). The clones selected had loose clusters and big berries to insure that berries 

remained intact during destemming.  Based upon the average soluble solids at 

harvest (23.3 ºBrix), the fruit would likely be considered by most to be under ripe 

from a commercial standpoint. However, it was decided to harvest in order to avoid 

dilution of soluble solids due to early rainfall. Fresh and dry weight for skin are also 

shown in the same table. The number of seeds was 1.71 per berry. At harvesting the 

seeds were slightly green 

Seed and skin proanthocyanidins were determined in berry extracts to 

provide information on the potential proanthocyanidins available for extraction and 

also to provide information on composition (Table 2). 

The concentration of skin and seed proanthocyanidin was 845.78 mg/kg and 

644.41 mg/kg fruit, respectively. The ratio of seed/skin proanthocyanidin was much 

lower than reported values for the same variety(Bourzeix and others, 1986), as well 

as other varieties(Cortell and others, 2005, Downey, Harvey, and Robinson, 2003), 

although others have reported higher concentrations of skin tannin over seed tannin 

in research that included the same cultivar (Ribereau-Gayon, 1972). Ribéreau-Gayon 

studies the evolution of phenolic compounds throughout grape maturation and found 

a berry weight close to that of this study, 1.3 g/berry, and a skin tannin concentration 

that reached almost 2.5 fold times the amount of seed tannin per berry. Many factors 

could have led to the observed differences between the seed and skin 
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proanthocyanidin including berry size (Roby and others, 2004), a post-véraison 

decline in seed tannins(Kennedy, Matthews, and Waterhouse, 2000), high yield 

(Bravdo and others, 1985, Jackson and Lombard, 1993), and other factors that 

influence the decrease in the proanthocyanidin concentration (Harbertson, Kennedy, 

and Adams, 2002). 

Compositionally, skin proanthocyanidins contained prodelphinidins (EGC) 

while seed did not.  Skin proanthocyanidins also had a higher mean degree of 

polymerization and a lower proportion of ECG than seed proanthocyanidins. Skin 

proanthocyanidin terminal subunits were almost exclusively C as expected, with very 

small amounts of ECG present as well. The skin extension subunits were composed 

mainly of EC but also contained EGC as mentioned. The amount of EGC was 

considerably higher than previously published data for cv. Pinot noir (del Rio and 

Kennedy, 2006), Shiraz  (Downey, Harvey, and Robinson, 2003), and Carmenere 

(Fernandez, Kennedy, and Agosin, 2007), but consistent with data published on cv. 

Merlot (Souquet and others, 1996).  

A high proportion of EGC in skin proanthocyanidins has been observed in 

other varieties including Cabernet Sauvignon and for Cabernet Franc (Moutounet 

and others, 1996). Research on cv. Shiraz (Downey, Harvey, and Robinson, 2003, 

Fournand and others, 2006) found that regardless of the physiological stage, EC 

made up more that 65% of the extension subunits whereas C constituted more than 

86% of the terminal subunits. Compared to these data, the Merlot grape sample 
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analyzed in this research showed a lower proportion of EC in the extension subunits 

and a higher proportion of C in the terminal subunits 

For seed proanthocyanidins, the terminal subunits were composed nearly 

equally of C and EC and approximately 20% of ECG. The extension subunits were 

mostly composed of EC. 

Skin proanthocyanidin mDP was higher than seed proanthocyanidin mDP 

(Table 2).  This observation appears to be a generally observed difference across  

several varieties (Cortell and others, 2005, del Rio and Kennedy, 2006, Kennedy and 

Jones, 2001, Kennedy, Matthews, and Waterhouse, 2000, Kennedy, Matthews, and 

Waterhouse, 2002, Sun and others, 1999). 

Progress of Fermentation. Fruit was crushed on day 0 and yeast was pitched 

on day 2, and fermentations were conducted at 25 ºC. Generally, all fermentations 

proceeded satisfactorily, completing fermentation by the time of pressing (Figure 8).  

The fermentation rates for all treatments were similar until day 5 when, at that point, 

increased crushing led to an increase in fermentation rate. Overall, analytical and 

chemical analysis of replicates indicated very good reproducibility, consistent with 

previous work (Sampaio et al., 2007). 

On day 13, when the soluble solids for all treatments fell below 0 ºBrix, a 

decision was made to continue macerating for four more days in order to increase 

phenolic extraction. Wines were pressed on day 17.  The data collected on the press 

day showed that the volumes of press wine fractions were considerably higher than 

what would normally be expected for a commercial fermentation (Table 3).  Because 

  



 28

the fermentations were very small scale and the cap was left undisturbed, it was 

anticipated that the press volume proportion would be higher.  Nevertheless, it was 

felt that a comparison of free run with press run would provide meaningful 

information about proanthocyanidin extraction inside and outside of the grape berry. 

Consistent with the large proportional volume of press wine, a large quantity 

of berries remained whole at the time of pressing. The soluble solids were measured 

in the press wines to provide information on relative differences of fermentation 

progress and it was apparent that the treatments containing more whole berries had a 

higher soluble solids concentration in the press fraction (Figure 9).  The soluble 

solids for the press fractions varied from 4.6 to -2.4 ºBrix. Based solely on 

fermentation progress, the observed increase in soluble solids with a reduction in 

crushing suggests that lower phenolic extraction would be present in these 

treatments. 

Proanthocyanidin Concentration of Free Run Wines. The total 

proanthocyanidin concentration of free run wines was analyzed on day 4, 5, 9, 13, 

15, and 17 and (Figure 10).  Before day 4, it was not possible to determine the 

concentration of proanthocyanidins since there was insufficient liquid in the 

treatment with 0% crushed fruit. On day 4, 48 hrs after inoculation, even though 

there was a small proanthocyanidin extraction difference between treatment 

extremes, the differences were significant.  By day 17, the highest extraction was 

reached in the treatment with 75% crush and 100% crush treatment with 779 mg/L  

and 745 mg/L, respectively.  There also appeared to be little difference between the 
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75% and 100% crush treatments.  For all treatments, there was a general increase in 

proanthocyanidin concentration with time. The rate of proanthocyanidin extraction 

increased with crushing although for higher crush levels, the rate of increase 

appeared to slow.   

The general proanthocyanidin extraction pattern observed in all treatments 

was consistent with the first portion of a two-term tannin extraction pattern 

summarized by Boulton(2003).  Although, most of the extraction data followed an 

exponential growth to maximum, the maxima were not observed within the 

monitoring period. 

Various factors have been identified that influence the extraction of phenolic 

compounds (Sacchi, Bisson, and Adams, 2005). Specific factors that have been 

identified include: prefermentation cold soak, thermal vinification, solubility of 

specific phenolic compounds, diffusion out of the berry, fruit maturity, fermentation 

temperature, maceration time, alcohol concentration, enzyme useage, concentration 

of sulfur dioxide, cap management, berry size, seeds per berry, and the extent of 

berry breakage as seen in the present study (Peyrot des Gachons and Kennedy, 2003, 

Ribéreau-Gayon, Dubourdieu, and Donèche, 2006, Ribereau-Gayon and others, 

1970, Sacchi, Bisson, and Adams, 2005, Zoecklein and others, 1995). The extraction 

of phenolic compounds out of the grape and into the fermentor is consistent with a 

diffusion-controlled process. By diffusion, the compounds move from a region of 

high concentration toward a region of lower concentration. In this case, phenolic 

compounds diffuse from the plant cell into the wine and the rate of diffusion depends 
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on other factors such as temperature, molecular weight, concentration gradient, cell 

permeability, surface area and ethanol concentration. All these variables positively 

influence the rate of diffusion except molecular size (Kennedy and Peyrot des 

Gachons, 2003). 

Proanthocyanidin Composition of Free Run Wines. The composition of 

extracted proanthocyanidins was determined (Table 4). This table shows the percent 

composition of extension subunits: (-)-epigallocatechin, (+)-catechin, (-)-epicatechin 

and (-)-epicatechin-3-O-gallate, and the percent composition of terminal subunits. 

From Table 4, the highest proportion of extension subunits was (-)-

epicatechin, followed by (-)-epigallocatechin, and (-)-epicatechin-3-O-gallate. For 

the terminal subunits, the highest proportion consisted of (+)-catechin followed by (-

)-epicatechin and then (-)-epicatechin-3-O-gallate.  There was no consistent 

extraction trend for (-)-epigallocatechin, (+)-catechin or (-)-epicatechin terminal 

subunits during fermentation.  

The proportion of (-)-epicatechin terminal subunit increased substantially for 

all treatments during fermentation while (+)-catechin terminal subunit decreased.  

The percent of (-)-epicatechin-3-O-gallate terminal subunit was low compared to the 

other subunits and it did not change much during fermentation.  Overall, when 

comparing the wine proanthocyanidins with the proanthocyanidins from the fruit, the 

wine proanthocyanidins were more similar to the proanthocyanidins found in the 

skin tissue, although some seed-derived proanthocyanidins seem to be present.  To 

provide information on the relative extraction of proanthocyanidins from the seed 
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and skin tissues, the next portion of this study separated out these extraction curves 

based upon the compositional data in Table 4 and using the method developed by 

Peyrot des Gachons and Kennedy (2003). 

Individual Extraction of Skin and Seed Proanthocyanidins.  When skin 

and seed proanthocyanidin extractions were determined separately however (Tables 

5 and 6, Figure 11), the skin proanthocyanidin extraction was similar to overall 

tannin extraction described by Boulton (2003).  Grape seed proanthocyanidin 

extraction did not fit this exponential equation (Figure 11B), but seemed seemed to 

follow a zero-order increase in extraction. 

Figure 12 represents the skin and seed proanthocyanidin extracted into free 

run wine over several days with respect to berry crushing. As can be observed in this 

figure the amount extracted during the early days of fermentation was similar for 

seed and skin proanthocyanidins. Although the early extraction was low, there was a 

relationship between concentration and crushed fruit with increasing crush leading to 

an increase in extraction.  This is in agreement with general thoughts on extraction. 

After day 4, the extraction of skin and seed proanthocyanidins started to deviate. It 

can be observed that skin proanthocyanidins were extracted in a higher quantity and 

rate than the seeds. A potential explanation for this is that the increase in crushed 

fruit has created an increase in the skin cell disruption and an increase in exposed 

surface area so that concentration gradients are maintained. 

The proanthocyanidin extraction from skin tissue increased with fruit crush 

up to day 17 for 50-100% crush (Figure 12).  In general, the rate of skin 
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proanthocyanidin extraction increased with time for each treatment. For the 

individual treatments, the highest proportion of skin proanthocyanidin extraction was 

reached near day 9 for 75% and 100% crushed fruit treatment and around day 13 for 

the rest of treatments. The highest proportion of skin proanthocyanidin (79%) was 

found on Day 9 and for 75% crushed fruit.  After day 13, the rate of extraction for 

skin proanthocyanidins slowed and eventually plateaued near 400 mg/L.   

For seed proanthocyanidin, extraction rate was similar for all treatments until 

day 9 at which point the rate of extraction increased.  This observation is consistent 

with conventional observations on seed proanthocyanidin extraction where it is 

generally considered that late in fermentation, seed proanthocyanidin extraction 

increases.  This increase is thought to be due to an increase in alcohol concentration 

although direct evidence for this has not been presented. 

When treatments were pressed the percent of skin proanthocyanidin for all 

treatments was over 50% of the total amount. It is also interesting to observe the 

extraction profile of 50% crush treatment where based simply on proportion, the 

extraction had the highest overall proportion of skin tannin. 

Winemakers often discuss strategies that can lead to an enrichment in 

proanthocyanidins derived from seed or skin tissues.  In the Willammette valley of 

Oregon for example, and when working with cv. Pinot noir, winemakers will often 

try to emphasize skin proanthocyanidin extraction.  Conventional wisdom suggests 

that maintaining whole berries through the fermentation will lead to an enhancement 

in skin tannin extraction, and the purpose of this study was to investigate this 
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perceived relationship.  The results of this study suggest that if the goal of extraction 

is to maximize the amount and proportion of skin proanthocyanidins, then 

conducting whole berry fermentations might not be most desirable. 

Overall, Figure 13 provides a good summary of proanthocyanidin extraction 

for free run wines.  The variables in Figure 13 include total proanthocyanidin 

extraction (Figure 13A), skin proanthocyanidin extraction (Figure 13B), and the % 

skin proanthocyanidin extraction (Figure 13B).  As an example, if it is the desire of 

the winemaker to maximize the total proanthocyanidin as well as the proportion of 

skin proanthocyanidin, the results of this experiment indicate that increased fruit 

crush and early pressing lead to a more desireable total proanthocyanidin 

concentration and skin tannin proportion.  This observation is inconsistent with 

practices that are commonly used in wineries where maximizing skin tannin 

proportion is desired. 

Based upon conventional wisdom, an understanding of either total 

proanthocyanidin concentration or the proportion of skin proanthocyanidin is 

insufficient information to understand the overall proanthocyanidin makeup of the 

fermentor.  It seems apparent from this study, and based upon the individual sensory 

properties of skin and seed proanthocyanidins (Cheynier and others, 1998, Vidal and 

others, 2003, Vidal and others, 2004), that both parameters are needed in order to 

have a better understanding of the extraction composition and its significance to 

wine quality. 
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Wine Composition when Pressed. The analysis of the press fraction was 

important because of the overall volume of press wine observed in this study (Table 

3).  As mentioned above, although the proportional volume of press wine in this 

study is higher than would be observed under commercial circumstances, this 

somewhat theoretical approach to berry crushing (i.e.: small volumes, absolute whole 

berry, no cap management) provided a potential opportunity to understand the 

extraction dynamic occurring within a whole grape berry with those occurring in 

broken berries. 

From Figure 14 it was observed that the skin proanthocyanidin concentration 

in the press fraction was similar to the free run fraction. Nevertheless, the press 

fraction, while similar in concentration, had a reduced concentration of 

proanthocyanidins. This would be expected because of the reduced mixing occurring 

within the grape berry.  Skin proanthocyanidin extraction for the free run and press 

wines increased with crushed fruit. In addition, above a 50% crush, the concentration 

of skin proanthocyanidin seemed to reach an apparent plateau in both free run and 

press wine. Due to the experimental conditions it is likely that carbonic maceration 

occurred in the unbroken berries. It is likely that the carbonic maceration led to the 

partial breakdown of the berry tissue and this then led to an increase in skin 

proanthocyanidin extraction within the grape berry (Boulton, 2003). 

In contrast to skin proanthocyanidins, seed proanthocyanidin extraction 

behaved differently for free run and press wines (Figure 14, Table 7). For the free 

run wines there seemed to be only two levels of extraction of about 200mg/L for 0, 
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25 and 50% crushed fruit, and around 340 mg/L for 75 and 100% crushed fruit. For 

the press wines, seed proanthocyanidin extraction had a linear trend, where the 

concentration increased with the proportion of crushed fruit. The concentration 

reached by the 100% crush treatment was higher than the concentration of seed 

proanthocyanidin in the free run wine. This has been observed in commercial 

winemaking. 

The estimated potential skin and seed proanthocyanidin extraction was 

calculated from the grape data (Table 2). The yield of wine was assumed to be 0.71 

L/Kg fruit based upon industry approximation.  This conversion was near the actual 

conversion observed for this experiment (0.68 L/Kg, Table 3). Based upon these 

data, the potential total concentration for skin and seed proanthocyanidin was 1351 

mg/L and 1029 mg/L, respectively.  At most therefore, only 32% of the available 

skin proanthocyanidin was extracted from the skin tissue. For seed 

proanthocyanidins, the maximum extraction reached by the 100% crush treatment 

was 42%. 

Figure 15 represents the amount of skin and seed proanthocyanidin 

contained in the theoretical combination of the free run and press wine. Based upon 

the volumes of the free run and press wine (Table 3) the combined concentration of 

skin and seed proanthocyanidin are shown in Table 8 and Figure 14. The skin 

extraction can be described by a two-term extraction model: increasing linearly up to 

50% crushed fruit and reaching an apparent plateau beyond.  
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The reason for the apparent maximum phenolic extraction from the skins is 

unknown. One potential explanation would be that the proanthocyanidins are 

adsorbed onto the grape berry cell walls and are no longer available to extraction. 

The influence of proanthocyanidin mean degree of polymerization and galloylation 

on the interaction between cell wall material has been studied in addition to the 

effect of physico-chemical conditions, such as pH, ionic strength, temperature and 

alcohol concentration (Le Bourvellec, Guyot, and Renard, 2004). Le Bourvellec et 

al. showed that complex formation was not affected by pH, However, the interaction 

of proanthocyanidins with cell wall material increased with increasing ionic strength 

and decreased with increasing temperature and ethanol concentration. In addition, 

the amount of retained proanthocyanidins increased significantly with mean degree 

of polymerization, galloylation and the proportion of (+) catechin. Transferring these 

results to the present study, while a relationship between ethanol concentration and 

proanthocyanidins in wine was observed, it appears as though time was a more 

relevant factor  

The selectivity of cell wall was more pronounced with respect to the mean 

degree of polymerization than to galloylation (Le Bourvellec, Guyot, and Renard, 

2004). This supporting is consistent with the plateau reached with skin 

proanthocyanidins in that skin proanthocyanidins in general have a higher mean 

degree of polymerization and a lower degree of galloylation that seed 

proanthocyanidins. In this study, seed proanthocyanidin concentration (which has a 

higher degree of galloylation) increased with time beyond that of skin 

  



 37

proanthocyanidins. So, seed extraction is different, the lineal trend is noticeable and 

it does not seem to reach a plateau. 

In addition, several researchers have observed material associated with 

proanthocyanidins during berry development (Kennedy and others, 2001). It has 

been found that in addition to anthocyanins, proanthocyanidins were also covalently 

associated to pectins (Fournand and others, 2006), or fraction of proanthocyanidins 

were associated to cell wall polysaccharides (Amrani-Joutei, Glories, and Mercier, 

1994).  

The maximum extraction from the skin does not go higher that 400 mg/L, 

which represent around 30% of the total possible contained in the skins. The final 

percent of skin proanthocyanidins has a range from 51% to 62% from the total. 

It is not clear if more days of maceration will cause the release of more phenolic 

compounds. However, it is pretty obvious that seeds could continue extracting more 

phenolics in the wine. Other research observed the ability of grape seed tannins to 

aggregate into colloidal-size particles in a model wine (Riou and others, 2002). This 

could also happen in real wine, as this experiment. However, because of the continue 

increase of seed proanthocyanidins, this association is not observed.  
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CONCLUSIONS 

It could be observed that regardless of the treatment, there is an increase of 

the total proanthocyanidin during fermentation. Moreover, crushing affects the 

extraction of total proanthocyanidins due to enhancement of phenolic compounds 

diffusion through out the tissues. However, the highest skin concentration or percent 

composition was not obtained in the treatments that have none or fewer amounts of 

crushed berries. For all the treatments skin proanthocyanidins extraction reach a 

maximum at certain point. On the other hand, seed proanthocyanidins continue 

extracting and increase concentration in wine.  

It was interesting to find that the highest skin percent composition was 

reached by the treatment with 75% crushed berries at day 9, little past half of the 

fermentation time.  

The results of this project not only improves the understanding of how degree 

of crushing affects the extraction of proanthocyanidins during fermentation, but also 

brings different alternatives when processing if the target is looking for a higher 

concentration of skin proanthocyanidins rather that seed proanthocyanidins.  
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Table 1. Summary of Grape Berry Data. 
 

Berry Weight (g/berry) 1.30 ± 0.02 
Soluble solids at harvest (ºBrix) 23.3 
Fresh Skin weight (mg/berry) 132.25 ± 5.77 
Dry Skin Weight (mg/berry) 27.87 ± 2.02 
Fresh Seed weight (mg/seed) 63.00 ± 0.60 
Dry Seed Weight (mg/seed) 44.30 ± 0.58 
Seed per berry 1.71 ± 0.01 

          Data expressed as means ± SEM (n=5) 
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Table 2 Skin and Seed Proanthocyanidin Composition (mol %), Concentration in Fruit and mDP 

 
  extensiona  terminala  
  EGC C EC ECG  C EC ECG  

mg/kg fruit mDP 

skin 46.22 ± 0.002   1.45 ± 0.002 49.79 ± 0.002   2.55 ± 0.003  92.66 ± 0.008   4.86 ± 0.006   2.48 ± 0.004  845.78  23.50 
seed - 10.15 ± 0.003 73.80 ± 0.002 16.05 ± 0.002  39.20 ± 0.004 38.85 ± 0.006 21.94 ± 0.005 644.41  5.23  
 

Data are expressed as means ± SEM (n=5). aMolar percent with the following subunit abbreviations:                            
EGC: (-)-epigallocatechin, C: (+)-catechin; EC: (-)-epicatechin; ECG: (-)-epicatechin-3-O-gallate. 
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Table 3. Volume of Free Run and Press Wine (mL)  
 
treatment Free run wine  press wine 

0% crush 645.00 ± 22.64   1151.00 ± 14.09 
25% crush 741.00 ± 6.20  1141.00 ± 11.22 
50% crush 818.00 ± 19.41  1103.60 ± 16.22 
75% crush 863.40 ± 14.70  1055.00 ± 11.18 
100% crush 1052.00 ± 22.84   945.00 ± 26.36 

Data expressed as means ± SEM (n=5) 
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Table 4. Proanthocyanidin Compositiona (mol%) in Free Run Wines. 
 
  Extension Subunitsb Terminal Subunitsb

Day Treatment EGC C EC ECG C EC ECG 
4 0% crush 27.4a 14.3c 56.0a 2.3a 75.1a 20.8b 4.1a 
 25% crush 27.4a 11.7bc 58.6a 2.4a 78.0a 17.2ab 4.8a 
 50% crush 27.6a 9.4ab 60.3a 2.6a 76.8a 16.8a 6.4a 
 75% crush 28.9a 7.3ab 61.1a 2.7a 77.6a 17.7ab 4.7a 
 100% crush 30.0a 6.5a 61.4a 2.0a 76.0a 17.9ab 6.1a 
5 0% crush 21.9a 22.8a 52.7a 2.7a 71.6a 24.8a 3.6a 
 25% crush 21.1a 23.6a 53.3ab 1.9b 72.2a 22.6a 5.2ab 
 50% crush 31.2b 11.4b 55.4b 2.0b 71.8a 23.0a 5.2ab 
 75% crush 34.2bc 10.3b 53.4b 2.2b 71.7a 22.2a 6.1b 
 100% crush 35.6c 8.6b 54.7b 1.8b 71.6a 22.7a 5.7b 
9 0% crush 25.6a 16.0a 55.6a 2.8a 66.5a 29.0a 4.5a 
 25% crush 27.1b 12.8b 57.8a 2.3b 63.7a 30.7a 5.7a 
 50% crush 36.2c 7.9c 53.9a 2.0b 64.9a 29.9a 5.3a 
 75% crush 38.9d 5.6cd 53.2a 2.3b 65.9a 28.7a 5.4a 
 100% crush 37.7cd 4.9d 55.5a 1.9b 65.1a 29.6a 5.3a 
13 0% crush 36.5a 5.9a 55.0a 2.6a 73.9a 24.1a 2.1a 
 25% crush 35.0a 6.4a 56.0a 2.6a 70.0b 26.7b 3.3ab 
 50% crush 37.2a 5.4ab 55.0a 2.5a 68.1c 28.8c 3.1ab 
 75% crush 36.7a 4.3b 56.0a 3.0a 64.1d 31.6d 4.3b 
 100% crush 35.5a 4.1b 56.3a 4.1b 60.2e 33.7e 6.1c 
15 0% crush 32.1a 6.3a 58.7ab 2.9a 59.2ab 37.5a 3.3a 
 25% crush 32.8ab 5.4ab 58.3a 3.4b 60.0ab 35.9ab 4.2ab 
 50% crush 32.3a 4.9b 59.9b 2.9a 60.2b 34.8b 4.9b 
 75% crush 32.6ab 5.1b 59.0ab 3.3ab 57.7a 36.1ab 6.2c 
 100% crush 34.3b 4.6b 58.2ab 3.0ab 60.9b 34.4b 4.7b 
17 0% crush 29.2a 5.9a 62.1a 2.7a 57.8a 37.0a 5.2ab 
 25% crush 29.8a 6.1a 61.2a 2.9a 57.1a 38.7a 4.3a 
 50% crush 31.8b 10.7c 54.7b 2.9a 48.8b 46.3b 4.9ab 
 75% crush 29.7a 8.2b 57.3c 4.8b 45.1b 47.9b 7.0ab 
 100% crush 29.3a 8.0b 57.7c 5.0b 48.8b 44.2b 7.1b 

aData are expressed as means (n=5), values sharing the same letter within each 
column and day are not significantly different at p=0.05 or greater; bMolar percent 
composition of proanthocyanidins subunits, and with the following subunit 
abbreviation, EGC: (-)-epigallocatechin, C: (+)-catechin, EC: (-)-epicatechin, ECG: 
(-)-epicatechin-3-O-gallate. 
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Table 5. Skin Proanthocyanidin Concentration (mg/L) of Free Run Wine Throughout Fermentation. 
 

time (days) 
treatment 4 5 9 13 15 17 

0% crush 32.05 ± 3.40 a 32.68 ± 2.97 a 81.69 ± 5.17 a 211.20 ± 8.93 a 202.18 ± 12.16 a 202.59 ± 3.49 a 
25% crush 31.35 ± 6.67 a 56.90 ± 4.77 b 136.26 ± 13.34 b 278.44 ± 26.28 b 281.46 ± 22.89 b 261.23 ± 21.49 b 
50% crush 43.41 ± 7.84 ab 85.30 ± 12.06 c 253.95 ± 18.10 c 350.33 ± 16.69 c 291.43 ± 12.27 b 407.97 ± 13.02 c 
75% crush 56.79 ± 3.76 bc 121.22 ± 8.59 d 348.79 ± 28.56 d 386.74 ± 4.92 c 353.02 ± 13.48 c 435.39 ± 13.69 c 
100% crush 71.36 ± 3.45 c 127.48 ± 9.41 d 288.31 ± 11.00 c 388.86 ± 24.59 c 369.60 ± 20.82 c 408.65 ± 16.12 c 

aData are expressed as means ± SEM (n=5), values sharing the same letter within each column are not significantly 
different at p=0.05 or greater. 
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Table 6. Seed Proanthocyanidin Concentration (mg/L) of Free Run Wine Throughout Fermentation. 
 

time (days) treatment 
4 5 9 13 15 17 

0% crush 28.18 ± 4.87 a 40.52 ± 3.84 a 82.69 ± 2.94 a 84.49 ± 5.68 a 140.36 ± 6.47 a 197.41 ± 6.86 a 
25% crush 28.66 ± 3.87 a 47.84 ± 4.48 ab 92.58 ± 9.68 a 121.54 ± 10.64 b 165.94 ± 6.22 b 233.71 ± 9.91 b 
50% crush 41.67 ± 5.05 b 52.03 ± 2.53 b 96.11 ± 3.55 a 129.42 ± 4.00 bc 209.85 ± 4.61 c 243.07 ± 3.01 b 
75% crush 54.26 ± 1.84 c 53.77 ± 1.93 b 90.64 ± 9.55 a 162.28 ± 18.70 cd 238.72 ± 5.52 d 343.46 ± 15.39 c 
100% crush 63.79 ± 0.97 c 51.47 ± 3.01 b 104.82 ± 10.78 a 180.24 ± 13.03 d 210.67 ± 12.25 c 336.20 ± 8.98 c 

aData are expressed as means ± SEM (n=5), values sharing the same letter within each column are not significantly 
different at p=0.05 or greater. 
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Table 7.  Proanthocyanidin Concentration (mg/L) of free run wine and press wine 
 

free run wine  press wine treatment 
skin  seed  skin  Seed 

0% crush 202.59 ± 3.49  197.41 ± 6.86  192.82 ± 18.14  125.02 ± 7.98 
25% crush 261.23 ± 21.49  233.71 ± 9.91  308.99 ± 21.84  145.00 ± 2.11 
50% crush 407.97 ± 13.02  243.07 ± 3.01  352.27 ± 23.51  234.73 ± 4.58 
75% crush 435.39 ± 13.69  343.46 ± 15.39  362.00 ± 7.77  300.04 ± 6.67 
100% crush 408.65 ± 16.12  336.20 ± 8.98  385.95 ± 13.66  435.29 ± 7.55 

aData are expressed as means ± SEM (n=5) 
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Table 8. Combination: Proanthocyanidin Concentration (mg/L) of Free Run Wine 
Plus Press Wine 
 

total wine treatment 
skin  seed 

0% crush 195.91 ± 11.97  151.26 ± 5.35 
25% crush 290.13 ± 18.24  180.01 ± 4.94 
50% crush 385.67 ± 18.58  238.97 ± 3.02 
75% crush 395.05 ± 8.83  319.49 ± 7.21 
100% crush 397.71 ± 13.11  382.97 ± 3.73 

aData are expressed as means ± SEM (n=5). 
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Figure 8. Influence of berry crushing on the progress of fermentation, with individual treatment curves shown: 0% 
crushed fruit (●), 25% crushed fruit  (○), 50% crushed fruit (▼) 75% crushed fruit (Δ), and 100% crushed fruit (■).

  



 48

%Crushed Fruit

0 20 40 60 80 100

So
lu

bl
e 

So
lid

s 
(°

B
rix

)

-2

0

2

4

6

Press Fraction

Free Run Fraction

 
Figure 9. Soluble solids versus % crushed fruit for the different treatments (N=5, ±SEM).
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Figure 10. Total proanthocyanidin concentration in free run wines during fermentation. Five treatments were conducted 
with different proportions of whole and crushed fruit: 0% crushed fruit (100% whole berries) (●), 25% crushed berries (○), 
50% crushed berries (▼) 75% crushed berries (Δ), and 100% crushed berries (■). a Data are expressed as means (n=5) and 
values sharing the same letter within each column are not significantly different at p=0.05 or greater. 
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Figure 11.Skin (A) and seed (B) proanthocyanidin concentration (mg/L) in free run 
wine during fermentation. Five treatments were conducted with a different 
proportion of whole and crushed fruit: 0% crushed fruit (100% whole berries) (●), 
25% crushed berries (○), 50% crushed berries (▼) 75% crushed berries (Δ), and 
100% crushed berries (■). 
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Figure 12. Changes in skin and seed proanthocyanidin concentration in Merlot free 
run wines from different degree of crushed berries and during several days of 
fermentation. Error bars indicating ± SEM (n=5). Amount percentile indicated over 
skin curve represents the percent of skin proanthocyanidin over the total amount of 
proanthocyanidin extracted. 
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Figure 13.Total proanthocyanidin (A), skin proanthocyanidin (B), and percent skin 
proanthocyanidin (C) in free run wines as a function of time and % crushed berries. 
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Figure 14. Skin and seed proanthocyanidin concentration of free run wine (A) and 
press wine (B) in comparison with the estimated potential proanthocyanidin 
concentration. 
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Figure 15. Influence of the proportion of crushed berries on the theoretical 
summation of skin and seed proanthocyanidin extraction and with the estimated 
potential proanthocyanidin extraction shown (n=5, ± SEM). Percentage indicated 
over skin proanthocyanidin curve represents the proportion of skin proanthocyanidin 
in the wine.
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